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PREFACE

The Proceedings of the Intcrnational Conference on the Peaceful Uses
of Atomic Energy are published in a series of 16 volumes, as follows:

Volume

Number Title

1 The World’s Requiremeants for Energy; The Role of Nuclear Power..........

2 Physics; Research Reactors

........................................................................

Sessiong
Ineluded

2, 3.2, 4.1, 42, 5, 24.2,
&A, 7A, BA, 9A, 10A.1.

3 Power ReaCiOrs cmrmmsismsinsnrrssrmsrsisissnmsee s ermssressssserssssnannnoanss 1042, 3.1, 114, 124,
13A, 14A.
4  Cross Sections Important to Reactor Design .oiievomnimneeaas 194, T8A, 174, 18A,
5  Physics of Reador Design ... rieec s rcmrcccimnanmneeseneennennenense. 195, 204, 21A, 224, 23A,
6 Geology of Uranivm and Thorium ........... e 6B, 7B,
7  Nuclear Chemistry and the Effects of Irrudiuilon ... 8B, 9B, 108, 118, 128,
13B.
B  Production Technology of the Materiols Used for Muclear Energy........ 14B, 15B, 148, 178,
9  Reoctor Technology and Chemical Processing ..orivieeerviivvevisvecniseneens. 7.3, 1BB, 19B, 20B, 218,
228, 238.
10  Radigacdlive Isatopes and Nuclear Radiations in Medicine ..........ceevveeeeee. 7.2 (Med.), 8C, 9C, 10C.
11 Biclogical Effects aof RAdialion ... ieersieismmsiminnsnsissas iassses soees - &.1, 11C, 12C, 13C.1.
12  Radioactive Isolopes and lanizing Radiations in Agriculture, )
Physiclogy and Biochemistry .....cocieevcnriinnenn, . 7.2 {Agric.), 13C.2, 14C,
15C, 16C.
13 legal, Administrative, Health and Safety Aspects of Large-Scale
Use of Nuclear Energy .. et veere e srvnars e vaast e e sse st nsee e e mennenes 403, 6.2, 17C, 18C,
14  Generol Aspects of the Use of Ruduouciwe Isoiopes, Dosimetry .. e a1, 19C, 20C.
15  Applications af Radioactive Isotopes ond Fission Products
in Research and Industry .....ccvvicrvcnnciccnnnea, . 21C, 22C, 23C.
14 Record of the Conference ........coooueivveeeene..

These volumes include all the papers submitted
to the Geneva Conference, as edited by the Scien-
tific Secretaties. The efforts of the Scientific Secre-
taries have leen directed primarilv towards
scientific accuracy. Editing for style has becn
minimal in the interests of early publication. This
may be noted especially in the English transla-
tions of certain papers submitted in French, Rus-
stan and Spanish. in a few instances, the titles of
papers have heen cditerd to reflect more accu-
rately the content of those papers.

The ediors priswcipally responsible for the
preparation of these volumes were: Robert A,
Charpic, Donald }. Dewar, André Finkelstein,
John Gaunt, Jacob A. Goedkoop, Elwyn O.
Hughes, l.eonard F. Lamerion, Aleksandar
Milojevié, Clifford Moshacher, César A. Sastre,
and Brian E. Urquhart.

..........................................

1, 24.}, 24.3.

The verbatim records of the Conference are
meluded in the pettinent volumes. These verba-
tim records contain the anthor’s corrections and,
where necessary for scientific accuracy, the edit-
ing changes of the Scientific Secretaries, who
have atso been responsible for inserting slides,
diagrams and sketches at appropriate points. In
the record of each session, slides are numbered
in numerical order through all presentations,
Where the slide duplicates an illustration in the
submitted paper, appropriate reference is made
and the illustration does not appear in the record
of the sesston.

Volume 16, “The Record of the Conference,”
includes the complete programme of the Con-
ference, a numerical index of papers and an
author’s index. the list of delegates, the records
of the opening and closing sessions and the com-
plete texts of the evening lectures.
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The Utilization of Radioactive Isotopes in
Biology and Agriculture in the USSR

By A. L. Kursanov, USSR

The production of isotopes in the USSR has
provided new and broad possibilities for scientific
research in biology and agriculture. Artifically
produced radioactive isotopes and also stable isotopes
have now heconie available means of research exten-
sivety used by scientific workers in our country, who
strive to perfect the mcthods uscd for nutrition of
cultivated plants and to improve their economic
qualities. At the present time biologists and agro-
nomists are using radioactive isotopes, mainly as
“labelled,” or “tagged,” atoms. This method, better
than any other, permits one to investigate the pro-
cesses that take place in the soil, the ways in which
plants consume nutritive elements, the movement of
various compounds in plant tissucs, and, finally, the
most intimate metabolic reactions in plant cells.

There is no doubt that the application of tagged
. atoms (as wcll as any other method, for that matter)
calis for the careful appraising of the results
obtained., For instance, the extreme sensitivity of
the isotopic method soinetimes forces the experi-
menter to forget the principal mass of the substance
which he investigates and to consider secondary
phenomena, comprising but a small part of the
general process. In other cases, biologists have to
take into consideration the possibility of direct in-
corporation of radioactive atoms in the substance,
as a result of non-biological isotopic exchange. These
pheriomena should not be confused with the true
course of hiological transformations. In spite of
certain peculiarities of the tracer methed it remains
extremely important,

The possibility of directly applying the energy of
radivactive disintegration to stimulate, or in some
cases to retard, the development of plants, which is
done without injury to man, is also of great interest
to agriculture, Serious attention is also given to the
problem of applying the energy of radioactive dis-
integration to make more radical changes in the
structure and heredity of organisms.

In the Soviet Union, where agriculture is largely
mechunized, there are extensive possihilities for a
rapid practical application of new methods of in-
troducing fertilizers and cultivating plants, provided
that these methods are substantiated by scientific re-
search and checked by practice. At the present time,

Original language: Russian.

when exiensive measures are being undertaken in
our country for the further development of agri-
culture, there appear extremely wide possibilities for
the practical application of new scientific achieve-
ments. They can be used on virgin lands, under
conditions of irrigated agriculture as well as when
cuitivated plants are acclimatized in new districts, etc.
For this reason, workers in agricultural experimental
establishments are greatly interested in the possi-
bility of applying radicactive and stable isotopes to
solve the problems facing them.

It has been only recently that radicactive elements
have begun to be applied in the practical work of
biological and agricultural laboratories, Yet even
during this short period of timic, isotopic indicators
have helped to disclose many new aspects of plant
life. Such knowledge makes it possible to improve
the nutrition and hreeding of agricultural crops.
Further study of plants by the application of radio-
active elements will, undoubtedly, bring to light
miany new and unexpected aspects of plant life.

The present paper, which describes some of the
more important results obtained in the Soviet Union
where plants were studied with the help of Iabelled
atoms, is, therefore, by no means a summary of all
that has been achieved. It merely gives a description
of the scope and the general direction of these rapidiy
cdeveloping investigations. Tn our paper we describe
only the investigations carried on in the Soviet
Union and will not mention investigations under-
taken in other countries, The reason for this is our
desire to give a fuller aceount of the application of
isotopic tracers in the spheres of biology and agri-
cuiture which is undertaken in our own country. In
giving this Hmited description we niwst not, how-
cver, forget that in other countries where the tracer
method is applied many important results have
already been achieved.

To provide Soviet biologists with information
about the successes achieved abroad in the applica-
tion of isotopes, a special magazine, “The Action of
Radiations and the Application of Isotopes in
Biology,” is published in the TJSSR. It is a widely
circulated journal which is of great assistance in the
coordination of our work. Comparison of numerous
investigations leads one to the conclusion that
scientists of various countries could successfully join
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their efforts to solve urgent problems of biclogy and
agriculture by means of radioactive isotopes.

To insure the extensive development of work on
the application of radioactive isotopes in the sphere
of biology and agriculture it was necessary to con-
struct new apparatus and apply new methods. For
exaple, some workers have suggested the use of
instruments which, with the help of C'*(Q., auto-
matically and accurately record the course of photo-
synthesis and respiratory metabolism in pilants
(V. Shirshov, V. Rachinsky and others}; simple
feld methods for physiological experiments with
radioactive carbonic acid have been worked out
(V. Zholkevitch and others); varicus doshneters
have heen designed which help to détermine radio-
activity on uninjured plants {S. Tselishchev) and
thus make it possible to follow substances tagged by
the isotope in the plant organtsm. The technique of
radicantography and microradioautography has heen

thoroughly elaborated (Y. Mamul and others) ; this
" ensures fresh possihilities for visual investigation of
the processes nccuring in the plant as a whole and in
its vartous tissucs.

In their rescarches Soviet scientists are widely
using the plants themselves to obtain preparations
of sugar, amino acids, alkaloids, phosphoric ethers
and many other substances imarked by the isotopes
of carbon, éulphur, phosphorus or nitrogen (V.
Merenova, A. Kuzin, O. Pavlinova and others).
These preparations are successfully applied in
physinlogical ohservations on the movement and
transformation of substances in organisms.

Finally, in more refined investigations, whose aim
is the detailed study of separate Diochemical re-
actions. one may apply chemnically synthesized com-
pounds marked with carbon or other clements in a
strictly defined position (M. Shemyakin, B. Savinov,
N. Melnikov, K, Bokarev, V. Baskakov and others).

Root nutrition is the most easily controlled aspect
of the physiological development of plants. For this
reason many scientists, in applving radicactive
phosphorus, calciuim, sulphur and other elements,
have concentrated their attention on the problems of
distribution and transformation of nutritive suh-
stances in the soil and on their assimilation hy
plants. By thc application of radicactive phosphorus
it was possible to change the previously existing
opinion that only 10-12 per cent of phosphoric
fertilizers were assimilated by plants. This apinion
was formed as a result of the comparison of the
goneral amount of phosphorus present in the yields
of plants prown on fertilized and non-fertilized soils;
however, no distinction was made bhetween the
phosphorus present in the soil itself and the phos-
phorus introduced with the fertilizer. But the experi-
ments conducted by A, Sokolov demonstrated that
when phosphate fertilizers marked by, say, P32 of
the douhle superphosphate are introduced into the
soil, wheat and other plants first of all assimilate

the phosphorus of fertilizers, to the extent of 48-68
per cent. At the same time the amount of phosphorus
assimilated from the soil itself is reduced. These
resulits prove that plants assimilate much larger
quantities of phosphorus fertilizer than previously
supposed and they compel us to look for ways of
increasing the percentage of phosphates assimilated
by plants directly from the soil.

Another problem of vital importance for agri-
cuiture that can now be easily solved is the rational
distribution of fertilizers in the soil to ensure a most
rapid and complete assimilation of fertilizers by the
roots of plants, This problem is particularly im-
portant for the granulated phosphoric fertilizers
which are lately being widely applied in the USSR
If we place the granules of fertilizers labelled with
radioactive phosphorus into different sections of the
soil, we con ensily see that the isotope appears in the
leaves only 15-20 minutes after the contact of the
rootlet with the source of P#*. This makes it pos-
sible, by observing the appearance of the first signs
of radicactivity in the leaf lamina, to establish
exactly the moment when the roots come in contact
with the fertilizers. And by watching further
increases in radioactivity we can also determine the
rate at which a given fertilizer is assimilated.

Tor instance, employing this method in hts experi-
ments with oats, E. Ratner showed that if phos-
phorus labelled with the isotope is introduced into
the soil and placed 3-4 cm below the seeds, “contact”
between tbe roots and the fertilizer occurs in only
2-3 days after the germination of the seeds; but
when the granules are displaced 5-6 cin sideways or
placed miuch deeper than the seeds this “contact™ is
postponed to 3~ weeks. Consequently, the he-
ginning of phosphorus assitmilation, which is so vital
for young plants, is also postponed.

Similarly, at the present time radioactive phos-
phorus (P3?) is heing used to {est the efficiency of
various methods of mechanized fertilization in plant-
ing cotton in the fields of the Tajik SSR (I, Antipov-
Kamtayev and I. Lipkind}, in the Uzbek 55R (F.
Reshetnikov) and in other districts of Central Asia,
Undoubtedly, in the futurc isotopes will be of still
greater importance when the various methods of
tnechanized fertilization are appraised.

By extensively employing P?® in their fleld ex-
periments V. Klechkovsky and N. Kashirkina were
able to study in every detail how different plants
assimilate phosphorus fertilizers in the prescnce of
other elements with varying soil humidity, liming
and other conditions. It is quite ohvious that such
information can successfully be used to imiprove the
methods of nutrition of agricuttural crops. Many
experimental stations in the Soviet Union are
already extensively using these possibilities. Sulfice
it to say that in 1954 dozens of experimental stations
used superphosphate matrked with P¥ in their field
experiments,
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The introduction into the soil of radioactive
isotopes of several elements can also be utilized to
observe the distribution of the root system, which
was previously done by laborious and far from per-
fect methods of digging out roots and freeing them
from earth. DBy introducing fertilizers tagged with
radioactive isotopes into various soil strata, the
researcher can easily observe the distribution of
roots in different strata, without disturbing the plant
structure, hy simply watching for the appearance of
radioactivity in the plant's leaves. In this way it is
possible to study the influence of soil cultivation, of
methods and time of irrigation, and of temperature
and other factors on the development of root systems
in plants. Such information is sometimes necessary
for the proper nutrition of plants under specific
conditions,

The application of radioactive phosphorus (P*2)
to the study of the absorbing function of roots has
permitted investigators to discover in this process,
which seemed to be so well known, some new and
interesting features which provide a theoretical basis
for the application of granulated fertilizers, By ex-
perimenting with spring wheat, 12, Ratner and his
assistants were able to show that when a pgranule of
piiosphrus comes in contact with a single rootlet
comprising only 4-5 per cent of the whole root
system, the ahsorbing function of such a rootlet
immediately becomes 20 or even 3O times stronger
than ordinarily: as a result, one rootlet is capable
of satisfying to a considerable degree the whole
plant’s requirement in this element.

Thus we no longer consider the root system to be
a uniformly acting mechanism which sends water
and nutritive substances to the above-ground portions
of plants, The root system is a highiy Iabile organ
whose activity in different sections is rapidly chang-
ing under the influence of nutritive substances and
the requirements of the plant. These peculiarities of
the roots enable them to utilize easily the local
deposits of nutritive substances: in particular,
granufated fertilizers.

Radiocactive isotopes have made it possible to
study more closely the role played by soil micro-
organisms in the nutrition of plants. For instance,
employing vitamin B, marked with radioactive
carbon, G. Shavlovsky showed that this vitarmn, as
well as certain other vitamins of the B-group which
microhes form in the soil, are casily absorbed by the
roots of buckwhent and enhance the generai develop-
ment of plants. At the same time, isotopic sulphur
helped to reveal that plant roots also utilize the
amino acids ntethionine and cysteine, which micro-
organisms excrete into the soil.

In certain pericds of their development, for
example, setting of fruits, plants often become in-
capablc of absorbing phosphorus and other nutritive
elements through their roots. Yet the processes of
movement and accumulation of plastic sobstances,

which predominate at this given period, still require
new stocks of nutritive salts and could be intensified
if these salts easily penetrated into the plant.

Agricultural science has already solved this prob-
lem by applying the so-called non-root nutrition,
which includes spraying, dusting, and sometimes
even fumigation of the above-ground parts of the
plants with the required nutritive substances. For
example, in many parts of the USSR, non-root
feeding by phosphorus raised the yields of sugar
heet (Yakushkin} and of cotton {Uchevatkin) ; non-
root nutrition with ammonium salts also raised the
yields of cabbage and other vegetables, particularly
in the north where low temperatures of the soil
prevent normal penetration of nitrogen through the
roois {Dadykin).

The application of !abelled atoms in this case too
restilted in substantiating this useful undertaking
nnd in bringing order to it., For instance, when
superphosphate, marked with P, was utilized as a
non-root nutrient, it became possible to observe how
the fertilizer penetrated through the leaves into the
plant and how it was distributed in its tissues.

Radioautographs reproduce a clear picture of this
distribution. On the basis of these documentary pic-
tures, the agricultural workers can easily check the
efficiency of nutrition and determine more exactly
when such feeding should e done and how much
nutrient should be applied. :

Ulilizing radioactive carbon (C'*), A. Kursanov,
A. Kuzin, N. Krukova and co-workers discovered
a new function of the root system, which consists in
the following : the roots absorb carbon dioxide from
the soil and bring it to the leaves and other green
portions of the plant. It turned out that for synthesis
of suzars and other products of assimilation, carbon
dioxide of the soil can be utilized on a par with the
carbon dioxide absorbed fromn the air, provided there
is light. This fact has not only theoretical, but prac-
tical value as well. Tt proves the important role
humus anc the microbiological processes going on in
the scil play in supplying carbonic acid to the plants.
It also warns against the one-sided understanding’
of the tasks and possibilities of utilizing mineral
fertilizers.

If we use plants labeiled with radioactive carbon
as green manure and introduce them into the soil,
we can observe the degradation of organic residue
by the rate at which CYQ. is liberated. Such ob-
servations arc of preat practical importance. They
enable one to determine the intensity with which
humus-forming processes take place in the soil under
the influence of its cultivation, humidity, temperature
and other factors. At the same time, when we grow
plants in the soil containing radicactive organic
residues, we are able to directly observe how they
absorh and utilize various organic substances as well
as the carbonic acid of decaving remains (V.
Merenova).
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Obviously, the relative role of carbonic acid
received by the plant through its roots in the carbon
nutrition of the plants as a wholc may vary greatly;
at present time this problem is being studied under
field conditions.

The application of radioactive carbon (C') to-
gether with other up-to-date methods enabled us to
stucly this new phenomenon in great detail and to
detcrmine its significance for plant life. It was shown
that sugars formed in the leaves when CO» was
assimilated from the air move downwards along the
phloem and, on reaching the roots, penetrate into
their thinnest and most active branchings. The
speed of this descending movement, determined by
means of radicactive carbon, is in the case of the
sugar beet about 70 cmy per hour.

In the roots, sugars undergo glycolytic disintegra-
tion with the accompanying formation of pyruvic
acic. It is this acid which, by means of a special
enzyme, incorporate the carbonic acid of the soil.
The latter, in the form of carboxyl, combines with
the pyruvic acid and transforms it into oxaleacetic
acid which is easily reduced and transformed into
malic acid, the first comparatively stable compound
containing carbonic acid of the soil. Later on, as a
result of mutual transformations of acids, malic acid
is partly transformed into citric, ketoglutaric and
other acids.

It is necessary to say that when COg is introduced
into organic acids in the capacity of the carhoxyl
group, we do not observe any practical increase in
the free energy of the substance and, consequently,
we cannot consider A-carhoxylization as such to be
equivalent to carbon dioxide nutrition of plants. But
organic acids, formed in the roots and containing the
carbonic acid of the soil, move upward and penetrate
into the preen fruit, growing apices and leaf laminae.
The speed of this ascending movement, even in the
case of herbaccous plants, is about 3 em per minute
or 2 metres per hour. Therefore it takes very little
time for the carbonic acid of the soil to reach the
assimilating tissues where it can be reduced in the
process of photosynthesis, forming carbohydrates,
proteins and other products rich in energy.

Some of the sugars thus formed are, in their turn,
translocated to the roots where, during the process
of glycolytic disintegration, they are transformed
into pyruvic acid and accept from the soil fresh
portions of CO» in order to transfer them to the
leaves. Such is the principal ecycle along which the
process develops. But in addition to this, there are
a number of subsidiary phenomena which condition
the dependence of carbon dioxide nutrition in roots
on other aspects of the physiologicai activity of
plants. "

By employing isotopes and chromatographic
analysis, A. Kursanov, O, Tuyeva, A. Vereshchagin,
I. Kolosov and S. Ukhina have succeeded in dis-
covering a new and important function of the roots,

which consists in the initial synthesis of a number
(about 14) of amino acids. These amino acids are
utilized in the root itself as well as in other portions
of the plant where they participate in metabolism
and the synthesis of new proteins. So it turned out
that besides its absorbing function, which has been
drawing the aitention of scientists and practical
workers for a long time, the root system: fulfilis
another very important role connected with the
protein nietabolismt of the entive plant.

At first it was considered that this aspect in the
activity of the root system was an independent func-
tion having no connection with the absorbing fune-
tion of the roots, but Iater on it was discovered that
this is exactly the mechanism by which roots
asstmilate ammonium nitrate from the soil.

In this process a very important role belongs to
the carbonic acid of the seoil. This acid brings about
the carboxylization of pyruvic acid and some other
products which are initial acceptors of the nitrate of
ammonium fertilizers.

At the same time it has been proved that for the
functioning of this system the roots should be well
provided with phosphorus, since phosphoric acid
participates in a number of stages of the glycolytic
process as well as in the cycle of di- and tricar-
boxylie acids. Therefore, when there is a shortage
of phosphorus the roots lose, as a rule, the ability
of accwmulating organic acids (A. Vereshchagin)
and, consequently, of fixing soil carbonic acid
(0. Kulayeva). All this inevitably resaits in diffi-
cultics of nutrition of plants.

Such is the picture of one of the most important
aspects of plant nutrition which we havc at the present
time and which it did not take long to discover by
mecans of Jabelled atoms. In our opinion, this is
convincing proof of the broad possibiiities which the
application of radioactive and non-radioactive iso-
topes opens up to biologists,

Our conceptions of the velocity of the processes
taking place in plants have also been modified. The
exact course of some of these processes has now
heen determined, thanks to the application of tracers;
we have been compelled to reject the opinion that
various processes occurring in the plant proceed
very slowly, For example, F. Turchin, who used
heavy nitrogen (N'%) which he introduced into the
soil in the furm of ammonium sulphate, showed that
proteins of all the organs of the plant are constantly
rencwed and that this renewal procceds at such a
pace that a protein particle of vegetating rve some-
times lives no more than a few hours. Even the
nitrogen of chiorophyll, forming the very centre of
this pigment molecule, is renewed so rapidly in
actively vegetating plants that sometimes in the
course of 2-3 days more than half of it is already
replaced.

Labelled atoms enable one to approach experi-
mentally the problem of hiosynthesis of chlorophyll
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carbon (C'*) in the form of carbon dioxide and
heavy nitrogen (N} in the form of an ammonium
salt, demonstrated that not only carbohydrates but
proteins as well are the direct products of photo-
synthesis in the leaves of plants. The composition
of the photosynthetic products may vary considerably
under the influence of the species of the plant and
its age, as wcll as its environmental cenditions. This
process is most strongly influenced by the spectral
composition of light and its intensity. These factors,
in combination with mineral nutrition, can con-
siderably change the composition of the primary
products formed in the leaves. Thus, carbohydrates
are synthesized mainly in the red and yellow parts
of the spectrum, while proteins are formed under the
influence of blue light. Besides its fundamental sig-
nificance for biology, this fact also provides practical
possibilities to influence the development and prop-
erties of plants by changing the composition of the
primary products of photosynthesis which are being
formed. There is every ground for the practical
utilization of this discovery under hothouse condi-
tions where it is possible to use sources of lighting
with varying spectral composition and intensity
which enables the agronomist to control not only the
quantitative aspect of photosynthesis but the qualita-
tive as well,

We have already said that the present paper does
not describe all the new data in the sphere of meta-
Lolism and plant nutrition obtained in the USSR by
applying the tracer technique. It is our opinion,
however, that this paper proves that application of
the achievements of nuclear physics for studying
plant life opens great possibilities for the develop-
ment of biology and apriculture.

But even at the present tisne, when we are only
heginning to discover the practical possibilities of

radioactive isotopes as a method of studying plant
life, we can state with satisfaction that in the TJSSR
this method has already seriously influenced the
development and improvement of practical farming
miethods. :

For instance, it was by means of radioactive iso-
topes that the problem of the effective application of
granulated fertilizers was finally solved: this at once
cnsured wide application of this method of plant
nutrition, and it is now successfully used ou
thousands of large farms in the Soviet Union.

Radioactive elements helped to bring about a
similarly radical chanpe in the attitude to non-root
nutrition, whose expediency was for a long time dis-
puted. At the present time the nen-root nutrition is
successfully practised in the USSR on thousands of
hectarcs. This miethod is applied to those crops and
in those periods of vegetation when non-root feeding
can give the greatest effect required.

Radioactive isotopes have also demonstrated the
possibility of a more economical and at the same
time more effective utilization of fertilizers for feed-
ing plants. This resulted in a number of rational
changes in soil cultivation, in reconstruction and
improvement of sowing maclines, and in other
measures that are betug rapidly introdueed in prac-
tical farming in our country.

But ali this does not exhaust those great possi-
hilities that are opened before biologists and ag-
ronomists utilizing atomic energy for the aims of
peaceful construction. Employing radioactive iso-
topes, we can now more profoundly study the laws
of plant life, and it is our duty to show to the
agricultural workers ways and means of obtaining
abundant and stable yields, ways of securing a
prosperous and tranquil existence for all.
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INTRODUCTION—THE WORLD FOOD FROBLEM

The present world population of about 2,5 thousand
million is growing at the rate of nearly one and a
half per cent each year. Lvery day mearly 100,000
additional humgry mouths appear at the breakfast
table, and twenty-five years hence it is expected that
we shall he 3.5 to 4 thousand million in number,
Evidently one of the many major problems facing us,
probably basically the most imwportant for the future
welfare of mankind, is how we shall be able to
provide food, clothing and shelter for the world’s
peoples at the ever higher standards that they so
rightly expect.

The neo-Malthusians believe that we are engaged
in a losing battle and that it wil! not be possible for
world resources to meet requirements. FAQ Dbelieves
that technically it is possible to achieve the necessary
increases in production of foodstuffs and basic raw
materials 1o meet world needs for the foresceable
future, and has recommended to governments that
they aim at increases in production one to two per
cent greater than their anticipated growth in popu-
lation. For many countries this will mean production
increases of three to four per cent a year. This
admitredly will do little more than maintain the
status quo but even so the social, political aad
administrative problems involved will be of immense
magnitude, Their solution alone, quite apart from the
further nrgent need to make a real improvement in
the inadequate subsistence levels which at present
characterize so many parts of the world, will require
determination and fortitude on the part of govern-
ments. Aithough freedom from want must depend
cssentially wpon the efforts inade by each country
on its own behalf, success in achieving this is of such
general concern to all peoples that these national
efforts should be suppletnented by pooling the know-
ledge and expericnce of all countries on an inter-
national basis for the common good. In doing so,
it is imperative that all possible advantage be taken
of the contributions to increased productinn that
might come from scientific and technical advances in
other fields. Amoengst those advances the develop-
ment of atomic energy is of great significance for
agriculture and related forest and fishery industries.

From the technical standpoint the solution of the
problems of providing more of the primary neees-
sities of life can come in three main ways. The easjest
method ot increasing supplies is by taking adequate
measures to reduce the heavy lnsses which at present

* A survey by The Food and Agriculture Organization of
the United Nations.
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occur in all segments and stages of production,
rtorage wnd distribution. Secondly, the productivity
of land now under cultivation could be much
increased and the current utilization of our fisheries
and forestry resources intensified through develop-
ment of improved technical methads. Finally, supplies
could be increased by developing new areas and
resources, but this s the most difficult course as
those areas and resources most casily deveioped are
already being utilized.

The ways in which atomic energy can help in
feeding, clothing and housing the world's growing
population will be considered in refation tn these
three main ways of improving production and making
better use of our natural resources.

THE SIGMIFICANCE OF ATOMIC ENERGY FOR FOOD'
AND AGRICULTURE

When relatively inexpensive power from nuclear
reactors becomes generally available it will undoub-
tedly make a substantial impact on agriculture, if
only by cheapening costs of production und dis-
tribution, improving conditions of work, and making
modern conveniences and comforts more widely
available in rural communities. This is particularly
true in areas where other sources of power are
dleficient. These and other, at present more specu-
lative, developments mst, however, await the wide-
spread application of nuclear power in industry, and
its possible contributions will be discussed a little
more fully later. At present and for the immediate
future the radioactive isotopes and radiation that
have Dbecome available as by-products of nuclear
reaction are of greater importance to agriculture.

It was at one time thought that radiation and
radicactive isotopes might prove of direct value in
the stimulation of plant growth. To date the only
stimulatory effects in the irradiated generation which
have been ohserved in extensive investigations con-
ducted in the United States of Amcrica. the United
Kingdom and Canada have been those assoctated
with damage to the plant, nwch as growth is
stimulated, in a sense, by the use of the pruning
knife, and there has been complete failure to sub-
stantiate the earlier hope for wuseful stimulation.

Neither radiation nor radicisotopes therefore can
make any direct contribution to increased production
tn the sense that an application of fertilizer leads to
increased crop yields. Their contribution to food and
agricnlture is indirect, but nevertheless of imuncnse
potential. The value of radiations lies partly in their
ability to induce inherited changes in the germ plasm
and partly in their sterilizing effects on biological
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tisszes. The ability to induce mutations is being used
in plant-breeding programs and in other ways, whilst
the sterilizing effects have promising applications in
food preservation and pest control, The value of
radioisotopes in agriculture arises from the ease and
accuracy with which they can be identified and
measured in extremely minute amounts, which makes
it possible to use them as highly refined research
tools in so-called tracer studies in a wide range of
nutritional, metabolic, developmental and patho-
logical investigations in plants, animals and man. In
this way they are giving information which at the
prescut time could be obtained in no other way or
only at much greater expense in terms of time and
money. Thus, by giving a clearer insight into Lasic
hiological processes that have hitherto been obscure,
the use of radioisotopes in tracer studies is already
leading to greater efficiency and economy in the pro-
duction and utilization of agricultural products.
Bearing in mind that it was only the unfettered
scientific investigation of the nature of the atom—
the pursuit of knowledge for its own sake—that made
tiuclear energy available to miankind, the potential
value of the contributions which radioactive tracer
studies can make to food and agriculture may
sitnilarly be alinost unlimited.

APPLICATIONS OF RADIOISOTOPES IN AGRICULTURE
AND FORESTRY

Food Preservation and Storage

Potentinl food supplies and other agricultural
products are subject to heavy losses in all phases
of production, distribution and storage through fungal
and bacterial infection and the ravages of insect
pests, and it is by combhatting these that the most
immediate and spectacular improvements in supplies
can he achieved. No valid estimate of total world
losses is possible, but they are undoubtedlv of
immense magnitude. A very consetvative estimate
that has been brought forward for losses in stored
grain, largely from the depredations of weevils and
other inscct pests, is ten per cent, but the losses are
undoubtedly much greater in the hot and humid
areas of the world, where the higure of twenty-five
to fifty per cent Joss of harvested cereals and pulses
which has been estimated for Central Awerica is
probably generaily applicable in most of the less-
advanced countries. In addition, perishable food-
stufls such as fruits, vegetables, meat and fish are
particularly subject to spoilage in distribution and
storage. Similarly the deterioration resulting from
fungal infection and the attacks of various insect
pests is of major concern in timber utilization.

Evidently there is great scope for the adoption of
control measures, and these can be applied relatively
easily at a cost which is usually but a small fraction
of the value of the returns. Already radiations and
radivactive isotopes show promise of making impor-
tant contributions to the deveiopment of improved
control measures which would markedly improve the
supply situation. Thus the destructive power of radia-

tion has been used to eliminate insect infestations in
grain and cereal products at costs which compare
favourably with those of the mwore conventional
procedures such as funtigation. The sprouting of
potatces has been-‘successfully inhibited as a result
of the effects of radiation on the enzyme system, thus
permitting transportation under dess stringent condi-
tions than arc usually required and extending storage
life by many months, Much attention is also being
given to the possibility of food preservation through
cold sterilization Dby irradiation at normal tem-
peratures. Whilst full success has not yet been
attained, significant improvements in the keeping
quality of meat and meat products have been achieved
without off-favours or colour changes arising from
detrimental side reactions, In some countries tri-
chinosis‘is an important health problem and it has
been shown that the irradiation of pork can kill or
sterilize the trichinae, thus rendering infected meat
safe for human consumption,

Evidently radiation may have a very useful field
of application in food processing and preservation,
although much more exploratory work must be done
to evaluate its full potentialities, One of the most
attractive features of this application is the wide
scope it offers for the useful employment of the radio-
active residues arising as a by-product of the
operation of muclear reactors.

Reducing Losses in Growing Crops

Every year a large part of the potential harvest is
destroved by diseases and pests which attack the
growing crop. It has bLeen said that even in such
relatively developed countries as the United King-
dom the work of over 51,000 skilled farm workers
is lost each year, and that in the United States of
America losses caused by insects, weeds, and plant
diseases account for losses in farm output equivalent
to thirteen thousand million dollars per year. Most
of these losses could be avoided by the timely applica-
tion of control ieasures, and radioisotopes are
proving to be exceptional tools in studies which are
leading to the development of improved materials and
methods for safeguarding our harvests. Adequate
control of a destructive insect, for instance, generally
requires a thorough knowledge of its life cycle and
habits, and tagging insects iwith radicisotopes
provides a much more efficient means of determining
their flight range, migrating routes and overwintering
habits than methods such as painting which were
previously used. In Canada cobalt-60 has heen used
to label wireworms, making it possible to {ollow their
underground meanderings, while in both the United
States of America and Canada the flight and over-
wintering habits of a number of forest insects are
under investipation, using similar techniques. These
studies will undoubtedly be important factors in
better control.

Extremely effective insecticides have become avail-
able tu recent years but one of the problems associated
with their continued unse is that insects irequently
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build up resistance to these poisons. Studies with
insecticides {abelled with a radioisntope permit com-
parison of uptake and metabolism by normal insects
and by those that have developed resistance. This
work may be a step in determining the nalurc of
resistance to the poisons, concerning which so far
little is known except that resistant insccts take up
the poisons just as susceptible ones but do not react
to it in the same way,

Similarly. radioactive tags are playing an impor-
tant part in the development of fungicides, mnsecticides
and weed killers, for usc either as direct applications
or as systemic poisons. These latter are substances
which are applied, usualiy through tbe soil, and
taken up by the plant without harm to it but are
toxic to pests feeding on the plant. It is important
tn know that such substances are not altered in use
to products harmful to man or animals. For instance
the weed killer 2-4-D when used to kill weeds in
the bean field is readily absorbed by the bean plant
also and has Deen found by the usc of labelled
nmaterial to be distributed throughout the plant
together with at least two additional products derived
from 2-4-D. It is obviously imnportant in the case of
edible plants to be able to trace such compounds and
their metabolic products because of their possible
cfiects on the consumer, animal or nan. The use of
raclioactive Iabels is playing an important part in the
development of safe materials and methods.

Breeding Improved Crop Varieties

Although control of crop pests and discases by
chemicals can be extremely effective, their use in-
volves additional expenditure and usually requires
considerahle care. Undoubtedly the most satisfactory
safeguard, and one that is particularly applicable in
the under-developed areas, is the growing of crop
varieties resistant to the prevalent pests and diseases.
The plant breeder has long been engaged in de-
veloping such varieties hy weli-known conventional
methods involving selection and hybridization, and
has achieved marked success, but this is a never-
ending task, for existing varieties do not satisfy all
needs and new pests and diseases or new forms of
old ones are constantly appearing. In his task of
developing disease and pest-resistant varieties, as
well as other improved types with better agrunomic
characteristics and higher productivity, the plant
breeder is already being greatly assisted by the new
potent sources of radiation which have recently
become available, and their use in this connection
may well ultimately prove to be one of the mast
significant contributions of atomic energy to agri-
enlture, It has long been known that radiations cause
heritable mutations in plants and animals. With the
advent of atomic energy furtber kinds. of radiations
and more potent sources have become freely available
for experimental use, and in many countries extensive
programs have rccently been initiated for crop
mmprovement through irradiation, with a view to
accelerating the normal rate of mutation and so

increasing the variability available to the plant
breeder for selection.

Radiations are applied either in the early flowering
stages in order to affcct the developing gametes or
to seeds in which somatic mutations are first induced,
and such affected cells may subsequently give rise
to germinal tissue, in which case the mutations are
transmitted to later generations, Although as in the
case of spontaneously appearing mutations the vast
mnajority are <leleterious, desirable types occur in low
proportion and have been selected in a wide variety
of crops. Improved types that have been obtained
include higher-yielding or disease-resistant strains of
cereals and other crops such as peanuts, stifi-strawed
tvpes of cereals resistant to lodging, tvpes better
adapted to mechanical harvesting on account of
particular size or shape characteristics, types with
extended or reduced maturity period, and types with
changed ecologieal requirements, for instance in
relation to higher or lower rainfall or seoil fertility.
An example of a particularly significant outcome of
work of this type may be cited fromn Canada where
amongst some twenty barley mwutants produced by
irradiation and now wunder field trinl are some .
maturing sufhiciently early to extend the areca in
which liarley might be grown in that country.

Plants such as some orcbard crops which are
normally propagated vegetatively are alse rcceiving
racdiation treatment for the induction of Lud muta-
tions. Mutants have similarly been induced in algae
and in this way types have been obtained which are
adapted to high temperatures and thus more suitable
for growth in mass culture. Such types may one day
becoine an important souree of food and industrial
raw materials. In forestry inecreasing emphasis is
being given to the breeding of fast-growing tvpes and
varieties resistant to pests and diseases, and radiation
may play an important role in the production of such
improved strains of trees.

In the case of disease control the ability of radia-
tions to induce mutations in the diseasc-producing
organism itsclf may also prove to be a tool of excep-
tional value. Such pathogens as the rusts that affect
wheat and oats or the smut attacking maize undergo
spontaneous mutations in nature at a rate rapid
cnough to cause constant trouble for the crop breeder.
If he develops, for example, a wheat resistant to
black stem rust, he may find that within a compara-
tively short time a new mutated form of the rust
organism appears to which his varijety is no longer
resistant as it was to the original form. Current work
has shown that radiation will produce new races of
such disease organisms with increased virulence. By
developing these new races artificially and under
controlled conditions, the breeder may be able to anti-
cipate the resistance requiremems of his crop and
to breed adequate resistance prior to the appearance
of new strains of the pathogens in the field.

Increasing Productivity through Improved Practices

In addition to the adoption of adequate measures
for the control of plant and animal diseases and pests
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farthest points of the field as well as the nearest
points—that is, to evaluate the efficiency of distribu-
tion of the water in the soil. Radioisotopes are also
being used, for instance in Japan, to detect leakage
in irrigation dams and to survey supplies of under-
ground water, and tritium might have a particularly
valuable application in large scale research in hydro-
logy, for example over entire watersheds,

Plant Nutrition and Metabolism

In plant nutrition the basic mechanisms involved
are the uptake of nutrient elements, their transport
through cell memhranes, and their subsequent trans-
lacation or movement throughout the plant. Such
mechanisms are of course basic also in the case of
animals. Investigation of these fundamental mecha-
nisms through the use of a considerable variety of
radioactive elements is under way in many countries.
Fuller knowledge of the phenomena invoived is
essential to the understanding of plant nutrition and
growth, and discoveries that were hitherto impossible
in this field are now heing made. Among other
practical aspects the mechanisin of transport plays
an important part in the utilization of growth-
aflecting or growth-regulating factors—the so-called
plant hormones which are used to regulate develop-
ment in crops, particularly in horticulture—and in
the utilization of such compounds as the previously
mentioned 2-4-D which are used as weed killers, and
the systemic insecticides which are adininistered to
the pest hy way of the host plant. An interesting
example of the place of such transiocation studies in
relation to practical problems is the work on mis-
tlctoe in Australia, where this parasite is a scrious
meaace of eucalyptus. In work directed towards its
control, the isotopes of cobalt, iron and zinc are
being used to obtain information on the efficiency of
movement of toxic compounds from the host-tree to
the parasite.

Many of the plant hormones and weed killers are
used as leaf applications, and essential nutrients may
also be applied to aerial parts of the plant as well as
by way of the soil. Thus under certain conditions,
especially with trees, temporary deficiencies of such
vital elements as iron and zinc may occur, and these
can often most readily be corrected by spray applica-
tions either in the dormant stage or when in leaf.
Radioisotopes have been particularly helpful in
demonstrating that some plants can absorh such
nutrients efficiently through the foliage and that
nutrients so absorbed are rapidly translocated
throughout the plant. This principle is already being
applied rather widely in practice, urea for instance
being used fairly extensively as a leaf spray hy fruit
and vegetable growers in the United States of
America. Additional information on the absorption
and translocation of such substances is. needed and
through the use of urea labelled with carbon-14 it
has already been found that crops differ markedly
in their ahility to utilize this compound as a source
of nitrogen, cucumbers using it more than four times
as fast, for instance, as do cherries and potatoes. In

the case of strawberries, calcium is readily absorbed,
but it has been found that it is not translocated into
daughter plants and hence foliar feeding as a major
source of calcium is not adequate in this plant.

In Puerto Rico studies of the formation of
Hevea rubber are being made in tissue cultures,
using possible chemical precursors of rubber tapged
with carbon-14. Such investigations should lead to
increased knowledge of the basic reactions and
mechanisms involved in the secretion of gums and
resins and will contribute in the long run to more
efficient production of these economically important
materials.

Radioisotopes offer a means of determining the
rate of movement of water in plants and rather
direct evidence of the structural pathways involved.
Canadian forests are suffering fromn a die-back in
birch, and radiocactive phosphorus and rubidium have
been used in the curtrent investigation of the disease.
These 1sotopes have shown that the normal narrow-
band and upward spira! path of solution movement is
broken in the affected tree and replaced near the
dying region hy a confused irregular pattern.
Although no answer to the die-hack is as yet {orth-
coming, it may be anticipated that the new techniques
will play their part in the ultimate solution.

Well in the forefront amongst the contributions
of radicisotopes to the advancement of fundamental
knowledge of plant nutrition and metabolism has
been the reniarkable progress made through their use
in the elucidation of the highly complex mechanism of
photosynthesis, the process by which green plants
use the sun’s energy in the formation, fromn air and
water, of compounds essential to life. Using radio-
active carbon, the early principal pathways of this
element have heen established, and subsidiary path-
ways and the specific biochemical reactions involved
in carbohydrate synthesis are being investigated.

The efficiency of energy conversion by photo-
synthesis is low: probably not more than one per
cent of the total availahle energy in the sunlight
falling on a green leaf is effectively used. This low
value arises at least in part from the fact that the
process ts limited somebow by the plant itseif. Inves-
tigations are now under way with the aim of tdentify-
ing the compotind or compounds that limit the photo-
chemical reaction. Inefficient though this process is,
so far in earth’s history it has been the primary
source of all food used hy men and animais to sustain
life, and the source of all our fuels including wood
and the fossil fuels, coal and oil—those to which we
now refer as conventional fuels in contradistinction
to the nuclear fuels of the atomic age.

The remarkable advances that are being made
in the understanding of photosynthesis may well lead
to important methods of increasing the efficiency of
this conversion of energy from the sun into chemical
compounds. How much this might contribute to the
enlarging of the world's food supply is at this stage
a matter of speculation, but the work s0 far seems
to hold much promise,
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Another field of investigation of major impor-
tance concerns the part played by enzymes in life
processes. More detailed knowledge about them is
necessary if we are to have a true understanding of
the metabolism and the synthesis of organic products,
In this ficld earlier British work on cell metabolism
is being paralleled by Canadian studies on the role
of enzymes in the synthesis of sugars and amino-
acids in the living organism, while in the United
States of America fundamental investigations are
under way in the basic mechanisms and the factors
influencing reaction rates and the dynamic equilibria
characteristic of living cells.

Animal Husbandry

Tracer stndies are also giving much impetus to
investigations on basic problems involved in animal
production. As in the case of plants, understanding
of enzyme action and other metabolic processes is of
prime importance in animal nutrition. Some of the
more fundamental investigations concern the amino-
acids, which are combined in complex ways to make
the proteins of the body. Among the amino-acids
essential in the animal diet are two that contain sul-
phur, methionine and cystine. It is known that cystine
can partly replace methionine in animal metabolisin.
Cows, sheep, goats and other ruminants have the
power of synthesizing these amino-acids from in-
organic suiphur through the action of micro-organisms
in the rumen, or first stomach. It had been thought
that non-ruminants, which do not have multiple
-stomachs, could not carry out this process within
their own bodies. But recent work with inorganic
radioactive sulphate in the diet of poultry has shown,
through the recovery of radicactive cystine, that non-
ruminants can also synthesize at least part of the
cystine they require, which in turn can partly replace
methionine ; and hence that inorganic sulphate should
be considered an important mineral nutrient for
poultrv, and for swine also, as well as for cattle
and sheep,

Studies on the biochemistry of lactation provide
another example of the effective use of tracer techni-
ques in metabolic studies. In such work in the United
Kingdom radioactive carbon and tritium, an isotope
of hydrogen, have been used to label dietary coin-
ponents. Isolation of the milk constituents and de-
termination of radioactivity indicate directly which
mifk components are derived from the labelled source
and permit some well-founded speculation as ta the
metabolic route involved. In a typical experiment,
sodium acetate labelled with radiocarbon was ad-
ministered intravenously to a lactating goat. Analysis
of the fatty acids in the mitk cleariy indicated that
the synthesis of acids from the acetate took place
in the udder itself, not earlier, Such studies, evaluating
dietary components and elucidating the steps by
which they pass into the sugars, fats {lipids), proteins,
and other milk constituents, shouid lead to more
efficient feeding and management for production.

Radioisotopes are especially eflective in studying
the efficiency of food utilization because it is possible

with this technique to arrive at more accurate values
than are obtainable by the usual methods employed
in food balance studies, which permit only the de-
termination of the total intake and loss of nutrients
from the body. In materials found in the waste it
has not hitherto heen possible to diflerentiate those
that passed through the intestinal tract without being
absorbed from those absorbed and subsequently ex-
creted. The use of tagged nutrients permits ready
identification of the source of the excreted materials
and in such investigations in animals it has been
possible, for instance, to distinguish endogenous
(body) and exogenous {feed} calcium and phosphorus.

As an exampie, the value of aifalfa as a source of
phospherus for lambs had long been considered, on
the hasis of the usual evaluation procedures, to be
of the order of twenty per cent; that is, only a fifth
of the phosphorus in the alfaifa was ntilized by the
hady. The tracer technique has shown that the phos-
phorus from alfalfa is actually far more effectively
absorbed, about ninety per cent being utilized. The
low value previously estimated was due to the fact
that phosphorus was being rapidly involved in the
body chemistry, and the large amount excreted was
not phosphorus from the feed but phosphorus that
had leen absorbed earlier, used, and returned to the
intestinal tract. Studies of this nature on food
utilization have been extended to the egg, the foetus
and the milk, permitting evaluation of the relative
contribution of the diet to each.

All of this newer knowledge contrihuted by radio-
isotopes work on the metabolism and nutrition of
antmals is of major concern for the world {food prob-
lem since with rising standards of living there is a
demand for a higher proportion of animal proteins
in the diet,

Just as in the case of crop production, advances
in the control of animal pests and diseases and the
deveiopment of improved breeds also constitute
important methods of increasing animal production.
In the case of animals, however, expetimentation is
usually more costly and time-consuming than with
plants with the result that, with some important
exceptions, the utilization of radioisotopes and:
radiation has not progressed so rapidly. Thus while
irradiation for inducing mutations in plants is being
quite widely used for crop improvement, this tech-
nique has not as yet been employed to the same
extent with livestock nor has it yielded comparable
results. Irradiation has also been shown to induce
mutations in fungi causing crop diseases, and these
mutants are being used in experiments to develop
greater resistance to those diseases. It mav be
expected that this kind of work with aninal disease-
causing organisms will have comparable important
practical applications, Thus variants of reduced
virulence developed by radiation may prove to be
of value for use as vaccines in the production of
immunity to commonly occurring more virulent
forms af the pathogen, and irradiation may also be
of help in developing polyvalent vaccines, These are
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possibilities which, though so far untested, may have
great siguificance, since vaccines constitute the most
effective way of combatting the many widespread
animal diseases which causc losses of millions of
animals throughonut the world.

A somewhat different use of radiation has been
made within a hmited area in the case of at least one
insect pest of livestock, the screw-worm fAy (Calli-
traga americana C. and P.), which is responsible ior
damage to the cattle industry in the United States
of America to the extent of some twenty million
doflars annually in killed or crippled animals and
damage: hides, An ingenious fmethod of control has
been successfully demonstrated hy the United States
Department of Agriculture in cooperation with the
Dutch authorities on the island of Curagao in the
West Indies. Large numbers of male Hies were hred
in the laboratory, sterilized by radiation from radio-
active cobalt, and released in numbers far in excess
of the normal population of males in the areca so that
females were much more likely to eocounter a
sterilized male than a fertile one. The female fiy
mates only once in her lifetime and hence there was
no possibility that she would subsequently produce
fertile eggs. This uoique undertaking was carried nut
after a close study of the life ¢ycle of the insect, the
determination of the susceptible developmental stage
and dosage requirements, and careful estination of
the screw-worm fly population of the area, The
possibility of eradicating other insects by radiation
undoubtedly mierits further attention following such
fruitful results with the screw-worm fly.

APPLICATIONS OF RADIOISOTOPES IN FISHERIES

The world’s fisheries at present contribute over
twenty six million tons of high-quality food. Although
this represents but a small propottion of the animal
protein consumed hy man, fish is an important
element of the diet of many peoples, especially in
certain countries in the tropics where proteins of
animal origin may otherwise be almost absent from
the diet. Up to the present, however, the potentialities
of the ocean and inland waters as sources of food
have been utilized to only a relatively limited extent,
but with the application of modern scientific and tech-
nological advances revolutionary developments in
their exploitation may be anticipated.

As in agriculture and forestry, radioactive isotopes
have manv uses in fisheries research and their
employment will accelerate the conclusion of certain
investigations which arc essential for the evaluation
of fishery resources and the understanding of those
resources that will permit efficient exploitation.
Probahly the most important application has been
the use of carbon-14 in estimating the productivity
of ocean waters. Carbon-labelled sodium acetate has
been added to water sanples taken at various depths
and the samples incubated under controlled condi-
tions, The growth of the phytoplankton or plant life
under these mcasured conditions gives an estimate
of the basic productivity of the water from which the

samples were taken. The use of this method is rapidly
being extended and will contribute significantly to
the achievernent of a realistic estimate of the basic
productivity throughout the seas, The importance of
this contribution will he clear since the production
from the plant life in the oceans determines the
quantity of organic material in subsequent links of
the food chains apd more particularly in those links
that furnish material of economic value to man.
Applications similar to this have been made in
fresh-water studies. Radioactive phosphorus has been
used in several investigations in fresh-water lakes o
study the eflicacy of mixing, or the distribution of
the phasphorus throughout the water and to the flora
and fauna. Recent experiments in Canada have
indicated that the turnover of phosphorus in lake
waters is much more rapid than had previousiy been
estimated, and further that the rapid turnover under
natural conditions appears to be caused primarily by
bacteria. This clearly indicates the need for further
work since it had not hitherto been thought that
planktonic bacteria play an active part in the phos-
phorus cycle. On the contraty, the pritnary organisms
involved were considered to he algae, which are
highly important in the food cycle oi fishes, What
contribution, if any, the bacteria make to productivity
in these waters is therefore unknown, and it is
possible that their high consumption of phosphorus
may adversely affect the growth of algae. The impor-
tance of radioisotopes in this connection is that they
will accelerate the analyvsis of the ecological systems
in inland waters and add precision to the available
methads. It may be emphasized that this is especially
important in inland waters where the opportunities
for iuman intervention to modify ccological systems
are much greater than in marine systems.
Radioactive tags have also been used in fisheries
work for tracing and measuring mote nassive tnove-
ments of material, [or example, they have heen
emploved in studies of the movement and population
density of fish, where they have some advantages
over the usual marking methods, There is also the
possibility that radioactive tags might be used for
following the movements of oceanic currents and for
measuring water trassport in marine systems. Evi-
dently radicisotopes can play at least as great a part
in increasing the productivity of our fisheries
resoutrces as they can in agricuiture and forestry.

APPLICATIONS IN HUMAN MUTRITION

Reference has already been made to the particular
value of radicisotopes in analysing the movements of
specific nutrients in a dynamic biological system and
the important part that such tracer studies can play
in elucidating problems of animal nutrition and
metabolism. Much of the knowledge concerning
human natrition and metabolism is gained from
animal studies and therefore much of what has been
discussed earlier with reference to animal nutrition
applies equally in the field of human nutrition. Thus
work in progress on the membolisin of amino-acids
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agriculture, forestry and nsheries. Although at this
stage any discussion of these possibilities may seem
to he purely visionary, some reasonable speculation
appears to be fully justifable in view of the spectacu~
iar technological advances in the past few decades
that have revolutionized the human way of life in
less than the span of a generation. Already an atomic-
powered submarine §s in existence and in some
quarters atomic-powered locomotives and aircrait are
said to be only a few years away, Much, therefore,
of what appears to be fantastic today may be a com-
monplace of tomorrow.

It has already lLeen pointed out that whilst the
reduction of losses due to diseases, pests and spoilage,
and the adoption of wvarious improved techniques
which lead to more efficient exploitation of areas
already cultivated are the most inunediately promising
ways of increasing production, attention should ailso
be given to the benefits that might arise through
bringing new arcas into cultivation, although this is
a more difficult and expensive undertaking, Probably
the preatest contribution in this direction would be
through the provision of irrigation facilities, particu-
larly in the desert and semi-arid areas of the world.
Many areas suitahle for such development exist in
North and South America, Africa, Central Asia and
North China, to name but a few, There are also areas
where drainage and reclamation of marshiands and
deltas, especially in the tropics, could render land fit
for cultivation, though there are fewer opportunities
for this type of action than in the case of irrigation.
The avatlability of more abundant and cheaper power
from atomic reactors might well make possible the
development of such irrigation and drainage projects.
In addition work is now under way on the partial
de-salting of water, and abundant and cheaper power
would make it possible to do this on a scale adequate
for irrigation, Such applications would be of particu-
lar significance to the wunder-developed countries,
especially where conventional power sources are
deficient.

As m the case of agriculturc, in forestry mote
abuandant and cheaper power would have far-reaching
implications. It would affect not only the primary,
often small, rural forest industries as well as the
larger ones such as the manufacture of pulp and
paper, hut also forest policy and management in gen-
eral, For instance at the present time about one-haif
of the world's harvest of woad is used for fuel, which
forms a particularly important source of energy in
rural arcas. Past experience has shown that where 2
more convenient, and sometimes more efficient,
source of power is availahle, the use of wood as fuel
drops very rapidly, This may be of advantage or dis-
advantage to good forest management, according to
the circumstances. In areas where wood is scarce

and the forests badly abused by destructive harvesting
to meet the needs of the population, as in some Medi-
terranean and Asian countries, the replacement of
wood by an alternative source of power would greatly
facilitate the much-needed reconstruction of an ade-
quate forest cover. On the other hand in some regions
the use of wood as fuel is often an important factor
in good silviculture, offering the sole or one of the
few markets for small and rough assortments that
would otherwise be unmarketable, This shows the
complexity of the problems involved and, particularly
in view of the length of time needed 1o plan and exe-
cute changes in forest management practices and
policies, explains the unusually keen interest of
forestry in the long-time changes in power sources
and costs that may be affected by atomic energy
developnients.

The availability of cheaper power would atso make
possible the more efficient exploitation of jarge forest
areas and would have a particularly marked eifect
on the practicability of establishing economically
sound and integrated wood industries in the remote
and lesser-developed parts of the world. Looking even
further afiekd, it might play a most important part in
opening up some of the world's last untapped forestry
resources in the tropical areas, particularly in South
America and Africn.

Similarly atomic power could be of considerable
significance to the fishing industry, where the devel-
opment of nuclear power units of a size suitable for
installation in ships would be of particular interest
for possible use in mother and factory wvessels of
fishing and whaling fleets aperating over Jong periods
at great distances from their bases, especially in the
Antarctic, since they might in various ways lead to
substantial reductions in operating costs.

This discussion of the possible implications of
cheaper and more abundant power for agriculture,
forestry and fisheries is by no means intended to be
exhaustive but rather to pive in broad outline an
indication of what atomic energy developments could
mean to these industries. Agriculture is perhaps the
most conservative of our arts, but when modern
methods of .farming and the multitude of highly tech-
nical services provided by an up-to-date department of
agriculture are compared with primitive nomadic and
pastoral systems of food production, it is obvious
that the farmier is ever ready to adopt improved
methads which increase the efficiency of his wusage
of land, water, capital and labour. It is therefore
reassuring 10 know that this newest of our scientific
advances, atomic energy, can coniribute in 30 many
ways to man’s oldest industry and thus open up the
way to improved methods of feeding, clothing and
housing the world’s ever-growing population,



Record of Proceedings of Session 7.2 (Agriculture)

THURSDAY MORNING, 11 AUGUST 1955

Chairman: General B. C. de Mattes (Brazil}

Scienfific Secretaries: Messrs. k. F. Lamerton, A, Finkelstein and L. D. Rojanski

............................... A. L. Kursanov

Food and Agriculture
Organization

be dealt with in much greater detail in the papers to

PROGRAMME
P/618 The utilization of radioactive isotopes in biology and
agriculture in the USSR
/780 The uses of atomic energy in food and agriculture. .
DiscussioN
Mr. AL L. Kursaxov (USSR) presented paper
/618,

Mr. R. A. Sicow (Faod and Agricultnre QOrgani-
zation) presented paper P/780, as follows: I am
speaking on behalf of the Food and Agriculture
Organization of the United Nations. [ propose to
discuss in general terins the contributions that atomic
energy can make to Dbetter nutrition and higher
stanidards of living for the peoples of the world,
through improvements in food and agricultural
production.

The problems involved are of immense magnitude,
for the world’s population is growing so rapidly that
it is likely that within even the next quarter century
we shali be about 50 per cent more in number than
we are at present. The neo-Malthusians believe that
we are engaged in a losing battle, but FAQ considers,
on technical grounds, that the necessary increases in
food and agricultural production can be achieved,
and has recommended to governments that they
should aim at increases in production 1-2 per cent
greater than their anticipated growth in population.
For many countries, this will mean actual production
increases of 3~4 per cent a year. This will not be an
easy task for governments, but success is of such gen-
eral coneern to all peoples that national efforts should
be supplemented by pooling the technical knowledge
and experience of all countries on an international
basis for the cornmon good. .

In this connexion, the exchange of information that
its taking place at this Conference will be of great
value, for atomic energy can contribute much to agri-
cultural and food production.

There are three main ways of providing more of
the primary necessities of life. The first, and easiest,
way is to reduce the heavy losses which now occur
in production, storage and distribution. The second
is to increase the productivity of land and other re-
sources now in use, through the application of im-
proved technical methods. The third is to develop
new areas and resources. Atomic energy can contri-
hute to each of these ways of increasing supplies.
Some of the potential contributions are mentioned
briefly in the FAO paper (P/780), and many will

1%

be presented by others in the technical sessions.

First, there is atomic power itself to he considered.
This could without doubt atfect agricelture in many
ways, but it is something for the future and must
await the widespread application of atomic power, in
industry in the first place. Cheaper and abundant
power could make a substantial impact on agricul-
ture, not only by generally cheapening costs of pro-
duction, improving conditions of work and making
niodern conveniences and comforts more widely avail-
able to rural workers, but also through other, less
conventional, possibilities.

Any discussion of these must at this stage be purely
speculative, but in view of the spectacular technolo-
gical advances of the past few decades—as, for
instance, in air travel and in radio and television——
sorne attempt to assess the contributions that might
be expected from atomic power seem fully justified.
These contributions would be of particular value for
the opening up of new areas for cultivation,

In this connexion, there is the possilility of
extending irrigation facilities, and related to this is
the possibility of partiatly, or even completely, de-
salting saline water on a scale adequate for irrigation.
Such applications could revolutionize the develop-
ment of the semi-arid and desert areas of the world.
There is also the possibility of draining swampy but
potentially productive areas, particularly in the tro-
pics. Similarly, cheaper power would make possible
the more efficient exploitation of large forest areas
in remote parts. A word of warning, however, seetns
desirable here. Opportunities for such applications
are particularly common in areas which are under-
developed, but in such areas developments of this
nature will not and cannot occur overmight.

Turning from such speculations concerning atomic
power, there can be no doubt whatsoever that the
radioactive isotopes and radiation that have become
available as by-products of nuelear reaction are of
great significance to agriculture, It was at one time
thought that these might prove of direct value in the
stimulation of plant growth, but extensive investi-
gations in several countries have failed to substantiate
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such hopes. Neither radiation nor radioisotopes
appear to be capable of direct contributions to in-
creased production in the sense that an application
of fertifizer leads to increased yields. Their contri-
bution to food and agriculture is indirect, but never-
theless of immense potential. The ability of radiations
to induce inherited mutations is being used extensive-
Iy in plant breeding programmies and in other ways,
whilst their sterilizing effects have promising applica-
tions in food preservation and pest control. The value
of radivisotopes lies in their use as highly refined
research tools in tracer studies in a wide range of
nutritional, metabolic, developmental and pathologt-
cal investigations in plants, apimals and man. In this
way they are giving information obtainalle in no
other way, or only at much greater cost in time or
maoney.

By giving a clearer insight into basic biological
processes that have hitherto been obscure, the use of
radiotsotopes in tracer studies is Jeading to the deve-
lopment if improved tecliniques and to greater elli-
ciency andt economy in the production and utilization
of agricultural products. Bearing in mind that it was
only unfetrered scientific investigation of the nature
of the atom, the pursuit of knowledge for its own
sake, that made nuclear energy availabie to mankind,
the contrilntions which radioactive tracer studies can
make to agricultural production through research may
similarly be almost imlimited in magnitude. In the
time available it is pnssible to do no more than men-
tion a few of those contributions.

Potential food supplies and other agricnltural pro-
ducts are subject to heavy losses through {fungal and
hacterial action and the ravages of insect pests, and
it 15 by combatting these that the most inunediate and
spectacular improvemients in supplies can be achieved.

The usc of radiation to kill insect pests in stored
grain and to extend the storage life of perishable
ioodstuffs such as fruit, vegetables, meat and fish can
do much to reduce wastage in storage and distri-
bution.

Tracer studies are leading to better knowledge of
the pests and diseases that attack crops, and are
playing an important part in the develepment of
more effective inseclicides and fungicides.

Contributions to increased productivity include the
development of higher yielding varictics of crops hy
irradiation, whilst tracer studies are leading to the
development of improved methods of erop and animal
husbandry. Thus the present limited nse of fertilizers
in many countries is almost entirely a question of
economics, and tracer studies are showing how ferti-
lizers should be employed in order to ensure the
futlest possible return from them,

Through the use of radioisotopes ‘femarkable pro-
gress has been made in the elucidation of the mecha-
nism of photosynthesis which may well lead to more
efiicient ‘methods of converting energy from the sun
into chemical compounds. How much this might con-
tribute to the enlarging of the world’s food supplies

is at this stage a matter of speculation, but the work
so far seems to liold inuch promise.

Tracer studies are also giving tnuch impetus to
investigations af the basic problems involved in ani-
mal production. They have been used, for instance,
in fundamental investigations concerning protein-
synthesis in the anima! body, and the biochemistry
of lactation, and they have heen very effectively en-
ployed in studying the efficiency of food utilization
in animals, An example of a particularly iugenious
application of radiation to the control of insect pcats
inn livestock is provided hy a suceessful demoustration
in a limited area of the possibility of eradieating the
screw-worm fy which causes Josses in the United
States of America to the extent of some $20 million
annually in killed or crippled animials or damaged
hides,

Although the major part of the worll's surface
consists of water, the oceans and inland waters have
been exploited only to a limited extent, and provide
less than 2 per cent of the world’s {ood supplies.
Nevertheless, fish 1s an amportant element in the diet
of many peoples. Radioactive isotopes have many
uses in hsheries research, They are providing infor--
mation essential for the evaluation of [fisheries
sources and Icading to a better understanding of the
factors invelved in ocean and fresh-water productivity
that will permit more efficicnt exploitation of our
water resources,

Finally, radioisotopes have important applications
in the held of human nutrition. Auch of such knowl-
cdge is gained from animal studies. Thus work in
progress on the metabolism of wmino acids and pro-
tems in mammals s of special significance in con-
nexion with certain deflictency diseases sucl as the
protein deficiency syndrome known in Alrica as
kwashiorkor.

Use of the tracer technique with human beings has
naturally been rather limited up to the present, but
some work has already been done in connexion with
iat and protein metabolism and minerai nutrition. It
is clear that tracer studies can make valuable contri-
butions to a better understanding of the physiology
of human nutrition, especially when more suitable
isutopes becoine awvailable. This in turn wilt aflect
the way in which available food supplies are ulilized,
and thus will help in the developnmient of adequate
balanced diets, which are sa important for the main-
tenance of health and cfficiency.

From this brief survey of biological and agricultu-
ral applications, it is evident that atomic energy can
contribute in many ways to the better feeding, clothing
and housing of the world’s ever-growing population.
Some of the previous speakers in this Conference
have aircady pointed out that shorlage of food rather
than lack of power may well be the limiting factor
in human progress in the refatively near future, This
survey shows that this need not be so; indeed, in the
Inng run the contribution that atomic energy can make
to increased production and to the more effective
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utilization of agricultural products may turn out to
be just as important for our welfare as the more
obvious and nwre spectacular contribution that it
makes as a source of industrial power.

DISCUSSION OF P/618 and P/780

Mr. RS, Cawpecort (USA)Y: My question 1s
addressed to Mr, Rursanov: I wonder whethier vou
were able to determine that carbon dioxide eatered
the plant from the soil and that it did not cnter as
SO OthCI’ 01t OE CE\I‘bOI]}lCEO“S COII'IPO'I.‘.[I']d.

Mr, Kursanov {(USSR) : In our first experiments
we placed the whole plant by the roots in a vessel so
arranged that there couid be no exchange of gas in
the air surrounding the root and that this air could
not penetrate to the upper parts of the plunt. We
used small concentrations of carbonic acid or of a
carbonate for this purpose. The possibility of the
carbon dioxide passing through in any other way was
excluded in these experiments. We then analysed the
roots and the other parts of the plants. Later, the
carbon dioxide continued its passage. By appropriate
treatment of the roots, we established the presence of
carbonic acid in the form of carboxyl groups in the
organic acids,

Mr. 5. Mrrsur (Japan): T should like to ask
Mr. Kursanov two questions. The first one 1s: do
vou think it is promising to promote plant growth by
iternal irradiation from radicisotopes: in  other
words, by the absorbed radioisotopes? My second
guestion is: do you have any experience in the USSR
on the use of radioisotopes for the {undamental
rescarch work or applied experimentation on soil
erosion contro}? '

AMr Kursaxov (USSR): T think that in a number
of cases internal irradiation may alfeet the rate of
growth of plants. Quite a large number of experi-
ments of this kind have been carried out in the Soviet
Union, and Professor Kuzin has compiled a special
report on them which has been made availabie to this
Conference, It seenws to me, however, that internal
irradiatton has so far not given us any resuits which
can be reproduced with absolute certainty, \While
stimulation can be observed in some cases, the me-
thod does not prove quite effective in others. 1 think
that this experience offers possibilities for further
research and requires a thorough preliminary study
of metabolic changes.

To reply to the second guestion: Soviet scientists
have begun to use radioactive isotopes in the study
of soil erosion, but, so far as [ know, only recently,
I cannot, at this moment, give the results of any com-
pleted studies,

Mr. J. W. T. Spixks {Canada): I was much
interested in the work described hy Mr. Kursanov on
the utilization of radicactive isotopes in the USSR.
Would the speaker care to tell us the extent to which
universities participate in this work, and, secondly,
what administrative machinery is used to give over-
all direction to the program in the USSR?

Mr. Kursaxov (USSR): The universities are
participating in the work on the utilization of iso-
topes. along with many other scholastic, svientific,
and experimental centres of the Soviet Union. The
normal procedure is followed in the use of radio-
isotopes for DLiological work: they are obtained in
the same way as other reagents and are applied as
appropriate by institutions engaged in scientific
research in the various felds.

Mr. 1. Ryurer (Poland): My question is meant
for Mr. Kursanov. Has any work been done with
radivactive isotopes int the biosynthesis of alkaloids
in plant tissues, such as the synthesis of opiom
alkaloids? 1 {ecl that tracers would solve the problem
of whether the alkaloids are or are not end products
of the metabolism of nitrogenous cotnpounds.

Mr, Kursanov (USSR): You are quite right.
Tracers, of course, open up great possibilities for the
biological study of the synthesis of secondary sub-
stances, and in particular of alkaloids. You are
interested in certain special alkaloids. Using radio-
active carbon,Tlvin has just recently done some very
interesting  work in Aoscow on the synthesis of
alkaloids of the nicotine groups in the roots of tobacco
and makhorka (Nicotiana rustica). These experi-
ments showed in particular that alkaloids, as clearly
demonstrated by the tests of Shmuk and others, are
synthesized in these plams and that carbenic acid
absorbed by the roots from the soil is used in this
synthesis.

Mr E. C. Wassing {The Netherlands) : I should
like to commient on a statement ii: Mr. Silow’s printed
text. The statement that not more than one per cent of
the total available energy in the sunlight falling on a
green leal is effectively used by photosynthests seems
true for various crop plants as far as the entire
growth period is concerned. There are indications,
however, that in certain short phases of the growth
the wyield may Le significantly higher. Moreover,
special experiments have shown that the entire
phiotosynthetic chain runs with a much higter effi-
ciency at lowed light iatensities, both in higher plants
and in green algae. The process as such, aud espe-
cially the photochemical reaction, does net appear to
be particularly inefficient, but external linntations,
for exampte, carbon dioxide and water supply, and
mineral nutrition, may well interfere with obtaining
maximum vields under various natural conditions,
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radiation effects. This is definitely true of the
Antirrkinum where the control is significantly below
the “platean” of low level radiation effects. Two of
the carnation graphs, for William Sim and White
Sim, do not difier significantly from a straight line
relationship, while the Harvest Moon graph seems
curvilinear.

Extensive somatic mutation data were obtained
with the P™/p gene in maize {Fig. 14), More than
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Figure 14. Dose responie of somatic mutatiors in P p stack of maize,
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a million kernels were observed. Most of the somatic
changes were rather smazll, producing in many
instances a very fine streak. However, for the graph
presented here only those mutations which were
greater than trace were scored as mutations. In a
few instances somatic mutations involved a whole
kerne] or a cluster of kernels. These were com-
paratively rare. Most mutations were small, indicating
initintion rather late in the life of the ear. From the
lower doses of radiation there is not a linear relation-
ship between dose of radiation and mutations. Below
5 r/day there was no apparent effcet of the radiation.

It was also ohserved that radiation injured the
developing ear. From less than one to approximately
100 r/day, there was an inverse linear relationship
between radiation received and number of seeds per
ear (Fig. 14),

COQOPERATIVE RESEARCH

It was mentioned earlier that the ganuna field is
uscd cooperatively by research workers in eight
differcnt experiment stations and universitics. These
workers grow their material in the field, which is
maintained by the Brookhaven Laboratory. Any
resulting new varietics become the property of the
investigator who takes full responsibility for taking
all notes on the material growing in the held.
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In addition to this cooperative project other
facilities unique to the Brookhaven Lahoratory are
made available to other investigators. One such
facility is the thermal column of the nuclear reactor
for treating sceds and scions, Also material is
X-raved for those not having access to an X-ray
machine, To date, radiations have been made on more
than 60 crop plants for well over 100 investigators
located at many places throughout the United States
and Canada, [t is too early to expect positive results
from cach of these investigators, However, we are
pleased to report that workers in Minnesota are able
to report positive results of disease resistance induced
in plants. That work is heing reported to this con-
ference by Dr. W, M, Myers.?

Radiation as a tool in plant lreeding lias made a
mrodest beginning. \We feel that each succecding year
will show progress. It is impossible to cnvision the
eventual good that may arise from the use of radiation
in plant breeding; and we thoroughly agree with the
late Enrico Fermi who said, “I believe truthfully,
that the conquest of atomic energy may be widely
used to produce not destruction, but an age of plenty
for the hunan race.”
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The Production of Beneficial New Hereditary Traits by

Means of lonizing Radiation

By L. Ehrenberg, 1. Granhall and A. Gustafsson, Sweden

Ionizing radiations, irrespective of mode of produc-
tion and of properties, readily induce hcreditary
changes (mutations}, which are stable and lead to
new traits manifested also in following generations.
Truly induced changes of genes and chromosomes
were first described by H. J. Muller ® This discovery
has influenced genetic research immensely, For a
long period of tine induced changes were considered
by most workers to lead to a break-down of the
hereditary material, the induced mutations thus being
exclusively “harmiul”, this word taken in the sense
that the individuals, mutants, manifesting the new
property, would be, if not entirely monstrous or
lethalized. at least distinctly inferior to the original
type as regards viability, It is a fact indeed, that most
of the induced mutations decrease viability in the
homozygous state, i.e., when the mutated gene is
present in the double dose, and that many mutations
lethal when homozygous show a more or less detri-
mental effect even in the heterczygous state. Dut
such a type of behaviour prevails in spontaneous
mutations, too.

Nevertheless, recent studies have shown that the
induction of the mutations is an important tool in
plant breeding. Relative to several hundred “harm-
ful” hereditary changes there are one or two raising
production in the homozygous state or, in some other
respect than production, implying a “positive”
alteration. {We here define a positive mutation of an
agricuitural species as a hereditary change in some
way beneficia! to man’s interests and well-adapted to
his very peculiar type of “ecological niche”.) The
spontanecus mutation rate is so low that the time,
labour, and experimental area required for the collec-
tion of positive mutations, naturaily arisen, would be
unreasonably great. Since, by the application of
ionizing radiations, the mutation rate can be raised
several throusand times, such a collection is now made
possible and can be adopted as part of the breeding
routine, without any special expansion of ordinary
experimental stations.

In this connection it ought to be pointed out that
many mutations, which from the traditional point of
view should be regarded as deleterious, since they
cause lethal effects when homozygous, will increase
viability when heterozygous. In organisms like barley
(Gustafsson 1946, 1947, 1934) or Antirrhinim t°
these “benecficial lethals” are not uncommon, but

£}

their occurrence has been described alsc in Droso-
phiia,’ even for the X-chrumosome® In fact,
Gustafsson concluded that lethal factors play an
important role in the population dynamics of cross-
fertilizing organisms. This does not contradict the
views, eloquently vindicated by Muller, about the
eugenic hazards of an uncontrolled use or rather
misuse of ionizing radiations in human activities.
Chromosome rearrangenients of various kinds, as
well as long deficiencies and duplications of the
chromosoine material, are relatively more abundant
when applying ionizing madiations than is the case in
nature, and many gross chromosome alterations show
conspicuous effects of a deleterious kind even when
heterozygous,

The principles for the induction of positive muta-
tions have now been worked out in a large number of
agricultural species. The Swedish group treating the
subject has chiefly concentrated on barley, which is
a diploid self-fertilizing organism, where the mu-
tations are easily identified, and on wheat which is a
polyploid, but still a seli-fertilizing organism suitable
for mutation analysis, In barley, in striking contrast
to wheat, therc is a wide range of morphological
variation in the mutants, from small, scarceiv per-
ceptible changes to most profound alterations in type,
even breaking the morphological frame of the varety
or species, In spite of their greatly altered appearance,
many mutants are surprisingly productive. This is
for instance the case with the “erectoid” mutants in
barley, abount 75 cases of which are now being studied,
The erectoid mutation takes place, as far as we
know, by changes in 16-20 different gene loci. Many
of these mutants display features, valuable from an
agricuitural point of view. The grain {and straw)
production approaches or equals that of the mother
strain ; in some <ases the mutant is even superior by
a few per cent. At the same time erectoid mutants
distinctly surpass the mother as regards stiliness of
straw. Some are earlier, possess higher protein con-
tents, ctc. In addition, the erectoids are, more so than
the mother line, able to utilize very high nitrogen
dressings, a desired property in to-day’s farming.
Other mutants, e.g., the so-called bright-greens,
behave quite contrary in this respect; they thrive
better in a meagre soil. On the other hand, they
appear to be more resistant towards certain fungi
than the respective mother strains.
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per cent for cyclotron-produced neutrons, and nearly
100 per cent after irradiation in the pile, Data from
the 1934 experiments further evidence this difference
in relative efficiency.

Within the group of chlorophyll-defictent mutations
several [ethal types can be recognized 3, viz., a colour-
less albina, a light green or yellow-green viridés, and
a yellow .rantha, which are the most common ones,
and in addition several rare types. Each group of
mutants is realized by changes in a great many genes.
The relative frequencies of these types are seemingly
identicnl when XN-rays with 100 ion pairs/p or
neutrons ionizing at 400800 ion pairs/u are applicd.
\When ion density is varied within a wider range, it
becomes evident, however, that the relative frequency
of rare chiorophyll mutations, treated as a group,
increases with increasing ion density.)?

In addition it has been shown that a variation of
the irradiation conditions, other than ion density,
may provoke displacements of the types of chioro-
phyll-deficient mutations. The wiridis type, which
oceurs in comnhination with a high sterility of the
irradiated generation,® is thus more common under
conditions favouring a high sterility (Ehrenberg,
1955). Ahout 22 per cent viridis are obtained when
moist seeds are irradiated with low doses (£ 5000 r),
whereas the frequency amounts to ahout 62 per cent
when dry seeds are irradiated with high doses. The
latter very high f{frequency approaches what is
obtained when chlorophyll mutations are induced by
means of the chemicals, mustard gas and nitrogen
mustard (Mackey 1954).

Summing up we may state:

1. The inducing of mutations by means of ionizing
radiations has given and can give hereditary changes
of high production capacity in agricultural plants, If
the mutants, although high-productive, are not suited
for direct marketing, they form a source of variation
valuable for the normal continued breeding.

2. It has been proved, in principle, that the
spectrum of mutation types can be intentionally dis-
placedd in different directions. This is achieved, for
instance, hy a variation of the ion density, from the
mininnnm obtained with Co%® y-rays or P¥* g-rays,
via X-rays and neutrons of different origin to densely
ionizing a-rays, but also by a variation of the irra-
diation conditions or hy the application of muta-
genically active chemicals. In this way alse the origin
of positive, directly valuable mutations can be con-
trolled. These results form a first step in our attempts
to learn how to influence selectively the mutation of
individual genes.

Most agricoltural species, even high-bred ones like
batrley, wheat or corn, are still rather old-fashioned

as to morphology, anatemy and karyology, in spite
of fifty years or more of intense breerding work. They
need to be reconstructed in agreement with the
requirements of modern agriculture, facilitating a
high mechanization and an intense fertilizing of the
soil, in this way increasing yield and quality but
decreasing labour and costs of cultivation. Recent
studies by Wettstein (1934, unpublished) indicate
that the construction of the straw of wheat and bariey
ought to be fundamentally repatterned, with regard
to internode number and internode length as well as
cross-section area of the nodes and internodes, before
the varieties can be considered iully adapted to high
nitrogen dressings and intense mechanization. With
regard to internode structure, barley should be
changed towards wheat; with regard to cross-section
area, wheat, in its turn, should be remade to resemble
barley., These changes can be effected by induced
mutation, possibly more easily than by hybridization
of different varteties and subsequent selection. Simi-
larly, in corn, the mutual development of vegetative
and generative parts ought possibly to he readjusted
in such a way as to decrease the vegetative system
and to increase, relatively speaking, grain production,
wititout an unnecessary waste of nutrients and photo-
synthetic materials. Finally, the karyotype of some
species, like barley, scems to be rather old-fashioned,
remaining on an ancient status. The modernization
of the karyotype may render possible a better co-
ordination of genes and mutations in the contioued
breeding program of the future,
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syncracy, it was decided that the results should be
compared with two different sources of radiation
which had specific jonizations comparable to X-rays
and thermal neutrons. Two-Mev electrons and fast
neutrons were selected for this purpose.

Dormant seeds were subjected to X-rays, 2-Mev
electrons, thermal neutrons and fast neutrons and
then analyzed to determine the distribution of seed-
ling heights from a number of doses. To elucidate
the difference between the two types of radiations
(those with a high as compared to a low specific
ionization), doses of each radiation which caused a
comparable average inhibition of seedling growth
were graphed {Fig. 1). This higure lucidly illustrates
the similarity between the curves obtained with
thermal and fast neutrons on the one hand and
between X-rays and 2-Mev electrons on the other.
It seemed logical to conglude from these data that
the differences observed were related to the physical
characteristics of the radiations and, probably, to
their specific ionization (cf. MacKey*®).
Cylogenetic Studies

In one study which compared the effects of X-rays
and thermal neutrons, treated harley seeds were
planted in the field and permitted to preduce mature
plants. Cytogenetic specimens were taken at the
pollen mother cell stage and the frequency of chro-
mosomal interchanges as a function of dose was
determined. In addition, counts of plant survival were
made for all treatments before the plants were

i
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harvested for seedling mutation studies (cf. Caldecott
et al?).

By plotting the interchange frequency as a function
of survival it ‘was clearly demonstrated that more
genetic interchanges could be obtained per unit
survival with thermal peutrons than with X-rays
(Fig. 2). The same was later shown to be true for
seedling mutations. Preliminary studies conducted
in the greenhouse indicated that differences of the
same order of magnitude were abtained when seeds
treated with pganuna vays from cobalt-60 were
compared with seeds treated with fast neutrons (cf.
MacKeyis),

Detailed comparisons of the kinds and relative
frequencies of mutations induced with X-rays and
thermal neutrons have failed to demonstrate any
major differences (Table I), even though a higher
frequency of any given type of change per unit
survival is obtained with thermal neuirons than with
N-rays. The same was shown to be true {ar the types
and frequencies of interchanges. This indicates that
densecly ionizing radiations should be of more value
to plant breeders than sparsely ionizing radiations
because they give him a better probability of inducing
the genetic changes which he seeks.

INFLUENCE OF HYDRATION

Through a combination of storing seeds in atmos-
pheres with different vapor pressures and actuaily
stceping them in water, a wide range of embryo
water contents was obtained. By subjectings seeds
with different water content levels to different types
of lonizing radiations it was then possible to demon-
strate pronounced differences in sensitivity modifica-
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Table Il. The Relafion of the Water Content of Embryos and Endosperms of Barley
Seeds to the Woter Content of the Atmosphere in Which They Are Stored

Mrager content of embryos and
endosperms at equilibrium

o Irguf:‘&t!!}f . Water ¢omient A pprox.

frig .

at 20oC over g seeds Embryo Endosperm
Wt,gm HO0%% Wigm HH.0,%

Dry P,0, 002 % 108 440 08430 40 249801 50

Dry CaCl, 0.20 440 08274 50 253545 60

Sat CaCl, 552 440 0.8813 6.0 25,7708 B0

Sat NaHS0, 8.89 440 0.0347 80 267485 110

Sat NaCl1Q, 12.82 440 09102 11.0 277838 140

Sat NH,H,PO, 15.92 440 L0146 160 301678 190

Figs. 3 and 4 indicates that there is a good correla-
tion between the degree of scedling injury as
measured by plant height and the frequency of
chromosomal aberrations in shoot tip cells.

Thesge dnta mean to the plant breeder that he can
increase the N-ray sensitivity of the genetic material
of dormant seeds simply Uy desiccating them over
P.0); prior to irradiation. This woiuld be most valu-
able where X-ray factlities were limited or expensive,

Effect of Soaking

Two of the factors known to [imit the gerinination
and growth of seeds are water and temperature,
Water provides the working medium for the bioche-
mical reactions incident to growth. The temperature
at which growth takes place determines the rate of
these reactions. If both the water conlent and the
growth of seeds modify their radiosensitivity, it
should Die possible to increase or decrease the effi-
ciency, per unit energy absorbed, of any given
radiation in producing physiological and genetie
changes,

In this connection, seeds originally desiccated over
P.O; were soaked at 22°C and 0°C, for wvarious
periods of time prior to X-radiation. Foltowing
trradiation the seeds were germinated and grown in
petri dishes for 7 days at which time seedling height
measurements were made. These studies showed
that after one hour stecping at 22°C the seeds were
much less sensitive to X-rays than controls that had
been stored over Po(Q; and not steeped. However,
stecping the seeds at this temperature in excess of
2 hours resulted in a striking increase in their X-ray
sensitivity so that after 6 hours they were more
sensitive than dry controls. On the other hand, when
soaked al 0°C the seceds just reached maximum
resistance after about 4 hours stceping and they
remained at this level of tolerance for at Jeast 8 hours
before they voderwent a gradial increase in sensitivi-
ty. After 24 hours soaking at 0°C seeds were about
as sensitive to N-rays as dryv controls (Fig. 5).

Further studies on the nature of the sensitivity
changes that accompany soaking at 22°C have
demonstrated that seeds soaked for about 8 hours
are abount 10 times as sensitive to X-rays as dry
confrols that have been stored over P,y prior to
irradiation, This increased sensitivity resulting {rom

soaking for 8 hours is reflected by both a reduction
in seedling growth rate and an increase in the
irequency of chromosomal aberrations {unpublished).
These studies indicate that soaking seeds at about
20°C for 8 hours or mwre gives the maxinnim
increase in sensitivity that can be obtained with seeds
under the conditions we have tested.

Studies on the effects of increasing the water
content of seeds by steeping prior to subjecting them
to therma! neutrons have shown that the treatment
reduces their sensitivity for about 16 hours at 22°C
and for at least 24 bours at 0°C. Other cytogenetic
studies on seeds soaked at 22°C suggest that the
period at which the increased sensitivity occurs with
thernial neutrons is associated with the time at which
chromosome douhling takes place in the cells of the
seed (unpublished).

The reduction in sensitivity to thermal neutrons
that accompanies the initial stages of soaking seems
to be best explained by the fact that in the unsoaked
secd over 90 per cent of the ionization results from
protons and alpha particles from capture of thermal
neutrons by nitrogen and boron respectively. Thus,
when the water content is increased, the ratio of
nitrogen and boron to the totaf elemental constituents
of the seeds is decreased. Fromn this it follows that
relatively fewer thermal neutrons swottld be captured
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detonation at Bikini atoll on March I, 1954, as to
whether the radiation would induce breakage and
reunion of chromosomes in the root-tip cells of
Tradescantiz paludosa. The results were quite posi-
tive. For example, in an experiment carried. out
even after 90 days, the chromosomal abnormalities
were definitely found,

The results mentioned above show that we can
select some useful strains for the studies of genetics
among the progeny of irradiated plants, but also
indicate that the greatest care must be taken about
the undesirable effects which may have occurred
simultaneously,

o
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3. Will the additional wariability induced by
mutation add simply to that recovered by hybridi-
zation or will irradiation of the hybrids themselves
produce greater or less variability than the sum of
the variance of the irradiated parents and of the
non-irradiated hybrids?

4. Will the hybrids among induced mon-useful
mutations produce populations of complex varia-
bility and manifold usefulness to the breeder, or will
simple monogenic distribution of the mutant forms
only be recovered?

NEW USEFUL MUTATIONS

New and useful mutations have been produced by
radiations in self-pollinating species of higher plants
(Gustafsson®, MacKey' and in rapidly reproducing
micro-organisms {Hollaender”, Hollaender et al?).
An instance of a useful induced mutation has been
described in cross fertilizing white mustard by
Andersson and QOisson! In 2 discussion of the
potential uses of mutagens in the “rationally directed”
evolution of organisms Muller? suggests that where
inbreeding may be practiced in cross-pollinating
species of plants the effects of radiation might be
equaledd and possibly surpassed by exploiting the
accumulated natural mutations which alrendy have
some chance of possessing adaptive value. He points
out however that, if an organism possesses a complex
of desired characteristics which might be lost by out-
crossing, radiation might be usefully employed. This
is especially true of certain inbred lines of corn which
have failed to respond to outcrossing as 2 means of
improving the line itsell while retaining the com-
bining properties with other lines for the production
of known adapted hybrids which have been estab-
lished at great cost. Disease-resistant mutants, already
established #n normally self-pollinating species
[Freisteben and Lein,® Konzak! and Gregory and
Cooper (unpublished)] should just as readily be
established in cross-poflinating species where selec-
tion is carried out under epidemic conditions.

‘Where populations may be large and the radiation
problem simple as in the case of cross-pollinating
species the effectiveness of radiation in the develop-
ment of improved varieties should almost equal that
to be expecled in normally self-pollinated organisms.
Certainly experience has deviated sufficiently from
the expected in the past in the fAeld of mutation

breeding to justify a more extended effort in the case
of normally cross-pollinated species of economic
plants.

HYEEEIDIZATIDN vs RADIATION

The true role of radiation in the field of plant
breeding will not be felt by its specialized uses until
its more general applicability in plant breeding proce-
dure hias been investigated. Success in selection for
change in any character in any sexually reproducing
organism is intimately associated with the genetie
variance of the character and the intensity of selec-
tion, !n general genetic variance, latent in individual
members of a self-pollinating species, may be made
most completely labile by hybridization. Once this is
done the genetic variance may be estimated in Fa and
subsequent generations during the passage of which
the variance rapidly becomes latent again by the laws
of progression. Selection opportunity exists at all
levels of this process but diminishes at the same rate
as the variance is lost. Therefore any procedure
which will significantly increase the genetic variance,
or retard its return to latency will be of value to
the breeder.

Comparable estimates of total genetic variance of
polygenically controlled characters such as yield of
fruits have been made in peanuts, {drachis hypogaca
L.} When the same species, the same fiekis, similar
means, similar experimental designs, and similar
population sizes are used, comparable error variances
in a guantitative measurement should be obtained.

Under such conditions estimates of genetic variance
should also be comparable. By using such data it
has been possible to make comparisons of the
quantitative variation induced in peanuts by X-rays
with that released from latency by hybridization. The
error and treatment {variety) variances in yield of
fruits (Table 1) for four different classes of peanuts:
(a) F;3 generation progenies of four different hybrids
involving eight different parents: (&) *normal” X,
plant progenies (Xa) of N-irradiated plants of the
uniform varicty; {¢) mutant X; plant progenies (X4)
from the same population as () (these mutants
were of essentially normal appearance exeept for their
excessive size and increased vegetative vigor); (d)
individual plant progenies of a pure-breeding nniform
variety (peanuts are naturally self-pollinated) have
been developed.

Table I. The Comparison of Quanfitative Genetie Variation of Hybrids with That
Produced by X-rays in Peanuts {Arachis hypegaea L.)

Flot Plot B
Code gize, means, Treaiment Error Variance
Letter Sowrce of plonts Date fi Fm vanasces varianiet rafios
{a} F; hybrids A 1947 154" 850 112914 21561 5.24
(@) F, hybrids B 1647 154" 931 159256 25501 6.15
{a)} Fy, hybrids C 1947 154~ 790 113853 2104t 5.41
(a) Fq hybrids D 1947 154" 852 143076 19284 7.42
(b) X of uniform variety 1951 180~ 747 57717 18909 3.05
(e) Xy of uniform variety 1952 ig'or 1478 266265 43279 6.15
{(d) Uniform variety 1951 180" 8234 284903 20090 142
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not suggest the lack of genic difference. Furthermore
the more distantly related any two lines were the
greater the heterotic expression should be, In order
to see more clearly the order of relationship among
the parent lines their pedigrees and origins are
presented in Table I1.

From Tahte {I 3t can be scen that the three X-ray
mutants should be the most closely related among
themselves and to A18. The next most closely related
line to this group of lines is B35 while the most
distantly related line to all others is the subspecies
cross C12, The average yield in grams of each parent

and hybrid in the three classes of material is given
in Table III.

Table M. Differences in Yields in Grams of Seeds

among Fy Hybrids and Their Parents of 3 Differant

Classes of Hybrids Arranged in order of Presumed
Relationship

. Order of  Lower IHigher Fy k)
Class of kybrid relationship parent  parend Aybnds increcse
X-ray mutant by 1 539 545 585 79
X-ray mutant 54.5 56.1 62.4 i28

519 561 653 260

X-ray mutant by non- 2 54.5 58.3 69.6 234
irradiated variety 539 58.3 723 289
56.1 58.3 76.3 3354

3 545 550 831 519
339 550 683 264
550 561 724 304

4 345 559 858 554
839 559 895 630
559 561 825 473

Non-irradiated variety — 53.0 58.3 85.0 50.2
by non-irradiated 55.% 58.3 3.4 45,1

variety 550 539 0.0 62.5

ESTIMATING THE TOTAL GENETIC VARIANCE

In order to determine with certainty the relative
magnitudes of quantitative variation in the various
classes of hybrids discussed above, it will be neces-
sary io study the resulis of plant progeny tests in
the FaX. and the I3X3 generations. When these
tests are made in conjunction with similar tests of
the Fy and F;, appropriate analyses of variance will
disclose: (a) the comparative contribution of irra-
diation and hybridization to the total variance;
(b) the latent varianeces of ordinary varieties and of
X-ray mutants can be comipared ; and (¢} the relative
magnitude of the effects of radiation of the same dose
can be shown for a hybrid and its two parents.

SUMMARY

The amounts of latent variation in hybrids of
X-ray mutants, hybrids of varieties, and hybrids of
X-ray mutants and varieties have heen discussed and
the expression of the I, generations compared. An
experiment in re-irradiation of the X-ray mutants
and their F; hybrids, and of the different varieties
and their hybrids, and of hybrids between these has
been presented. It has been shown how appropriate
analyses of the variances of these parents and hybrids
and their re-irradiated counterparts will provide
information leading to a :nore rational interpretation
of the part to be plaved by atomic energy in the
future of plants through breeding.
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treatment with X- and gamma rays*®31.2% and with
fast electron beams, (Sparrow, Schairer and Lawton,
in press), and for onicns following X-radiation?

MORPHOLOGICAL EFFECTS

As indicated above, one of the mwost comunonm
effects of irradiation wpon plant growth is growth
inhibition and, more rarely, growth stimulation. In
addition, the roots, stems, leaves, huds and flowers
of most plants may have their normal expression
aitered by exposure to radiation.’’+** Most of the
early work, particularly X-ray elfects, was rcviewed
by Johnson!® and later work, particularly with gamma
radiation. was reviewed by Guncke]l and Sparrow.1!
The present paper will be confined to a few un-
published examples of leaf, bud, stem and Aower
development following chronic exposure to gamma
radiation. In all cases, the response wiil wvary,
depending upon the level and duration of the dosage
and upon the species, age, and physiological condition
of the plants irradiated,

Loaves

In most plants, the leayes already present on the
plant at the beginning of the exposure are changed
relatively little. Rarely, these older leaves may have
a restricted blade or show some growth of the biade
between the veins; more commonly the leai texture
may be changed, becoming dry, stiff and coarse or
thickened and leathery,

Young Jeaves formed during irradiation show a
wide range of responses. In general, the leaf abnor-
malities include dwarfing, asymmetrical development
of the leaf blade, distorted venation, a change in
texture and thickening of the blade. This latter is
most interesting and has been studied in some detail
in dAntirelinum majus at 17 dosages ranging from
0.5 to 600 r per day. At the lowest dosages, the leaf
was not significantly thicker than that of the controls.
However, with increasing dosage there was a
progressive thickening of the leaf up to at least three
times that of the controls at 600 r per day. The leaves
at dose rates above 240 r per day had a thick,
leathery aspect, quite different from the controls.
Sections were made from representative Ivaves and
from these measurements showed that two-thirds of
the increase in thickness was due to repeated cell
divisions in the palisade layer. Enlargement of spongy
mesophyll cells contributed about one-third to the
leaf thickening.

An additional leaf response may be reported from
the 1954 gamma-feld studies. Plants of Grapto-
petalum MacDougallii were placed at various dosages
and observed for morphological changes. In Fig. 3
we see that leaves which received 590 r per day
during their development became nut only slightl-y
thickened but underwent considerable entargement in
length and width by comparison with controls,

Root Development
We have previously reported that chronic gamma

irradiation of Kalancho? at 1280 r per day seemsto

have a stimulating effect on the production oi roots
from stems.*? Tt has been shown that acute X-
radiation of localized stern areas will cause 1he
formation of roots above the irradinted zone
(Christensen ;5 Sparrow, unpublished). Observations
on plants grown at fairly high dose rates also indicate
that the root system frequently suffers severe damage
(Fig. 4). Inhibition of the formation of new roots
has also been ohserved in irradiated sectors of the
stemt cuttings of Tmipaticns. In one experiment with
this plant, cuttings placed in vermiculite showed good
root development from the basal node of irradiated
stem sectors at 2000 r, whereas sectors irradiated at
4000. 8000, 16,000 and 32,000 r showed no root
development at all in the irradiated zone. Roots did
develop, however, above the irradiated zone at all
dosages and were at least as numerous, if not more
numerous, at 16,000 and 32,000 r than in the lower
dosages or in the controls (Fig. 3).

Flowers

With chronic gamma irradiation, fowering is
generally retarded at the higher dosages and
approaches that of the controls with decreasing
dosages. However, in some plants, as the snapdragons
and tobaccos already cited, fowering may be
stimulated in a critical dosage range which varies
with the species. Since most of this has been reviewed
previously 1112813 iy i)l suffice here to mention just
one further observation on T'radescantiv paiudosa.
This specics is of considernble interest because it has
heen used so frequently for experimentation and is
one of the most sensitive plants so far studied. In a
critical range hetween 13 r and 37 r per day the
plants showed many abnormal axillary buds and
inflorescences due principally to the induction of
multiple growth centers. Inflorescences receiving
20-24 r per day show, after 8 weeks, proliferation
by leaf-like structures and modified Aowers so that
by 3 weeks a globose flower head 3-5 cm in diameter
results. Removed from the gamma field and brought
into the greenhouse, these globose flower heads com-
monly generate a large number of vegetative shoots

Koy ta photos on facing page

Figure 1. Tobocco plants of tha cress N. glavcn x longsdorfii after
47 days of exposure in the gamma greenhouse. lrrodiation wos
begun in the first true leof stage, Stem ond reot growih ore inversely
proporional 1o the desoge level. Mote enhanced flowering in 1he
plant which racelvad 15 ¢ per day
Figure Z. Ganaral view of o segment of thw gomma feld ot the
Broekhsven National Laboratory. The sourss wos approximately 1800
curtes of Co®
Figure 3. Centrol plant of Groptopstolum MacDougellii for com-
parisen with & plant whith received 590 r per day for 19 weeks,
in additien ta the wival thickening of irradiated leaves, note the
marked inereass in length and breadth of the treated leaves
Figure 4. Plonts of Yicia Faba after 39 days of exposure to a wide
tange (15255 ¢ per day} of chronic gomma rays. Betk fop ond root
growth are inverssly proporiional to the dose rate
Figure 5. CuRings of Impatiens Sultoni growa in vermiculite ofter
Z-ruy treatment, Plants which recelve 2000 ¢ show root development
from the basal stem node, but not those which received 4000, 2000,
154,000 and 32,000 r. Roots developed obove the irradiated stem
sector ot al! dosogst, espociclly of 18,000 and 32,000 ¢
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Resistance to Rust Induced by lonizing Radiations

in Wheat and Qats

By W. M. Myers,” E. R. Ausemus,T F. K. 5. Koo® and K. J. Hsu,* USA

Breeding for resistance to stem rust in wheat and
oats caused by Puccinia graminis iritici Eriks.
& Henn. and F. graminis avenge Eriks. & Henn.
and for resistance to crown rust in oats caused by
Puccinia coronata Eriks. have occupied important
places in the program of varietal improvement of
these two major fields crops. Resistant varieties de-
veloped in these programs have contributed in a large
way 1o increased yield and stability of production,

Extensive variability in pathogenicity within the
disease organisms and great variation in prevalence
of the different pathogenic races in different years
have made necessary continuing programs of
searching for new sources of resistance and of incor-
porating the new genes into improved varieties.

The problemn is of such magnitude and complexity
that the plant breeders and plant pathologists must
use cvery technic available to them in secking its
sofution. The work of Gustafsson and his associates
in Sweden suggested the possibility of inducing
favorable mutations by irradiation. Konzak and Frey,
working independently in the United States, demon-
strated that resistance to siem rust in oats could be
induced by fonizing irradiation (cf. Singleton?). To
investigate the potentialities of irradiation induced
mutations in the program of breeding for disease
resistance, studies were initiated at the University
of Minnesota in 1953. This paper reports progress
to date in_these investigations,

MATERIALS AND METHODS

Lee, an outstanding variety of spring bread wheat,
and Ajax and Clintafe, two widely adapted spring
oat varieties, were used in the studies. Lee has
resistance, derived irom Hope and Timstcin, to most
physiologic ruces of stem rust. It has been resistant
in the field to all prevalent races prior to the out-
break of race 15B, to which it is susceptible.

Ajax has the “Richland” gene which provides
reststance to race 7 and several other races of stem
rust. It is susceptible to race 8  Clintafe has the
“Wihite Russian” gene and is resistant to several
stem rust races including 8 hut is susceptible to
race 7. The “Richland” and “White Russian” genes
are allelic or pseudo-allelic.? Ajax is susceptible to
several prevalent races of crown rust.

* University of Minnesota. ]
T USDA and University of Minnesota,

&0

Dry seed lots of each variety were irradiated at
the Brookhaven National Laboratory in 1953. Dif-
ferent seed lots of Lee were treated with X-ray
dosages of 12,000 r and 16,000 r and with thermal
neutrons at a dose of approximately 9.94 X 10'2/em®
Seed of Ajax and Clintafe was exposed to thermal
neutrons at the same dose used for Lee.

Plants from the treated seeds (X, and N, gen-
eration) were grown in the field at St. Paul, Minne-
sota. Plants from untreated seed of each variety were
grown as controls, Individual panicles were harvested
from each treated plant and from the controls.

The X, and N generations and controls of Lee
were grown and tested (1) in Mexico under a natural
rust epidernic in which race 15B was an important
component, (2) in the rust nursery at St. Paul with
an artificially induced epidemic in which all available
prevalent races of stem rust including 15B were used,
and (3) m the greenhouse at 78°F, using a mixture
of isolates of race 15B. The Nj, X; and X, pro-
genics of resistant No and Xa plants were grown in
the field under an artificially induced epidemic and
in the greenhouse where they were inoculated with
race 15B in the seedling and adult plant stages.

Panicle progenies of the N. and contrels of Ajax
and Clintafe were grown and tested for rust reaction
in the greenhouse. Progenies of Ajax were tested
in the seedling stape with stemt rust race 8 and
resistant plants were subsequently inoculated with
race 7. Progenies of Clintafe were first inoculated
with race 7 and resistant plants were then tested to
race 8. Resistant plants were grown to maturity and
Ny progenics of these plants were grown in the field
where a natural epidemic of stem rust, caused by
races 7 and 8, occurred.

Additional Ne and control progenies of Ajax and
Clintafe were grown in the field nurserv where an
artificial epidemic was created using races 7 and 8
of stem: rust and several races of crown rust including
202, 205 and 213. Seed was collected from the
resistant Na, N and control plants for greenhouse
progeny tests that are still in progress.

EXPERIMENTAL RESULTS

The results in X» and N generations of Lee are
shown in Table I. Results from field and greenhouse
tests are combined. Since Lee is resistant in the feld
to prevalent stem-rust races except I5B aud since
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151} was an important componcnt in the field epi-
demics aud was used in the greenhouse tests, this
combining of results appears to be justified. Two
panicle progenies froin X-ray treatment at 16,000 r
and one progeny each f{rom N-ray, 12,000-r and
thermal neutron treatinents contained
resistant to stem rust. All other progenies from
treated seed and all progenies from the control were
susceptible.

Toble i. Frequency af Xo and Np Progenies of tee Bread
Wheat Containing Segregafes Resistant to Stem Rust

Number of punicie progenics

Per cent progenies

Conlaining with resistant
Tested resistand plants
Treatmeni plants
K-ray, 12,000 r 1446 1 0.1
HK-ray, 16,000 r 530 2 0.4
Thermal neutrons 244 i 0.4
Control 250 0

Because of the relatively small number of contro!
plants used and low frequency of progenies with
resistant segregates, it cannot he coneluded that the
resistant types were the resull of changes induced by
the irradiation, Nevertheless, several things are
strongly suggestive of that conclusion. Not only was
no resistant plant found in any of the progenies from
the control plants, but neither have plants resistant
to race 15B been found in large populations of Lee
used in breeding and genetic studies at the Minne-
‘'sota station. In cach case in which resistant plants
were found, sister progenies from heads of the same
Xy or Ny plant were uniformly susceptible, elimi-
nating the possibility of heterozygosity of the treated
seeds, In the segregating progenies, there were one
to five resistant seedlings out of an average of about
15, a Jarger nunber than couid readily be accounted
for by natural eross pollination. Finally, the resistant
plants and their progenies appear identical to the
controls in head type, plant height, and other agro-
nomic characters except maturity, They have been
shghtly later in maturity than normal Lee under
rust-epidemic conditions, a differcnce that may be
attributalble to effects of rust on the susceptible plants.

In most cases, Ni, X3 and X; progenies of the
resistant IW» plants have been resistant to rust, indi-
cating that they were homozygous for resistance, The
segrepates obtained from the thermal neutron treat-
ment have been highly resistant both in the seedling
and at the adult plant stage. Those obtained from
X-ray treated material have been moderately resis-
tant. It scems unlikely, on the basis of results reported
by Caldecott ¢t al.,® that this difference in depree of
resistance has any significance in relation to kind of
irradiation used.

The results in the N» generation of Ajax and Clin-
lafe are presented in Tahles IT and III. In Ajax, 6 of
the 988 N, progenies (0.6% ) contained plants resis-
tant to both races 7 and 8 of stem rust, while none
was found in the controls,

In Clintafe, 2.3% of the N; progenies had plants
resistant to both races, while 1.45% of the untreated

scgregates

progenies likewise had resistant plants. It is apparent
that changes similar to those found in treated mate-
rial are also occurring in untreated Clintafe, Clinton,
the recurrent parent of Clintafe, is known to be inhe-
rently variable in disease resistance and in morpho-
logical characters, due in part at least to leritable
changes that occur in the titler primordia.?

Table ll. Frequency of MN: and Contral Progenies of
Ajox and Clintofe Oats Containing Plonts Rasistant o
Stem Rust Races 8 and 7, Respectively

Number of panicle
nrogenies Per cequ
Coniaining progeries

Teated resisiant with resisinnt
Tarieiy Trealment plants jHanrts
Ajax Thermal neutrons 988 6 06
Control 411 0 0
Clintafe Thermal neotrons 434 10 23
Control M 3 1.4
Table )I. Frequency af N Progenies of Ajax Oais

Containing Plants Resistant to Crown Rust in the Field

Kumber of panicle progenies Por cent progenies

Ceontaining resistani with resistant
Treaiment Tesled plants planis
Thermal neutrons 558 4 0.7
Control 149 0 0

Field observations of Clintafe indicate that similar
somatic mutations are common in it. It is noteworthy
that the {requency of progenies with resistant plants
was higher in Na than in untreated Clintafe and that
the diffiercnce 1s of about the same magnitude as the
irequency of such progenies in N» Ajax. Among the
558 Ng progenies of Ajax grown in the field, 0.7%
contained plants resistant to crown rust.

Resistant N2 plants obtained in preenhouse studies
were grown to maturity and N; progenies from them
studied in the field in 1954. The number of seeds
from each plant and hence the numher of planis in
each N3 progeny was too small to provide critical
evidence. Some progenics appeared to breed true for
resistance to both races of stem rust, others bred
true for resistance to one race and segregated for
resistance to the other. Final conclusions regarding
the behavior of this material must await N, progeny
tests now in progress.

As was the case in studies of Lec wheat, the nmum-
her of control progenics and the frequency of pro-
gentes with resistant segregates are too small to
warrant the positive conclusion that the resistant
segregates resuited from irradintion induced muta-
tion. Nevertheless, the results are suggestive.

In the case of each panicle progeny containing
resistant plants, sister progenies from panicles of the
same Nj plant were uniformly suseeptible, indicating
that the treated sceds were not heterozygous. The
possibility of natural cross pollination cannot be
eliminated with available data hut some of these data
suggest that it is not a likely explanation. The control
and N; populations of cach variety was isolated by
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Dhscussion

The Cramrraan: OQutstanding in any biological
discussion on ionizing radiations is the fact that the
nucleus, with its chromosomes and its genes, is highly
sensitive to irradiation, more so than the cytoplas-
mic part of the cell, judging from appropriate cxperi-
ments in plants and animals. Mareover, most changes
of the genes, in experiments as well as in nature, are
negative, in the sense that they decrease viability,
deform or kill the organism when homozygous, in
the double dose, and often, though far from always,
do so when hcterozygous, that is, in the single dose,
In addition, icnizing radiations readily induce pro-
found losses, duplications and translocations of the
chromosome material, with ali their consequences on
sterility, zygote lethality and segregation of defect
chromosome types. For man, this latter fact implies
a severe hazard. Mutations, beneficial in character,
do occur, but in number they cannot compare at all
with the detrimental ones.

In crop plants where 2 breeder easily wipes out,
by a sort of mass-killing, 99 per cent ar more of the
individuals in an experimental feld, without any
feeling of remorse, the beneficial mutants are the ones
to catch his eye. Plant-breeders simply ignore that
defects are in the majority, or in some cases they
even intentionally include them and the corresponding
lethal genes into a heterozygous cross-fertilizing
population. The laws behind spontaneous and induced
mulation are remarkably similar in all organisms
studied. We, the plant-breeders, find the King's pic-
ture on the front side. You, the animal! and human
geneticists, just detect disaster. We want the recon-
struction of the plant organism by means of ionizing
radiation ; you fear the destruction of the human race.
However, we all share in Muller’s fundainental dis-
covery of the genctic implications of irradiation. The
positive side of the irradiation effects on genetic
material also rests on his findings. We regret that
he can not take part in our discussion today,

Mr. W. R. SincLEToN (USA) presented paper
P/110, as follows; Radiation genetics has made siz-
able contributions to crop improvement and promises
many more. These immproveinents are in all stages

£

of devclopment. In Sweden, fatmers are now growing
superior strains of cereals induced by radiation. In
North Carolina, in the United States, extensive field
trials are being conducted with strains of radiation-
induced peanuts, Arachis kypoges L, some of which
are resistant to leaf-spot disease, and some which
previous trials have indicated are higher in yield than
the parent strain.

Other radiation breeding programs in the United
States are promising but not as far along as the ones
mentioned, At the Drookhaven National Laboratory
we have a few strains of oats, Avems safive, with
radiation-induced resistance to stem rust {(Puccinio
graminis auenge) and Victoria blight caused by Hel-
nrnthosporiun sativim var. victoriae. These samples
of oats are in amounts of only a few grams each, but
the resistance is inherited and it is nnly a question of
time until some of these strains will find their appli-
cation in commercial varieties.

We also have a radiation-induced pure white car-
nation, produced by radiating the White Sim variety,
which has small blotches of red on a white back-
ground, Some twenty different lines arc in a field
trial this summer,

In the case of maize Zea Mays L, we are still in the
“blueprint’ stage as far as improved types are con-
cerned. We have learned much in the past seven
years regarding the fundamental aspects of radiating
the corn piant, and are now embarking on a program
to induce discase resistance in maize. There is every
reason to believe the program will be successiul.

Radiation genetics had its origin in the fundamental
rescarches of H. J. Muller, who used X-rays an
Drosophila males; and the late 1. ]. Stadler, who
X-rayed seeds of barley and maize. These researches
were conducted about thirty years ago, and both men
found that X-rays gave rise to many mare mutations
than iound in the controls,

The pioneering work in plant breeding was done
in Sweden by the late H. Nilsson-Ehle, and A, Gns-
tafsson, our Chairman of today’s session. They began
their work shortly after the researches of Muller and
Stadler were announced and have had signal success.
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a mutation for colorless, the »r gene on chromosome
(maize has 10 pairs of chromosomes numbered from
the longest to the shortest}. We will ignore the two
ears on the right of the slide.

Slide 4 shows the difflerent endosperm characters
studied in determining the effect of radiation on
mutation rate. At the top left is the recessive type,
top right the dominant which was grown in the
radiation feld. The second line from the top shows
from right to left the recessive parent, the dominunt
one and the different mutants obtained irom right
to left, r (chromosome 10) pr (5) su (4), 2 sh (9,
v sk, r su, pr sh and pr su. We will ignore the last
two rows of kernels.

Slide 5 (Fig. 2 of I’/110) shows the mutation rate
of endosperm characters when plotted against dose
rate. These are for 19350 and 1952. We cannot tell
how many of the events scored as mutations were
induced chromosomaily and how many were point
mutations, The non-linear effect could be due to a
large percentage of chromosomal events (two-hit
effects) or to a marked increase in sensitivity during
particular stages in the meiotic cycle. Later expeti-
ments have shiown a marked difference in sensitivity
at different stages in the weiotic cycle. This was
determined by growing plants in pails and exposing
themn to a semi-acute dose of one day only.

Slide 6 (Fig. 1 of P/110} shows plants being
irradiated in such a manner, Note that the rows are
ares of a circle so that al] plants within a row receive
the same dose. Plants nearer the source (pipe in the
center) received 2000 r/d while those in second row
received only 1300,

Siide 7 (Fig. 3 of P/110) shows resuits of expos-
ing corn plants at different stages in the meiotic cycle.

Letters of the alphabet were used to represent
exposure dates with A representing the earliest date
on July 21. Letter D represents meiosis and pollen

Slide 4

was shed about 5 days after letter @, after the plants
were removed from the field. Note a 7.5 fold increase
from letter £, immediately after meiosis to letter O,
shortly before pbllen shedding. At meiosis (D)) the
seed set (open bar) was so low as to make it
impossible to determine mutation rate. The ears
averaged only 10 seeds per ear. No mutations were
found.

The variation in sensitivity of different stages in
the meiotic cycle are extreme. Similar differences in
sensitivity have been found in Drosopliifa by Mary
Lou Alexander and the Texas group.

The Bnding that there are extreme differences in
sensitivity to radiation during the meiotic cycle
sugpests a soinewhat different approach to the use
of the radiation field for the production of mutations.
Instead of radiating chronically it seems better to
give a short, semi~acute dose at the sensitive period.

To be successful in this operation, it is necessary
to determine the sensitive period for each species of
plants worked with. The sensitive period is known
for maize, and there is reason to Delieve that com-
parable stages in other plants might show similar
sensitivities,

The Co* radiation field at the Brookhaven
Laboratory has been in use {or seven summers. There
are now similar radiation fields in other parts of the
world, two in Sweden, one in Norway, which
Mr. Mikaelsen is going to tell us about, and at least
one in the USSR. It is expected there will be at
least 1 and perhaps 2 more in the United States next
year.

A Co® machine has been developed at the
Brookhaven WNational Laboratory (Slide 8; Fig. 4
of P/110), This houses an approximately 200-curie
source, and it is estimated that it can be manufactured
and sold for approximately $5000, With such a
machine it should be feasible to set up additional
radiation fields in other parts of the globe,

In addition to the Co% radiation ficld at the Brook-
haven Laboratory there are other sources of radia-
tion such as X-ray, ultraviolet light, and thermal
neutrons which have proved efficient in producing
genetic changes. 1 think you are going to hear more
of that from Mr, Caldecott, The disease resistance
in vats, referred to earlier, was induced hy exposing
seeds in the thermal column of the nuclear reactor,

Slide 9 shows three strains of oats. On the leit is
Eaton, a variety resistant to stem rust. in the center
Mohawk, a susceptible variety, and at the right a
resistant type 1142 produced by exposing seeds of
Mohawk to thermal neutrons.

In addition to treating pollen of developing maize,
considerable work has been done in producing muta-
tions in somatic tissue. Seed irradiation is one way
of producing somatic mutations, In addition con-
siderable work has been devoted to praducing somatic
mutations in fruit trecs, nrmamental shrubs and other
plant material where the mutations induced can be
propagated vegetatively and a new variety established
immediately.
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barley, in all races known, there are four chromo-
somes with one satcllite each.

These changes cause the formation of more or less
pronounced sterility barriers between mutants and
mother strain. In fact, by one stroke and simul-
taneously, we may induce all the essential characters
distinguishing species in nature: First, the origin of
a sterility barrier; second, a drastic change in moz-
phology and anatomy; third, an altered ecological
response; awkt fourth, a new karyotype detectable
microscopically,

It has been definitely shown, in barley and other
experimental plaots, that induced mutatinn can
increase the vielding capacity of a variety, or leave
this capacity intact and improve upon special
characters of imiportance in agriculture, apart from
the straw-stiffness and earliness, or the positive
response to an increased nitrogen dressing, also as
regards protein or oil content, baking quality, malting
properties, fiber strength, grain or fruit size, in
cereals as wetl as peas, lupines, fiax, mustard, toma-
toes, fruit trees and others.

For instance: in the Swedish breeding material
of sweet lupine and white mustard selection and
crossing gave no improvement as to earliness and
oil content, respectively, Buat by irradiation of sceds
it was possible to increase variation, and subsequent
selection was then successful. Now, the only white
mustard variety cultivated in Sweden is the result
cof irradiation.

Summing up these data it can be concluded that
the inductton of tmutations in agricultural piants by
means of ionizing radintions have given and can give
hereditary changes of high production capacity. If
the mutants, although highly productive, are not
strited for a direct marketing, they form a source of
variation valuable for a continued breeding along
traditional lines, The utilization of mutation wiil no
doubt lead to a constderable gain of time in the
breeding work. Even high-bred lines of agricnltural
species are still rather old-fashioned as wo morpho-
logy, anatomy, and karyoiogy. They have to be
reconstructed to meet the needs of the high inechani-
zation and intense fertilization of modern agriculture.
For example, regarding internode length of the
straw, barley should be remade to resemble wheat,
and, regarding the cross-section area of the straw,
wheat should be changed towards barley. Qur experi-
ments indicate also that a reorganization of the
ancient karyotype may make possible a better co-
ordination of genes and mutations in the future
breeding program.

In mutation work there is a more or less random
distribution of the changed types obtained. The
second large goal of the utation breeder is there-
fore to learm how to direct and control this mutation
process, i.e, how to inlluence the distribution of
mulation in a wanted direction. Partly as a first
step in studies of this question the effects of different

radiation types have heen extensively compared in -

the experiments with barley. These studies have

Table I

Radiation source

Cobgil-t0 166 Mo 186 kv Pile Radon
gamme rays protons X-rays neutrons alphe rays

Rare chloro-

phyll mu-

tants, % .. 6.6 10.3 8.6 123 231
Sum of mo-

tapls ..... 319 639 248 359 65
Ion pairs per

A tissue, .. B 16 100 10003000 3700

Table lll. Relative Frequencies of Erectaid and Other
VYiakle Mutations in the Second Generation (1933)

Twpe of lon pairs ____A-'umb_c:_ af____ Erectoids,
radiation per g Frecigids Others 17
X-rays 100 8 22 Z7
Cyclotron-

produced

neutrons 400-800 B 8 50
Pile neutrons 10060-3000 6 0 100

reveated a clear influence of linear energy transfer
and of other factors on the distribution of mutation
types.

In Table 11, we have compared here the frequency
among the number of those types which belong to
a group of rare types. We see that they increase from
about 6 per cent with cobait-60 gamma rays 1o about
20 per cent with alpha ravs, There is an increase
with ion denstty.

Table III shows another examnple of an influence
of inn density on the distribution of mutation type
from the 1953 experiment. With X-ravs about 25
per cent of the erectoid mutations were found among
the total number of viablc mutants. But at the higher
ion density obtained in the center of the pile, about
100 per cent was found. These data have been con-
firmed in later experiments, The material is rather
small here.

It has also been found that higher frequency of
lethal mutants are obtained at higher ion density.

We have therefore proved, in principie, that the
spectrurn of mutation types can be displaced in.
different directions. Parallel treatments with radia-
tions of different kinds and with mutagenic chemicals,
under varied experimental conditions, will therefore
give us means to learn how to inerease the probability
of ahtaining certain wanted mutations.

Mr, K. MiraerLsen (Norway) presented paper
F/890.

Mr. R. 5. Caipecort (USA) presented paper
F/101.

DISCUSSION OF P/110, P/793, P/890 AND P/10N

Mrs, A, Savurescu (Romania) : I should like to
put three brief questions to Mr, Singlelon.

I. Mr. Singleton has shown that, Ly irradiation,
mutations could be obtained in plants which give
resistance to black stem rust. In the paper which
bas been distributed to us, I read about another
mutant-type resistant to the Victoria blight disease.
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cultural purposes. Since abundant mutations can be
produced by several ionizing radiations and since the
plant breeders’ time is a limiting factor, does it make
too much difference how the mutations are produced ?
With either gamma, X-ray or chronic gamma, many
more mutations can be produced than studied. Do
we need to stress too much the number of mwtations
that can be produced, because we cannot study all
that we can possibly produce?

Mr. Cacpecort {USA): T want to emphasize that,
in X-raying seed material, one frequently encounters
difficulty in obtaining good surviviug populations to
study. This is emphasized time and again in our
work and in the Swedish work. One does not
encounter such difficulties when one uses neutrons.
Remember that the time during which the sceds are
irradiated is just a small portion of the time over
which thc material is studied. For my part, it would
pay to send the seed material to a place where it
can be subjected to ncutron irradiation. This is a
matter of only a few days, or a few weeks, at most,
whereas the analysis one will be doing on the
material will encompass several years,

The Cramenman: I have two questions from Mr.
Bonferroni, of Italy. They are directed to Mr.
Ehrenberg.

1. Are the mnduced mutations stable, or do they
show a tendency to fall again into the previous state?
If the answer is ves, what is the percentage?

2. What is the ratio between recessive and
dominant (if any) induced new characters?

Mr, Enrenperc (Sweden): The answer to the
first question is yes. As regards the percentage of
induced mutations, it depends upon dose, hut some
3 or 10 per cent can be obtained. Five to 10 per

cent of the irradiated seeds could give rise to
mutations and 500 times less of these could perhaps
be positive.

In reply to the’second question, very few dominant
mutants are observed in barley hut, upon closer
inspection of the mutants, one can observe a
difference hetwecen the heterozygote and the un-
mutated normal type—a sort of semi-deminance in
most cases, although often very weak,

The Crairaan: Ladies and gentlemen, you have
now heard four scientists of high rank defiver facts
and idcas about ionizing radiations and the produc-
tion by their means of benefcial mutations. Person-
ally I consider that we are now entering a new phase
of plant-breeding. We definitely know that beneficial
mutations can be produced in any crop-plant suffi-
ciently worked upon. In the next few years we have
to elaborate new methods for the induction of specific
muitations, changes in just those loci where mutations
cause an increase of yield or improve upon other
characters of significance, Most crop-plants are
rather old-fashioned in their morphology and
anatomy. \We simply have to modernize them,
Induced and conirolled mutation is 2 means of doing
this. IFor this sake fonizing radiations ought to be
supplemented with chemnical mutagens. When this is
efflected, but only then, we shall have a very wide
arsenal of methods. Induced mutation is now incor-
porated into the regular scheme of plant breeding.
Like artificial polyploidy it does not repiace or
exclude, but rather adds to and forms a part of the
traditional meihods: selection and hybridization.

Finally, since Dr. Muller is here 1 think we really
should give him our applause and our thanks for
starting and inducing this state of affairs.












Studies of Special Problems in Agriculture and Silviculture

by the Use of Radioisotopes

By J. W. T. Spinks,* Canada

It is now over thirty years since Hevesy intro-
duced the application of radicactive isotopes as
indicators in piant studies.t The discovery of artificial
radioactivity by Curie and Joliot in 1934 greatly
entarged the scope of the method, but it is probably
fair to sav that it was not until the advent of the
atomic pile that the use of radioisotopes in agri-
cultural research became at al! widespread. Today
isotopes such as H3, C¥, Na®*!, P% and (o are
available in quantity and have been used to in-
vestigate a number of problems of interest to agri-
culture—problems of analysis, animal metabolism,
the relation of the plant to its soil food, trace
clements, fertilizers, photosynthesis, and weed and
pest control

FERTILIZER UTILIZATION

General Principles

\Within the last few years radioisotopes have
provided an invaluable tool for investigating the
availability of plant nutrients under field conditions.
While a number of different isotopes have been used,
the economic itnportance of phosphate fertilizer and
the relative ease of handiing P% have resulted in
particular attention being paid to phosphorus.
Qualitative soil and plant studies using P** began in
1936 and were iollowed ten years later by quantita-
tive field studies of phosphate fertilizer uptake by
wheat plants®®15 By combining the radioactive
measurement of fertilizer uptake with the measure-
ment by ordinary chemical methods of total phos-
phorus uptake, the uptake of soil phosphorus could
be determined by difference. In the past, the recovery
of phosphate fertilizer by a crop was determined by
a comparison of the uptake of phosphorus by crops
grown with and without fertilizer. The extra phos-
phorus in the fertilized crop was taken as the
guantity coming from the fertilizer. This method
assumed that fertilized and unfertilized crops take
up the same amount of soil phosphorus, but tracer
experiments indicate that this is often far from being
the case.

Numerous experiments have been reported during
the last decade covering such diverse topics as utiliza-
tion of various phosphatic fertilizers by different
iypes of crops at various stages of growth grown on

* Dean of Graduate Studies, University of Saskatchewan,
Saskatoon, Saskatchewan.
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different types of soil, using different methods of
placement and different rates of application. In the
first field experiment, 1 mc ’2* was used, Four years
Iater, 30 curies was used in the United States ajone,
and now the labelled phosphate fertilizers are made
Ly the ton!

Preparation of Labelied Moterial

It is important that the P*? be in the sanie valence
state and chemiical form as the phosphorus in the
phosphate fertilizer being studied. For example,
radicactive anunonium phosphate (NH4HoPO,) may
be prepared by adding phosphoric acid of high
specific activity to a solution of inactive ammonium
phosphate and subsequently cvaporating this solution
to dryness with stirring® Standard methods have
been worked out for preparing various labelled phos-
phate fertilizers, and the procedures have in some
cases been stepped up to pilot plant scate.” It should
be pointed out that the seemingly attractive neutron
irradiation of phosphatic naterials is likely to lead
to difficulties since the P?® produced wili almost
certainly be present in several dilferent chemical

forms and pgive rise to ambiguity in interpretation
of results 821011

Assay—Radicactive and Chemical

In the early work, the phosphorus in the plant was
converted to magnesium pyrophosphate and counted
under an end-window counter.* Since then the solu-
tion counting techmigue has been used, utilizing
cither dip counters?? or inmnersion counters.!® How-
ever, most workers,*® now measure the activity of
briguettes of dried plant material, using an end-
window counter,*-?% or the activity of hollow cylinders
of dried plant material placed around a thin wall
counter «f the thyrode tube type.r®»® DRy using as
standard a cylinder made from an aliquot of the
original labelled fertilizer mixed with inactive plant
material, the uptake of the fertilizer is very simply
and directly measured. The hollow cylinder method
has increased both the sensitivity of the measure-
ments and the ease of making them, so that it is
now possible to work with much lower specific
activities and still do many hundreds of analyses in
a relatively short time.

Phosphorus is determined chemically using the
phosphomolybdate blue reaction with hydrazine as
a reducing agent.!®
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Field Experiments

In a typical field experiment cach treatment plot
consists of five rows, the two outside rows being
guard rows, with no fertilizer. The three inner rows
receive the designated fertilizer treatment, but only
the centre tow 1s treated with radicactive fertilizer.
The leve!l of radioactivity in most field experiments
is 100 pc P32 per grain of tnactive P*'. The rows are
5 metres long, the centre 3.7 metres being harvested.
Six similar plots of land are used in a random
arrangement, or a balanced lattice design. Except
for placement experiments, fertilizer and seed are at
the same level, the fertilizer and grain usually being
sown together.

Typical Results of Tracer Ferlilizer Experiments

The following results were obtained in experiments
with the soils of Saskatchewan, Canada, and may not
apply in all details to other types of soil.

Stage of Growth

There is little uptake of fertilizer or soil phos-
phorus in the earliest stages of growth of the wheat
plant. The uptake of fertilizer phosphorus reaches
a maximum at 2—6 weeks and begins to fall off at
about 8 weeks as the plant reaches the heading stage.
In the earlier stages of growth, the wheat plant
obtains a larger portion of its phosphorus from the
ferttlizer than from the soil, but later on the situation
is reversedinis

Type and Variety of Crop

In a typical tracer experiment, plots were set out
at two locations, one on a less responsive, brown
heavy clay (Regina Heavy Clay),!? and the other
on a highly responsive, moderately heavy black soil
{Melfort Silty Clay}. Four varieties of wheat
{Thatcher, Apex, Redman. aud Rescue), three
varicties of barley {Titan, Montcalm, and Vantage)
and three varieties of oats (Ajax, Exeter, and
Fortune) were included in the test. The tests were
conducted on fallow land, and the fertilizer used was
mono-nmmonium phosphate at 24 1b PaOs per acre,
The order of yield increase in the two trials was
wheat (least), barley, oats, and it is to be noted that
barley utilized a greater portion of the fertilizer
phosphorus and showed a greater uptake of total
phosphorus on the fertilized plot. This was also the
case jor the uptake of phosphorus on the unfertilized
plots. While, as might be expected, there were a
nwnber of significant dilferences in yield between
varieties of the grain attributable to inherent varietal
characteristics, it was only in barley that diflerential
response to the fertilizer treatment was iound. The
varieties, Montcalm and Vantage; gave a greater
response 10 the phosphate fertilizer than Titan at
Birchi Hills, but not at Rosetowm' on Lhe less
responsive soil. Titan is an earlier maturing variety,
and this factor may be related to the result obtained.
It is of intercst that such dilferences between varieties
can exist, and conceivably such differences could be
of considerable interest to the plant Lreeder.?%2!-22

Type of Soil

In a typical cxperiment, using wheat, barley, and
oats with ammonium phosphate fertilizer, two types
of soil were compared. Onc was a less responsive
heavy clay (Rosetown, a chestnut soil on a black
lake-bed base material}, and the other a more
responsive silty clay at Birch Hills (a thick black
chernozem-like s0il on lake-bed material ). All three
crops showed a greater utilization of fertilizer phos-
phorus on the more responsive soil at Birch Hills
(33% compared with 249% at Rosetown).®!
Placement

In a typical placement experiment with Thatcher
wheat and 11-48-0 fertilizer {mono-ammonium phos-
phate), seed was placed at depths of 7.5 and 11 cm,
with fertilizer at depths of 5, 7.5 and 11 can. The
experiment was done at three locations using
fertilizer in the powdered and granular forms. The
results indicated a maximum yield and maximum
utilization of fertilizer with seed and fertilizer
(granular form) both at depth of thrce inches,®+22
Type of Fertilizer

Numerous tracer experiments have been done with
wheal, oats, and barley, and wvarious phosphatic
fertilizers such as ammonium phosphate standard
super-phosphate, monocalcium phosphate, etc. The
experiments all indicate that for the Saskatchewan
prairie soils, ammonium phosphate provides the most
readily available source of phosphate ®**22 In other
experiments, the effect of nitrogen addition on
fertilizer phasphate availability has been studied in
some detail®™ Field tests were carried out in ten
plots located in the I3rown, Dark Brown, Black and
Grey soil zones of Saskatchewan. Fertilizers were
monp-ammonium phosphate and monocalcitum phos-
phate applied at 24 1b P2Os per acre (lb facre ~ kg
/hectare), varying amounts of NH,;NOy being added
to give ratios of N to I varying from 1:4 to 1:0.8,
A marked increase in the uptake of fertilizer phos-
phate from beth carriers occurred as the amnount of
nitrogen was increased. Stubble trash reduced
fertilizer availability considerably. Later experiments
in which the N : PJO, ratio was varied from 1: 4 to
4:1 have confirmed the above findings.*

Rate of Application

The effect of rate of application has been inten-
sively investigated. For example, in 1930 experi-
ments were done at Melfort and Watson using
Thatcher wheat and 11-48-0 applied at 6, 12, 24, 28
and 96 b P;0; per acre (or kg /hectare).®® With
increasing rate of application, the fertilizer uptake

~ increases while the soil phosphorus uptake steadily

decreases (Fig. 1). DBefore the advent of tracers,
fertibzer uptake was estimated by comparing the
phosphorus uptake frum a fertilized plot with that
from a control plot, the assumiption heing made that
an equal quantity of sotl phosphorus is laken up from
fertilizer and control plots. The values obtained in
this wav are shown hy the broken line in Fig. 2,
They can ohviously be greatly in error.
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Available Soil Phosphorus; “A" Valueg®®

In Fig. 3 the rate of application of fertilizer has
Leen plotted against the ratio, (P from the fertilizer)/
(P from the soil}. It is of considerable interest that
the points lie on a reasonably straight line, the slope
of the line Leing diflerent for different types of soil.
This behaviour has been found by a number of
workers and appears to be quite general™ Having
established that this behaviour is quite general, thc
slope of the line, usually called A4, can be determined
by doing experiments for just one or two rates of
application of fertilizer. In fact,

(rate of application of
fertilizer)

‘T P from soil

4= % P from fertilizer

From the higure for Melfort soil it appears that when
11-48-0 is applied at 60 1b POy per acre, soil and
fcrtilizer contribute equal amounts of phosphorus
to the plant, or in other words, the soil phosphorus
ntade use of is cquivalent to that supplied by 60 1b
P.O; as 11-48-0 per acre. The 60 1b per acre is just
the slope of the line, and thus A gives a measure of
the avatiable soil phosphorus in terms of 11-48.0.
The theoretical basis for this expression has been
discussed by Fried and Dean®® and by Larsen®
Actualty, this expression is just what we would
expect if we were doing a quantitative analysis by
means of the isotope dilution technique. ln order to
determine, for example, the amount of a given sub-

stance in a Hquid sample by isotope dilution, a known
amount of tracer of known specific activity and in
the same valence form is added to the sampie. After
thorough mixing, a portion is pipetted out and the
specific activity redetermined. In the soil-plant case,
the sample is the phosphorus in the soil available to
a given crop (plant or plants), the tracer is the
tagged fertilizer, and the crop represents the pipette.
It has sometimes heen claimed that the occurrence
of surface exchange bLetween the phosphate iertilizer
and the phosphate in the soil invalidates the method,
but actually, as was explained in one of the earliest
papers,* surface exchange will occur to the same
extent for iabelled and unlabelled fertilizer moiecules
and the mathematical result is that the conclusions
drawn are not affected.

The available soi! phosphorus, as indicated by the
A value, has recently been used to help evaluate
chemical methods used in determining soi! phos-
phorus avaslability.®®

Rediation Damage

It is well known that the radiation fromn radio-
isotopes will inhibit the growth of plants. It is there-
fore imiportant to usc the tracer at a specific activity
which is sufficiently low that radiation effects do not
invalidate the method. Just what the safe level is lias
not yet been settled with certainty. There 1s an added
difficulty that the safe level will depend on the
particular desigh of thc experiment, and it is un-
fortunate that different workers have used different
techniques in trying to establish the critical level.
Russelt and Martin claim that in nutrient solution,
10 uc P3* per litre may interfere with the growth of
young barley plants,?® The same authors have elaimed
that P32 produces variations in the ratio, soil phos-
phorus/fertilizer phosphorus, although the variatioms
seemed quite irregular® Bould et al’ reported
effects on plant weight with as little as 5 uc P3? per
pot, but failed to find any effect on thc soil phos-
phorus/fertilizer phosphorus ratio with 300 uc P#
per pot! Blume?? and Bould ef al3! both concluded
that in expcriments in which activity levels were
much greater than those normally used, the small-
ness of the radiation effects was the most startling
feature of the experiment. Numerous field experi-
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means of a cord attached to the foil holder cap, B,
thus placing the indium foil around the neutron
source. After exposing the foil for a definite time
(measured nsing a stopwatch), the foil in its holder
is withdrawn and placed around the Geiger tube
of a portable beta-gamma rate meter, which is read
at a defnite time after removing the {oil from the
neighbourhood of the source. After some experi-
mentation, a 10-minute exposure followed by a
1-minute delay before measuring the activity was
chosen as standard procedure.

Field Experiments

In a typical field experiment, a series of holes,
six feet deep and two inches in diameter, were drilled
at various levels on the banks of the South Saskat-
chewan River to give a variety of soil types, densities,
and moisture contents. The soil types encountered
in these holes ranged from sandy silts to medium
plastic alluvia! clays. The holes were drilled with
a 5-cm aunger and lined with 5-cm diameter aluminum
pipe 0,125 em thick. The depth of the source could
be varied by adding lengths of aluminum tubing to
the source holder and lowering it down to the desired
depth in the hole. Samples of the soil were taken
every 15 om during excavation of the holes for
determination of moisture content by the standard
oven-drying method, At each depth, three readings
for moisture content, using the rate meter, were
averaged to give a mean value. This was plotted in

Fig. 6 against the average measured moisture content
in the 15 cm above and below the source, since the
zone of influence of the source is primarily a sphere
of about 15-cm radius. Figure 6 shows a reasonably
linear relation between count rate and mass of water
per unit volume, This curve was used as a standard
calibration curve for subsequent tests. Figure 7
shows a comparison of moisture content deter-
minations in a vertical hole on the campus of the
University of Saskatchewan for the neutron meter
and the usual oven-drying method. All deter-
minations are within 3 per cent motsture, and most
are within 2 per cent moisture or less,

Improved Neutron Moisture Meter

It has aiready been noted that the zone of influence
of the neutrons is a sphere of about 13-cm radius,
and that as a consequence the neutron moisture meter
readings represent an average value for a sphere of
about 15-cm radius, the averape being weighted
somewhat in favour of points close to the neutron
source, For some agricultural purposes it is desirable
to have a somewhat more detatied knowledge of the
variation of moisture content with distance, After
varying a number of the parameters involved, the
arrangement illustrated in Fig. 8 was adopted,

The neutron detector now consists of a thin strip
of rhodium foil, 2 mm wide and 66 mm long, bent
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phosphorns.3%  Subsequent field experiments in
Saskatchewan have shown that large numhers of
adult mosquitoes can be economically tagged by
keeping larvae at the fourth instar stage of develop-
ment in a 0.1 pc per ml solution of P* (in the form
of POy~ ) for 24 hours at a density of 1 larva per
ml, and then allowing the tagped larvae to complete
development to the aduit stage in their original or
normal habitat. In a typical experiment, about 45,000
larvae were placed in 45 litres of pond water in a
tub, together with 4.5 mec P% as HyPO,. After 24
hours the larvae were placed in the pond and a
further batch of larvae added to the tub together with
a sufficient quantity of P% to maintain the level of
P3 activity. Approximately 450,000 larvae were
tagged in this way. In the following month about
500,000 mosquitoes were caught in the neighbour-
hood of the pond. Radioactive mosquitoes were found
as far as 7 miles from the release point, but the
majority were within one-eighth of a mile of the
point of release. A total of 84 radicactive mosquitoes,
19 flies, 3 parasites and 1 leaf hopper were found
at various points. It was found that larvae lost 50%
of the absorbed activity within 2 days after removal
irom the tagging solution, but after that the loss was
relatively slow. The average retention of activity
through to the adult stage was about 15%.
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Figure 9. Yarlation of induced ocdivity in meter with respect to dis-
tance in incher relative to wax-sond interface as zero

Control experiments indicated that larval mortality
was no greater with 0.1 uc P32 per ml than with
inactive media. For the first 60 hours, the uptake
of radioactivity is proportional to the time of
exposure to the P3° sclution. There is also a very
strong dependence of absorption on temperature.b2.53

Blackflies

The method successfully used to tag mosquitoes
had to be modified somewhat for application to the
blackfly, In laboratory experiments, blackfly larvae
were rearecd in 5-litre jars containing water circulated
and aerated by cornpressed air. As before, P*2 was
in the form of H;PO,. It was found that from 2 to 4
larvae per ml could be kept in a solution at 0.2 uc P32
per ml without excessive mortality and that an
adequate amount of activity was absorbed in 24
hours. After transferring the larvae to am inactive
solution, there was a relatively large loss of radio-
activity in the first two days, but the loss thereafter
was relatively small?* Field tests were made in the
Torch and Battle Rivers in Saskatchewan in 1950
and 1931, the larvae being tagped in a tub aerated,
with a stream-driven paddle wheel. As belore, the
same solution was used to tag successive batches of
iarvae, the level of activity being brought up to
0.2 pc per ml by addition of P32 as necessary,

On being released into the siream, the tagged
larvae attached themselves to rocks and leaves in the
streamn. They were detected as far as 520 yards down
stream from the point of release. The recovery of
tagped blackflies was extremely poor, mainly, it is
thought, due to inadequacies in collecting miethods,
In one experiment 300,000 larvae were tagged. Sub-
sequently, 16,000 adults were caught in the ueigh-
bourhoot, only 1 being tagged. In another similar
experiment, 1Y tagged predators were recovered. It
is believed, however, that the method for mass
tagging is basically sound and that it could be used,
with minor modifications, in similar studies of
stream-inhabiting insects.
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Figute 10. Schematic diagrom for interoction of sensing olement and
carriage unit of gutomatic following device

froin the usual statistical Auctuations associated with
radioactive disintegration and hackground.

If, however, the source does not lie on the axis of
* revolution, the distance between the tube and source
will vary during a revolution. The count rate
generated per unit angle of revolution will not then
be “constant” during a revolution and will tend to
be higher in those areas of revolution where the
Geiger tube is nearest the radioactive source. This
variation, which is superimposed on the usual back-
ground, can be used to cause the carriage to re-
position the sensing unit 50 as to bring the axis of
revolution closer to the radioactive source. Shielding
may be used to intcnsify these varjations,

in the present model ol the following unit, the
Geiger pulses for each quadrant of revolution are
separated hy mechanical commutation, These pulses,
in effect, are storcd temporarily in order to develop
voltages which are a function of the average count
rate ior each (uadrant, The veltages resulting from
collections from opposite quadrants are balanced
against each other. These two different voltages are
used to control the carriage movements (Fig. 11).

The carriage chosen for the present tests involves
a “free” unit which is capable of a crab-like motion,
This machine is free to move over a horizontal area
limited ouly by the boundaries of a suitable operating
surface and the length of the attached electrical cable.

There appear to be at least two possible *‘crab”
carriage mechanisms which can utilize the error
information provided by the sensing element for
explicit position correction. In the one chosen, the
axis of revolution of the Geiger tube holder passes
through the vertex of a triangle which is isosceles
and approximntely right-angled, the axis of revolu-

tion being at right angles to the plane of the triangle.

This triangie iies in a plane approximately parallel
to the plane of revolution of the Geiger and in or
near the operating surface. Tractive effort produced
by reversible electric motors is applied at each end
of the base of this triangle. The direction of applica-
tion of this effort is approximatelv at right angles to
the base of this triangle. Most of the weight of the
unit is distributed equally on the traction members.
The remaining weight is carried by a small poiished
surface (cuaster} which can glide freely to any
position.

Small movements by either tractor result in the
machine pivoting about the opposite stationary
traction point. The vertex of the triangle describes
a smalj arc of a circle for movement of either traction
unit. The arcs meet approximatelv at right angles.
The quadrants of collection for pulses from the
moving Geiger tube are approximately bisected by
these ares (Fig. 10).

The motors which produce the tractive effort may
operate in either direction and may operate singly or
simultaneously. If the source position does not lie on
or close to the axis of Geiger revolution, error
signals develop and the appropriate corrective action
by one or both motors is initiated, This method of
steering has proved “dodge” free,

There are many general methods of converting
the measured error signals into corrective tractive
efforts, and for each of these general methods there
are many possible variations in the arrangement of
electronic and electrical components. The electrical
circuits were selected mainly on the hasis of avail-
ability of components. The model in its present form
is not the ultimate in performance or simplicity, but
it does demonstrate that a simple, economical and
practical unit is possible, and its present performance
is equal to expectations.

Control in the model is of the “on-off” type, and
traction is supplied by relay-controlled series-wound
electric motors. The relays are driven from the error
sipnal voltages by dc amplifiers using hard vacuumn
tubes. The error signal voltages are obtained by
amplifying, lengthening, storing, and lalancing the
Geiger pulses. Control of hunting was obtained by
limiting the speed of correction. One method used
was to limit position correction to small “parcels”,
These “parcels’” were approximately half the size
of the error which could be detected. The application
of these “parcels” was followed by a forced in-
operative interval., This interval allowed the storage
and balancing circuits to readjust and accumulate
reliable error data as a basis for each succeeding
parcel of correction.

All translatory movements of the axis of Geiger
revolution are recorded on the operating surface by
a stylus which is almost coincident with the axis.

A record of the time at which the machine and
active source were in a given position is obtained
from a clock-driven printing wheel carrying suitable
marking symbols, representing the time, on its peri-
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phery. At chosen intervals this wheel is inked and
momentarily pressed against the operating surface.
The printer is presently activated by a solenoid
controlled by the clock through a switch, a sensitive
relay, and a slowly charged condenser.

A tecord of the distance of the radioactive source
from the operating surface is also available. This is
obtained hy measuring the tnean of one pair of the
voltages collected for position error determination,
The magnitude of these mean voltages depends on
the distance of the radioactive source from the
operating surface. It is measured with a self-
balancing Lridge. The collected voltage is compared
with the voltage across the slider and ground end of
a potentiometer by a third dc amplifier. Tf these
voltages are not in close agreement, a relay-controlled
meter repositions the potentiometer slider so as to
obtain agreement. Rotation of this potentiometer
shaft mowves a crank which changes the distance
between the time printing wheel and a simitlar and
angularly synchronized distance printing wheel, The
printing operation, therefore, produces two identical
characters whose character indicates time, and whose
separation is a measure of the distance of the radio-
active source from the operating surface,

The apparatus described has been built and is able
to home onto a wireworm tagged with 20 microcuries
of Co% from a distance of about 40 cm. It is able to
follow such a tagged wireworm through 10 cm of

soil, with an average position error of about one-
" half cm. Tt is capable of continuous operation at the
usual speed for wireworms, a few centimetres per
hour. It can, if necessary, travel much faster
than this.

The principle of a rotating Geiger would seem (o
he capable of numerous other applications,

USE OF [SOTOPES IN CANADIAM SiLVICULTURAL

RESEARCH

Plant Nutrients

Although the translocation and ultimate disposition
of nutrients ahsorbed by plant roots have long heen
of interest to plant physiologists, there are still
differences of opinion as to the mechanism uf
transfer, the path of movement and the functions of
the different nutricnts in the metabolic activities of
the plant. Radioactive tracers have been used in
investigating a wvatiety of such problems related to
silviculture. One of the earliest of these studies con-
cerned the movement of phosphate in trees.®

A recent Canadian study describes the location of
radiophosphorus in various parts of red pine seed-
lings after leing absorbed from the surrounding
soil®® by a part of the root system. The most notice-
able feature observed was the uneven distribution of
the radioactivity in the active plant. Often the activity
wonld be concentrated in one of the hranches,
suggesting that certain roots provide nutrients to
certain branches. Phosphorus was accumulated in the
base of the leaf where the leai meristem is located.

Phosphorus is generally thought to concentrate in
meristematic regions.

In other studies, radioisotopes such as Ca*® and
Rb* were injected into the trunks of yellow birch
and white pine.®* The movement of the radioisotope
was followed using a newly developed portable
scintillation counter, The maximum rate of upward
movernent of the RL3® in the xylein of veliow birch
approximates 30 cm per minute along a narrow
ehannel spiralling upwards (usually dextraily) from
the point where the isotope was first introduced.
Movement it decadent vellow birch was very slow
with an apparent increase of permeability of the
bark tissue as indicated by lateral diffusion of the
isotope. In October no upward movement was dis-
cerned in healthy trees, but rather an active down-
ward translocation in the phloem.

Radioarsenic, As*, has lLeen used in debarking
studies of the Douglas Fir®® Tlie initial rate of rise
of arsenic in the tree was 120 cn per hour. The
arsenic is absorbed immediately by the sapwood,
rises through the outer layers of the wood and
apparently diffuses into the bark.

Other tracer studies of interest to silviculture are
the use of C!* and P%? in uptake studies of stomatal
cells and parasitized leaves 8344

Plant Pests

Radioisotopes can obviously be used to study
forest insect pests. In one such Canadian study,®
the white-pine weevil was tagged with Co™ as nitrate
dissolved in cellulose acetate and acetone to form an
adhesive, The Co% was applied to the elytra and the
tagged weevils were then released in a white pine
plantation. Sixty-four were tagged with 0.2 to 0.5 me
cach, and after two months, 21 were still alive
and tagged. This is about the usual percentage
survival for untagged specimens under similar condi-
tions, but it was thouglht that a smaller amount of
radioactivity might have been better since in the
following spring only 19% emerged as compared to
56% in a control group. The tagged insects could be
detected from a distance of about 2.75 metres.

Other tracer studies are in progress in Canada on
the use of radioactive carbon in metabolic studies of
forest insect viruses.®8

Radioactive carbon has also been used in studies
of the action of DDT on houseflies, 576849 while
radioarsenic has been used to tag mealwornn larvae
and tomato hornworms.™

CONCLUSION

While this paper has been restricted to a con-
sideration of applications of radioisotopes to studies
of plant nutrients and pests in agriculture and silvi-
cultire, numerous other biological applieations have
been made in Canada. These cover such diverse
topics as radiation-induced mutations in drosophila
and barley, cobait deficiency in sheep, phospliorus
and calcimn mctabolism in hens, and the mode of
action of the anti-blood-clotting agent, dieumarol,
Allin all, we can say that Canada is pursuing these






Studies on Plant Nutrition, Fertilizer and
Soil by the Use of Radioisotopes

By 5. Mitsui,™ lapen

In Japan studies were started about fAiteen years
ago by Y. Nishina by the use of minor quantities of
artificial radioisotopes supplied by cyclotron. The
studies reported by G. Hevesy et al, which were
among the first to suggest the possible use of radio-
active phosphorus in the study of plant nutrition,
undoubtedly stimmulated this work. Unfortunately,
however, the investigations were discontinued during
the war and not started again until the importation
of radiotsotopes mass produced in the USA began
in 1949, Though importation was limited, the use
of radioisotopes has since been expanded to a
considerable extent for fundamental research on
plant nutrition, fertilizer and soil. The programs
have naturally been directed principally toward the
sotution of the agricultural problems peculiar to
Japan, eg. those retated to lowland rice, mulberry
trees and water-logged soil. Large-scale field experi-
ments using radioisotopes will be left to the future,

S. Mitsui ef al. have studied the movement of P2
into, within, and out of the rice plant. By the divided
root technique with water culture they could confirm
downward movement of P?? simultaneous with the
upward movement of non-labelled P in the divided
root. Moreover, a minot toss of P32 from the root
indicated almost no possibility of anionic exchange,
as penerally is the case with cations. Furiher,
S. Mitsui ¢! al. suggested the existing form of Cats
in the normally metabolizing wheat and barley roots.
Ca* was depleted by K, NH,, Rb, Mg, Ca, Srand Ba
as well, much more slightly by Na and Li and almost
none by H»0. This was in marked contrast to K12
which was reported to be depleted exclusively by K.
It was concluded that the status of Ca held in the
metabolizing plant root would be a more or less loose
bonding as compared with K and still a little stronger
than Na, its linkage heing almost, if not entirely,
independent of normal metabolism.

In a series of studies on the effect of respiration
inhibitors such as H.S, NaCN and NaNa, 5. Mitsui
ef al. confirmed a simultancous loss and uptake of
phiosphoric acid by rice root by the use of P*%, the
net absorption beine negative in a comparatively high
concentration of NaNaj.

H. Okajinma et al. studied the uptake and trans-
location of P3 by rice plants as influenced by HaS.

*mee;;r of Plant Nutrition, Fertilizer and Soil, Faculty
of Agriculture, Tokyo University.
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Hydrogen sulfide is considered as one of the principal
causes of unproductive soil for lowland rice asso-
ciated with heavy application of sulfuric fertilizers.
With incrensed concentration of HyS5, the uptake of
P*? gradually decreased and the isotope even exuded
out of the root, confirming the above-mentioned work
of 5. Mitsui et al, Moreover, the P# applied through
leaves almost stopped moving downward from those
leaves, indicating the possible inhibition of a certain
metabolic activity by the hydrogen sulfide moving up
the stem from the roots.

Foliar absorption of P by rice, mulberry tree
and other crop plants was studied in connection with
application of urea to the jeaves. T. Ushioda observed
that P?® applied through leaves was absorbed and
translocated to other parts of mulberrvy trees much
faster than the soil dressing. The intake was faster
when the treated leaves were young, and differed
according to the accommpanying cations in the order
NH4>»K=:Na>Ca, corresponding to the lvotropic
series of these cations, Radioautograms of wheat and
tomato leaves treated with P?% were taken by
M. Yatazawa., Further, he confirmed that P*2
absorbed through leaves was rapidly transformed
into various organic phosphorus compounds, such
as sugar phosphates, pucleic acids and lipoids. The
remarkable acceleration by various sugars led him
into some discussion of the mechanism involved in
the foliage uptake of P32,

S. Mitsui e¢f al. proposed a contact solutional
uptake of P32 in a water-insoluble hut 2% citric acid-
soluble phosphate fertilizer, fused magnesium phos-
phate, by a dynamic interaction among acidoidal
plant root—base unsaturated soil colloid—iertilizer
particle. The availability of phosphoric acid increased
remarkably, in some cases seventy per cent, over
control, by mixing it with acid soil. But the excess
retarded it again. On the other hand, the availability
of a water-soluite phosphate fertilizer, superphos-
phate of lime, gradually decreased as the amount of
mixed acid coii increased, without showing any
maximum peak of availability. The hypothetical
infercnce was confirmed by a series of model experi-
ments in the laboratory.

K. Ohira ef af. studied the uptake of Fe®® and P32
by rice plants in the various nutritional states with
respect to iron and manganese. The absorption and
translocation of P?2 was high in the iron-deficient






Applications of Radioisotopes to the Study
of Soils and Fertilizers: a Review

By L. A. Dean,™ USA

The theoretical and applied aspects of soil-plant
relationships, soil fertility and fertilizer use have
been under consideration for many years. The
application of radioisotopes to these fields of study,
although relatively new, has done much to advance
our knowledge in these areas, and this trend will
wndoubtedly continue. During the past 13 years
about 300 titles have appeared in the scientific
literature which relate to the application of radio-
jsotopes in the study of soils and fertilizers. The
discussion presented here will review most of these
studies in an attempt to evaluate progress resulting
from the application of radicisotopes. A number of
reviews and general discussions dealing with isotope
usage in studies of soils and fertilizers have preceded
this consideration of the subject. The reader is
referred to the articles by Stout et al,'** Comar aud
Neller,?* Parker,®® Collier,?® Low,”? Hendricks and
Dean,’ Blume,!! Fried,?® Deribére,*® Schuffelen,1ot
Herbst? and Behrens.®

The majority of the investigations which have
utifized racioisotopes has dealt with some phase of
the phosphorus problem, In addition to the relative
importance of this prohlem the isotope P2 has a
number of desirable properties from the standpoint
of an experimenter. Among these are its relatively
short hali-life and strong beta particte of 1.71 Mev
which tend to minimize disposal and measurement
problems. However, as experience and facilities have
developed, rescarch projects involving a number of
isotopes have Dbecome relatively common; these
include Cat3, 536, Zn%, K2, C* and others.

The employment of radioisotopes allows the under-
taking of experiments and measurements where
ordinary chemical and physical measurements are
not practicable. Two underlying principles are
involved. Populations of ions or molecitles can be
labeled and readily detected, traced, or a quantitative
determination made of dilution by change in specific
activity. Secondly, ready identification and measure-
ment at extremely low coneentrations is possible.
Radioisotopes have been used to advantage in a
variety of investigations including ion mobility in
soils, distribution and growth of roots, uptake and
exchange phenomena, plant nutrition and in certain
problems of amalytical chemistry involving the soil
system.

* North Carolina State College.
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[ON MOBILITY IN SOILS

Radioisotopes are convenient tools for studying
the movement of elements in the soil. Their nse for
this purpose seems to have been largely neglected.
Substances move through soils by dJiffusion and as
the result of mass flow of the soil solution. On the
other hand, various processes may restrict inobility.
Of primary interest is the movement of the consti-
tuents of soil additives such as liming and fertilizer
inaterials.

The earliest report on the use of radicisotopes to
study movement in soils was that of Henderson and
Jones™ in 1941. Monoealcium phosphate labeled with
P32 was placed on the surface of soils and water
applied to simulate 2.5 inches of rain. Movement of
phosphorus varied from 1.25 inches in a Cecil clay
to 4 inches in a Crosby silt loam. Not more than
5 per cent of a potassium application labeled with
K*? moved over 1.6 inches,

The movement of phosphate ions away from the
site where they are introduced into a soil is limited
by the phosphate fixation processes. Ordinary
chemical methods do naot permit a study of this move-
ment in adequate detail because of the relatively
large quantity of phosphorus aiready present in most
soils, Through the use of radiophosphorus it has
been possible to trace the movement of phosphatic
fertilizers under actual field conditions. Ulrich
et al12® added 2300 1b P.QOs/acre of P3* labeled
phosphoric acid fo a soil in conjunction with 4 inches °
of irrigation water. The phosphorus penetrated about
12 inches and the water about 20. After 11 and 43
days, 99 and 86 per cent respectively of this phos-
phorus was in the first 6 inches. Olsen, et al®
compared the dlistrihution of band placed superphos-
phates with that of phosphoric acid applied in
irrigation water. The movemnent of phosphorus from
the superphosphate was much less than for the liquid
phosphoric acid, Very little superphosphate moved
beyond 3 inches. The phosphoric acid moved to a
depth of 12 inches, but 85 per cent of the total
application was found in the top 4 inches. Increasiug
increments of irrigation water were shown by Jordan
et al® to increase the downward movement of
broadcast applications of superphosphate. In another
field study Fiskell et a1 showed that only 2.5 to 5.2
per cent of the superphosphate top-dressed on
pennanent pasture moved more than one inch.
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surfaces and ion absorption from corresponding salt
solutions.

The equilibrinm of cations between solutions and
exchange materials such as soils, clay minerals and
resins has heen followed with radiocations. The
exchangeability of trace concentrations of cations as
influenced by degree of saturation and nature of
complainentary jon was studied by Wiklander and
Gieseking.'** Using K** and 5r%, they found that a
certain limit value is approached which depends on
the exchauge ion, complementary ion and exchanger
used. WWiklander!® has observed that the rate of
exchange Detween the exchangeable and hxed
potassivm of soils is quite slow. Employing Cof,
Banerjee ¢t al* and Spencer and Gieseking?!?
investigated the chemistry of cobalt absorption and
release in the cation exchange system. Easily
exchtangeable and strongly adsorbed cobalt were
distinguished and eobalt was found to be harder to
replace than calciunn. Krishnamoorthy and Over-
street™ used K2, Ca®*, Rb*S, Cs13% and La'* to test
the validity of several expressions for the equilibrium
of cation exchange reactions.

Kinetic exchange studies on clays by Borland and
Reitemeier'? demonstrated that Ca%s, adeded to clay
suspensions, equitibrated rapidly and completely with
the exchangeable calcium adsorbed on the clay
minerals kaolinite, halloysite, hydrous mica, beidellite
and montmoritlonite. Advantage was taken of this
principle, and Barbier and Tyszkiewicz,® Smith
et al'®® and Blume and Smith™ have proposed
isotopic dilution methods for determining exchange-
able calcium, base exchange capacity and the rate of
reaction of liming materials in soils. Such methods
have certain advantages especially in the study of
soils comtaiming {ree calcium carbonate,

Only a fraction of the amount of phosphorus
necessary for crop production exists in the soil
solution at any given time. If, for the purposes of
this discussion, it is assumed that the soil solution
15 the sole source of phosphate for piants, then it
would be necessary for this solution to be rencwed
many times during the cropping season. McAuliffe
et al.™ applied 9% to a study of the exchange between
solution and solid phase phosphate. A part of the
soil phosphate was found to rapidly equilibrate by
exchange with the ambient solution. The amount of
this rapidly equilibrating surface phosphate was
found to parallel other estimates of phosphorus
availability. A slower, less reversible exchange of
phosphates was also recognized.

The mechanisin of phosphate sorption and the
kinetics of phosphate exchange in soils was in-
vestigated with the aid of P3* by Wiklander13! Tt
was concluded that the soil phosphorus oceurs in
essentially two different ways, namely: a fairly
reactive fraction and a {raction of low soluhility
which is difficuit to mobilize but tcnds to be in
equilibrivin with the first fraction. The scries of

investigations by Barbier and Tyszkiewiczd4%8 Jealt -

with the exchange of phosphate ions within the solid

phase of soils. They have also demonstrated an
exchange between several of the forms of soil phos-
phorus. Related studies have been reported by
Seats'" and Egawa et al34

The amount of phosphate ot the surface of soil
particles and apatites has been measured in several
studies by Olsen and co-workers.?®?%22 The phos-
phate associated with the solid phase which readily
equilibrated with P** in the ionic form was termed
surface phosphate. Good correlations were found
between the amount of this surface phosphate in
soils and the plant-available phosphorus. From 19
to 31 per cent of the phosphorus added in long-time
rotation experiments was found to accumulate as
surface phosphate. Monolayer absorption of phos-
phate on calcium carbonate and calcarcous soils was
found from dilute solutions, but with higher con-
centrations the percentage of the phosphorus
absorbed appearing as surface phosphate decreased.
Similar findings, but using an iron-phosphate system,
were reported by Fried and Dean,*®

RELATIVE ABSORPTION OF NUTRIEMTS FROM SOIL
AND FERTILIZER '

Starting in 1947 with experiments by Spinks and
Barber,** Dean cf al.2® and Nelson ¢f /.57 there have
been a large number of greenhouse and field experi-
ments conducted utilizing fertilizers lfabeled with
radioisotopes. Fertilizer of known specifc activity
in respect to pliosphorus was incorporated in soil
and a crop grown. The ratio of the specific activity
of the phosphorus in the crop to that of the original
fertilizer has bheen taken as being indicative of the
fraction of the total phosphorus absorbed by the
crop that was derived from the fertilizer. This
fraction has been shown to increase with increasing
rate of fertilizer application and to be lowest for
soils high in available phosphorus.

Four groups of workers have proposed that the
phosphorus status of soils may be measured by com-
paring the specilic activity of the phosphorus
absorbed by plants with that of the {fertilizer added
to soil; Larsen,”™ Fried and Dean?' Guanarsson and ,
Fredricksson*® and Harbier and Lesaint.® The
methods employed Dy these investigators were all
essentially the same, however, the mathematical
treatment and interpretation of results varied, The
expression derived for estimating the available phos-
phorus supply of the soil has several fonos, the
simplest being :

D
where A and B are the amount of soil and fertilizer
phosphorus and §f and Sp the specific activities of
the fertilizer and plant phosphorus, respectively. This
method has been applied to a number of investiga-
tions dealing with thc phosphorus fertility status of
soils and has Leen one of the tools used in calibrating
soil tests; Dean,*™ Olsen et al,% Olson ¢t af.% and
Thompson and Pratt!®). This method for measuring
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crops of phosphatic fertilizers is not possible. How-
ever, the effects of previous fertilizer application can
be studied through an extension of the technique
involving radioactive labeled fertilizer. AlcAuliffe
ef al™ measured the cffect of phosphorus applied
8 years previously by cnmparing per cent phosphorus
in the crop derived from the fertilized obtained irom
P32 labeled superplosphate applied to permanent
fertility plots. A highly significant decrease in the
per cent of phosphorus derived from the fertilizer
as a result of past phospherus applications was
ohserved, thus demanstrating the presence of residual
phosphorus in availahle forms. More quantitative
estimates of residual values are possible if ‘A’ values
(sce Fried and Dean®”) are calculated and comnpared.
Using this technique, Webh and Pesek!*¢ studied the
residual effect of a number of fertilizer materials,
Superphosphate and calcium metaphosphate applied
at eyual rates of PaOs over a period of years
appeared to have an equal effect upon the residual
level of available soil phosphorus, Fused tricalcium
phosphate comnpared favorably with thesc materials
on an acid soil but was less cffective on a calcarcous
soil. Phosphate rock at equai or higher rates was iess
effective on alt 4 of soils studied. Olsen et al 3
Rubins,*® Prince,® Stelly and Morris'®* and Neller
and Lundy® have also used I'** labeled fertilizers
to study the residual cfect of previous phospliorus
applications.

FERTILIZER UTILIZATION

The mineral nutrition of crops leads to a con-
sideration of the amounts and rates of absorption.
The rccent studies involving the use of P32 have
supplied additional infortmation regarding the in-
Aluence of soil and fertilizer phosphorus on phos-
phorus absorption. A number of crops growing under
a varicty of conditions have been studied, including
cercals, pasture species, potatoes, sugar beets, sugar
cane, tobacco and cotton {Bonnet and Riera,'* Dion
et al 3 Kapp et al. % Krantz et ¢l.,"® Jacob ¢t al. 0192
Mitchell ¢f al.,»? Stein and Marais 2 Strzemien-
ski,1** Spinks et al.,'11:11% Welch et al1% and Woltz
et all¥). With few exceptions, the results of these
studies have followed a rather typical pattern.
Phosphate fertilizer is usually applied at the time of
planting and this application is localized in the
proximity of the seed. In the early stages of growth,
seedlings absorb phosphorus at a faster rate from the
fertilizer than from the soil, but as the plant develops
and the root system enlarges, the amount of soil
phosphorus accessible increases. Thus the ahsorption
of soil phosphorus increases as compared with
fertilizer phosphorus, The net result is that voung
plants characteristically have a higher per cent
phosphorus in the erop derived from the fertilizer
ihan mature plants. This pattern of decline in the
per cent phosphorus in the crop derived from the
fertilizer with maturity varies with crop species,
Relatively little decline has been observed for
potatoes as compared with corn. This difference

between crops is atirthbuted to differences in root
systems and their development.

Crops utilize phosphorus from applications of
phosphatic fertilizers with low efficiency, The experi-
meits which compare the phosphorus absorption by
crops also supply information relative to the elficiency
of fertilizer wutilization. The percentage of the
phosphorus in a given application which was absorbed
and thus utilized by the crop grown during the first
season was found to vary between the limits of 2
and 35 per cent. With increasing rates of fertilizer
application the total amount of fertilizer phosphorus
absorbed usually increases, hut the efficiency of
utilization usually decreases, The question is fre-
quently asked: Does the application of fertilizer
phosphorus influence the amount of soil phosphorus
absorbed by plants? With many soils the addition of
fertiiizer phosplorus has little effect on the amount
of soil phosphiorus absorbed, Under smmne conditions
of phosphorus deficiency where the phosphate
fertilizer increases root growth the addition of
fertilizer phosphorus increases the amount of soil
phosphorus ahsorbed. Other experiments have shown
that adding fertilizer phosphorus actually decreases
the amount of soil phosphorus absorbed. The exact
mechanisin involved is not understood.

Soil management practices such as fertilizer place-
ment have been designed to enhance the efiiciency of
fertitizer nse by crops. Many of the studies with P3*
labeled fertilizers included comparisons oi methods
of fertilizer application. Experiments with corn and
cotton Ly Nelson ¢t al.®® and Stanford and Nelson''?
and with sugar beets by Olsen and Gardner¥® and
Lawton ¢t al™ are cited as examples. The most
pronounced effects of placement of superphosphate
on the utilization of this fertilizer phosphorus were
observed during the early stages of growth. The
closer this material was placed to the seed, the greater
its utilization. The pronounced differences ohserved
during the early stages of growth largely disappeared
as the crop matured. Broadeast applications are the
most convenient method of applying fertilizers to
pastures and other cstablished stands of crops, Since
it is known that phosphates penetrate soils only to
a limited degree, this method has not been considered
as a very satisfactory means of applying phosphate
fertilizers. Stanford et al.'!® top-dressed estahlished
mecadows using P?2 labeled superphosphate. This
method of application was found to be surprisingly
effective. Subsequent experiments by Caldwell ef al.2?
and Lawton e al.™ with established stands of legume
hays have confirmed these hndings.

Phosphate fertilizer utilization has been shown to
be affected by liming, mirogen fertilization and
irrigation practices. Neller™® and Robertson ef al.1%1
have studied the phosphorus utilization from soils of
varying sesquioxide content as influenced by lime
applications, Liming above pH 6.5 reduced the
fertilizer utilization regardless of the sesquioxide

- content of the soil. Robertson e al.'*® demonstrated

that more phosphorus was utilized from a mixture
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set-ups, and in the amount of roat tissue used. These
modifications permit gquicker and more Aexibie expe-
rimental procedures, and enable ns to reduce experi-
mental periods to very short intervals when desired
-—of the order of a minute, Briefly, barley sceds are
germinated and grown for five days under strictly
controlled conditions, The nutrient solution is incom-
plete, consisting of a single catcinm salt, usually the
sulfate; but when sulfate alisorption is to be studied,
calcium phosphate is used during this preliminary
stage.

Inst before the experiment, the roots are excised,
suspentled in water, and 100 gram portions are
weighed out and transferred to aeration tubes con-
taining 50 1} of water. (The roots are blotted before
weighing, to remove water adhering to the surface.)
The water is then replaced by an equal volume of
experimental sofution containing a radioactively la-
beled ion. During the absorption period, the solution
is constantly aerated, and the tcmperature maintained
at JO°C. The experimental period may vary from
one minute to four hours. After the absorption period,
the roots mav be assayed directly for the radioactively
labeled ton. Alternatively, in exchange studies, the
roots may subsequently he exposed to watcr or non-
radicactive solutivns containing the same or other
ions. In this way, data is obtained concerning diffu-
sible, exchangeable, and tion-exchangeable tractions.

CONCENTRATION EFFECTS

In many physico-chemical systems, increasing con-
centrations of a variable result in progressive satura-
tion of the system, until eventually complete
saturation may be achieved. Familiar examples are
the adsorption of gases on charcozl and other solids
and the exchange reactions hetween solutes and solid
exchangers, such as clays or synthetic resins. The
usnal interpretation in such cases is that the system
possesses a finite capacity for holding the substance
taken up. A familiar instance 15 the base exchange
capacity of soils an¢ other cation exchangers.!! When
the rate of absorption of an ion by excised roots is
measured as a function of the concentration of that
ion in the solution, the same type of curve we have
been discussing is frequently obtained. Upon plotting
the rate as the ordinate, and the concentration as
the abscissa, the curve rises steeply and almost Ii-
nearly at first, but at the higher concentrations, the
curve flattens out and asymptotically approaches a
Emiting value. The conclusion suggests itself that in
this case, also, some finite system is being progressive-
ly occupied by the ions in guestion. However. there
is this important diffcrence hetween the latter case
and the others we have mentioned, such as cation
exchange on clavs. The elay, on being imimersed in
a solution, gquite rapidly comies to equilibrium with
the sofution, and thereafter no et movement of ions
between the clay and the solution occurs, \We nea-
sure guionnls taken up at equiiibrivm, In the case
of ion absorption by roots, on the other hand, we

nieasure mnounis per unit tme, or rafes. Once the
rate of absorption of a given ion, at a certain con-
centration of that ion, is established, it may be main-
tained for many hours.

If we nevertheless wish to maintain the idea that
at incrensing coucentrations, the ions progressively
occupy some faite system within the root, additional
assumptions are necessary. It is necessary to assune,
first, that the lons, having occupied the system, are
subsequently released again into a compartment
other than the mnhient solution {for in that case, no
net transport would oceur). And, secondly, in order
1o account for the typical relation between concen-
tration and absorption rate, it must be assumed that
the postulated release of the ions from the system
is the rate-limiting step in the process, so that the
rate is proportional to the extent to which the svstem
is occupied by the ions at the given concentration,
The maximal rate approached at high concentrations
indicates complete saturation of the sysiemt hy the
jons under those couditions.

The kinetics we have just outlined are precisely
those that have been found to apply in many cnses
of enzyvinatic cataiysis. It is only necessary to substi-
tute “substrate” for “ions”, and “enzyme” for what
we have vaguely called a “system,” and which hence-
forth we shall speak of as “‘carriers.” The Michaelis-
Menten eguation applies ;™

L __V(S)
T K+ (S
where r = the observed rate of absorption of an

ion present at concentration (5}, I” — the maximal
velocity attainable at complete saturation of the
carriers, and A g — the MAlichaelis constant corre-
sponding to the substrate {(ion) coucentration at
which half the maximal velocity is attained. Line-
weaver and Burk!® showed that when the reciprocal
of the above equation is written, straight lines are
obtained in a plot of 1/2 against 1/(5).

THE EFFECT OF INTERFERING IQNS

In this treatment, interfering fons assume the role
of inhibitors or alternate substrates. Interference may
be competitive or otherwise, depending on whether
or not the interfering ions attach themselves to the
same binding sites on the carriers that are, or may
be, occupied by the substrate ions. In the double
reciprocal, or Lineweaver and Burk plot, the presence
of a competitive ion results in an increase i the
slope of the line obtained hy plotting 1/7 against
1/(S), with no change in the intercept. The increase
in the slope is by the factor|1 4 (F)/K;], where {I)
is the coucentration of the interfering ion and K its
Michaelis constant, 1f the interference is not com-
petitive, the intercept is increased.

Figure 1 shows the results of an experiment on
sulfate absorption by excised barlcy roots.’® The
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siderable amount of their radiosulfate (Fig. 3). The
amount lost to water is identical with the amount
lost to non-radicactive suliate, indicating that there
is 10 need for replacing or exchanging ions to effect
this removal. Rather, therc seems to be a fraction of
the volume of the tissue (the “outer™ space) to which
the ions have free and reversible access by diffusion,

LEquilibration with the anilient solution or water
is essentially complete in 60 minutes, and no further
loss to water or non-radioactive sulfate takes place
thereafter, A fraction of the radiosulfate taken up
during the initial period in the radioactive solution
is retained by the roots after their transfer to water
or non-radioactive sulfate, This represents the
amount absorbed hy the active transport mechanism,
and we shall refer to it as being in the “inner" space,
to contrast it with the diffusible “outer” space sul-
fate.”

As pointed out, the loss of radiosulfate to water
was identical with the loss te non-radioactive sulfate
(Fig. 3). Nevertheless, these two processes differ in
a way which could not be demonstrated without the
use of tracer isotopes. The exit of radiosuliate into
water denotes a net loss of sulfate from the roots.
The movement of radiosulfate into the solution of
non-radigactive sulfate, on the other hand, represents
no net movement of sulfate at all. The concentration
of the initia] radiosuliate solution was 20 meg/l, and
that also was the concentration of the solution of non-
-radicactive sulfate to which the roots were transferred
at the 90-minute point.

We may make the reasonable assumption that at
equilibrium, the concentration of sulfate in the outer
space of the root is the same as in the ambient solu-
tion. In the experiment shown in Fig. 3, the concen-
tration of K,5PQ, was 20 meq/l. Sulfate in the outer
space (i.e., the amount lost by diffusion) was 4.45
pe/gram fresh weight, On the basis of the above
assumption, the volume of the outer space of the root
tissue is 4.45/20 = 0.22 mi/gram fresh weight. The
water content of this tissue is 9 per cent, so that
over 25 per cent of the total tissue water is accesstble
to the 1ons by diffusion. This magnitude of the space
has heen verified over a wide range of suliate con-
centrations. It is independent of pH over the ranpe
40 to 7.7

It is of some interest to compare the outer space
of barlev roots, i.e., the fraction of the volume of the
tissue accessible to ions by diffusion, with Lhe cor-
responding values for other types of cells and tissues.
Conway and Downey,” for a variety of solutes, found
a value of approximately 0.1 for the “outer region”
of veast. For Escherichia coli, Roberts, ¢t al..1% using
5%0,, found a “water space” essentially identical
with the total cell water. In {rog nerve, Shanes?®
measured spaces of the order of 0.62 to 0.63, using
chloride tagged with CI1%%. In Hope’s?® experiments
with bean roots, the “apparent free space” varied
with the concentration of KC1 used in measuring it,
indicating a Donnan cffect. The true space was of the
order of 0.14, Butler! found values for wheat roots
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Figure 3. Uptoke of 570, by sxcisad barley roots, and its loss to
nen-radieactive sulfate and to water

that varied fram about 0.25 to 0.34. He used chlo-
ride, phosphate {P3*), and mannitol.

CONCLUSION

Radioactive isotopes have wvastly accelerated
research into the mineral nutrition of piants, and
have made possible an understanding of the dynamics
of biological ton transport that would be inconceiv-
able without them. Specifically, studies on ion
transport in the roots of higher plants have shown
that ions freely move into and out of an “outer”
space of the roots, by diffusion and exchange, inde-
pendent of the simultancous active transport of the
same jonic species which results in thar transfer
into an “inner” space where they are no louger
exchangeable with the same or other tonic species.
The exchange and diffusion processes are reversible,
non-selective, non-metabalic, and come to equilibrium
within an hour, approxhmately, after immersion of
the roots in a new solution.

Sustained, selective absorption of ions due to meta-
bolic activity of the cells and rendering the ions non-
exchangeable with ambient ions of the same or other
species result frotn the activity of carrier mwolecules
which operate in a turn-over fashion, like enzvmes,
The carriers possess different binding sites more or
less specific in their affinity for various ions. This
concept of active jon transport applies to a wide
variety of hoth cations and anions.
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Factors Affecting the Availability to

Plants of Soil Phosphates

By R. Scott Russell,* E. W. Russell,* P. G. Marais*! and W. N. M. Foster,** UK

The liniited ability of plants to absorb phesphate
from many acid soils gives rise to major agricultural
problems. 1espite mtnterons investigations the
mechanism for the process normally called “phosphate
fixation" remains Jargely obscure. In general the
cause of the poor uptake by crops from such soils
has been sought in the reaction of the added phos-
phate in the soil. Recently, however, it has been
realized that physiological effects of other ions in
plant roots may significantly influence the transfer-
ence of phosphate to plant shoots.™® Tracer methods
provide valuable aclditional methods for studying both
the form of phosphate in the soil and the mechanism
of transfer of phosphate from the soil to the root
and thence to the shoot.

ESTIMATION OF LABILE SOIL PHOSPHATE
BY THE USE OF P

Isotopically Exchangeable Soil Phesphote (E)

1i a soti is shaken with a labelled orthophosphate
solution, the P# /1'% ratio in the sohition is reduced
in consequence of isotopic exchange with phosphate
already in the soil. If the solutions are assayed after
different petriods, the isotopically exchangeable phos-
phate () and the sorbed phosphate (S} at time
{!) can be calculated by the equations:?
Ay
Ly = 3 y x
where » and y are the amounts of P3 and P*?
originalty present in solution and 4, and v, the values
determined at time £. This estimate of E; is valid only
if the sorbed phosphate remains in isotopic equili-
brium with the externat solutien. This condition has
been satisfied in all soils so far studied.

The Larsen Value {L)

If labelled phosphate is intimately mixe] into a
soil and plants are subsequently grown in it, the
amount of soil phosphate, L, with which the lalelled
phosphate has been apparently diluted on absorpiion
by the plant can be calculated by the equation:

Y, (&, ~ D)
Yy
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where X, and Yy are the quantities of P! and P%
added to the soil, and X, and Y, are the total plant
content and [ is the phosphate content of the secd.
This type of procedure was first used by Larsen!
Subsequent workers described the quantity thus ob-
tained as the o value for the soil, implying that it
measures the “plant available™ phosphate in the
s0il%, but because this interpretation is not always
warranted (see below), the tetm “Larsen”™ (L) value
is considered more appropriate. Identical values of L
are obtained when carrier phosphate, X, is varied Ly
a factor exceeding 10%, and it has been found prac-
ticable to use values of X; so Jow that the phosphate
equilibrium of the soil is not affected. The advantage
of this procedure is that the phosphate ahsorbed by
the plant, as measured by X, — D, is ideditical with
the values obtained in soil to which no labelled phos-
phate has been added, L value detenminations are
opert o serious errors when X, is so small that ex-
change between seed and soil phosphate sigunificantly
affects the P¥/P3! ratic in the plant,

EXPERIMENTS IN SOIL

Measurements of isotopicaily exchangeable phos-
phate E, phosphate sorption 5, the Larsen vaiue L,
and uptake of phosphate by test plants have been
miade in four soils {Table I} which ranged from a
caicareous alluvium, in which no apparent fixation
of phosphate occurred (Soil I), to a basaltic acid
soil (Soil IV) from which plants were unable to
absorh significant quantities of phosphate in the ab-
sence of fertilisers. Brief descriptions of the soil are
given in Table I, It is apparent from the table that
phosphate extracted by 195 citric acid in 24 hr does
not give a satisfactory measure of the amonnt of
phosphorus the plants can extract (rom the soils.

In the experiments reported here, the soils were
used either in their natural state or after the addition
of varving quantities of KH,PQ,. Prior to some
experiments the soils were stored moist for periods
up to one year aiter the addition of the phosphate.
The values of £ here used are those found after 7
days of shaking with labelled phosphate, by which
time the rate of exchange had become slow, The
vialues of hoth £ and L are given in the units of
mg P/5 gm svil, and are reproducible under a wide
variety of conditions. .S varies with the phusphate
concentration of the equilibrating solution and the
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and dry for 118 doys prier to sxperiment. Test plont, rye. Values are
expressed as mg P/3 gm solt

Soil I < 11 <« IIT < 1V, Thus, when the concentra-
tion of phosphate in the solution in which soils were
equiiibrated was within the range in which sorption
by Soil | cowid be precisely measured, the solutions
nsed with Soils 11l and IV were virtually depieted.
This difficulty could not be overcome by employing
solutions of different concentration as this would
have affected the extent of sorption. None the less
the procedure placed the soils in the right order with
respect to sorption. The extent of sorption of a soil
may be regarded as bearing an inverse relationship
to the activity of phosphate in the soil solution or to
Schofield’s phosphate potential.® Thus the results in
Figs. 2 and 3 sugpest a dependence of plant absorp-
tion on the phosphate potential of the soils though
different methods would be necessary for any precise
relationship to be determined. It is to be noted that
this relationship between plant uptake and (he reci-
procal of sorption has not been found to hold in al
cases when soils are compared which contrast sharp-
ly in the phosphate treatments they have received.
The influence of factors not vet defined is therefore
o be envisaged.

The Effect of the Addition of Pheosphate in the Labile
Phosphate Fraction of Different Soils

in all soils approximately linear relations were
obtained hetween E valnes and the quantity of phos-
phate with which the soils had been eariched. When
the soils were examined either immediately after the
addition of phosphate uvr following shnrt periods of
dry storage the increment in I equalled the amount
of phosphate added in Soit I but in the other soils
the corresponding values were approximately 70%
of the added phosphate (Fig. 4). Storage, especially
at heid capacity, reduced this value signilicantly.
Linear retationships were also apparent between the
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IIT B = (0.71 % 0,02)T + 0.92 ‘
B :

™ = {0.86 T 0.05)T 4 1.7%

1 2
Fhosphate added to anil [T}

Figure 4. Relotionship between E values and phosphate odded ta
soil, Resulfs are axpressed as mg P/5 gm s0il

L value and the quantity of phosphate added. How-
ever therc were significant differences between the [
values obtained with different test plants in the more
highty sorbing sotl treatmicats.

Effect of Plant Species

The uptake of phosphate by rye was compared
with that of barley in some experiments (Table II).
Whereas both species showed similar results from
the soil which yiclded most phosphate, the ratio of
the uptake by rye to that by barley increased pro-
gressively as the quantity of phosphate taken up by
the barley decreased. The L value of the soils how-
ever was the same whether rye or barley was used’
as the test plant, except for Soil IV from which the

Table II. Comparison of Absorption and L Valves for
Rye and Barley

Bolt* i it 1) v
Phosphate added in
{mg P/5 gm soil) 1.3 0.0 1.5 15

Uptake of phosphate in mg
P/pot, 28 days after planting

Barley B74 200 1.49 0.25

Bye a.74 268 276 1.36
Ratio, rye/barley 1.00 1.34 1.85 544
L value, in mg F/3 gm soil

Barley 1.82 0.50 L.63 0.94

Rye ' 1.80 0.49 L.724 1B

_ *3Soils 111 and TV without added phosphate could not be
inciuded in this comparison because of the negligible uptake
of phosphate by the plants.
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Figure 5. The extroction of phosphorius and iron in beffer solutions

ot decreasing pH from the roots of barley plants which had bBeen

treated for 24 hr with 3, 1, ond O pgr Fe and 10 and O ppm P
combined faciocially

amount which was niore than cight times greater
than the corresposntding effect on iron. This suggests
that the iron 1s present in some organic combination
that is hydrolysed below pH 3, and it is with this
arganically bound iron that the phosphate reacts.
The atom ratio of plosphate to iron in the postulated
‘complex, caleulated as: gm atom increase in P
extracted below pH 3 induced by Fe/gm atom Fe

extracted below pH 3 in presence of P was 1,22 and
1.15 when 1 and 3 ppmy Fe respectively and 10 ppin P
were present in the external solution. These values
arc not significantly different from 1, and are com-
patible with the formation of a complex #FeH.PO,.

The Effect of Aluminium on the Abserption of Phosphate

Since the activity of ahwminium jons is high in
many soils in which phosphate is relatively unavail-
able to plants, its effect on the absorption of phos-
phate Ly barley was examined. No evidetice of direct
interaciion between the two ions was observed.
fiects on the absorption and translocation of phos-
phate accurred only when the “treatment with
aluminium was sufliciently prolonged or the level of
aluminium sufficiently high for effects on growth to
be induced, The effects of aluminium on the absorp-
tion of iron reported by previous workers®® iikewise
appear to have occurred only when aluminium
foxicity was induced.

Comparison of the Absorpfion of Phosphate by Barley
and Rye

The absorption of phosphate by rve and barley
was compared in water cufture over a wide range
of phosphate concentrations at pH 6. The results
(Fig, 6) support the suggestion in section 3.6 that

when the external phosphate supply is very low the

absarption of rye is markedly greater than that of
barley. The resultant interaction between plant

species and concentration with respect to absorption
is highly significant (P < 0.001). In other experi-
ments iron was found to cause greater retention of
phosphate in the roots of barley than of rye. Thus
i significant quantities of soluble iron are present
in soils from which absorption is low this efect may
enhance the differences between the two species.

CONCLUSIONS

The point of special interest in these results is that
the labile phosphate content of difierent soils bears
no consistent relationship to the amounts of phos-
phate which plants absorb. Seils containing large
quantities of labile phosphate from which plants are
able to absorb only very small quantities have been
shown to sorb large quantities of phosphate. Initially
the sorbed phosphate is in a largely labile form
though in the course of time it may be rendered non-
exchangeable, These results indicate that the descrip-
tion "“avaitable™ cannot be applied to any chemically
distinguishable soil phosphate fraction. Furthermore
it appears that the inability of plants to absorh
phosphate in the highly sorbing soil ts not initially
attributable to the precipitation of phosphate in
insoluble forms but rather to the lowering of the
“phosphatle potential” of the soil.

Different genicra of plants differ in their ability to
absorb pliosphate from dilute solutions and to extract
phosphate from strongly sorbing soils. Rye and
cabbage are superior to barley in this respect. Apart
from this effect another physiological mechanism
which may affect absorption of phosphate is the
absorption of iron. In water culture it has leen
shown that phosphate can be retained in plant roots
complexed with iron and possibly associated with
organic compeunds. Strongly sorbing soils are {re-
quently characterized by high activities of iron and

ratlo of arscrpiion ryn/Barisy
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Figure & Comporisan of the phosphate absorption of rye and barley
grown for 24 hr In solutions of varying phosphata eoncentrafion






The Use of Tracer Atoms in Studying

the Application of Fertilizers

By V. M. Klechkovski, USSR

With the increase in output and use of fertilizers,
growing importance is attached to researches made
with the aim of appraising the elficiency of different
methods of applying fertilizers, and of establishing
the most effective ways of using them in agricuiture.

A scientific basis for methods of applying fertilizers
can be obtained by making a careful study of the
biological characteristics of different agricultural
plants, their relations to the conditions of nutrition
at different stages of growth and development, and
by strclving the effect of fertilizers on the metabolism
of the plant and the formation of the crop. In doing
this, considerable importance must also he attached
to the properties of the soil and to ascertaining the
behaviour of the fertilizers in the scil, since the
nature of the interaction between the fertilizers and
the soil has a great influence upon the efficiency of
different methods of applying fertilizers.

The great variety of the soil. climatic and other
conditions of agriculture in the USSR necessitates
elaborating clifferent systems of using fertilizers, due
consideration being given to the properties of the soil
and the biological characteristics of the plants. The
use of tracer atoms, in addition to other methods of
studying the nutrition of plants and the cffect of
different {ertilization practices on quantity and quality
of the vield of farm crops, considerably promotes the
sofution of this problen.

One of the chief advantages of using the tracer
technique in solving problems of fertilization is the
possibility of keeping under direct observation both
the nutrient which the plant utilizes fromi the applicd
“labelled” fertilizer, and the nutrient obtained by the
plant from normal soil constituents or from fertilizers
that had been applied previously,

Furthenmore, by using a labelled isotope it becomes
possible to trace how the plant assimilates any given
part of the fertilizer, for instance, when combining
different forms or different methods and dates of
applying fertilizers. All this makes the tracer tech-
nique extremely valuable in obtaining clear and
prompt replies to a number of practical questions,
connected with the appraisal of different ways of
applying fertilizers under certain soil and climatic

Orginal language: Russian,
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conditions and in conformity with the characteristics
of different agricultural crops.

Numerous field and pot expetiments carried out
by experimental institutions in the USA, Canada,
the USSR and other countries have secured compre-
hensive data on this matter.! In this paper, we present
some of the results obtained in the USSR in recent
years {rom a study of methods of applying phosphate
fertilizers, made with the help of tracer atoms.

ASSIMILATION OF PHOSPHORUS BY PLANTS

Influence of Grain Size and Density of Distribution
of Fertilizer

Farm crops have a higher phosphiorus requirement
during the early stages of their growth. A deficiency
in phosphorus at the beginning of growth exerts an
unfavourable effect upon the whole of the subsequent
development of the plant and, consequently, upon the
yield, Hence, the great efficiency of such methods of
applying phosphoric fertilizers that improve the
supply of phosphorus to the plants at the beginning
of their growth and development, One such method
is row fertilization, i.c. the application of fertilizers
to the soil, when seeding with the help of a combined
drill which places the fertilizer locally in the soil in
the direct proximity of, or at some (small} distarce
from, the seeds.

The use of granulated neutralized superphosphate,
which possesses good physical properties, facilitates
the best possible application of the fertilizer in the
rows when sowing. Another advantage of granulated
fertilizer is that it can be applied not only by means
of a combined drill, but in a simpler way, by being
sown together with the seeds Ly an ordinary row
drill.

In soils with a higher capacity for the absorption
of phosphates, the application of granulated fertilizers
reduces the volume of the soil in direct contact with
the fertilizer and promotes the preservation of the
availability of the phosphorus of the fertilizer by the
plants. This is an additional factor ensuring the
increased effectiveness of granulated superphosphate
both when applied in the rows, or in other ways,

An increase in the size of the grains of superphos-
phate makes it possible to utilize to the fitllest extent
those advantages of granulated fertilizer which result
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soil phosphorus (not labelled). Such determinations
have shown that the amounts of phosphorus, taken
hy the plants from the soil in cases when phosphate
fertilizer had not been applied, and in other cases
when fertilizers had been used, proved to be unequal
in mast cases, Therefore, the usual method of deter-
mining the difference in the amounts of fertilizer
phosphorus utilized by plants, by means of chemical
analyses of plants grown in soil without fertilizer
and in fertilized soil, cannot be regarded as safe in
determining of the factor of utilization of fertilizers
by plants.

The influence of the fertilizer on the amounts of
phosphorus assimilated by the plants from the soil
depends upon various factors. On the one hand, if
the plant is provided with readilv available phos-
phorus from the fertilizer, the utilization of the less
available phosphates of the soil is reduced. On the
other hand, since the action of the fertilizer markedly
improves the growth of the root system, this also
promotes a fuller utilization of soi! phosphates by
plants, even if they are less available than the
phosphates supplied by the fertilizer. At different
stages of plant growth, the relative role of these
factors may differ. This can be illustrated by the data
from the above mentioned experiment with millet,
in which the following change in the assimilation of
goil phesphorus by plants nader the influence of a
fertilizer was ohserved (Table IT).

During the first month of growth, plants in ferti-
lized soil assimilated less phosphorus from the soil,
whereas during the following month the use of soil
phosphorus (not labelled) was almost trebled under
the infAuence of the ferlilizer. In the experiments
cited, this effect was ohserved in almost the same
degree, irrespective of the size of the grains and the
density of their spacing in the soil. In the course of
time, only a slight tendency towards a greater change
in the influence of the fertilizer on the assimilation
of soil phosphorus hy the plants was noted in the
experiment with the large prains.

Effect of Depth of Application ond Different Methods
of Applying Fertilizers

To obtain high yields of farm crops of superior
quality, the plants should be provided with an
increased phosphate nutrition not only at the begin-
ning but also throughout their growing stage. For
instance, to obtain a high yield of cotton, phosphorus
nutrition is of particular importance during the time

Table I, Absorptian of Scil Phosphorus by Plonts

{mg P205/100 plants)

Treatment with  the ap-
plication af fabelled guper-

Ti i TPithout
(damﬂ;?tg gs:ﬂn:g::g'on) ;le:!h'l’r'f.tt:!r ERva m::m‘;)( T
groing araingy
30 10.3 77 72
57 249 64.1 &9.7

Table lll. Relation between Amount of Phosphorus
Absorbed by Oats from Fertilizer and Depth of Applica-
tion of the Fertilizer (mg P2O;/100 plants)

Lrepth of appliontion

Time of mmpling of superphosphate

(days after germination) -8 em I8-27 em
7 71 0.7
14 10.5 11.5
45 60.7 3137

of fruit formation, for sugar beet, during the time of
intensive root growth and sugar accumulation, ete,
A1l this accounts for the great practical imporiance
of methods of regulating the phosphate nutrition of
plants by different ways of applying fertilizers, by
combintng the main fertilizers, applied at given
depths, before sowing, with row fertilization at the
time of sowing and, in some cases, with additional
fertilization during the growing stage. The tracer
technique proved to be highly suitable for observing
the rates at which phosphorus moves inte the plant
from the fertilizer, depending upon the time and
method of its application.

One of the chief factors influencing the movement
of phosphorus into the plant from the fertilizer,
applied before sowing, is the depth of application.
Very clear data, illustrating the relationship between
the rate of movement of phosphorus into the plant
from the feriilizer and the depth at which the ferti-
lizer was applied, were obtained in field experiments
with oats, carried out at the Ficld Experimental
Station of the Timiryazev Agricultural Academy?
(Table I11).

As can be seen from this example, in the first days
after permination the plants assimilated much more
phospharus from fertilizer applied at a small depth
(7-8 em). But, even within a fortmight after sprout-
ing, the difference in the rate of the flows of phos-
phorus into the plant from fertilizers applied at
depths of 78 c¢m and 18-22 c¢m practicaily disap-
peared. and in the following stages of growth the
advantage was obviously with the relatively greater
depth of application. :

These observations make it possible to explain the
reasons for the better effect of the deeply applied
main fertilizer, as well as cascs of posilive action of
phosphorus fertilizers applied at a slight depth by a
cuitivator before sowing. If fertilizers are applied
only before sowing, and not in combination with row
fertilization while sowing, and the soil is known to
have a low content of readily available phosphates,
then the good effect of superphosphate applied at a
slight depth hy a cultivator is chiefly due to the fact
that this form of application of the fertilizer provides
the plants with better phosphorus nutrition at the
beginning of vegetation. If. however, the phosphate
requirements of plants during the initial stage of
growth are met hy means of a fertilizer applied in the
rows at a low rate when sowing, then better condi-
tions for the positive action of the main fertilizer are
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earth soils of the Uzbek SSR,® revealed interesting
facts indicating that with different methods of
applying superphosphate in the rows, while sowing
cotton seed, the individual plants prove to be far
from being uniformly suppiied with phosphorus
nutritton from the fertilizer. It was found that a
considerable number of the plants in the plots, where
tow fertilization with labelled superphosphate was
used, took a quite insignificant part, if any, in the
consumption of labelled phosphorus when the super-
phosphate was applied in the rows by the ordinary
methods. Only when resorting to the method of
dusting the seeds with phosphorus fertilizer, prior
to sowing, were all the plants found to participate in
the consnmption of labelled phosphorus. One of the
possible reasons of the poor utilization of the row
fertitizer at the beginning of the growth of the cotton
plant is, perhaps, the relatively hiph content of
phosphorus in the soils of the cotton-growing areas,
resulting from intensive fertilization with phosphates
applied at fairly high levels in the course oi many
years. Under these conditions, a very large share of
the phosphorus consumed by the plants is derived
from the residue of previously applied fertilizers,
and a smaller share from the fertilizer directly applied
to the plant in the year of sowing. Another cause of
the same phenomenon, closely connected with the
first, is the higher capacity of carbonate soils to
absorb the appiied phosphates, that greatly reduces
their mobility in the soil; on this account it is less
probable that the roots of the plant would come into
early contact with the locally situated sources of
fertilizer phosphates absorbed by the soil.

Effect of Applying Fertilizer During the Time of
Yegetatian

Top dressing with fertilizer during the growing
season of plants is dirccted toward increasing the
plants’ nutrition by applying this or that element at
certain stages in their life when they make the
greatest demands upon the conditions of nutrition
and respond positively to the application of fertilizer,
the yield being improved both in quantity and quality.
If we approach the significance of top dressing from
this point of view, it becomes exceedingly important
to know at what period after the application of
fertilizer to the soil its intensive consumption by the
plaots begins.

If the fertilizer is soluhle in water and not absorbed
by the soil, as, for instance, is the case with nitrates,
the nutritive elernent of the fertilizer begins to move
rapidly into the plant soon after the fertilizer has
been applied to the soil during the growing stage,
provided that the soil contains sufficient moisture to
ensuire that the fertilizer becomes dissolved and
moves towards the roots. The case is somewhat
different with such {fertilizers as phosphates which
are ahsorbed by the soil and almost deprived of the
capacity of travelling any distance, Therefore, be-
tween the application of a phosphate fertilizer into the

soil and the beginning of intensive consumption of
phosphorus by the plants, a certain time elapses, in
the course of which a sufficiently full contact is
established between the fertilizer, absorbed by the
soil, and the roots of the plant. In order to choose
the proper date for the application of top dressing
under these conditions, it is important not only to
know the plant requirements of the piven element
at certain periods of its life but also to have some
idea as to how socon the plant will begin assimilating
the applied fertilizer. When the ordinary chemical
methods of analysis are followed it is rather difficult
to obtain an answer to this guestion, The use of tracer
atoms greatly facilitates the task.

Experiments with sugar beets® have shown that,
when applying labelied superphosphate to the rows
during the vegetative season at a rate of 30 kg POy
per hectare at a distance of 10 ecm from the plant row
and at a depth of 10-15 «m, small awmounts of
labeiled phosphorus will be already found in the
plants within twenty-four hours after side dressing.
However, fairly large quantities, of the labelled
phosphorus begin to move into the plant approxi-
mately only a fortnight after side dressing. The most
intensive flow of phosphorus from the fertilizer into
the plant, when side dressing was applied at different
dates, was observed during the interval of two to
four weeks after the application of the fertijizer,
Cornhined application of nitrogen and potassium
increased the utilization of phosphorus from the
fertilizer by plants. As an example, we cite the
following data of an experiment carried out in
the Moscow Region (Table VI).

Similar results were obtained from a number of
other experiments with sugar beets, For instance,
when side dressing is applied at a later period (53
days after germination)} the content of labelled
phosphorus in the plants increases as follows:

Days after application of

fartilizer 1 8 16 3 57
Content of Jabelled phos-

phorus in mg PO

13
per 100 plants 254 3548 7309 3424 29578

The portion of the phosphorus in the plant,
assimilated from the fertilizer applied at the growing
stage, was found to be rather small in these
experiments, not exceeding 10-11 per cent of the
total phosphorus content of the plants. Under less
favourable conditions of soil moistire, the interval of
time between side dressing and the beginning of
intensive consumption of phosphorus from the
iertilizer by the plants becomes even more prolonged
and the portion of the phosphorus assimilated from
the fertilizer, in relation to the total content of
phosphorus in the plant, decreases,

In experiments with cotton plants, carried out in
the Uzbek SSR in serozem soil, a study was made
of the flow of labelled phosphorus into the plant
from a fertilizer applied during the growinp season
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Table ¥H. Amount of Phosphorus Absorbed by Wheat Plonts from the Row and Main
Fertilizers with Local and Complete Liming of the 5ail (mg P.Oj/pot)

Liming of tor) - jayer of -
sodl only Liming of the whole goil

3 B from row from main from row frem main

Dnys after germinafion fertilizer JFertilizer fertilizer fertilizer
10 21 0.1 1.7 4.4
22 52 05 6.2 28.5
32 58 16 10.0 424
68 9.2 15 234 830

phosphates by the soil and the conversion of the
phosphoric acid of the fertilizer into forms only
slightly available to plants. Besides lowering the
actdity of the soil, liming also reduces the binding
action of the sesquioxides upon the phosphoric acid,
which has n positive effect upon the efficiency of
phosphorus fertilizers, Furthermore, under the in-
fluence of liming the increased efficiency of phos-
phates is due to still other factors. Liming acid sotls,
and espectally, soils with a higher content of mobile
aluminium, creates mwore favourable conditions for
the development of a heavy root system, capable of
utilizing more fully the nutritive substances contained
in the so0il in non-mobile forms and, in particular,
the phosphorus compounds of the soil and the
phosphates absorbed by it.

The action of lime upon the soil is also connected

with the biolapgical processes taking place in the soil,,

since the elimination of surplus acidity promotes a
better development of microorganisms, accelerating
both the processes of mwobilization of the organic
compounds of elements of plant food contained in the
soil and the processes of biological absorption of
nutritious substances.

Experiments carried out with the help of tracer
atoms have guite convincingly shown the importance
of liming acid soils for incrcasing the utilization
from the fertilizer phosphorus by plants, when
various methads of applying phosphates and lime are
practiced.

Pot experiments with wheat were carried out to
study the influence of liming upen the assimilation of
the phosphorus from a labelled fertilizer, apphlied
Iocally both in the row together with the seed and
at a depth of 12-14 e¢m from the soil surface in the
pot (mmin fertifizer). The hydrolytic acidity being
taken inte account, lime was either applied only to
the top 5-cm layer of the soil in which the seeds and
the phosphorus row fertilizer were placed, or to the
whole bulk of the soil in the pot. Lahelled phos-
phorus was applied in the {orm of superphos-
phate ; in the experiments with simultancous applica-
tion of row and main fertilizer, the labelled {ertilizer,
was applied by the one method while tbe unlabelled
superphiosphate by the other. In this way, we
determined the influence of partial and complete
liming of the soi} upon the utilization of a definite
portion of the fertilizer by the plants, depending upon
its location in the soil in relation to the limed layer.

The results of the experiments have shown that
liming of the surface layer of the soil creates favour-
able conditions for the plants to assimilate the
phosphorus from the row fertilizer, applied to the
layer of the soil that is subjected to liming and has
practically no influence upon the extent of the
utilization of phosphorus from the main fertilizer,
applied at a great depth. By the same experiments it
was further shown that the utilization of phosphorus
from the row fertilizer by the plants was also
aupgmented if not only the top layer, to which the
fertilizer was applied, but the whole bulk of the soii
was limed as well, As an illustration of the results
of these experiments, we present the following data
{Table VII).

The better utilization of the phosphorus from the
row fertilizer as compared with that from the main
fertilizer when Yming the top layer of soil, as well
as the extensive niovement of phosphorus into the
plant from the main fertilizer with total liming, may
be explained by the greater availability of the
phosphorus of the fertilizer to the plants in liined
soil. The increase in the amount of phosphorus
uiilized by the plants from row fertilizer in the
treatment with Iiming all of the soil in the pat is due
to other factors, e.g.,, to the creation of more
favourable conditions for the growth and develop-
ment of the root system and to the improvement of
the general condition of the plants. An increase in the
utilization of phosphorus from row fertilizer when
the whule soil in the pot had been limed was also
observed in the treatment in which only row fertilizer
was applied {without combining it with the main
fertilizer) {Table VIID).

One of the ways of increasing the efficiency of
phosphorus fertilizers, especially, in soils of a high
capacity for binding the phosphates, is their joint
application with organic fertilizers. The use of tracers
in studying the question of the influence of joint
application of phosphoric and organic fertilizers upon
the assimilation of phosphorus by the plants has

Table Vill. Amount of Phosphorus Absorbed by Wheat
Plants from Row Fertilizer (mg PaCg/pot)

Days after Liming top loper Liming all scil
germinalion of aoil enly in pot

10 22 27

22 6.5 113

33 74 9.4

L] 129 2468
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AYAILABILITY OF SOIL PHOSPHATES AMNMD FERTILIZERS 1%
Tabte I. Comporative Assimilation of Phosphorus of the Precipitate and of
Bisuperphosphate (Plant, oats; strain, “Pobeda™)
Comparative
No. of Labeled phosphate Nondabeled phosphate acticity of Top
variant of P pow Thick Podsolised
czperiment Fertilizer Nose Fertilizer Dose chernoiem ol
1 Precipitate 10 — — 100 100
2 Precipitate 0.5 Bisuperphosphate 0.5 39 36
3 Bisuperphosphate 0.5 Precipitate 05 53 48
4 Bisuperphosphate 1.0 — —_ 9% 89

the application of superphosphate ; then the difference
in the phosphate, amounting to 10 kg P.0;, is
accepted as the dose of phosphorus received from
the fertilizer. The dose of superphosphate was 50
kg P2O;; hence, the coefictent in this case is 2066,
Cerminty, it is tacitly assumed that the phosphorus
uptake from soil is the same in both fertilized and
unfertilized ground.

But as we have seen (Tables I and IT), phosphate
utilization depends on the presence of other phos-
phates in the nutritive medium. Eventually, the
application of soluble phosphates causes a sharp
decrease in the utilization of soil phosphates, which
becomes different in fertilized and unfertilized vesscls,
This is graphically illustrated by the results of an
experiment carried out with different soils, viz.,
pocsolised soil, thick chernozem and typical sierozem
{Table T11}. It thus appears that all three possibilities
occurred, i.e., the administration of the phosphorus
fertilizer decreased, inereased, or did not alter the
utilization of seil phosphates by the plants.

Thus, the assumption that soil phosphates are
always utilized alike, both with fertilization and
without it, is not valid. Hence, there is no ground
for determining the actual phosphorus supply from
the fertilizer hy subtracting the amount of phosphorus
in the plant grown without {ertilization from that in
the plant grown with fertilization,

The actual supply of phosphorus from the {ertilizer
as determined with the aid of labeled fertilizer may
be substantizlly different from the arbitrary value
computed from the difference. This is obvious from
the results of greenhouse experiments in swhich

samples of soil were taken from experimental plots
that had been treated for several ycars with different
kinds of phosphorus fertilizers. The so0ils of these
plots contained different amounts of assimilable
phosphates, since in the field experiment plot 33 did
not receive any phosphoric fertilizers, plot 2 received
one dose, plot 5 a double dose, while the next plot
was limed {Table IV).

The higher the amount of available phosphorus
in the soil, the greater the amount of phosphorus
(laheled) taken up by the plants from the fertilizers,
in comparison with the amount determined by
difference.

The method of selective phosphate uptake can be
applied not only to evaluate the availability of phios-
phorus fertilizers, but also to estimate that of soil
phosphates. Omn the assumption that the degrees
(coefficients) of utilization of labeled fertilizer phos-
phorus and of the available soil phosphorus are
simiiar it ts easy to compute from the dose of labeled
phosphate introduced into the soil and the uptake
of labeled and non-labeled phosphorus by the piant,
the total amount of available soil phosphates.

The introduction of soluble phosphates into the
sott alters the composition of soil phosphates and the
larger the fertilizer dose, the stronger is its influence
on both the qualities of the soil phosphates and on
their assimilation by plants, The following method
is therefore suggested for the delermination of the
amount of assimilable soil phosphates by means of
labeled phosphorus, The least possible amount of
labeled phosphate {no more than 1 mg PyQs kg soil),
containing 10 to 100 pc of radioactive phosphorus

Table Il. Effect of Introduction of Granulated Superphosphate and Fused Magnesium
Phosphate on the Phesphorus Supply from Labeled Bisuperphosphate

Supply of labeled
phozphorus, ma PA)foessel

Aode of administrution of labeled Podsalized
biduperphosphate Fertitizer added goil Ritruzem
In solution, mixed with all the soil Granulated superphosphate 33 45
Fused phosphate 38 10
In solution, mixed with half of the soil Granulated superphosphate 30 49
Fused phosphate 37 LE|
Pulverized, mixed with all the soil Granufated superphosphate A —
Fused phosphate 37 —
Pulverized, mixed with half of the soil Granulated superphosphate 32 3z

Fused phosphate 39 24
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Table Y. Fixation of Phosphates by the Soil. (Phosphorus content of different extracts
in mg P.O;/kg of soil and supply of phosphorus from the fertilizer)

L Extracie .

Phosphoric  Eabeled

. acid phosphoria

Carbonic acld Acepie (exchange token up

. Mg PO Eﬂhﬁr by wheat
Sail introduced Taotal Labeled Tofel Labeled phates) crop
Thick 100 25 20 61 47 50 20.1
chernozem 100* 4 900 442 43 734 63 61 —
Typical 100+ 32 23 &8 6l 04 19.2
Sierozem 100* + 900 585 61 824 78 47 —
Fodaolised 100+ 6 4 35 22 53 12.0
soil 100* + 900 217 21 447 44 51 —_
TPodsolised 100* 4 3 51 34 53 a8
sandy-loam 100+ + 900 207 18 622 55 42 —_
Red 100* — — 2 1 47 1.3
soil 100% 4+ 500 4 — 87 7 49 —

* Labeled P.

100 mg of labeled and 900 mg P03 of non-labeled
phosphate were introduced into the scil and after a
thorough mixing were left for two weeks. Analyses
of the soil were made after the F. V. Chirikov
method. The vegetation experiments were made with
wheat. Introduction of non-labeled phosphate in-
creased the passage of labeled phosphate into the
solution. This was the case irrespective of the time
of introduction of labeled and non-labeled phosphates.
Hence, the degree of phosphate fixation by soil
depends on the total amount of introduced phos-
phates. Carbonic acid and acetic extracts distinctly
iflustrate the differences between the soils with regard
to phosphate fixation. The results obtained with these
extracts agree with those obtained with the plants,
as regards the amount of Jabeled phosphorus taken
up by wheat.

The extraction of labeled phosphate by exchanging
it for non-labeled phosphate was made by means of
phosphoric acid. The figures obtained with this
extract have no bearing on the availability of soil
phosphates for plants. When the phosphates fixed
by red earth are no longer available and barcly
solubte, the content of exchange phosphates is high.
The phosphoric acid extract was made with 1/4;
molar huffer solutions of sodium diphosphate and
potassium monophosphate (after Sireusen) at pH
7.0. A 5-pm sampte of soil and 125 ml of the huffer
solution were stirred for two hours and thea the P32
content of the filtrate was determined. The results
obtained refute the idea that “exchange” phosphates
are the assimilable phosphorus in all soils.

SUMMARY

The wethod of selective uptake of phosphates as
developed in this paper makes possible a comparison
between different forms of phosphate and an estimate
of their availabiiity under absolutely identical condi-
tions, Differences between phosphate forms escaping
common tmcthods of study can thus he established.

In applying the method of selective uptake for
determining the availability of soil phosphates,
minimum doses of labeled phosphorus should be
used, not more than 1 mg PzO; per vessel to avoid
any influence on the content of available soil phos-
phates. The assimilable phosphates of the soil are
determined by the formula £ = (P X 100)/k, P
being phosphorus uptake by the plant, and & the
percentage of P* utilized by it.

The application of the common vegetation test, in
which large amounts of labeled phosphates are
introduced, does not give a true picture since in such
tests the composition and degree of utilization of the
soil phosphates are different from those obtained in
non-feritlized soil.

The mobility of phosphates in the soil depends on
the dose. The introduction of large doses of phos-
phates ensures a comparatively large solubility in
carbonic actd and acelic extracts. The phosphates
introduced into the soil are largely in the exchange
form and may bLe withdrawn by phosphate extracts,
whose analysis data do not agree with those on the
assimilation capacity in plants.

The determination of the coefficient of utilization,
based on data on phosphorus uptake by the planis
from fertilized and unfertiiized soil, lacks any scien-
tific ground since utilization of soil phosphates may
be different with {fertilized and unfertilized soil. The
phosphorus compounds of the soil vary in their avail-
ability. The amount and extent of their utilization
are changed by phosphorus fertilizers introduced into
the soil. Hence, it is necessary to check all the current
concepts on the coefficient of utilization of phosphorus
fertilizers with the aid of faheled fertilizers.
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Co% in the Study of the Role of Cobalt as a Micro-Element

in the Nutrition of Plants

By O. K. Kedrov-Zikhman, Byelorussian SSR

In the drive for abundance of agricultural products
carried on by our country which is building com-
munism, great importance is attached to chemical
aspects of kand husbandry-—the wide-scale application
of mineral and organic fertilizers and other chemical
methods of soil improvement. Chemical methods
provide particuiarly effective means of increasing
the productivity of agricultural crops. It is therefore
necessary to fully utilize all possible ways of applving
fertilizers. Apart from fertilizers already bLeing used
on a considerable scale, it is necessary to introduce
into practice also those that at present are seldom or
not at all utilized.

This Arst of all refers to microfertilizers, of which
we now apply boron, copper and manganese.
Research findings, however, statc that respectable
- increases in crops grown under our conditions of
soil and climate can be produced by various other
micro-elements as well. Therefore research institu-
tions of the Soviet Union are faced with the task of
conducting a thorough study of the influence on agri-
cuitural crops of fertilizers containing these minor
elements, and of determining the optimai conditians
of their application.

Oue of the minor elements of this kind whose
application might greatly facilitate the work of
collective farms in increasing crop productivity is
cobalt. Many investigations have been conducted on
the subject of the significance of cobalt for agri-
culture. The result has been the elucidation of a
number of points having serious bearing on cattle-
breeding, These are the works of V. V. Kovalsky
and V. 5. Chebaevskaya,® Y. M. Berezin? B.
Malashkaite,® M. Rambidi,* Studies have aiso been
made of various problems referring to the application
of this micro-element in medicine.®%7 In connection
with studies on the importance of cobalt for medicine
and cattle-farming several reports have been pub-
lished on its occurrence in various plants and
s0ils5210.11.1213  However, in spite of the large
amoint of work on this subject, the literature shows
that some workers still hold the incorrect opinion
that cobalt has no effect on the growth, development
and yields of agricultural plants, and that therefore
cobalt fertilizers have no significance for agri-
culture 419

Originai language : Russian,
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This erroneous concept has been refuted by the
works of the Institute of Socialist Agriculture of the
Academy of Sciences of the Byelorussitan SSR and
the Laboratory of Soil Liming of the All-Union
Research Institute of Fertilizers, Soil Management
and Soil Science of the Lenin Academy of Agri-
cultural Sciences in USSR,

As far back as 1942, in a greenhouse experiment
carried out by the author together with O. E.
Kedrova-Zikhman,!* in conditions of limed sod-
podzol soii, cobalt gave a considerable increase in
the total crop, as well as intensifying rubber-
accumulation in the crop of kok-saghyz roots,!®

The results of subsequent works conducted by
ourselves and L. N, Protashchik, beginning in 1947,
showed that the findings of the above experiment
with kok-saghyz were applicable to a nuimnber of other
crops—<lover, flax, winter wheat, and showed that
the effect of cobalt on plants grown on acid sod-
podzol soils to a great extent depends on liming.
When such soils are limed, cobait produces a con-
siderable increase in the crops, but when this element
is applied to non-imed soil, its effect is only
slightly pasitive, entirely absent, or sometimes even
negative.’*

The result of vegetational and field experiments
was to elucidate a number of other points concerning
the effect of cobalt on plants, It was established that
the positive effect of cobalt is more apparent in
regard to reproductive than to vegetative organss
that cobait may considerahly accelerate the maturing
of seed ; that the influence of cobalt may bring about
an increase in the fat and fibre content of linseed and
in the sugar content of sugar beet; that the levels of
cobalt recommended for application to increase the
current year's crop (1-1.5 kg cohalt/hectare}, mnay
have considerable after-effects on plants sown in the
following year.17.#

Greenhouse and field experiments of recent years
conducted by ourselves together with R. E. Rosen-
berg in the Institute for the Improvement of Marsh-
lands of Byelorussian 55R Academy of Sciences,
showed also, that cobalt has a positive cffect on
agricultural crops even on lowland peat-bog soils
without lfme treatment.®®

In recent vears the positive effect of cobalt on
grapes was noted in experiments carried out by
O. K. Dobrolyubsky.)® In addition, the positive
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Table M. Effect of Non-radicactive Coball and Ce®® on Barley Crop {6 mg Co/vessel).
Greenhouse Experiment, 1951

Erperimenial Exprrimental variables Total vield Vield of prain
conditions Gmjvessel A antfvessed Fo
Without Without Co 25.2 100 70 100
“Hime With non-radicactive Co 20.2 B0 6.0 77
With Co™ 218 87 8.2 14
With lime Without Co 34.6 100 13.1 100
With non-radicactive Co 38.6 111 15.3 117
With Cot 438 126 176 135
Table Ill. Barley Crop in an Experiment with Commoen Cobalt and Cofi®

Greenhouse Experiment, 1952

Without lime

With CaCOy

Experimental variables Total pield Field grain Tatal yieid Yield of prain
gm/versel L) om/uessel h gm/vessel Fa gmifressel G

Common Co lowest level 32.5 100 10.4 100 51.2 100 167 100
Cofl lowest level 41.5 129 15.7 151 585.2 108 226 135
Common Co highest level 316 97 10,0 96 46.8 4] 164 98
Cot  highest level R | 123 14.9 143 55.2 108 222 132

quantity remaining in the fltrates, after application
of variotis doses, shows that most of the cobait enters
into the absorbing complex of the soil, As a resuit
of this, the passage of the cobalt from the soil in
the vessels to the fAltrate is determined not only by
. its total content in the soii, but by the dynamic
equilibrium existing at every given moment between
the cobalt cations of the adsorptive soil complex and
the cations of the soil solution. In addition, the
passage of cobalt froin the soil to the liquid must
also be influenced by its adsorption intv the roots of
higher plants and by its consumption by micro-
organisms.

When the soil was limed and the cobalt applied at
the higher level, a considerably smaller amoumt of
cobalt passed into the filtrate than from non-limed
soil, while with the application of the lower level of
cobalt only slight traces of it were detected in the
liquid. This may be explained by the conversion of
the soluble cobalt compounds of the soil into a non-
dynamic and barely soluble condition in the Rhltrate,
which is actually a diluted seil solution. It also
follows from the table, that the influence of lime
makes the soluble cobalt compounds assume a less
mabile state, than they had when adserbed by the
particles of the adsorbing complex.

To investigate the cffcct of liming on the passapge
of cobalt from the soil into plants, 2nd the dis-
tribution of cobalt in the different organs of the plant,
assays were made of the activity of the barley crop.
For this purpose, the weight of the separate organs
m the crop was calculated per vessel. Then the dry
mass of the separate organs was rechuced to ash and
the latter's activity was gauged by the Geiger-Miiller
wunter. By assaying the results of these measure-
ments and the content of Co® in the cobalt pre-
Peration used for the experiment, we established the
cobalt content of the ashes and the plant itself.

Reliable results were obtained only for variants with
the higher level of Co%. The data of these tests
are given in Table V.,

The data of Table V show not only that barley
may grow and develop normally at very. high levels
of radicactive cobalt (up to 480 ac) but that all
organs of the plant may increase in weight,

Under the influence of liming the cobalt content of
the plant as o whole and that of its individual parts
fell sharply. This means that the cobait compounds
having passed into a less mobiie state at liming had
become less available to the plants but had not yet
become absolutely unavailable to plants and were
to a certain extent absorbed by the latter. The table
also demonstrates that the plant’s organs {(in this
case, barley) vary considerably in their cobalt
content. Especially large is the amount accumulating
in the roots. Least of all is the percentage of cobalt
in seed. The percentage of the cobalt content both
of the whole plant and of its separate parts may
fluctuate between very broad limits, depending on
the content of this minor element in the nutritive
medium. The cobalt content of plants may be many
times more than the quantity needed for their normal
development. This particulariy -refers to the leaves.

The results of the latter experiment were fuily
confirmed in a greenhouse expcriment likewise con-

Table 1¥. Adivity ond Cobalt Content of Filtrate.
Greenhouse Experiment, 1952

Experimental warickbles Ag;:;\ﬂj?' Cobd;l:}:!ntent,
Cof lowest level 510 ©2.00179
CaCoy 4 CoW Within li-

lowest level mits of back- —
ground
Cof®t highest level 755 0.00265
CaCo; | Co®" highest level 415 0,00145
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Table VIl Effect of Common Cobalt and Co®® on Yield of Turnips. Greenhouse
Experiment, 1954

Experimental Total pield Root wleld Dry weight of follage
veriebles gm/vessel -4 gm/jvessel % gm/oessel L4
Control 174 100 97 100 134 100
Non-rad. Co 181 104 M 105 13.7 103
Cott 145 0 98 1M 11.5 85
I.Eme 195 112 104 107 159 119
Lgme + non-rad. Co 206 119 109 113 18.2 136
Lime 4+ Cof0 169 97 100 103 11.7 88

both on timed and on non-timed soil, while the yield
of roots was not noticeably affected. It might be
supposed that the level of Co® used in these experi-
ments was too high.

The above experinlients clarified certain points
concerning the effect of cobalt on plants, but they
had no bearing whatever on the influence of cobalt
on the physiological processes concerned. For thig
reason, we assayed the rate of respiration and
catalase activity in turnip leaves, The results obtained
are given in Tables IX and X.

Table IX. Effects of Common and Radicactive Cobalt
on the Rate of Respiration in Turnip Leaves

Experimental varigblen Cose output, mefhrfom fresh weight

Control 0.64 = 0.02
Non-rad Co 0,79 = 0.03
Cofi0 0.84 = 0.07
Lime 0.68 = 0.12
Lime 4 non-rad. Co 073 + 017
Lime 4- Cot® 0.70 == 0.04
Yable X. Effects of Non-radicactive Ce and Co%® on

Catalase Activity in Turnip Leoves

Pxperitmental variables Catalaye activity

Control 850 = 020
Non-rad, Co 748 = 002
Cof0 825 & 002
CaCog B.10 # 030
" 4 nen-rad. Co 885 = 020
¥ 4+ Coto 855 = 0.25

As shown hy the data of Table IX, under the
infAluence of cobalt, the rate of respiration of plants
cultivated on non-limed soil increased noticeably, the
positive effect of the radioactive isotope manifesting
itself rather more strongly than that of common
cobalt. On the other hand, on limed soil bath the
influence of common and of radioactive cobalt cansed
merely a slight tendency towards acceleration of
Tespiration. Apparently a much smaller amount of
cobalt entered the plant {rom the limed soil, where
the concentration of cobalt compounds avaiiable to
the plant was lower than from the non-limed. There-
fore the amount of eobalt available in the litned soil
turned out to be insufficient to noticeably affect the
rate of respiration.

The data of Table X show that on non-limed soil
the cobalt exercised a depressing effect on catalase
activity, This effect was more pronounced with
common cobalt than with its radioactive isotope. On
the contrary, on limed soil the effect both of common
and radioactive cobalt was to cause a certain increase
in catalase activity. This indicates that with respect
to catalase activity, the level of cobalt applied in this
experiment was somewhat too high,

Comparing the crop figure of the experiment with
turnip with the data of that with respiration intensity
and catalase activity of turnip leaves, we see that the
optimum doses of cobalt needed for increasing crops,
respiration intensity and catalase activity, do not
coincide. When the applied dose of cobalt was too
high for increasing yields and catalase activity, it
was insufficient to increase the rate of respiration.

In acddition, Co% caused a reduction in the turnip
yield, whereas with common cobalt this did not occur.
However, in its cfect on respiration and catalase
activity, Co™ had roughly the same positive effect
as common cobalt. Thus, the effect of cobalt on plants
is of considerable complexity, and to a large extent
depends on the conditions of cultivatiun.

The third experiment in which the effect of
common and radioactive cobalt on plants was com-
pared, was eonducted with radish, likewise with the
use of Mitcherlich vessels of the usual size, under
the same conditions as in the experiment witlt white
mustard and turnip. Yields obtained in this experi-
ment are given in Table XI. The data cited ahove
show that liming lcd to a considerahle increase bath
in the total yield and in the yicid of tubers alone.
Cobalt in all cases, on limed and non-limed soil, had
a negative effect on both crops. The negative effects
were more pronounced in the case of Co% than in
that of non-radioactive cohalt.

Toble XI. Effects of Non-rodioactive Cobalt and Co%?
on Rodish Crops. Greenhouse Experiment, 1954

E imental Total yield Yield of tubery
varigbles gmfvessel =4 gm foessel %
Control 173 100 92 100
Common Co 157 92 83 at
Coft 129 75 60 63
CaCo, 274 159 159 179
" 4 commen Co 226 130 133 147
" 4 CofS0 176 102 13 122













ADSCGRPTION OF ELECTROLYTES BY 50ILS LEL

necessary  physico-cheniieal characteristics for the
principal types of soils. Relevant experiments were
conducted in the physico-chemical laboratory of the
Soils Institute of the Academy of Sciences of the
USSR (Y. A. Polyakov) on comparable deter-
mination of constants of the exchange of mnonovalent
cations {K*+, NH,+) with bivalents (Ca+ +) in two
ways: the usual analytic method and, paralielly, the
isotope method with the application of Ca*® as a
tracer of a displacement solution (carrier). The
black-earth soil of the Kutnetsky experimental
station was used, samples of which were separately
saturated with ammonia and with potassium.

EXPERIMENTAL METHQDS

A number of solutions of the mixture CaCla -
NH,C1 (or 4 KC1) possessing constant jonic force
I =< 0.1 but with different correlations of ions of
ammonia {potassium) and calcium, were made up
on the basis of the Lewis equation

[I-_—_ B (220 + 2250 + )]

Equal batches of soil saturated with ammonia (or
potassium) were treated with these solutions. Ions
of ammonia (or potassizm) and calcium were deter-
mined in the filtrate after 48 “hours of interaction,
On the basis of the data obtained the exchange
constants were calculated by application of the
equation:

Gyt Cr+

Gan,+ . Cxuy +
O ——————n — —
ViGamtt Vi Coat+ V Geat ot V Copt +

The application of the isotope method climinated
the lengthy analytic measurements of interchanging
ions. In these experiments, definite quantities of
chlorine Ca'® were added to the above-mentioned
solutions possessing constant ionic force. The quanti-
ties of adsorbed calcium were determined according
to the changing activity of Ca*® in the solutions after
the establishment of eq11|11hr1um The possibility of
this determination is based on the weli-known
Berthelot-Nermst principle of equal distribution of

Table 1.

the indicator between the solid phase and the
solution in heterogenous reactions. This deter-
mimation with the application of radioactive
indicators was extensively used in the works of
Academician 1. G. Khlopin and his coilaborators.
The gurantities of exchanging ammonia (potassium)
in the solid phase were determined by calculations
Dased] on the principle of cquivalence of the exchange
displacement of ammontia by calcium and the quantity
ol the adsorption capacity of the soil. The equal
guantities in the solutions of ammonia (potassium)
and of calciun were likewise determincd by
calcuiations.

In this way, by applving the isotope method, all
the analytic operations bhoil down to two deter-
nunations of the activity of Ca*—in the initial
solution and in the equilibrium solution. These
calculations are, of course, very quickly accom-
plished. An example of the calculation of the data
obtained is illustrated by Table L.

The average value of the exchange constant of the
same pair of ions (NH* and Cat+), which was
determined by the usual analytic method, was found
to be Kea++, M;g+ = 0,187, The reversibility of the
exchange reaction was also tested, Actually, the
hysteries phenomena were not discovercd (Tabie T).

Analogous studies on the exchange of K+ by
Cat+ in the same black-earth soil, completely
saturated with potassinm, gave the following value
of the constiant of interchange,

Hr‘.? + Rkt = 0.230.

One can determine, in condition of complete
reversibility the exchange reactions of three pairs of
ions {in this case NHy*, K+ and Ca**) in the
same soil on the basis of constants

V Goat +

(;_\11;4+

Gam,+
Fome— M7
V Gea++
for two pairs of ions (in this case NH,* and Ca++

and K+ and Cat¥). It is possible to determine the
constant of interchange for the third pair (in

Determination of the Exchange Constonts of the Adsorption of Ammonia and Calcium in the Black-earth

Soil with the Use of Solutians Having Constant lonie Force. {Dota of Y. A, Polyakov)

Adrorbed Constant of

guanlity exchange
NE, ommon i
Quantity in soil wilh
L. of carrier Adsarbed meq ealclum
o'f t?ﬁ% éci‘?gf m"".;'ufa {Ca. 1’3"; o?“ﬁ"nm?u GNHy N
. " + .11~ EE N
. :J';;-i :{ﬂt mtu;;g n, sot:;;’;:rt. sil:‘l'u ntul 2 ;. fn‘_ “t h:' esqoﬂ e q;':::“h;téan K=", "GNl ot
2438 3202 2713 a.520 0.980 1.480 0.156 0.199
3/37 2845 2183 3070 0.830 1.930 0.206 0194
4739 2490 1852 2.605 0.895 2.395 0.241 0.172
5/41 2134 1560 2,198 0.805 2.803 0.331 0.195
6/43 1779 1193 1.679 0.821 3.321 0315 0.137
7743 1432 210 1.280 0.720 3720 416 @.150
B/47 1067 634 0.892 0.608 4.108 0.528 0.156
9/49 71 405 0.570 0.430 4.430 0.706 0.183
Ke = 0. 178

Note: The general content of Cat+ in the initial solution did not exceed 5 meq in the emploved volume.
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Table l. The Comparative Data of Adsorptive Capacity of Soils Obtained by the Isolope
{Ca'?) Method and by the Usual Colloid-chemicol Method. (Date of 5. G. Rydky and
F. G. Yankowskaya)

Impulaes per min

- — dsorpt it il
diference a';lrdmr(g::;e f:ﬂﬁﬁiezfi{:;&lnsu
Lelween ger 100 gm
in ihe initial anrd
) equilibrium equilibrium by the ?} the
sofution solutions frotone melhod colfoid-chentistry
Boils and clays [{:}] {a-b) Remuarks
1 2 s A 5 6
Usual black- 50 m! of
earth soil 0.1 solu-
(Kamennaya tion of
steppe), Ap. 1402 581 53.7 55.7 CaCl,
marked with
Usual Dblack- Ca:; \\-a;‘
earth seil used
{ Stalingrad
region), Ap. 1154 591 43.4 45.9
Sodium  saline 1447 536 50.2 T 835
(Voronezhskaya
region)
Thick black- — — 421 4256
earth {Stre-
Igtskaya steppe)
Darle-grey for-
est soil (Shi-
pov forest) ) - —_— 60.8 63.6
Grey forest soil
(Moscow region) — — 169 17.0
Brown forest soil — — 14.8 19.1
Turf middle pod- — — 0.1 104
zol soil (Mos-
cow Fegion)
Integumentally
agrillaceous
{clayey} soil
Moscow region 1513 510 13.4 13.7
Bentonite clay 1294 689 76.6 754

solution {a) and the activity of the equilibrium solu-
tion (b): then the activity of the solid phase of the
soil will be equal to (@ — &), which is proportional to
the adsorptive capacity of the soil. 1f the quantity
of the cation-displacer in the equilibrium solation is
known, and according to the method this quantity is
equal to the quantity of the cation-displacer in the
initial solution and depends on the conditions of the
experiments; let it be equal to ¢. Then the adsorptive
capacity of the given batches of soil will be equal to
r = [(a-b)/b]/c.

According to these principles S. G. Rydky and F.
G. Yankowskaya carried out their investigations on
cvolving the isotope method of determining the cation
adsorptive capacity of soils in the laboratory of the
soils department of the Moscow University under
our direction.

At first, they used in their investigations the non-
carbonate soiis (hlack-earth and podzol soils).
Batches of these soils were first saturated with cal-
diu1 (treated with a solution of CaCly). The surplus
of sa.t was washed off with water, The soils saturated

with Ca were then treated with the solution of CaCla
to which was .added the radicactive isolope of
Ca (Ca®?), in static conditions The equilibrium dis-
tribution of the activity between the solution and
the solid phase was qmckly attained in one hour.

The usual colloid-chemical way of determining the
adsorptive capacity of the soils was uscd parallelly
with the isotope method when evolving this method.

As shown by the data given in Table II, the iso-
tope method does not vield to the coltoid-chemical
method in the accurate determination of the exchange
capacity of soils and clays and surpasses the colloid-
chemical method in the speed of determination several
times {Table II).

Very important is the application of the methaod
pre\iousl}' described for determining the exchange
capacity of the carbonate soils preliminarily saturated
with calcium. However, one might suppose that the
isotapic exchauge would take place not only between
the solution and the exchangeable calcium in the soil,
but also between the solution and the carbonate cal-
ciutn in the soil, which could, to a greater or smaller
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colloid clay particles of the soil, the quantity of the
stratum there is comparatively small. The mechanism
of formation of the potential-determining stratum of
the phosphate ions on the surface of particles of sotl
must consist in the formation of difficult soluble com-
pounds of ions according to the priuciple of Panet-
Faians. That is why the displacement of the hemo-
sorptive anions must proceed through different
anions; the more so in accordance with how much
more insoluble are the compounds formed by the
displacers on thc surface of the cotloid particles.

For the purpose of all-round examination of these
positions, S. N, Ivanov, Master of Sciences of the
Soil Institute of Academy of Sciences of the USSR,
condneted special investigations using the isotope
method in the Agricultural Institute of the Byelo-
russian Republic. The results of these researches
make possible the quite definite solution of some of
the ahove-stated problems.

The Quantitative laws Governing the Adsorption of
Phosphate lons by the Soils as the Exponent of
Mechanism of tha Process

It is known that the isotherm of the hemosorptive
adsorption of jons, when the adsorption takes place
as the adsorption of potential determining ions, can
he described by the Fervei equation: X = ke 4
ki In C, where X is the quantity of adsorbed ions,
is the concentration of the ions in the equilibrium
solution and A- and %, are constants. -

5. N. Ivanov made special experiments to deter-
mine the isotherm of sorption of the phosphate ions
by the turf-podzol soil and by the rush-sedge turf
of the Byelorussian Republic and worked over the
data obtained according to the Fervei equation
(Table IV).

From the data illustrated in Table IV, if is clear
that the ¢uantity of sorption of P25 in the soil and
turf found experimentally well agrees with the quan-
tity calculated by the Fervei equation.

The Dynamics of the lsotope Desorption of the Adsorbed

Phesphate lons from the Soils and ks Comparison with

the Isotopic Exchange of Phasphate lons en the Chemical
Precipitctians

It is possible to determine the difference between
curves of the isotope desorption of phosphate ions iu
their chemical stoichiometric contpound and in their
adsorption by using the isotope method.

S. N. Ivanov prepared fresh active (in P**) che-
mieal precipitations of iron phosphate and of alumi-
munm phosphate and, paratlelly, likewise prepared gels
of hydroxides of iron and aluminium, on which were
“placed” active phosphates by the sorption method.
The eurves of the isotopic exchange of the active
phosphates with the inactive phosphates in dynamic
conditions were determined on these preparations.
The conditions of the experiments are identical in
all respects: same activity of the batches of prepara-
tious ; same volumes and concentrations of the desorp-
tion solutions of KH,PO,; same speed of the auto-
filtration. As can he judged by the curves of activity

of consecutive filtrates (see Figs. 1 and 2), there is
an essential difference between the isotopic exchange,
which fakes place in the stoichiometric chemical
compounds of phosphates with iron and aluminium
(FePOy and AIPG,) and the action of sorption com-
pounds of active phosphates with the gels of the
hydroxides of iron and of aluminium. The frst part
of the curves of the isotope desorption of the phos-
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Figure 2. Ocdinal numerals of cansecutive extraction ot 25 ml of the
solution 0.1T-N KH.PO,
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factors. Temperature, light, the pH and the cartier
of the treating solutions, and wvarious additive
chemicals may be important, as well as the species of
plant involved, the morphological nature of the
absorbing organ, and the nutritional status of the
plant.®

Of the many phosphates (organic and inorganic)
which have heen tested, orthophosphoric acid at a
concentration of 0.30 per cent (2.5 h/100 gal water)
was found tnost desirable for stimulating growth and
early fruiting. Threc cations (carriers) of phosphate
have been compared with ortho-phosphorie acid with
respect to the rapidity of uptake through the leaves
of the bean plant. The three carriers included
ammonium, potassium, and sodium, the first two
being commonly found in the high-analysis fertilizers
recotumnended {or nutritional sprays, and sodium
often accompanying natural phosphate deposits. The
hydrogens of ortho-phosphoric acid were replaced
by adjusting the pH of the treating solutiuns with
the hydroxides of ammonium, sodium, and potassium,

Several important facts concerning phosphate
absorption by leaves are evident from the data
presented in Table II. All phosphate salts were
absorbed less eflectively than ortho-phosphoric acid
to which only a slight amount of aminonium, sodium
or potassinm was added {pH 2-3). The slowest
penetration through the leai was with mono-potas-
sium phosphate (pH 4-5). Of the three di-substituted
phosphates at pH 7, the potassium salt was absorbed
_most rapidly. This has been confirmed in later experi-
ments at a pH of ; however, at pH 7 and § the rate
of absorption was only half that of ortho-phosphoric
acid (pH 2). The lack of stability of di-ammonium
phosphate may account for its low rate of uptake at
pH 7 and 8 A mixture of the mono-substituted
phosphates and ortho-phosphoric acid (pH 2-3)
resulted in 2-to 10-fold increases in uptake through
bean leaves as compared with other inorganic
phosphates.

Table Il. Effect of pH and Accompanying Cation on
Absorption of Phosphorus by Bean Leaves {gg in Roots,
& Hours after Treatment)

T
Cation b 2 & & [ H _
K 1.47 0.96 0.1&6 0.11 0.41 0.80
Na 203 297 031 . 159 1.21 0.25
NH, 370 194 1.59 244 033 0.26

The eflects of pH and ionic carrier on absorption
of radiopotassium and radiorubidium by bean and
tomato leaves were in marked contrast to those for
radiophosphorus. Phosphate, citrate, and chloride
were the accompanying anions, with pH levels of
2, 4, and 8, The absorption of rubidium was accele-
rated 10 to 20 times at a pH of 8 compared with a
pH of 4 when phosphate was the carrier. In general
for ruhidium, chtorides or citrates were less effective
than phosphates. However, at similar pH levels and

with the same carriers, potassium uptake when
applied as the citrate at pH 8 was twice that of any
other form.

Leaf absorption of radiophosphorus and other
nutrients is facilitated and possible leaf burning is
avoided at recommended dosages if a wetting agent
is added to the spray formulation. This results in a
more uniform flm of liquid on the leaves. Certnin
detergents, however, will reduce the speed with which
phosphorus ts absorbed. Young and rapidly expand-
ing leaves are more efficient in absorption than are
leaves fully matured, although all green leaves secin
to absorb some radiophosphorus.

Buth sides of the leaf blade, as well as the petiole,
will absorb nutrients. When the primary leaf blade
of the bean plant is treated with a radioactive phos-
phoric acid solution, and subsequent accumulation
of radioactivity in the roots, is ascertained, absorption
is slightly greater through the upper leaf surface.
This is most evident when applications are made at
the base of the leaf blade, as indicated in Table I11,
Since the frequency of stomata is seven times as
great in the lower cpidermis of the bean leaf? it
would appear that phosphate entry is not facilitated
by these structures. Placement of the treating solution
at the tip, along the outer margin, and in the center
of the leaf along the midrib gave only a slight increase
in ahsorption when compared to similar positions on
the lower surface. On the other hand, application to
the petinle of the leai resulted in very rapid uptake.
It was found, however, that the region of placement
on the leaf surface was of no importanee in deter-
mining the level of phosphorus which had accumu-
lated in the roots by 12 hours after treatment,

Table . Absorption of Phosphorus by Differant Regions
of Bean Leaves (jtg in Roots, 2 Hours after Treatment)

Surface of leaf

Position on Ieaf Upper Lower
Tip 0.104 0.062
Margin 0.130 0.102
Midrib - 0148 0.:04
Base 0.206 0.050
Petinle 0.516

Furthermore, the opening and closing of stomata
is of littic significance, since foliar absorption is not
confined to daylight hours, but is equally apparent
during the night. Slight diurnal fluctuations are
revealed, however, where continuous recordings of
nutrient uptake have been made. Initially, light has
a slight but significant effect in increasing the foliar
absorption of phosphorus as is evident from studies
on bean stern tissue presented in Table 1V. This
initial stimulation disappears under prolonged petiods
of light or dark; and the actwal accumulation of
foliar-applied phosphorus by roots and buds is
favored by prolonged darkness. The depression of
absorption (or possibly the movement from epidermat
cells into the vascular system of the leaf) by dark
may be duplicated by the addition of sucrose to the
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Toble 1V, Effect of light and Sucrose on Absorption
of Phosphorus by Bean leaves {ug in Stems)

Hours after treatment

Salution Enviromment 2 6 12

0.2 H“POJI Light 0.684 1.046 1172

0.2% H31'04 [ark 0.382 0.670 1.390

0.2% H IO, Light 0.346 0.014 1.142
plus 5% sticrose

0.2% H,PO, Dark 0.334 0.566 1.070

plius 5% sucrose

Table V. Effect of Boron and Tempergture on Absorp-
tion of Phosphorus by Bean Leaves {ug in Raots)

Hours Temperalure

afler
Treaiing selulion treafment  I15°0 111G 23°C
Phosphate* 3 0.015 0.307 0.243
Phosphate plus boront 3 0.013 0.202 0.183
Phosphate 6 0433 1.040 {1.560
Phosphate plus boron & 0.210 0.975 0.625
Phosphate 12 1.230 1.675 0.738
Phosphate plus boron 12 1.225% 1.162 0.848

*02% H3P,.
10.005% boron.

treating solution, However, this does not greatly
impair the ability of plants in the dark to accumulate
{oliar-applied phosphorus at some distal point, This
occurs regardless of the inclusion of sucrose in the
treating solution.

An effect shntlar to that obtained with sucrose
occurs when boron is added to the phosphate solution
(Table V). Not only did borate (0.005%) depress
the initial absorption of phosphate, but this initial
depression appeared to be independent of tempera-
ture. Maximum uptake of radiophosphorus oecurred
at 21°C with and without boron, and was [ess at
both 14°C and 25°C. The similarity in levels of
radiophosphorus in the routs after 12 hours at the
two lower temperatures {14 and 21°C) with and
without boron, suggests that absorption rather than
translocation or accumulation is the limiting factor,

The many factors which have been shown to
influence the absorption of foliar applied nutrients
provide evidence for the existence of more than a
mere passive eniry through leaf surfaces into the
plant. The effects of pH and cation carrier when
considered in the Jight of the ionic species of phos-
phate and the degree of molecular dissociation which
oceur, suggest an exchange mechanism in the entry
of foliar applied phosphorus. This is confirmed by
the apparently competitive action of the borate ion.

That the exchange is active rather than passive’

woutld seem to follow also from the temperature
relationships already discussed. Ionic penetration of
phosphate would preclude diffusion through the
cuticle, and the now demonstrated widespread oecur-
rence of epidermal plasmodesmata by Lambertz®
provide most probable sites for protoplasmic ex-
change at the surface of the leaf.

FOLIAR APPLICATIONS OF C'* UREA

Urea is one of the most useful and well known
nitrogenous fertilizers for leaf application. With
some horticultural crops the entire requirement for
nitrogen can be satisfied by a few appropriately timed
sprays. Radioisotopes provide a specific and sensitive
tool to ascertain the rate and extent of utilization,
and to predict crop tolerance of foliar applications
of urea nitrogen. The first step in the utilization of
the nitrogen in urea by the leaves of plants presum-
ably is hydrolysis by the enzyme urcase, splitting the
nrea molecule and giving ammonia and carbon
dioxide. As a measurement of urease activity, and
thereby the rate of hydrolysis and possible utilization
of urea applied to the leaves of horticultural plants,
radicactive C' urea may be employed and the rate
of evolution of radicactive carbon dioxide deter-
mined, M

The apparent refative rates of urea hydrolysis
{utilization) of foliar applied C'* urea by a number
of vegetable and fruit crops have been determined
and plotted against field and greenhouse tests of the
tolerance of the foliage of the same crops to urea
sprayed in pounds per 100 gallons of water.!! From
such sidies it is possible to predict the tolerance
of the leaves of various plant species to concentrations
of urea applied ns nutrient sprays. It is of interest
that the leaves of plants which hydrolvze (utilize?)
urea most rapidly—cucumber (Cucininis  sativis)
and bean—are those which are the most responsive
to treatment and which show the lowest spray
concentration tolerance. Conversely, crops showing
the greatest tolerances——cherry (Prunus cerasus),
peach (Frunns persica), celery (Apiwm graveolens),
and potato (Solannm tubersoum)—are those which
have the lowest rates of urea hydrolysis or utilization.
Intermediate crops are apple (Alalus demestica),
strawherry (Fragaria spp.), grape (Vitis labrusca),
tomato, raspberry (Rubus spp), corn (Zea mays),
and pluin {Prunns domeslica).

LEACHING OF NUTRIENTS FROM LEAVYES

Since, as has been shown, nutrients may enter the
leaf, it would seem plausible that under appropriate
conditions they may be lost from the leaf. The
leaching of nutrients from plants during times of
heavy rainfall may be, indeed, as fully responsible
for lack of productivity as a deficiency in sunlight.
This hypothesis has been subjected to experimental
evaluation by allowing plants to absorb isotopically
labeled nutrients through their roots or through cut
stems and then exposing them to simmulated rainfall
(“foliage leaching’) from a mist atomizer in a propa-
gation chamber.

Measured quantities of radiophosphorus were
applied 1o the roots of bean, sweet potato (/pomaea
batatas) or poinsettia (Euphorbia puicherrima),
After 48 hours ahsorption, the foliage was leached
for 48 hours, and no loss of P3 was observed.
However, if stem cuttings of these plants were
supplied P3* through the hases-of the cut stems and
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then subjected to foliage leaching, 1.5 to 12.8 per
cent of the absorbed P3* was lost.

Results with radiopotassium and radiorubidium
were dilferent {Table VI), Following a 12-hour
absorption of these jons, subsequent leaching for 4
hours removed up to 71 per cent of the K and 14
per cent of the Rb%, The plants were grown either
in nutrient solutions at full strength or at /i,
dilution. This loss was greatest from planis grown
in the dark (covered with black cloth} at the full
nutrient level, With those grown in daylight, the
reverse was true, More potassium than rubidium was
lost by leaching.

Tabie VI. Loss of K'* and Rb® from Bean Leaves by
Leaching for 4 Hours under Simulated Ruinfall as
Influenced by Light and Nutrient Intensity

Fer cent of algorbed
tost

Experimental conditions fons

Putossium Rubidium
Daylight; full nutrient solution 5.1 49
Daylight; 1/10 nutrient solution 12.2 4.9
Darlk; full nutrient solution 710 14.4
Dark;: 1/10 nuteient solution 425 6.6

These data show that loss of nutrients by leaching
irom leaves does occur. The magnitude of loss with
crops grown under field conditions is not known. The
results suggest, however, that the leaching of nu-
trients from plants in humid areas or during periods
of frequent heavy rainfall may be comparable to the
iosses of some ions from soil.

10.

il
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Figure 1. Diagram of the portly exposed root systems of three northern pin ook trees. Small solid black
circles indicate 28 groft unions betweesn roots of different brees: the numerous grofts betwaen roots of the same
tree are not shown

This basic information expedited elfective control
measures.® In lawn and park areas where individual
trees were of great value, severing all root connec-
tions to a depth of 36 inches or more between wilting
and adjacent healthy trees usually prevented further
local spread. Since the oak wilt fungus frequently
moved from infected trees soon after wilt development
into nearby trees, severing root connections between
2 or 3 rows of trees appearced advisable, In wood-
land areas where individual trees were of relatively
low value, poisoning healthy oaks within 25 feet of
the wilted trees usually confined the infection. Root
kill was essential. The width of the poisoned barrier
depended on species, age, stand density, and accessi-

bility, .
DISCUSSION

Radioactive isotopes proved to be effective tools
for studving the movement of materials within and
between forest trees. Even at low concentrations,
their presence could be detected immediately and for
some time. As used, they caused no visible distur-
bance to the treated trees. They facilitated root-graft
studies by indicating which roots should be excavated.
Their chief disadvantages were their expense and
their rapid dilution in moving through the trees.

In relatively dense stands of northern pin oaks in
central VVisconsin, practieally all trees appeared to

be united to their neighbors through root grafts.
Thus, trees of a forest stand might be considered as
a united “community’ rather than as independent
individuals. Normally, such unions could be benefi-
cial. However, when a disease such as oak wilt
appeared, the fungus had direct vascular “pipelines”
from tree to tree. Even-aped stands of the same
species are cspecially vulnerable to such attack.

Determinations of the extent and functions of
natural root graits clarified, in part, the survival and
persistence of suppressed trees, the increased growth
of the trces remaining after a partial thinning, the
longevity of certain stunps, and the vigor of many
stump sprouts.

In oak wilt investigations, radioactive isotopes
opened the way for studying certain host reactions
to fungus invasion, the basic rcasons for symptom
development, and the manner in which the causal
fungus spread from an infected tree to neighboring
trees. Doubtless many of these findings may be
helpful with other serious vasenlar wilts of forest
trees.

SUMMARY

Radioactive isotopes were used to trace the move-
ment of materials in the sap streams within and be-
tween both healthy and discased trees. Jodire-131(
and rubidium-86 proved satisfactory. Upward move-






The Utilization of lonizing Radiation in Agriculture

By A. M. Kuzin, USSR

The ever-growing availability of the wvarious
sources of ionizing radiation wmakes it desirable to
look for means of effective application of this type of
radiation to food industry and agriculture. Research
conducted in the Soviet Union in the sphere of
application of ionizing radiation embraces: (a)
sterilization and conserving of foods and extension
of the period of storage of potatoes and vegetables;
and {b) acceleration of seed germination and of the
initial stages of development of agricultural crops,
as well as raising their yields.

The present paper brings up for discussion the
problem of the future prospects of utilizing the
stimulating action of ionizing radiation for the growth
and development of agricultural plants.

The possibility of using ionizing radiation for
stimulation of the initial stages of plant growth was
proved by Kornicke,! Evler? Miege and Coupé?
Rochlin and Glechgewicht,! Doroshenko,* Stoklasa,®
Chelhov, Breslavets and Aftabekova,? Breslavets
dnd Afanasveva,” DBreslavets et al.,'® Long and
Karsten,** Frolov,** Atabekova,!? Breslavets,* Drob-
kov,'® Dietrich,'® Sparrow and Christensen,'” Bossi,®
and many others.

In a sertes of studies by Yamada,® Nakamura®
Komuro,2' Doroshenkof Breslavets,® Grankhall ef
al.,?? the stimulating effect was foliowed up to the
ripening period, and higher crop yields were regis-
tered.

However, in view of the fact that in spite of
similar treatment contradictory rcsults were event-
ually obtained, the stimulating effect on the quality
and the amount of vield still remains in dispute.
Thus, Johnson® obtained mno stimulating effect
probably owing to low-precision dosimetry. Besides,
his conclusions are based on too scanty material, The
experiments by the same author (1948) on a
. decorative plant (Kalanchee (nbiflora) showed
accelerated Nowering and ripeming of plants under
the influence of radiation.

On the basis of experimental evidence obtained in
twelve different specics of plants— wheat, barley
oats, pecas, beans, horse beans, mustard, lettuce,
csparcet and three pasture grasses—Schwartz et al??
denied the stimulating action of X-rays. In treating
dry and sprouting seeds of wheat and peas with
various doses of X-rays, A. V. Koltsov and A, L
Koltsov*? did not observe any stahle stimulating
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effect. Patten and Wigoder®® subjected to radiation
the seeds of beans, mustard and barley, but also
failed to obtain any marked stimulation.

The contradictory results of a number of studies
are largely due to a difference in the methods of
treatment, to inadequate dosimetry in the past, to
underestimation of radiosensitivity of different plant
species, as well as to the conditions of the environ-
ment in which the treated plants developed. Tle
possibility of obtaining a positive effect makes it
expedient to continue research in this held.

Within recent years Breslavets, Berezina, Butenko,
Viasyuk, Drobkov, Zhezhel, Kuzin, Kuznetsov,
Nichiporovich, Shirshov, Enge! and many other
Soviet scientists studied the action of ionizing radia-
tion on growth and development of plants. It should
be emphasized that some data obtained by Soviet
scientists under practically similar experimental
conditions are indicative both of a stimulating effect
and the absence of a stable positive action. In the
present paper we shall confine ourselves to those
studies which conclusively enough demonstrate the
presence of the stimulating cffect and which seem to
be of interest for the problem at issue,

The following methods of treatment were applied:
(a) pre-sowing irradiation of sceds, {b) pre-soaking
of sceds in solutions containing natural and artificial
radioactive suhstances, (r) treatment of the soil with
radioaclive substances serving as microfertilizers,
(d) continuous irradiation of growing crops with
Co% y-rays. The results are briefly discussed below.

PRE-SOWING IRRADIATION OF SEEDS

Irradiation of seeds before sowing has great
advantages 2s compared with other methods of
treatment. Its chief merits are that (1) irradiation
can be carried out in specially equipped places with
subsequent transportation of sceds; (2) irradiation
of matcrial can be performed at a suitable time ; and
{3} there is complete absence of radioactivity both
in the planted matcrial and in the crops.

In a series of experiments conducted in 1953-54
the difference in radiosensitivity of several species
of agricultural plants was tested, Radiation of dry
seeds with X.ravs was carried out at 170 kv, 6 ma,
with a cardboard filter at a distance of 60 cm from
the source of radiation (43 r/min). The subsequent
procedure consisted in germinating irradiated sceds
on filtér paper in Petri dishes in duplicate or triplicate

. and measuring the length of the roots in the course
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Toble Vil Length and Width of First True Leaves after Irradiation with X-rays {mm)

18t true feaf ad true leaf 3rd (rig leaf ith true feaf
Dose, = Length Width Length Widih Length Width Lenpth Width
Control 319 —_ 86.6 76.0 59.0 §2.3- no 4th leaf yet
160 368 — 743 76.0 57.0 713 no $th leaf yet
200 C30.3 — 79.3 733 426 40.3 no 4th leaf yet
300 J4.2 — 7.0 1.6 74.3 74.0 22.0 203
400 232 — 86.3 8246 45.3 44.3 no 4th leai yet
500 304 — 86.6 76.0 44.3 37.3 no 4th leaf yet

The acceleration of the initial stages of plant
development is of primary importance since it may
essentially influence the yield in the arid districts as
well as in those where the sowing period is limited,

The acceleration of growth at the initial stage of
plant development results in earlier ripening and a
higher vield. This will be illustrated by a few
examples:

Experiments with Radish

On January 1, 1954, in the Marfino State Farm,
sceds of radish of the Saks variety were sown in
the hothouse on an area of 12.5 % Some of the dry
secds were irradiated with different doses of X-rays,
the remainder were used as the control. The results
are summarized in Table VIII. This little experi-
ment, in which the plants were grown to conimercial
ripeness, illustrates the significance that may be
acquired by this kind of radiation.

In another experiment carried out in the same
State Farm on March 18, irradiated seeds of the
HMoscow hothouse” variety were sown, The same
radiation doses were used as in the first experiment,
When treated with 1000 r, the radish ripened several
days earlier than control specimens. The tubers
grown were bigger in size (Fig, 1) and of prime
quality, both as regards taste and succulence,

At the vegetable station of the Timirvazev Agri-
cultural Academyv in Moscow. irradiated radish seeds
of the “White-pinkish” wvariety were sown in the
field on 6 m® plots over an area totalling 72 m?
(Table IX). The tubers grown from irradiated seeds
were of prime (uality, both as regards their taste
and succulence,

Table Vill. Radish Yield os Influenced by X-roys

Yield of itubecrs

Dase, v from the iest area, kg Yield, %
Control 3.74 100
500 448 119
7530 347 119
1000 4.98 133

Table [X. Radish Tuber Yield in the Field after Treat-
ment with X-rays

Tolul welght of tubers

olilained from a 6 m Yield, %
Dose, r wlot, kp
Control 9.42 100
500 11.30 19
1630 12.27 140

Experiment with Cobbage
An experiment with cabbage of the “Kolkhoznitsa”
variety was made at the Gribovo vegetable station,
Dry seeds were subjected to irradiation with X-rays.
Radiation doses of 1000 and 2000 r were tested
which caused an acceleration of ripening and a
certain increase in the yield (Table X).

Experiment with Peas

This experiment was conducted at a vegetable
station of the Timiryazev Agricultural Academy in
Moscow. Tt consisted in planting a variety of split
peas on 6 m* plots, in triplicate. To estimate the yield,
50 plants were taken irom each plot and the number
of seeds produced by each plant was determined
(Tables X[ and XII). Any further increase in
radiation doses resulted in reducing the yield.

Experiment with Rye

Irradiation of spring rye seeds with X-rays (doses
of 750-1000 t) resulted m a 21-22% increase in the
weight of 1000 grains.

Irradiation of soaked pea seeds with Co® y-rays
(dose 250 1) likewise resulted in increasing the yield
{Table XI1I). These cxperiments prove that ex-
posure of seeds to jonizing radiation before sowing
may result in higher yields and accelerate the ripening
of some crops.

Table X. Yield of Cabbage of the “Kolkhoznitsa
Yariety Treated with X-roys

Pose, v Yield, centnerfhectare Yield o
Control 2224 100
1000 2656 119
2000 266.3 119

Table XI. Harvest Yieldad by Split Peas Treated with

X-rays
Duose, 1 Number of pods Yield, o4,
Contrcl 73 100
350 80 110
500 Az 121
Table XII. Weight of Pea Pods ond Seeds after

Treatment with X-rays

Veight of 1000 pods, Weighi af 1000 seeds,
gm

Dose, 7 g
Cornitral 3700 338
350 4200 407
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Table XV. Effect of Radicactive Fission Producis on the Yield of Leguminous Crops

Yield
Per cent
Kumber of cenirerf oter con-

Crop Area, m? replications Farlgnfs kg _hectare irel
Peas 3 8 Controtl 4.179 174 —_
- Experiment 4.626 19.3 110

Peas 10 5 Control 4.620 9.2 —
Experiment 5.048 101 108

Peas 2% G Control 235,450 4.7 —_
Experiment 31.300 58 123

Peas 100 5 Control 56,500 11,30 —_
Experiment 66.100 13.22 117

Peas 300 5 Control 13£.900 1045 -
Experiment 16£.000 11.00 106

Beans 2.5 4 Control 2.450 21.50 —
Experiment 3.200 3200 134

Deans 25 5 Control .69 23.74 —_
Experiment 373 29.84 125

Beans 15 5 Contraol 129 17.20 —_
Experiment la¢ 2227 130

Vetch 3 7 Contral 4.28 2030 -—
Experiment 4.80 22.89 112

Vetch i 5 Control 397 795 —
Experiment 509 10,19 i28

Veich 100 5 Control 256 s.12 —_
Experiment 78 5.56 109

Lucerne 50 4 Control 1406 70.3 —
Experiment 1635 817 116

Haricot 3 6 Control 206 114 —
Experiment 270 15.0 130

The abuve method of pre-treatment of seeds is of  Table XYl Effect of Rodicactive Fission Products on

interest from the point of view of utilization of the Replicated Yield of Leguminous Crops
radioactive waste of atomic production. The difficul- - :
. . R . R Vield, kg/hectare
ties of its large-scale application involve the orga- Repli- —
nization of adequate health protection against radio- Crop cations Control Erperiment
active substances. As to the traces of radioactivity 1 22190 26600
in the harvest and the radioactive contamination of  TRussian black beans g f,;ggg i%gg
the soil this question requires further inquiry. 4 27900 26700
Analyses bhave shown that the activity of the agri- . ' 16400 16400
” . -
cultural products amounts to less than 10-% ¢ /kg. 3 24300 28400
TREATMENT OQF SQIL WITH RADIQACTIVE SUB- White beans 3 25800 24900
STANCES AS MICROFERTILIZERS 4 14800 30200
The application of radicactive fertilizers has 3 17550 24400
been often discussed in the literature. Some re- 2 1975 2380
searchers®?-28.20204 noint to the positive efflect pro- Beans (low-grade) i‘ ig;g g:?,zg
duced by small concentrations of natural radicactive 5 1990 2240
i LEGUMINGUS CROPS 1 1110 1723
ut 2 1535 1608
ar E Fﬂ Eﬁ H “” ll Haricot 3 1410 1660
ar 4 1520 1293
P Mﬁﬂw 5 658 1120
i—” Boam Haricot Vel.:h l,u:elng 6 999 1610
E ;:: | __Iczn.nl. CROPS
L F i H E E Table XVI. Effect of P¥2 and Ca*® on Wheat Yield
N LR
'E? L‘:}{!R "iiﬁr’-F ﬁﬂ nﬁ E B
= Y j . Grain yield, Per ceut
b Baly “—a—-—' centner/ over
E 6.5'- ~ Wheat 5‘“‘)" Oals Hiucl VPariants of exrperiment kectare control
ol : ﬂ MISCELLANEQUS Contral (P31) 20.26
” F ﬁ Seeds treated with
& pﬂ H P32, 50 uc/fig 3245 1109
o Bu\:kwhe;:“ . = Control (Cat?) 2916
. o . . Sceds treated with
figura 2. Efect produced by caking seeds of various agriculiural Cass, 50 ac/kg 3223 110

crops in solutions of rodicagtive fision produds
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Number of nodules
Doses of P22 in ¢/l

Folume of fresh nodulea

Table XXI. Effect of P** on the Development of Modules

Airdry weight

Pieces % omA % fm &
IVater culinres; -
Control 276 100 0.19 100 0.103 100
83 X 10-7 329 119 0.22 116 0.155 150
8.3 > 10-% 1122 106 0.44 233 0.358 347
B3 » 10-% 844 305 0.58 307 0.551 534
Sand culinres:
Countrol 225 100 014 100 0.100 100
BRI X 10-7 275 122 0.13 94 0.125 125
83 » 10-9 B87 394 .46 317 0.371 J71
83 ¥ 10-5 476 212 0.61 437 D.582 Eg2

The results of five-year large-scale production
tests of the action of fertilizers cousisting of natural
radioactive rocks on various crops demonstrated a
steady 15-25% rise in the yield. Morcover, the
possibility of a positive effect being produced by
other non-radioactive micro-elements contained in
the specimens at issue is not exclnded. However,
a compariscn of the results obtained with other data
pertaming to the effect of radioactive elements
corroborates the decisive role plaved by radioactivity
in these experiments too.
Although the introduction of radioactive micro-
fertilizers into the soil has justified itself in numerous
cxperiments, it cannot yet be recommended for
practical application, since the selective adsorption of
the radicactive elements by the harvest and the effect
produced upon the animal and human organism has
. not been sufficiently studied.

- This method of application of radioactive fertilizers
raises the extremely serious problem of protecting
the working personnel. Until this is solved, this
metliod cannot be called practieal.

CONTINUOUS TRRADIATION OF AGRICULTURAL
CROPS WITH COBALT -RAYS THROUGHOUT THE
YEGETATION PERIOD

Research work in this feld was started in 1954,
and the results thus far ohtained are, therefore, only
preliminary. The effect of continuous exposure to
weak external Co% y.radiation {activity of 1 curie)
of the growing culture of sugar heet and buckwheat
was studied in field conditions on a levelled-out plot.
Obscrvations were made along radial zones at various
distances from the source, During the two months
of the experiment the dose received by the plants
varied between 0.9 and 116 r, depending on the
distance from the plant to the radiation source. This
experiment conclusively showed an acceleration of
buckwheat growth. In the zones of maximum
radiation (4.3-116.7 r} the treated buckwheat blos-
somed five days in advance of the controls. The
number of plants in flower per zone (in per cent)
on the 63th day of vegetation is given in Table XXII.

The buckwheat was grown for rutin and the green
tissue was harvested at time of flowering. The harvest
e-timates are summarized in Table XXIIL

The experiment showed that plants of the first
zone treated with 21.5 r during the period between

sowimg and the time of fAowering increased the
harvest yield by 45% as compared with the control.

Under similar conditions, plants of sugar beet were
irradiated at a time when each rosette had 4-5 leaves.
The result was an increase in sugar content varying
from 0.0 to 1.2% in the zones with the lowest
intensity of irradiation. Figs 3 and 4 show results of
two repeated experiments with sugar-beet plants.

it will be noted that numerous experiments have
been carried out by various authors on sugar beets
in which the seeds were soaked in solutions of radio-
active elements P32, Zn®, (Cat3, 5% and the plants
receiving radioactive phosphorus, as extra nutrition
via the leaves. In these cases as well as in greenhouse
experiments with micro-quantities of uranium and
radium salts, there occurred a 0.3-1.2% increase in
sugar content above 16.8-19.4% control.

The results obtained are in conformity with the
conclusions drawn by Granhall et ol.,>* who likewise
observed a stimulating effect of small radiation doses.

The preliminary results obtained with small-dose
irradiation of growing plants throughout the veget-
ation period open new prospects for further research
along these lines, particularly with valuable crops

Table XXII. Efect of Gumma Radiation on the Infarion
of Flowering in Buckwheat

Number of planls

Zone Doge, r in flower

Control zone
{outside of radiation} 6 = 072

0 zone 116.7 51 +£ 32
Ist zone 215 41 = 14
2nd zone 4.3 33 += 178
Jrd zone 1.7 10 = D84
4th zone 0.9 7= 08

Table XX, Effect of Gamma Irradiation of Buekwheat
on the Harvest of Yegetation Moss

Yield from Per cent

Zone Dose, r one pfof, kg  over conirol
0 zone 1167 5003 112

1st zome 21.3 6323 145
2nd zone 4.3 56075 123
Jrd zone 1.7 5047 110
4th zone | 08 4515 5.3
Control ~  "Natural conditions 4549 100







Use of Labeled Compounds in Weed Research

By A. S. Crafts,™ USA

The mechamisms responsible for the movement of
water, salts, and organic foods in plants have
presented many difficulties in interpretation. The
structure of the circulatory svstem of higher animals
is quite obviously adapted to the function of dis-
tribution and tracers injected into this system are
rapidly carried throughout the animal body. In plants
the distribution of water and minerals absorbed by
the roots takes place primarily through the xylem
which comprises the woody cylinder of the plant
body. And the primary distribution of organic foods
apparently takes place through the phloem or inner
bark. In addition secondary movements of minerals
may oceur through the phloem, secondary move-
ments of foods inay take placc in the xylem, and
a considerable gquantity of water may move in the
phloem in the assimilation stream,!* The exact
details of phloem structure that adapt this tissue to
its function in transport are still not clearly under-
stood.?

11 the control of perennial weeds and woody plants
by foliage sprays the toxic chemicals must be
absorbed by the leaves or stems and transported via
the vascular tissues to the roots, Lithium, potassium,
radioisotopes, fluorescein, and many dyes have been
employed as tracers in translocation studies (see
reviews®#3),  The herbicide 2 4-dichlorophenoxy
acetic acid (2,4-D) has proved te be an ideal trans-
location tracer. After application in small quantities
it is readily absorbed through the cuticle of plant
leaves. Once in the mesophyll cells it migrates to the
vascular tissues of the leaf veins, In the phloem it is
carried along with food materials to meristematic
regions where the foods are being used in growth
and respiration or are being stored.. Its presence in
growing tissues is soon evidenced by formative
effects, production of malformed organs, proliferation
of callus and in many instances injury and death of
cells. This latter is the manifestation of its herbicidal
properties.

The incorporation of C* into the 2,4-D molecule
marked a distinct advance in the use of translocation
tracers in plants. The conformation of the 24-D
molecule is apparently well adapted for rapid move-
ment through plant cuticle. The parent acid molecule
seems particularly well adapted for rapid absorption.
Inside the plant, 2,4-D is so active physiologically

* Botany DeEartmcnt, University of California at Davis.
Including work by Barbara Kean, Chas. J. McCarthy,
J. E. Pallas, D. N. Stewart, and 5. Yamaguchi.

that its formative effects on 2 sensitive plant like
cotton can be detected following application of as
little 2s one-tenth microgram, One microgram
applied to a cotyledon of a cotton seedling causes
obvious deformation of several of the newly formed
leaves. \When C' is incorporated in the nwlecule it
can be demonstrated by the autographing technic and
shown to be present in the meristemns responsible for
the maiforimed tissues. In fact, high activity {8-9 ne
per Mmol} 2,4-D can bic used in doses so small that
they cause little or no disturbance of normal plant
function yet the treated plants after killing and
drying can be autographed and shown to have trans-
ported the tracer in the normal manner. By killing
and autographing plants at different stages in the
process of translocation one can reconstruct the
process as it has taken place in the test plants.®

After three years of study using C'* labeled 24-D
we have eliminated many pitfalls in the method.
These have included a rapid distribution of the tracer
through the xylem resulting from quick kiliing with
dry ice followed by thawing in the dryving process.
Freeze-drying eliminates this effect. Also included
have been pseudo-autographs produced by naturally
occurring plant constituents, autographs from volatile
constituents in plywood used to back the Klms and
a number of other effects,

We have adapted the method to studies on a wide
variety of piants. So far the following greenhouse-~
grown plants have been utilized: bean, Phaseolus
vulgaris varicty red kidney; cotion, Gessypinm
hirsutunt variety Acala; cucumber, Cucumis sativis;
corn, Zea mays; oats, Avena sahva variety Kanota;
wild morning glory, Conveolvulus arvensis; zcbrina,
Zebrina peadnla; ladino clover, Trifolinin repens;
blue oak, Quercus douglasii; live oak, Qucrcus
wnsliceni.

In the feld we have used: wild morming glory,
Convolvidus arvensis; blue oak, Quercus douglasii;
live oak, Quereus wislizenii; willow, Saliy lasiolepis;
coyote brush, Baccharis pilularis; ceonothus, Ceono-
s cunmeatus ; manzanita, Avetostaphylos manzanita ;
toyan, Photinia arbutifolia.

So far we have used the following labeled mole-
cules: 2,4-D, urea, phenyl-acetic acid and benzoic
acid. In the near future we will have employed
2,45-T, 3, para-chloro-phenyl, 1, 1-dimethyl urea,
maleic hydrazide, and amino triazole. The acids are
being applied as the parent molecules; we also con-
template using themn in the salt and ester forms.
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Table lll. Uptake of Iron-55 and -59 by Orange Seedlings from FeSO; ond FeEDTA
25 Ay 42 Ar 11 days
cpmfom cpm/gm cpm/fgm
FeSth FeEDTA FeS0, FeEDTA FeS0, FeEDTA
New leaves 24 70 4 148 22 370
Intermediate leaves 14 54 18 64 16 264
Old leaves 12 44 10 76 10 328
New leaf wings 2 46 14 98 22 240
Intermediate leaf wings 6 42 12 48 12 158
Old leaf wings 6 22 14 50 10 1842
New phloem 8 24 12 58 22 112
Intermediate phloem 8 32 14 48 12 140
Old phloem 6 14 2 80 18 120
New xylem 10 48 ] 62 10 170
Intermediate xylem — 36 2 50 2 104
Old xylem 6 30 4 48 6 28

Table I¥. Uptake of Zinc-65 from ZnSO, and from
ZnEDTA by Grapefruit Seediings Growing in Four
Different Soil Types

ZnEDTA 2n80,
Soil epm/fgm epm/gm
St, Lucie 784 17
Laleland 113 8
Blanton rrd 11
Parkwood 6 28

was in the Parkwood soil. The uptake of zinc from
ZnEDTA in these soils was inversely related to their
exchange capacities,

MOVEMENT OF ZINC FROM ZnEDTA AND ZnSO, IN
THE SOIL

Radioautographs made of plants trcated with
ZnEDTA and ZnS50,; indicated that one of the
explanations for a difference in uptake of zinc irom
these two sources was that ZnS(); failed to become
well distributed in the soil (Fig. 3). LExperiments
were carried on with grapefruit seedlings growing in
pots containing 22 pounds of soil. The two sources
of zinc labeled with zinc-65 were applied to the soil
in dilute solution and during the next six months
the soil was leached several times with water. The
distribution of the zinc in the soil was determined by
taking three cores of soil from cach pot. Counts werc
made on the soil samples with an end window tube
that was enclosed in a small lead tube with a hole
three millimeters in diameter in front of the window.
The seil sampling tube contained a slit in the side.
Counts showed that most of the zine-65 applied as
ZnS0,; remained in the top one of two inches of
soil. I-I\owwer, that applied as ZnEDTA was evenly
distributed throughout the soil and considerable

amounts leached through the pots. Obviously, one of
the rcasons for the greater availability of zinc in’

ZnEDTA is that it moves down in the soil to the
root zone.

ABSORPT[ON OF ZINC BY PLANTS FROM S0OIL AT
DIFFERENT pH LEVEI.S

For the past three vears, field apphcatlons have
been inade with ZnEDTA- to zinc deficient citrus

trees. This form of zine has been much more effective
in some places than in others even when the soil
types were similar. One of the variables encountered
in citrus groves is a difference in soil pH. Studies
were made to determine the difference in uptake of
zinc-65 by grapefruit seedlings growing in soil and
adjusted to different pH levels and to which tagged
ZnSO; and ZnEDTA had been applied. Twenty-two
pounds of virgin Lakeland soil was put into pots and
the pH's adjusted to 4, 5 6, and 7. Grapeiruit
seedlings were transplanted to the pots and allowed
to become well established before the treatments

Figure 3. Radicavtegraph of grapefrvit seedlings showing movement

of zine-43 after soil treatment with ZnEDTA {left) and ZaSO, {right).

The horizontal line represents the approximata soil surface, There was

uniform disiribution of rodicocdive 2inc supplied as ZnEDTA while

that from InSO, was fixed naar the soil surfacs. Mote the abtence of

zinc-&5 in the lower part of the root systems as well a5 in the fop
of the plant on the right
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were applied, Zinc treatments labeled with approxi-
mately 50 microcuries of zine-05 were applied to the
soil in each pot at the rate of 20 pounds of zinc per
acre. Kach treatment was applied to 600 mi of water.
Plants were harvested at intervals following the
treattnent and counts were made on the ash,

Three months after the ireatments there was a
much higher uptake of zinc-65 at all sotl pH levels
from ZnEDTA thau fromt the ZnSO, {Tahle V).
There was a tendency toward increased uptake of
zine-65 from ZnSQy with increasing acidity of the
-so0il, This is in agreement with many observations
macle in the past; namely, that plants generally take
up mwre zinc from the more acid soils than from
those that have been limed. However, these studies
indicated that when ZnEDTA was applied to the
soil more of the zinc was taken up hy piants from
limed soil than from that which was highly acid.

RATE OF EXCHANGE OF ZINC IN ZaEDTA FOR IRON
IN THE SOIL

The stability of the zinc chelate is much less than
that of the iron chelate. Martell and Calvin® have
reported that the stability constant for FeEDTA has
a log value of 25 while that for ZnEDTA is 16, This
means that 1 a mixture of iron and zine, EDTA
will chelate much more iron than zine. It would he
expected that when ZoETYTA is applied to the soil,
exchange will take place between the iron present
in the soil and the zine in the chelate, The rate at
which this exchange takes place determines the
‘length of time that the zinc chelate is availabie {o
plants. One of the soil factors that is believed to
affect the rate of exchange is the pH. Zinc is more
cffectively chelated by EDTA with increasing pH.
Conversely FeEIDTA tewds to hvdrolyze with in-
creasing pH, Studies were made to determine the
rate of exchange of zinc in ZuliDTA for iron in the
s0il. These studies were performed in the laboratory
and a technique waus used similar to that described
for the adsorption work with iron cheiates. Two
Lbundred milliliters of ZnlDTA containing 20 ppm
zinc labeled with zine-65 was put into fasks con-
taining 100 grams of Lakeland fine sand. The fAasks
were shaken for one-hall hour. An aliqguot was
filtered for iron and zinc analysis and then the flask
was shaken for an additional two hours, when more
aliguots werce taken. Additional iron and zinc deter-
minations were made at intervals.of two, five and
thirteen davs. The rate of exchange was determined
by the rate at which iron came into solution and the
zine heeame fixed.

Table V. Uptake of Zinc-63 from InEDTA ond InS0y
by Citrus Seedlings Growing in Lakeland Seil Adjusted
tc Four pH Levels

Sail ZnEDTA ZnS0,
rH erm/gm cpm/gm
4 167 30

5 125 12

fh 257 15

7 248 7

The initial rate of exchange was very fast. How-
ever, after two days the rate tended to be much
slower {Fig. 4). The soil was approximately pH 5.3,
which would be favorable for a rapid exchauge, and,
in addition, the presence of excess water also helped
to speed up the exchange as compared with soil
under field conditions. H complete exchange had
taken place, there should have been approximately
2000 micrograms of iron in solution, whereas at the
end of 13 days there was about 1000 micrograms.

ABSORPTION OF ZINC-65 BY PLANTS FROM VARIOUS
SOURCES OF IINC

Siudies were made comparing various sources of
zine for citrus scedlings. Fourteen combinations of
zine, comsisting of inorganic zinc, chelated zine,
wetting agents, and polymers were applied to the
soil, Greenhouse studies were made usiug techniyues
similar to those reported previously for the zine pId
studies. Zinc sulfate was the only inorganic form
of zinc used. The chelating agents were LEDTA,
IEIDTA-QII, N AN'-dihydroxyethylethylenediamine-
diacetic acid {(DEDD) diethylenetriaminepentaacetic
acid (DTP), N-hydroxypropyliminodiacetic acid
{PDG) and acetylacetonate, The wetting agents were
PR-51 (Atlautic Refining Co.), sodium alkyInaph-
thalene sulfonate, and lignosulfonate. Two polvmers
were tried: polyaceylic acid and polymeric acid
anthydride. In preparing the zinc compounds, zine-63
was first mixed with the carrier Zn%0,; and an
equivalent amount of chelating agent in the sodium
salt was added to form a 1:1 chelate. Arbitrary
amounts of the wetting agents and pulvimers were
used: PR-31 0.1 gm, sodivm alkylnaphthalene sul-
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Figure 4. Rate of exchange of zinc-A5 in InEDTA for iren in the sail
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Analysis of the Movement of Substances in Plants
by Means of Radioactive [sotopes

By A. L. Kursanov, USSR

The translocation of organic substances in plants
is a very ancient problem of plant physiology, which
preoccupied scientists as far back as the end of the
eighteenth and the beginning of the nineteenth
centuries. However, because of the intricacy of the
problent and principally owing to the absence of any
dircet methods of studying the translocation pheno-
mepon itself, this subject did not make much
progress, so that by the forties of the twentieth
century many probloms related to it were in a very
confused state.

And vet the great advances made in the study of
other aspects of physiological activity of plants impel
with ever increasing urgency a closer study of the
nature and the regularities underlying the trans-
location of organic substances. It is, indeed, this
process that ensures a correlation and unification of
the activity of all plaut organs. Hence, there is no
“doubt that the proper solution of the problem will
at once unite as yet isolated chapters of plant
physiology, and enable it to control with greater
cfficiency the development and nutritien of plauts.

The concept of free diffusion of erganic substances
in the solution filling the sieve tuhes has long since
been abandoned because of the complete discrepancy
between the rate of the diffusion process and the
actual translocation rate of plastic substances in the
plant. The situation has been changed but little by
the assuinption that diffusion is accelerated by
streaming of the protoplasin filling the sieve tubes,

E. Miinch’s theory,! according to which the solu-
tion of organic substances flows through the sieve
tubes under the influence of the difference in turgor
pressure at the end-points of its path has likewisc
proved inconsistent and has now been given up.
Moreover, the actual ideca that in the conducting
tissucs of the phloem there occurs a flow of solutions
of organic substances can hardly e regarded valid
al all.

The extensive studies carried out hy T. Mason
¢f al.2 as well as those of H. Dixon,® W. Schumacher,*
Q. Curtis,” I°. Kaushal® and others have provided
ample experimental evidence; but they have not
solved the prohlem either of the mechanism of trans-
location or of the form of the substances involved.
The problem as a whole remained vague arousing
general scepticism.

_Original language: Russian,

The fundamental <ifficulty in the wav oi these
investigations consisted i the fact that it was not
possible to distinguish by means of the common
chemical or cytological methods the translocated
components from the remaining substances in the
bast tissues. Another coinplication was due to the
fact that in most rases the total amount of soluble
substances (e.g., sugars) in the conducting paths of
ptants is maintained at a rather constant level, even
in case of active translocation as judged indirectly
by the disappearance of reserve substanees in one
part of the plant and their accunwlation in another
part.

All this precluded the possibility of aseertaining
either the wvelocity of translocation or the con-
centration of the substances, or the composition of
the mobile components. On such a sclieme, the sieve
cells seemed to take no part in translocation and it is
only physiological experiments with ringing the hark
that gave conclusive though indirect evidence of the
unportant roie of bast tissues in the translocation of
organic substances in the plant. Within recent
vears this problem, owing to the use of labelled atoms,
has entered a new stage of development.

It should be noted that hardly any other problem
of plant physiology has overcome at once its inherent
difficulties and recerved such an impetus for further
advance as did the problem of translocation.
Naturaily enough, too little time has passed as yet
to expect great achievements in this intricate prob-
lem. If, however, 1 take the liberty of discussing
this “neglected” chapter of plant physiology, it is
only for the sake of demonstrating how radioactive
atoms, by removing the difficulties encountered by
scientists of past days enable us now to follow up
directly the “transtocation of juices in the body of
the plant. These new opportunitics are now being
utilized in the Soviet Union, and the results so far
obtained may contribute to some more general con-
clusions on this important aspect of physiological
activity of the plants.

A leaf not severed from the plant and placed into
a chamber containing carbon dioxide tagged with
carbon-14, will form sugars and other photosynthetie
organic compounds, which carry a radioactive label.
By combining this method with partition paper
chromatography we have found that sucrose is the
first free sugar formed in the leaves of sugar bect
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Figure 7. Diagram illustrating the infuence of CO on tramlocotion
af sugers in sugar best

is actively transformed in the fibro-vascular bundies
into sucrose in which the major part of radioactivity
is detected (Table I11).

Table Ili. Formation of Sucrose from CH-labelled
Fructose in the Vascular Tissue of a Sugar Beet Leaf
Petiole

Fadisactivity of sugars
M the condueting poths,
cpnijome of fresh lissue

No. of
experiment  Absorbed aclition Flutese Friucloze Sucrose
1 Fructose 0 119 596
solution glo-  fruc-
(2000 cpm/ml) cose  tose
212 333
2 Same 0 68 458
glu-  fruc-
cose  tose
250 203

It is also worth noting that sucrose thus formed,
subjected to hydrelysis and separated on paper,
appears to consist of glucose and fructose of appro-
ximately equal radioactivity. This finding suggests
that, while passing along the fibro-vascular bundies,
fructose undergoes an intense phosphorylation and
isomerization. The plucose phosphate ester thus
formed reacts with the phesphorylated fructose so

completely that no radioactive glucose is freed but
all of it is incorporated into sucrose.

More detailed investigations of the enzymes of
fibro-vascular bundles of sugar beet and plantago,
carried out in this-laboratery by M. Turkina,’® have
shown that the conducting tissues of plants are
capable not only of active oxidaticn-reduction re-
actions, but of many reactions of carbohydrate-phos-
phorus mietabolism as well. Tt is likely that this ¢n-
sures the mobilization of energy required for the
transfer of molecules while the inert particles of
supar are converted into imobile jons either by
coupling with phosphotic!’® or boracic acid (I
Gauch and W, Duggar).*?

The various aspects of translocation of substances
discussed in this paper are as yet fragmentary. A
further elaborate study will be required before know-
tedge of the translocation of substances in plants
reaches the level occupied by other well explored
physiologrical processes. Still, the difficulties that had
previously arisen are now being satisfactorily resolved
with the aid of radioactive elements, so that there
are no grounds for considering this problem more
resistant to direct attack than any other problem of
plant physiology.
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run at the same time. At appropriate intervals the
suspensions of spores were centrifuged and aliquots
of the supernatant am of the supernatant plus spores,
when required, were taken for determination of the
radivactivity. When placed in the centrifuge, the
spores descended to the small area at the bottom of
the tubes in a few seconds. In time studies the spores
were considered out of contact with the solutions
as soon as they agpgregated at the Dbottom of the
tubes.

Whenever desired, the remaining supernatant was
removed from the tube and the spores resuspended in
water or various solutions for studies on exchange
or release of absorbed toxicant by various treatments.
In many experiments the effect of a series of ions
on the uptake or release of a radioactive ion was
determined, The interfering ions which were not
labeied] as a rule were either used in pretreatments
followed by exposure to the radioactive ion, or the
spores were subjected to the ions simultaneously, or
the ions were added after uptake of the radioactive
ion amc the subsequent release determined of the
toxicant previously taken up.

Samples to be counted were transferred to one-
inch cupped planchets, of etther nickel plated steel,
stainless steel, or.glass, and dried under a heat lamp.
With Hg™ and 2,3-dichloro-1,4-naphthoguinone
special precautions had to be taken to prevent loss
by volatilization. To prevent loss of mercury 0.5 10
1.0 mg of NaaS was added to each planchet before
drying and loss of the naphthoguinone was prevented
by adding similar quantities of KOH. Radioactivity
‘was deterntined by the use of conventional scaling
equipment and end window tvpe Geiger-Miller
tnbes with thin windows.

To determine effects of the toxicants on the out-
ward movement of cell constituents, spores of Asper-
gilfes niger were grown on potato dextrose agar in
100-m! tubes containing 25 m! of media each plus
about 9 microcuries of P3% as phosphate. After seven
to ten davs the spores were harvested as usual and
centrifuged with several changes of water. Spores
grown in this way usually gave about 10,000 counts
per tinute per milligram of spores and released only
aboat 1.5 per cent of the comt to the ambient solu-
tion. The effect of added toxicant on the rate of re-
lease of phosphorus compounds to the suspending
media compared to distilled water could then be
deterntined. '

The presence of smalil quantities of CM in green
plants from absorbed labeled fungicides was deter-
mined by the use of the methods of Van Slyke et alt
for wet combustion to CQO; and the C'*O. was deter-
mined by proportional counting in Bernstem-DBallen-
tive tuhes®

RATE OF UPTAKE OF TOXICANTS

The rate of uptake of toxicants as determined by
the method described above was found to be excee-
dingly rapid. For practicallv all toxicants studied,
depending somewhat on the quantities supplied in

relation to amount required to inhibit germination
and to saturate the spores, over 30 per cent of the
quantity available was taken up by the time the first
samples were taken, in onc-half to five minutes, Typi-
cal curves showing cumulative uptake with time for
2-heptadecyl-2-imidazoline, cerium, mercury, 2,3-
dichloro-1,4-napbthoquinoiie, and silver are shown
in Fig. 1. The quantities available at the start of the
test in terms of micrograms of toxicant per gram of
spores were selected on the basis of information con-
currently obtained on the quantities required to inhi-
bit germination. Spores usually will take up two 1o
three times the amount required to reduce germina-
tion by 50 per cent. This will hecome evident by com-
paring the amiounts used in the experinients shown in
Fig. 1 with the corresponding ED3S0 values shown
in Table I. Mercury was taken uip somewhat niore
slowly than the other toxicants studied, This is illus-
trated in the curve for the uptake of mercury by
spores of A omilinig [ructicola. The uptake of cerium
also continues over a longer period of time as shown
in the uptake curve for spores of Allernarig oleracea.
As can be scen in Table I cerium is not toxic to most
of the species studied.

QUANTITIES REQUIRED TO INHIBIT GERMINATION

By determining the quantity taken nup by the spores
and the effect on germination at several dose levels,
a series of values are obtained which can be plotted
to give a straight line on logarithmic-probability
paper. FFor comparative purposes doses gving a 50
per cent inhibition of germination are usually used,
ED30 values in micrograms per gram of spore weight
for 2-heptadecyl-2-imidazoline, cerinm, mercury, 2,3-
dichloro-1,4-naphthoquinone, and silver and spores
of a number of species of fungi are shown in Table 1.

[t is seen that the ED50 values range from 85 to
9300 micrograms per gram of spores. Values for
sulfur are not included in the table since sulfur is
not aceumuiated by the spores but is given off as
hydrogen sulfide. If the quantity of hydrogen sulfide
produced is cousitlered as the dose then the LED50
value for Newrospora sitophila is about 11,500 micro-
grams per gram.! Ceplalosporitm acrenmwoninm was
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Figure 1, Typicul curves shewing rate of wploke of varlous toricants
from difute solutions (2-10 ppm] by fungus spores
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Pretreatment with cerium did not reduce germina-
tion aithough 970 micrograms per gram of spores
were taken up. On subsequent exposure to mercury
the spores pretreated with silver took up about 70
per cent more inercury at the first sampling period at
the highest dosage level than control spores or those
pretreated with cerium. At the lowest dosage ievel
any effect of silver was obscured hy the fact that
about 90 per cent of the available mercury was taken
up by all three lots of spores at the time the first
sample was taken,

Subsequent exposure to mercury following pre-
treatiments with silver or cerium docs not result in
appreciable release of toxicant previousiy taken up.

In the experiment presented in Table [l pretreat-
ment with cerimm had no effect on subsequent uptake
of mercury, In other tests with Neurospora sitophila,
spores which had taken wp about 500 micrograms
of cerim per gram took up as much mercury as the
controls but spores which had received 980 micro-
grams per gram of cerium took up only about one-
haif as much. Further experiments have shown that
there is competition for receptor sites between certum
and mercury.

The effect of silver in increasing the uptake of
mercury is perhaps the result of an effect of some
kind on cell permeability and does not necessarily
indicate that there is no competition for the same
receptor sites hetween these two tons. As a matter
of fact in simultaneous treatments with siiver and
mercury in which the presence of the silver increases
the rate of uptake of mercury, there is a lesser uptake
of silver than when no mercury is present.

When copper and mercury are presented to spores
at the same time there is some indication that copper,
like silver, increases the uptake of ruercury. This is
more pronounced when spores have been pretreated
with copper than when simultaneous treatments are
used. If the amouuts of copper are large, uptake of
mercury is reduced when copper is simultancously
present.

Mercury and cerium were found to show marked
antagonisin in uptake studies when fairly large quan-
tities of interfering ion were used. This is true for

spores of all species tested. Some common receptor
sites for these two ions are apparcntly indicated.

EXCHANGE OF TOXICANT TAKEN UP

Studies on the rate and degree of exchauge of fun-
gicide previously taken up by the spores when an
excess of non-radioactive toxicant is added to the
ambient solution, have shown that of the materials
under study silver is exchanged most rapidiy and
completely. The data indicate that the exchange is
clase to 100 per cent of the theoretical. Typical data
for spores of Nceuwrespora sitophile are shown in
Table [V. Exchange was equally complete rcgard-
less of length of contact between silver and the spores.
Some silver is also released when mercurous ion is
added, no doubt because of replacement of the silver
at some of the receptor sites.

Lxchange with most of the other toxicants was
usually less than 50 per cent. More radioactivity was
released from spores previously treated with mer-
curic iott when an excess of mercurous rather than
mercuric jons was added. This would indieate that
the mercuric toxicant on contact with the sporcs has
been reduced to the mercurous state,

Table I¥. Effect of Llength of Exposure of Spores of
Mevurospora sitophila to Silver on Subsequent Exchange
with Non-radionctive Silver

Per eent exchanged on adding

Trealment with Agae 1000 pp non-rodicactive eilver

Erposure time, hr Uplake, gg in & min i 85 min
28.3 168 ) 93
MEB 208 77 75
48 19.9 o5 90
18 20.3 93 105
0.37 19.3 7 50
0.0014 6.0 90 90
2,3-dichloro-1,4-naphthoquinone  was the only

toxicant in which practically no exchange took place
when non-radioactive toxicant was added subsequent-
ly. Some data are given in Table V. This indicates
strongly that the toxicant bas undergone chemical
change and does not exist in the spores as the naph-
thoquinone. This is also shown by the fact that on
the addition of spores to solutions of the naphiho-

Table lll. Effect of Pretreotment with Silver ar Cerium on Uptake of Mercury and
Germination of Spores of Monilinia fructicola

Cumulalive uptake of mereury

Qermination affer

Pretreatment after 10 and 85 minules, 19 and 85 wminules,
- HElgm gpore apt. <
Germi- e
ﬁﬁ;‘,;f’ ﬂu%on. g,“:;}'aagg I8 ‘min 85 min 12 min 85 min
10,000 7200 7375 3 3
Ag 105 19 5000 4200 4400 9 3
2500 2175 2340 i1 §
10,000 4270 5730 29 7
Ce 970 100 5000 3440 4185 41 49
2500 2030 2345 92 9z
10,600 4170 6030 47 9
None —_— 100 5000 3490 4305 65 46
2500 2245 2410 74 72







TRACER STUDIES OF FUNGICIDAL ACTION 175

0

»
=]

b-Lu]

PER CENT PHOSPHQRUS RELEASED
na
o

[+

Lantrol

o 1% E1) 0 ) 20 &0 7
HOURE

Figure 2. Efect of vorious deses of silver on the permeability of the
spate membrane determinod by the subward mevement of phosphe-
rus compounds. Numbers on eurves reprasemt ug/gm af spores X 103

same but there were differences in the speed with
which the release set in. Au all these doses germina-~
tion was completcly inhibited at the first sampling
period. At 1600, 800, and 400 micrograms per gram
(the values for 200 mmicrograms were not plotied since
they were essentially the same as the control for the
first 67 hours) some germination responsc persisted
even up to 67 hours even though cell permeability
was affected to the extent that from 4.4 to 37.0 per
cent of the phosphorus compounds had leached out.
The results, compared with those in Table VI sug-
gest that silver has more of an effect on cell permea-
bility than soine other toxicants quite apart from its
greater toxicity, This follows since cell contents are
released at coses giving less than 100 per cent kill
while, with eadmium, zine, mercury, and low doses
of copper there is very little release of cell contents
even though all spores are unable to germinate.

UPTAKE OF TOXICANTS BY HOST PLANTS

The absorption of fungicides by host plants has
. been investigated in a preliminary way. Experiments
with S3-labeled ferric dimethyldithiocarbamate have
shown that a very small amount of 52 can be found
in [caves of plants near treated Jeaves.” This has been
found to be the result of absorption of 5%, a de-
composition product of the dithiocarbamate. Whether
any other portion of the molecule is absorbed has
not been determined since C'*-labeled toxicants have
not been available. Some uptake through the root
system of smail tomato and hean plants occurs when
2-heptadecyl-2-imidazoline or 2.3-dichloro-1,4-naph-
thoquinene is added to the medium. The amounts are
small, however, as shown in Table VII for bean
ptants and the naphthoquinene. In view of the known
instability of this toxicant it is very unlikely that the
absurbed material has remained unaltered chemically.
Fungicides that are active systemically will no doubt
be found in the future and the use of isotopes should
aid in discovering them and in the process of studying
their action.

Table Vil. Uptcke of 2,3.dichloro-1,4-naphthoquinone
through Roots of Bean Flants

Tiue afler addn. of guinone, Ar Content of tops, pg/pm fresh wi,

25 . 0.4
23.0 2.2
43.0 82z
74,0 15.4

SUMMARY

Rates of uptake and the quantities required to re-
duce gernunation by 30 per cent have been deter-
mined for spores of representative species of fungi
with the use of 5%, 53-labeled ferric dimethyldithio-
carhamate, C!-labeled 2-heptadecyl-2-imidazoline
and 2,3-dichloro-1,4-naphthoquinone, and Ag!l?,
Ce*, and Hg?". Germination was inhihited 50 per
cent after 85 to 10,000 micrograms per gram of spore
weight had been taken up. Sulfur is an exception in
that it is not accumulated by spores but is reduced to
hydrogen sulfide and released. Lethal doses were
removed from dilute solutions (1-10 ppm} within
one-half to five minutes. The fungicides studied are
inuch less toxic on a weight basis than many animat
poisons, insecticides, herbicides, and bactericides. The
resuits suggest that further search for better fungi-
cides shonld be rewarding since there is no reason
to believe that fungi are more difficult to kill than
other organisms.

Studies on interferences amnng various toxicants
on uptake and subsequent release by fungus spores
have vielded information on competition or lack of
competition for receptor sites. Certain toxicants, such
as Z-heptadecyl-2-imidazoline, cerium, and silver,
seem 10 have no receptor sites in common and satu-
ration of spores with one of these toxicants does not
interfere with subsequent uptake of the others. Toxi-
cants competing for the same receptor sites interferc
with each other and rates of uptake are reduced when
they are used simultaneously. The presence of a
second toxicant may increase the rate of uptake.
Whent silver and mercury are used together the rate
of uptake of mercury is increased and that of silver
decreased. The results indicate that silver has an
effect in increasing permeability of the cell mem-'
brane. Studies on effects of various substances in
decreasing or increasing uptake should lead to more
efficient practical use of fungicides and thereby lessen
present losses caused by fungus discases.

Efects on the permeability of cell membranes
were studied by determining the reiease of phospho-
rus compounds into the ambicnt solutions when
spores labeled with P32 were exposed to various toxi-
cants. Silver was the most active in releasing cell
contents even at doses which did not completely in-
hibit germination while other ions such as mercuric,
cadmivem, zinc, and copper could produce 100 per
cent inhibition of gernination with comparatively
little effect on cell permeabiiity.

Silver which had been taken up by spores ex-
changed rapidly and practically completely with
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fertilizer to the water has grown, In order to
simplify the measurement of the amount of water
percolating into the soil at paints along the cane line
a method has been devised in which the water is
tagged with a radiocactive element which is later
measured at any chosen points. From the data thus
obtained it is hoped that field layouts may be
redesigned to give the best possible results on the
various soil types.

The Method

The method is based on the fact that some elements
arc so strongly adsorbed by most soils that they will
be completely retained on the surfoce while the
water percolates downward, The first element con-
sidered was radioactive phosphorus (P32}, svhich
had the advantage of ready availability and cheap-
ness, in addition to the fact that it has a convenient
hali-life and emits only a strong beta ray making
shielding easy. It works well on many soils. Dut the
discovery that it does leach readily through some
soils led to the search for an elememt of more
universal applicability. Rubidium-86 seemis to fill the
bill. It also cmits a strong Dbeta ray and has a
conveient half-life {19.5 duys). However, it emits
soime gamma rays which increases the cost of ship-
ment and necessitates more care in handling in the
laboratory. These problems are not too scrious and
rubidium has heen adopted for routine use in studying
water distribution on Hawaiian sugar plantations.

The test lines are isolated for a hundred days
until decay has reduced the radioactivity to a
negligible quantity.

Procedures

Approximately 1 mc of Rb® per 100 ft of
irrigation line is diluted to a convenient volume. A
capillary tube is inserted in the outlet of an aspirator
bottle which will give a constant rate of flow for a
period in excess of the estimated irrigation tiine,
The irrigation weir is adjusted to maintain a constant
flow of water into the line throughout the entire
pericd. The Rb% and the irrigation water are fed
tnto a mixing box which gives a thorough mix before
the water starts down the line. Any desired number of
sampling stations are set up where both water and
soit samples are te be taken. The repeated water
samples are required because Rb is so strongly
adsorbed that it is picked up by the surface soil, thus
reducing the activity of the water ds it goes down
the line. Each station is covered by four lavers of
cheesecloth about 15 inches wide extending across
the line, This does not hinder percolation into the
soil bat does prevent surface pickup of Rb from
passing water. Thus a pickup correction is efiminated
since all of the residual radioactivity in the soil must
come from water which has gone down at that point.

Water flowing over each station is sampled couti-
nuously to give a true integrated mean activity.

From the activity of the water at zero station, a
faw feet below the mixing box, the rate of water flow
into the line may be calculated.

For assay of Rb* content 50 ml of water in mois-
ture cans 7 cm in diameter are counted at infinite
thickness with a mica and window counter,

The interval between time of arrival of irrigation
water at each station and the time of stopping
irrigation is recorded for each test. Record is also
kept of the flow of water down the cane line for
each 10 foot section.

When the last of the irrigation water has dis-
appeared, the cheesecloth is removed and soil
samples are taken with a cyhlindrical soil sampler
1 in. in diameter, which penetrates to a 1 inch depth.
It has been found that sampling to this depth
recovers all the RDL*. Twelve samples are taken:
two at the water lines which are marked during
irrigation and the other ten equally spaced across
the line. The total area sampled 15 9.4 square inches.
The soil sample is dried, weighed, and thotoughly
mixed. Fiftyv grams of the sample is weighed into
7 cm moisture cans and leveled to an even layer {or
counting. From the activity of this aliquot, the total
count in the whole sample is caleulated,

A reference standard is prepared by adding to
100 grams of dry inactive soil the amount of RDL%
present in 9.4 cubic iuches of an approximately
average water sample. This standard is dried,
thoroughly mixed and a 30 gram aliguot counted.
The calculated total activity is equivalent to 1 linear
inch of water of known activity,

Thus irom the total activity of the soil sample and
the activity of the integrated water sample of a
station in a cane line, the amount of water which
has gone down at that station is:

Linear inches of H.Q,

Total activity of soil sample
Total activity of standard soil

I =

Activity of standard water
Activity of water sample

Acre inches of water absorbed at any station are:

Acre inches —

width of wetted line
width of cane lines

For example, if the wetted Jine is 2 ft wide and
the cane lines are 5 ft, acre inches = 0.4 I,

Experimental Results

Qver a hundred tests, covering practicaily all the
irrigated cane areas of the [slands have been run to
determine the efficiency of the various irrigation
practices. The results of three of these tests are
recorded in Table II. These lines were 200 feet in
length and five samipling stations were set up at
20, 60, 100, 150 and 190 feet (4, B, C, D, E) below
the head of the line.

The verv large differences in inches of water
absorbed along the lines is due to line slope and rate
of application of water. In order to get enough water
into the soil at the points of lowest absorption, it is












Research by Means of Radioactive Isotopés Concerning
Penetration and Residues of Phospho-Organic

Insecticides in Plants

By K. A. Gar and R. Y. Kipiani, US5R

The phosphorus-organic insecticides are of ex-
tremely great value in the struggle against agricul-
tural pests and have become widely used in farming.
A sound place in agriculture has already been won
by such effective compounds as diethyl-4-nitrophenyl-
thiophosphate (thiophos, parathion, NIUIF*-100},
dimethyl-4-nitrophenylthiophosphate (metaphos, vo-
fatox). Also widely spread are such compounds as
5-1 2-dicarboethoxiethyl-0, O-dimethyldithiophos-
phate (carboplios, malathione) and their analogues
which are somewhat less toxic for inscects, much less
so for warm-blooded animals, and hence they may
be used on a much wider scale than thiophos or
metaphos.

An intensc study has also been made of such
compounds as octamethyltetramide of pyrophosphoric
acid and a number of other compounds capable of
penetrating and accumulating in plant tissues thereby
making them insect-proof for a rather long period of
time. The wide use of these compounds in agriculture
will allow sharp reduction in the number of treat-
ments against sucking pests (mites, aphids) and
thereby an increase in the economic effect of insect-
icide treatments, that is, will inake them cheaper.

The phosphorus-organic insecticides, however, are
quite selective in their action and have a number of
peculiarities which require a most thorough study.
Most of the phosphorus-organic insecticides are very
toxic for warm-blooded animals, hence the impor-
tance of the question as to what proportions of their
residues are permissible and how long are they
preserved on the surface of the treated agricultural
plants, No less immportant are the possibility of pene-
. trations of phosphorus-organic insecticides into plants
and the duration of time in which their toxicity is
preserved as well as the ways by which these insect-
icides penetrate into the body of warm-blooded
animals and the danger of and precautions against
their poisoning, The knowledge of the behaviour and
metabolism of phosphorus-nrganic insecticides within
the insects provides a more intelligent and expedient
approach to the search for new insecticides of greater
effectiveness,

Criginal language: Russian.

* Name derived from Russian initial letters of the
J. V. Samoiloy Scientific Institute of Fertilizers and
Insectofngicides.

But the solution of these problems encounters
serious difficulties because of complicated and
laborious and in some cases insufficiently specific
methods of chemical analyses of minute quantities of
phosphorus-organic insecticides and of their decom-
position products in plant and animal tissues.
Analysis of these products for the content of phos-
phorus, sulphur, chlorine and other elements eannot
provide information on the insecticide admixtures
since all these elements are abundant in plant and
animal tissues as well, Exceptionally great promise
in this respect is opened by the use of the methods
of labeled atoms, P32, 533, CM and other isotopes
which allow one to follow up the circulation and
transformation of insecticides within the bodies of
animals and plants.

The task of the present investigation is first of all
a practical one, viz. elucidation of the conditions of
application of phosphorus-organic insecticides, This
should provide the most expedient use of these com-
pounds as well as the greatest safety of labour., The
study was therefore carried out with compounds
alreadv used or prepared for use in agriculture
(Table I). Synthesis of labeted compounds by an
original method was carried out at the J. V. Samoilov
Scientific Institute of Fertilizers and Insectofungi-
cides by Y. A, Mandelbaum, K. D. Shvetsova-
Shilovskaya, I. L. Vladinirova, V. I. Lomakina and
Z. M. Bakanova under the guidance of Professor
N. N. Mehikov,'? and at the Institute of Plant
Protection of the Academy of Sciences of Georgian
S5R the synthesis of the preparations was accom-
plied by R. Y, Kipiani and G. V. Gegenava.
Biological investigations at the Samwoilov Iustitute
were carried out by K. A. Gar, Y. N. Fadeev,
V. L. Cherretsova and Z. Z. Golubeva; and at the
Institute of Plant Protection of the Academy of
Sciences of Georgian SSR by R, Y, Kipiani and
G. V. Gegenava.

The compounds prepared were tested for their
relative radioactivity. The absolute radioactivity of
the compounds was of no importance for the present
purposes, but, if necessary, it could be determined by
means of an uranium radioactivity standard. The
preparations studied had a specific activity up to
4 mc/gm which, with our device, produced up to
1300 cpm/min/pg.
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Table ). Chemicol Characteristics of the Cempounds
Meltin Boiting
Formula, name d® "y point,® point, ¢ Lnbe!__
(CaHz0) . PSOCH, NO, 115-117 P32, 535
{ NIUIF-100, thiophos) 1.2704 [.5374 + 6 {0.03 mm Hg)
(CH 0} ,PSOCH,NO, 120 P32, G533
{metaphos, voiatox) 1.3518 1.5600 + 36 (08B mm
CQ}IQOPS(OC‘JH.INOQ)Q Hg) P32, S35
(NIUIF-101) -— — to 125 — Pz, G35
{CH,0),PSSCIICOOCH, 160-170
CH.COOC,Hjy (3.5 mm
{carbaphos 1, malathione) 1.2076 1.4960 — Heg) pag,
{C,11.0).,PSSCHCOOCH,
CH,COOCH,; 1.22%7 14979 — 116-120
{carbophos IV} (0.025 mm
Hg) paz,

STABILITY OF RESIDUES OF PHOSPHORUS-ORGANIC
INSECTICIDES

These investigations! were initially carried out by
dispersing 1-3% dust preparations on small glass
cups at a rate of about 10 kg/hectare (the minimum
expenditure rate of preparations used in feld condi-
tions) with subscquent determination of total loss
of P%. The results of estimations of phosphorus loss
from dusts of diethyl-4-nitrophenyithiophosphate and
ethyl-4,4’-dinitrodiphenylthiophosphate exposed un-
der various conditions in a finely dispersed state are
summarized in Tables Il and III. It will be seen
that the most important disintegration factor of the
residues of these two phosphorus-organic compounds
is the ultra-violet part of the solar spectrumi. The
loss of the residues of dicthyl-4-nitrophenylthiophos-
phate under direct sunlight is completed within a
few hours while i the diffused sunlight the loss is
several times slower. Still more slow is the loss of
the residues of diethyvi-4-nitrophenylthiophosphate
under the same tempcrature conditions, but in
absolute darkness.

These data clearly point to the photochemical
character of decomposition of the diethyl-4-nitro-
phenylthiophoesphate residues which are transformed
under the influence of sunlight into another more
volatile compound evaporating from the surface.
Ethyi-4,-4'-dinitrodiphenylthiophosphate which is a
erystalline product is decomposed more slowly than
diethyl-4-nitrophenylthiophosphate.

The residues of the preparations were also tested
for the degree of hydrolysis. This was estimated by

Takla H.

their solubility in organic solvents (dichlurethane,
henzol} in which, in contradistinction to the products
of complete hydrolysis, they readily dissolve,

Extraction of the dusts exposed to direct sunlight,
in a shaded place (in small porcelain vessels) and on
leaves showed that after a 24-hour exposure the
residue of diethyl-4-nitrophenylthiophosphate  dis-
solves in dichlorethane (up to 76-85%9%). After a
72-hour exposure in the shade, 83% dissolves in
dichlorethane, after light exposure 73%, and on the
leaves, independently of the illumination conditions
it dissolves in amounts varving from 62% to 4%
The residue of ethyl-1,4-diitrodiphenylthiophos-
phate, after 72-hour exposure, dissolves in dichlo-
rethane (82% to 87%) independently of the
exposure conditions.

In the experiments at the Georgian Institute of
Plant Protection the preservation time of diethyl-4-
witrophenylthiophosphate was estimated by placing
a small amount of the iusecticide (its alcohol solu-
tion) on drawing paper, This was subsequently
exposed to different conditions and the residue sub-
jected to chromatographic analysis,

Chromatographic analysis was carried out with
the aid of a solvent cousisting of 30% acectone, 30%
methyl alcohol and 409 water (with this solvent,
diethyl-4-nitrophenilthiophosphate had an R, of
0.62), In this way the fact was confirmed that
decomposition of the residues of diethyl-4-nitro-
phenylthiophosphate from the solutions proceeds
under the influence of temperaturc at approximately
the same rate as from the dusts. The residue of the
preparation on the paper exposed to light contained

‘Loss of Phosphorus from Finely Dispersed Dusts of Diethyl-4-nitrophenylihio-

phosphote and Ethyl-4-,4’-dinitrodiphenylthiophosphate

Phosphorus rﬂmfue -

. Bm',,,m, : i ] 2 * # o6

Compound condifions Fi Ei 7 § ] g

1% dust of diethyl- 4-n1trophe- In open place 59.0 435 123 — 7 00
nylthiophosphate In shady place — BRS 640 3B — 164
3% diist of cthyl-4,‘-dinitrodi- In ppen place 100 927 751 o680 550 J33i5
phenylthiophosphate - In"s'hady place 100 970 932 91} —  BaD

* The numerator indicates::fotal number  of exposure hours, the denommator the number

of exposure hours in the sunlight.
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The properties of the intraplant insecticides are
eventually attributed to diethyl-4-nitrophenylthio-
phosphate and dimiethyl-4-nitrophenylthiophosphate
and to some other compounds used as contact
insecticides, A study of this question is not only of
theoretical, but of practical significance as well, since
it contributes to a clear—<ut determination of the
possible ways of utilization of these preparations,

PENETRATION OF DIETHYL-4-NITROPHENYLTHIOPHOS.
PHATE INTQO PLANTS

Diethyl-4-nitrophenyithiophosphate (thiophos) was
examined both under wnatural and conservatory
conditions. The emulsions of dicthyi-4-nitrophenyl-
thiophosphate concentrate were placed on the leaves
of plants or used for spraying the soil under the
plants. The amount of insecticide penetrating into
the plants was determined by estimating the radio-
activity of the aqueous and dichlorethane leaf extracts
as well as by direct determination of radioactivity of
the leaves.

Water and dichlorethane extraction were used
hecause, according to N. N. Melnikovy and other
scientists,*? the solubility of diethyl-4-nitrophenyl-
thivphosphate in water amounts at 23°C only to
0.002% ; in organic solvents (benzene, dichlorethane)
the solubility of dicthyl-4-nitrophenylthiophosphate
is high and at 25°C exceeds 10%. On the other hand,
the products of hydrolytic decomposition of diethyl-
4-nitrophenylthiophosphate which, according to Mel-
nikov, follows the scheme:

1. CGHyO.PSOCHNOC: + H:0 —
{C.11,0).,PSOH 4+ NO.,C,H,OH

2. (CaHpO)ePSOH + HsO = C,HOPS(OH),
+ C:H,0H

3. (Cl1:0)PS(OH)2 + H:0 — C:H:OH +
IIgPSOs

4, H1P503 + HgO b 4 H3P04 -l— HQS

5§ HS4+0—->HO0+ 5

are soluble in water. Thus, by exiracting plants
simultancously with equal volumes of water and
dichlorethane and by separating then the extracts
and determining their P32 content, one can judge the
decomposition of diethyl-4-nitrophenylthiophosphate
or of other similar compounds. Studies were also
carried out on penetration of diethyl-4-nitrophenyl-
thiophosphate into plants after spraying the soil with
an emulsion and on treating the leaves with the
emulsions and dusts of this insecticide.

It was thus found that when the roots of various
plant species (chrysanthemums, hydrangeas, cinera-
rias, beet, potato, cotton, cabbage, ete.) are immersed
into an emulsion of diethyl-4-nitrophenylthiophos-
phate for various time periods or when the soil
under the plants is sprayed with emulsions containing
0.025-0.25% of the active principle, considerable
amounts of radioactive phosphorus can be detected
in the plants. For example, when cabbages were
sprayed with a 0.29 emulsion, the content of P32
in the plants amounted to 290 mg (computed in

diethyl-4-nitrophenylthiophosphate units) per kg
fresh weight. In chrysanthemums up to 60 mg of the
preparation were found, and in potato leaves much
more. However, when the plants were infested with
aphids, the latter were not completely eradicated, An
analysis of the poisoned green aphids {Aulacorthum
pelargonii Kalt) from chrysanthemurms that contained
more than 50 mg/kg of diethyl-4-nitrophenyithio-
phosphate showed up to 22 mg of the preparation
per kg live-weight of the insects, and still the insects
survived.

The analysis of gray cabbage aphids {Brewicorine
Grassicae L)) that iived on cabhage sprayed with a
diethyl-4-nitrophenylthiophosphate emulsion and con-
taining about 100 mg of the preparation per kg fresh
weight showed 49-80 mg/kg of phosphorus {(com-
puted 1n <iethyl-4-nitrophenylthiophosphate units)
in the bodies of the aphids, but in spite of this the
insects were still alive,

Periodic observations of the rate of diethyl-d-nitro-
phenylthiophosphate penetration and decomposition
in plants sprayed with an emulsion of the preparation
showed that its hydrolysis proceeds at a high rate,
In plants sprayed with less concentrated emulsions,
hvdrolysis of the preparation was comipleted within
30 days, while with more concentrated emuisions it
required a somewhat longer period of time. It was
also founrd that the rate of hydrolvsis of the prepara-
tion in plants depends on the illumination and
temperature conditions.

Specinl experiments were undertaken to obtain
mote detatled informatton regarding the influence of
iflumination on the velocity of diethyl-4-nitrophenyl-
thiophosphate hyvdrolysis in plants treated by spraying
the soil (this was done with a 0.05% emulsion at a
rate of 50 mi per bowl of 0.8 1 capacity). For this
purpose the chrysanthemums and hydrangeas used
were kept in the conservatory in sunlight, in shady
places amd on the ground. The experiments were
carried out in summer (in the first days daily temnper-
ature varied from [7°C to 20°C, and in the following
days it fell to 10-14°C). The results of one of the
experiments are illustrated by Fig. 3 and the data of
Table VI.

It thus appears that the preparation penetrates
into the plants rapidly. The largest amount of
radiophosphorus was found in plants ou the ffth
tn the fourteenth day after showering. Decomposition
of diethyl-4-nitrophenylthiophosphate in plants begins
almost as soon as it gets there. The preparation
penetrated more actively into plants exposed to light
than into those shaded either in the conservatory or
on open ground. At an carlier stage the total quan- .
tity of non-decomposed preparation in plants exposed
to light was aiso higher than in shaded nnes, while
later on the preparation content in the former did
not exceed that in the latter. This is due to the fact
that decomposition of diethyl-4-nitrophenylthiophos-
phate in plants exposed to light proceeds somewhat
more rapidly. Decomposition of diethyl-4-nitrophenyl-
thiophosphate in hydrangeas was slower than in
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preparation remaining intact. The ethyl-4-4'-dinitro-
diphenyithiophesphate penetrated in lesser quantities,
but under these conditions it underwent practically
no hydrolysis.

Quite different results were obtained when treating
plants exposed to direct sunlight. In this case it
appeared that the haricot leaves sprinkled with 1%
dust of diethyl-4-nitrophenylthiophosphate at a rate
of 40 kg/hectare contained on the second day up to
8.8 mg of phosphorus per kg of icaves, and on the
Oth day up to 13 mg (estimated in diethyl-4-nitro-
phenylthiophosphate units). It should be mentioned
that the preparation wholly dissolved in water and
did not dissolve in dichlorethane,

In wheat feaves treated with similar amounts of
1% dust of dicthyl-4-nitrophenylthiophosphate, up
to 27 mg of preparation per kg of leaves were found
on the second day, but on subsequent days no
preparation could be detected. In a parallel experi-
ment the plants were treated with 3% dust of ethyl-
4-4'-dinitrodiphenylthiophosphate at the same rate:
on the second day there were found in haricot leaves
0.6 mg of this compound and on the ninth day up to
3 mg per kg of leaves. The preparation dissolved in
dichlorethane and did not dissolve in water. In
wheat leaves, 1.3 mpg/kg of this compound was
fonnd on the second day; and on the 17th day, 15
mg/kg. On the second day 100% dissolved in di-
chlorethane, and on the seventcenth day only 22%.

These data point to the conciusion that in sprayed
‘plants protected from direct sun rays, the solubility
of dicthyl-4-nitrophenylthiophnsphate and ethvl-4-4‘-
dinitrodiphenyithiophosphate penetrating into the
leaves in dichlorethane is preserved for a rather long
period of time (up to 15-20 days). If the plants are
illuminated by direet sun rays, diethyl-4-nitrophenyl-
thiophosphate can penetratc into the leaves in some-
what greater amounts, but it rapidly loscs its solubi-
lity in dichinrethane. This suggests that it is
decomposed. Ethyi-4-4-dinitrodiphenyithiophosphate
is, apparently, preserved in the leaves for a longer
period of time.

Diethyl-4-nitrophenyithiophosphate penetrates into
the plant in amounts considerably less than those
necessary for the manifestation of the insecticidal
effect on the aphids through plants.

At the Institute of Plant Protection of the Academy
of Sciences of the Georgian SSR the penetration and
decomnposition of diethyl-4-nitrophenylthiophosphate
Iabeled with phosphorus-32 and sulphur-35 was
studied on lemon trees and vines. Spraying the soil
under the plants was used as weil as either dipping the
leaves into or sprinkling them by an emulsion of the
preparation. The penetration was followed up both
by estimating the content of the preparation in
samples cut out of the leaves and by. radioautography.

The resultts obtained show that in grape-vine
saplings sprayed with a 0.3% emulsion the prepara-
tion keeps penctrating into the leaves for not less
than 7 days and its concentration in the leaves
gradually increases. However this amount is not

great: in the above experiment it constituted not
more than 0.2 mg/em* of leaf surface (disregarding
hydrolysis). When the plants were dipped into a
0.5% emulsion the maximum quantity of preparation
in the leaves was-found to be 0.07 mg/cm?® of the
leaf surface. This amount remained constant for 7
days. No transfer of the preparation from the sprayed
to non-sprayed parts was found when individual parts
of the plant were treated (TFig. 4).

Special experiments were undertaken to determine
the rate of diethyl-4-nitrophenylthiophosphate hydro-
lysis in the leaves of the plants. In these experiments,
the soil under onc-vear-old grape-vines was sprayed
with a 0.5% emulsion of the preparation, After 24
houirs the plants were taken from the soil, thoroughly
rinsed with running water and placed into uncul-
tivated soil. The leaves from the upper part of the
plants were periodically cut and tested for total P22
ancd phosphorus unextractable with water. The
percentage of phosphorus left in the leaves ringsed
with water, related to the initial quantity of phospho-
rus prior to washing, was vsed as an index of the
residue of the non-decomposed product.

It will be seen from the data of Table VII that
although the penetration of the preparation through
the roots was cut off, its content in the leaves
continued growing up to the 7th day. This points to
its translocation from the roots and stem. The
hydroiysis of diethyl-4-nitrophenylthiophosphate in
plants Legan from the first days on and by the 10th
day about 90% of the preparation was hydrolyzed.

In the next experiment the rate of decomposition
of diethyl-4-nitrophenylthiophosphate in grape-leaves
was tested under various conditions of illumination.

Figure d. Radiocutograph of a leaf-blode of grope: lafi side
Immersed in an emulsion of diethyl-2-nitraphenylihiophasphate; right
side not immersed
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Table VIl Penetration ond Decomposition of Diethyl-
4-nitrophenylthiophosphate in Grape Leaves

Percentuge of de-

Duration of Content of dicthpl-i-nithophenwl- composition of di

g " A » hem
e:'p&:a;;en.t, wahaspkaiesJ;}ﬂ?g/crn' of lenf ;mﬁ;ﬁ;;ﬁ“n

2 0.014 —

3 0.019 48

4 0.027 65

5 0.031 77

6 0.035 81

7 0.037 83

8 0.028 85

9 0.021 B7

10 0.016 91

For this purpose, young grape-vines were sprayed
with a 0.3% emulsion of diethyl-4-nitrophenylthio-
phosphate. Some of the plants were placed in
darkness, some in diffused light and some under a
quartz lamp at a distance of 60 cm from the source.
As shown by the above data, hydrolysis of diethyl-
4-nitrophenylthiophosphate in the leaves exposed to
quartz lamp illumination proceeds considerably faster
than in diffused light, and nnder the conditions of
diffused light faster than in darkmess,

Thus, the data obtained at the Institute of Plant
Protection of the Academy of Sciences of the Geor-
gian 55R  on diethyl-4-nitrophenylthiophosphate
penetration into the leaves of the vine in general
confirm those obtained in this Institute with different
plant species and show that diethyl-4-nitrophenyl-
thiophosphate, although penetrating into the plants,
does not remain there for a long time due to its being
decomposed and transformed into non-toxic com-
pounds.

PENETRATION OF DIMETHYL-4-NITROPHENYLTHIO-
PHOSPHATE INTO PLANTS

These studies undertaken in the Scientific Research
Institute on Fertilizers and Insectofungicides pursued
the task of not omnly evaluating the penetration of
dimethyl-4-nitrophenylthiophosphate into the leaves,
but of finding out how much the penetration of the
preparation used in the form of a 2% dust differs
from that of a water emulsion containing 0.025% of
the preparation.

In the experiments conservatory hydrangeas and
chrysanthemums were used. Some of the plants were
placed in the sunny side of the greenhouse conserva-
tory and others in the shady side, being additionally
protected by sheets of paper so that no sunlight could
reach the leaves. Some of the leaves from the experi-
mental plants were removed at intervals, sprayed with
water and tested by the wusual method for the P32
content and for its soluhility in dichlorethane, The
restilts of the test are shown in Figs. 5 and 6.

Graphs B, E and G show the presence of dimethyl-
4-nitrophenylthiophosphate residues (fraction soluble
in dichlorethane) in the leaves in mp/kg of fresh
leaves of dusted and sprayed plants. Graphs 4, C, D,
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and F show the degree and rate of decomposition of
dimethyl-4-nitrophenyithiophosphate penetrated into
the leaves of the hydrangeas and chrysanthemums
treated in various ways. From the data of graphs
A, C, D and F one can see that the preparation,
independently of the plant species, is being decom-
posed at a somewhat higher rate upon spraying than
upon dusting the plants, Light likewise accelerates
the decomposition of dimethyl-4-nitrophenylthiophos-
phate both after spraying and after dusting.

However, the difference in the decomposition rate
of dimethyi-4-nitrophenylthiophosphate becomes most
pronounced when 2 comparison is made of the
correspending data from different plant species —
chrysantheniun and hydrangea. With both spraying
(Graphs D and F) and dusting (Graphs 4 and C)
decomposition of the preparation proceeds consider-
ably faster in hvdrangea than in chrysanthemum.
AWith spraymg, dichlorethane-soluble P32 constituted
13% in the leaves of the hydrangea in the shade on
the fifteenth day, while In the leaves of chrysan-
themum, under similar conditions, about &0% of 1°*?
passed into dichlorethane. After dusting, the per-
centage of P2 in hydrangea constitued, on the
Afteenth day, 65 in dichlorethane, and in chrysan-
thermum 949,

The fact that dimethyl-4-nitrophenylthiophosphate
is decomposed at a different rate in different plant
families is in itself very interesting. This phenomenon
= obviously due to the difference in the enzyme
activity of the plants and primarily of phosphatases
‘which hydrolyze phosphoric acid esters. Certainly
tire influence of the micro-anatomic structure of the
leaves cannot be disregarded. At any rate, when
studying the velocity of loss of toxic residues of
phosphorus-organic insecticides in the lcaves of the
plants a diflerential approach is necessary. A mecha-
nical transfer of the results obtained in a study of one
plant species to others, cannot, obviously, be justified.

A less intense deconiposition of the preparation by
the plant favours the accumulation in the ieaves of
greater amounts of non-decomposed dimethyl-4-
nitrophenylthiophosphate or of its metabolites soluble
in dichlorethane. In complete agreement with the
data charactertzing decompuosition of the preparation
both in case of dusting and spraying, very large
absolute amounts of dimethyl-4-nitrophenylthiophos-
phate were found in chrysanthemums. The table and
diagrams show that these quantities are several times
greater than those of dimethyl-4-nitrophenylthiophos-
phate in the leaves of hydrangea where hydrolysis
proceeds considerahly faster. It should be noted that

Table VIll. Hydrolysis of Diethyl-4-nitrophenylthiophos-
phate in Grape Leaves

Amount af non-decompozed diethilde
ritrophenyltMophosphate, %

Exposure corditlons in 3 days in ¢ dapr in 5 days
Vines in darkness 86 69.5 70.5
Vines in diffused light BL.5 61.5 44
Vines under quartz famp 74.1 52 39

the difference in the rate of hydrolysis and in the
absolute content of the preparation in the leaves of
chrysanthemum in the shade and in light is more
pronounced than in the leaves of hydrangea. Decom-
position of the preparation in the leaves of chrysan-
themum in the light proceeds much faster than in the
shade, and, therefore, in the light the absolute
amounts of dimethyl-4-nitrophenylthiophosphate so-
luble in dichlorethane are considerably less than in
the shacde. In hydrangea this difference is only slightly
expressed.

The figures concerning the penetration of phos-
phorus (as estimated in dimethyl-4-nitrophenylthio-
phosphate units) into the leaves of dusted chrysan-
themuwts are not included in the diagram, for the
amount of phosphorus penetrating into the leaves
varies considerably due to the fact that they are
usually unevenly covered with dust. However, the
quantity of insecticide penetrating into the leaves of
the plant placed in shade reached 60 mg/kg.

The above data show that dimethyl-4-nitrophenyl-
thiophosphate differs considerably from diethyl-4-
nitrophenylthiophosphate in its capacity to penetrate
mnto the leaves. This becomes especially distinct when
shaded plants are treated. The maxhmum amounts of
diethyl-4-nitrophenylthiophosphate pencirating into
the lcaves of dusted chrysanthemums in shade
constituted only 10 mg/kg while up to 25 mg/kg
dimethyl-4-nitrophenylthiophosphate penetrate even
into the ptants located in sunlight.

Special experiments on scventeen plant species
wsing the P** tagped preparation were undertaken
to examine the character of hydrolysis of dimehtyl-
4-nitrophenylthiophosphate in various plants. For the
administration of greater quantities of the prepara-
tion, the method of vacuum inhltration was used. The
plants were placed in a vacuum desiccator containing
an emulsion of labeled dimethyl-4-nitrophenylthio-
phosphate. When the air was slowly let in, the
pressure in the desiceator increased and the leaves
fitled up with the emulsion. After that, the leaves
were rinsed and placed into small glasses filled with
water. The leaves.were periodically analyzed. The
degree of decomposition of the preparation was
determined by extracting the feaves with equal:
volumes of water and dichlorethane.

It will be seen from Table IX that within 5 days
90-95% dccomposition of metaphos occurred in the
following plant specics: cherry, currant, tomato,
grape, hydrangea, cotton, and wheat. In eight plant
species (cabbage, maple, apple, bect, haricot, rasp-
berry, cucumtber, tea) disintegration rcached 80%
in only two days. Only in two plant species, lemon
and trifoliate, disintegration, even on the seventh
day, did not exceed 3195, These data show that in
spite of substantial specific differences decomposition
of metaphos proceeds in plants at a very high rate.

The penetratian of metaphos into apple leaves was
also followed up under natural conditions, Examin-
ation was made of leaves of different ages. The trees
were spraved with a 0.15% emulsion of a 25% pre-




















































































A Study by Isotopic Dilution of the Solution of Sparingly
Soluble Phosphates in the Presence of an Anion Exchanger

By G. Barbier* and Mme P. Quillon,t France

The solubility of sparingly soluble phosphate
fertilizers, in particular of crushed phosphorites and
apatites, has been evaluated, up to now, by means of
contventional reagents, which give but imperfect data
on their efficiency, and may cven lead to serious
errors. It would be preferable to use the natural
solvent for these fertilizers, namely the water which
soaks the ground. However the solubility of these
phosphates is so low that, unless huge volumes of
water are used, the quantity dissolved represents
only an insiganificant fraction of the samwple, and the
solubility found may be that of a constitucnt having
actually but very little importance.

In order to get around the difficulty, it is possible
to operate in the presence of an anion exchanger,
which may [x the larger part of the phosphoric ions
during thcir passage into the solution, thus making it
possible for the dissolution process to go on. There-
after, a radioactive phosphate-bearing solution {P3?%)
15 added without a carricr. Onece equilibrium of the
isntope distribution is obtained, thc mass wt and
radioactivity r of any f{raction of the solvent, as
separated by fltration or centrifuging, then are
measured. If K is taken to designate the total radio-
activity, use of the isotopic dilution formula:

M wm
R T r
makes it possible to compute the total mass M of
the phosphoric ions which are statistically distributed,
according to kinetic balance, between the liguid and
the solid phases of the system (uniformity of the
isotopic composition, as implied by the formula, is
not incompatible with the resuits indicated Lelow,
within the limitations imposed by the precision of
the measurements). '

In order ior mass M, as determined by this
method, to be equal to that of the phosphoric ion
given up by the phosphate to the solution and the
solid exchanger {assumed to le initially free from
phosphoric ions) the system must fulfill two
conditious:

1. All the phosphoric ions held by the exchanger
must remain in motion, none must be fixed by a

Original language: French.

* Research Director of The National Institute of Agrono-
muic Research.

T Chemicat Engineer,

bond which would make it incapable of displacement,
so that isotopic dilistion extends to every one of these
ions. This point has been verified! for a neutral calcic
kaolinite first treated hy a dilute solution of P3*-
tagged phosphate under conditions which would
allow the precipitation of caleivin phosphates, then
by a solution of HZ*3%(0,, without a carrier.

Here, on the other hand, are the results achieved
in the presence of an amberlite which first had been
purified by treatments with hydrochloric acid and
dilute soda, then adjusted to the required pH. The
conditions were: 0.5 gm amberlite agitated with
80 cm* of a P**-labeted calcium phosphate solution;
pH = 7.2-7.5, then the addition of H;P*0, with
an activity of 7107 cpm without carrier, followed by
agitation over 24 hours.

POy added, mg 04 0.6 - 1
Po0p left in solution, mg 0.24 0.36 0.544
Activity of solution, cpm 4044 4189 3845
Computed value of A,

mg P,0, 0.42 0.61 102

2, In addition. the phasphate to be dissolved must
not itself pive rise to isotopic exchangers or phos-
pharic iouns in the solid phase. Some calciumt phos-
phates, even when they are well crystallized, in
particular hydrated dicalcium phosphate, when
placedd in contact with a radioactive phosphate-
bearing solution, absorb an important fraction of the
radioactivity, even when they are partly dissolved.?
However, this isotopic exchange, in the crystals or
on their surface, is of negligible significance for the
phosphorites or apatites under study: after 8 days of
agitation of an aqueous solution, the isotopically
dilute mass of Pa(Jy in the solid phase (3 less P2Os
in solution) represents approximately 0.02 to 2%
P20y left in the solid phase. {The hnportance of
isotopic exchange in the solid phase seems to vary
with the same sign as the solubility of the phosphate}.

The method was applied to five finely crushed
natural caicium phosphates of various urigins (90%
of the particles < 30 g) having a very umiform
granulometric composition {samples turned over by
the International Phosphates Studies Association):

1. 2.5 pm ambertite 4- 200 emy® of C.015 N CaCly;
initial pH = 5.5 4+ 20 mg of phosphate; 8 days of
agitation; radioactivity introduced: 500,000 counts
per minute HyP*?*(Q, without a carrier,

N







In Situ Measurement of Soil Bulk Density

By J. A. Vomocil,* USA

Soil tilth, extremely important as a component of
land productivity, is difficult to measure and define
quantitatively, It is the summation effect of many
factors, some independent, some not. Hence, a singie
measurement method should not be expected to depict
tilth. Ultimately the plant itself provides the best
index for evaluation of this factor. However, in
agronomic tesearch, there is a need for charaeter-
ization of this property for evaluation of soil manage-
ment practices, tillage methods, effects of field traffic
on soil condition, and other related operations.

Due to the vartability of some soils over short
distances, the properties of these can be adequately
represented only if sampling is thorough. Hence, a
measurement method must be rapid to be satis-
factory., Sceondly, it must be capable of rapid deter-
minations to such depths below the surfuce as are
effected by management practices and which in turn
effect crop growth. Of course, the determination
must be such that results from it are related to
productivity of the soil, either theoretically or em-
pirically. Finally, for experimental work, the mea-
surement niethod should not cause appreciable plot
disturbance.

The high penetrating power of gamma rays and
the availability of sources of these in the form of
radioisotapes suggest the possihility of using them
for measurement of soil bultk density. Admittedly,
bulk density is not a completely adequate index of
soil tilth, but if used in conjunction with other pro-
perties, it can provide a representation of relative
condition.

THEORY

When electromagnetic energy flows through
matter, its intensity is diminished. There are several
mechanisms of dissipation, but these are unimportant
here. The principle factor is that the diminution at
some frequencies is proportional fo the density of
the medium. Some frequencies have such characteris-
tics that their transmission 1s affected by few variables
except density, and their transmission is preat enough
that they become suitable for practical measurement
of density. X-rays and gamma rays fall into this
class, Their conductance is in accordance with the
Beer-Lambert Law.

= ke

Eh
L,

* Rutgers University, The State University of New Jersey.

where [ is the intensity of radiation transmitted by
a thickness x, /4 is the initia] intensity, and u is the
linear absorption coefficient which is the product of
the absorption per unit mass {nwass absorption coefii-
cient), and the density of the medium, Obviously if
one plots the log of intensity transmiited through a
constant distance from a constant intensity source
against the density of the medium, a straight line is
obtained if the mass absorptivn coefficient is constant.
Radiations can be selected whose mass absorption
coefficient is very neatly independent of the chemical
composition of the medium.

Berdan and Bernhard! used 60-kv X-rays in a
triaf with two soils and found that a separate trans-
mission curve had to be plotted for each soil, X-ray
transmission was found to be sensitive to other
variables in the soil. These authors suggested the
use of Co® pamma-ray transmission for deter-
mination of density. At the same time, Beicher et ai.2
proposed the use of Co™ gamma-ray scatfering and
transmission for bulk density determination,

Co® has definite advantages. Its half-life of 5.2
years is sufficiently long that corrections for decay
are small and need by made only about monthly. The
energies of its dichromatic radiations (1.16 and
1.32 Mev) are such that absorption is almost entirely
by Comipton scattering, and consequently transmis-
sion is independent of chemical composition within
reasonable limits.®+% [n addition, Co% is relatively
inexpensive and easy to obtain,

For gamma-ray svil densitometry, a source of
gamma rays, such as a small piece of Co®® wire, and
a detector, such as a Geiger-Mueller tube, rigidly
fixed with respect to one another, are required. These
may both be housed in one prohe® or in 2 parallel
probes 6.7.8

If both are housed in one prohe, gamma rays are
scattered back to the probe, and some are absorbed
by the intervening soil before beam intensity is
measured, Hernce, the mechanism is complex, but
Belcher ¢t al.? obtained a linear relationship between
intensity at the detector and wet bulk density of the
soil. However, within the single probe, the source
and the detector are necessarily separated by con-
siderable lead shielding and consequently the thick-
ness of soil whose average density is measured with
the probe in a single position is 20 to 30 cm, In
agronomy there is interest in thinner layers, such as
plow soles. Using two probes overcomes this
difficulty.
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soil, can be most fuily utilized by increasing the size
of the superphosphate grains. If, however, the size
of the grains is increased and the dose of fertilizer
remains unchanged, the grains are more thinly dis-
tributed in the soil, As our experiments with labelled
phosphates have shown, this leads to an uneven
supply of phosphorus to individual plants, particu-
larly in the early stages of growth when the root
system is still poorly developed.

With the passage of time, as the root systein
enlarges and covers a greater area of soil, the density
with which the grains are distributed in the soil
becomes less important than factors affecting the
fixation of the fertilizer phosphorus by the soil.
Heuce, in the later stages of growth, a better utiliza-
tion by the plants of phosphorus from the larger
grains is usually cobserved.

Shde 1 {Table I of PP/694) shows the results of
one of our experiments, in which the phosphorus
uptake of plants from grains of various sizes was
observed by means of an isotopic tracer. During the
first 30 days of tbe experiment, the plants took up
2-3 times more phosphorus from the small grains,
whereas they later showed a definite preference for
the large grains. This relationship is shown particu-
larly clearly in Slide 2 in which the amount of
labelled phosphorus taken up by the plants from the
simall prains is taken as 100.

Our experimients established the fact that granular
superphosphate fertilization has a strong influence on
the assimilation of soil phosphorus by plants; it is
significant that this influence varies at different
periods of growth, as Slide 3 indicates. It may be
inferred from these results that the main factor
governing the increased utilization of sofl nutrients
mn the experiments where granulated superphosphate
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Slide 1. Assimilation of sail phosphorus by plants

was applied was the superior development of the
root system in plants supplied with phosphorus in
the early stages of growth by means of fertilizer,

The results of these experiments clearly reveal an
important specific effect of the row application of
fertilizer—it results in an immedinte improvement
in phosphorus nutrition in the early stages of growth
and so creates conditions for a fuller utilization of soil
phosphates by plants in later stapges of growth,

With the help of the isotope techunique, precise
information was obtained on how the depth at which
fertilizer is applied affects the seale and rate of its
utilization by plants. Generally speaking, application
oi the main dose of fertilizer at some depth promotes
a fuller utilization of the fertilizer by the plants than
shallow application. But the comparative amounts
actually absorbed of fertilizers applied at different
depths change as a function of time. Experiments
with labelled phosphates have shown that, in the
nitial stages of growth, plants take up more nutrients
from fertilizers placed at little depth, Lut that this
situntion subsequently changes—in a number of
experitnents this occurred as early as two wecks
after germination. This is illustrated by the results
of a field experiment with oats which are shown in
Skide 4. Here the amount of phosphorus taken up
Iy the plants from fertilizer applied at a depth of
7-8 cm is taken as 100, the curve showing the amount
of phosphorus taken up by the plants from fertilizer
placed at greater depth, 18-22 cm,

The results of experiments with Jabelled phos-
phates have thus given us a better appreciation of
the advantages of combining these two miethods of
applying fertilizers—application to the rows (or
craters) at the time of sowing and the application of
the mamn dose at some depth, With the samie total
dose of fertilizer, the combination of row and main
dose application is conducive to the best utilization
both of the fertilizers themselves and of the soil
phosphorus, and to hnproved plant growth. The
results of the field experiment given in Slide 35
(Table IV of P/694) testify to this,
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strated by the results of experiments in which the
quantity of ordinary and labelled phosphorus passing
into the different extracts and the quantity of labeiled
phosphiorus taken up hy the plants were compared
under greenhouse test conditions.

I would point out that this conclusion is endorsed
in the paper submitted to this Conference by R. Scott
Russell ¢t al. (P/460).

There is one more point to which I should like to
draw attention. The use of labelled phosphates iu
field and greenhouse experiments provides a new
method of determining the so-called coefficient of
utilization of fertilizer phosphate without recourse
to the usual differential method which is based on
the tacit assumption that the utilization of soil phos-
phate by plants is the samne whether fertilizers are
applied or not. This assumption does not, however,
correspond to the facts, as Mr. Spinks also points
out in his paper (P’/10). Where the dose of fertilizer
is increased, the coefficient of utilization as deter-
miined hy the isotope method differs substantially
from the coefficient as determined by difference.
Professor Sokolov's paper indicates that a similar
discrepancy occurs if a number of soils with varying
assimilable phosphate contents are used (Table IV
of P/695}.

The tahte shows the resuits of an experiment with
soils taken from plots used for ficld tests over a
period of years, to which varying doses of fertilizers
had been applied with the result that their assimil-
able phosphate content varied. The Agures make it
clear that the larger the assimilable phosphorus
content of the soil, the larger the amount hy which
the guantity of labelled phosphorus entering the
plants from the fertilizer exceeded the phosphorus
lost as determined by difference.

The table also shows that the discrepancy between
the actual coelficient of fertilizer utilization and the
coefficient as determined by difference is also affected
by the methad of applying the fertilizer, If the
fertilizer is applied locally, this discrepancy is partic-
ularly striking owing to the mechanism of selactive
up-take.

All these facts point to the need for a far-reaching
verification of existing concepts of the coefticient of
phospharus fertilizer utilization by means of experi-
ments with labelled fertilizers carried out under
varying soil and agro-technical conditions,

Mr. Krprov-Zixuxan (Byelorussian SSR) pre-
sented paper P/716, as follows:

Radioactive isotopes are being increasingly widely
used as tracers in the study of the most varicd prob-
lems and in particular, in the investigation of ques-
tions of plant nutrition. The radicactive isotope of
cobalt, Co®, has, jor example, played an important
part in our study of the effects of cobalt on agri-
cultural plants.

Rescarch carried out by the Institute of Socialist
Agriculture of the Academy of Sciences of the Byelo-
russizn S8R and by the Soil-Liming Laboratory of
the All-Union Insutute of Fertilizers, Agro-techno-

lopy and Soii Science of the Lenin Academy of Agri-
cultural Sciences has established that, contrary to
the widely held opinion, cobalt can have a benehcial
effect on the growth, development and yield of agri-
cultural plants.

In a greenhouse experiment on limed sod-podzot
soil, cobalt had the effect of raising the total vield
as well as the yield of kok-saghyz roots and of
increasing rubber accumulation., I carried out this
worle in collaboration with O. E. Kedrova-Zikhman
and the results were published as far back as 1942,

The results of this experiment were subsequently
confirmed for red clover, {lax, sugar beet and winter
rye in greenhouse and field experinients carried out
in collaboration with A. N, Protashchik and P. E.
Rozenberg on sod-podzo! and lowland peat-bog soils,
and also in a feld experiment with winter wheat
carried out by A. P. Kevorkov. These experiments
showed that cohalt has a beneficial effect in acid sod-
podzol soils, mainly when limed, and on lowland
peat-bog soils, even when unlimed,

The results of our experiments further showed
that the henefcial effect of cobalt is greater in the
case of the reproductive than of the vepetative organs
of the plant, that it substantially accelerates the
maturation of seeds, increases the fat content of the
secds and the hbre produciion of flax, and raises the
sugar content in the roots of sugar bect.

With a view to making a more detailed study of
the effects of cobalt on agricultural plants and in
particular of the causes of the variations in its
behaviour according to whether the soil is limed or
unlimed, I have carried out a number of experiments
with cobalt-60 since 1951 in collaboration with A. N.
Kozhevnikova and, since 1954, with A. F. Agafonova
also. These experiments consisted of greenhouse tests
most of which were carvied out in standard-size
Mitcherlich pots and the corresponding laboratory
tests, in particular, a radicactive assay.

u the greenhouse experiments, Co*® was applied
to sod-podzol soil both limed and unlimed, in addi-
tion to ordinary cobalt. Both the ordinarv cnbalt and
its radicactive isotope were applied in the form of
a nitrate, the amount applied being ¢ or 7 mg per
pot in some cases and in others, 20 myg, the radio-'
activity varying from 160480 pc. The experimental
plants were barley, white mustard, turnips and
radishes.

As the fgures given in Slide 9 indicate, in this basic
greenhouse experiment with harley, as in our previous
greenhouse and field experiments with other crops,
on unlimed soil neither the total yield nor the grain
yield of barley showed any increase under the influ-
ence of cobalt and in must cases actually declined. {(The
large columns show the total yield, the small ones the
grain yield.) On limed soil, on the other hand, cobalt
caused a substantial increase both in the total vield
and in the grain yield. Furthermore, the beneficial
effect of cobalt was greater in the pots in which Co®
was applied in addition to ordinary cobalt than in
the pots in which no radioactive Co was applicd.
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With ‘effective local control we have practically
succeeded iIn removing sources of infected material
and in preventing further spread of the disease.

The importance and frequency of root grafting
were quite different with different species and under
different circumstances, When it has occurred fre-
quently it seemed to have important implications
both for healthy and for diseased trees.

DISCUSSION OF P/106 AND P/105

Mr., Tukey (USA): My question is addressed
to Mr. Riker. Both he and Mr. Spinks have men-
tioned the cross-transfer of nutrients within a tree.
Docs cross-transfer, or lack of cross-transfer, differ
from species to species and from plant to plant?

Mr, R1IKER (USA) : Yes, it seems to vary greatly,
depending upon the species. In the trees in the red
oak group, including those on which we worked, the
cross-transfer was usually very easy. However, in
trees in the white oak group there was no cross-
transfer. The material entered the trec at a single
point and went up to the top of the tree in a relatively
straight line, diverging only as the grain of the wood
twisted,

Mr. Rixer (USA): I wanted to ask Mr. Tukey
whether he has any information about the clution of
organic materials from the leaves of trees and, like-
wise, whether the washing out of mineral salts or
organic materials from the leaves of trees had any
effect upon winter injury?

- Mr. Tukey {(USA): Our work has been almost
entirely with mineral nutrients. However, I know
there are orpanic materials that conle irom leaves.
My information comes from Dr. Sven, Odense
(Denmark), whose laboratory I recently visited,
I know—I think that this is no divulgence of any
information preliminarily—thai he has prepared a
paper for the International Horticultural Congress
to be given in September in Holland, and he has
shown me that there are really very large amounts
of organic materials which are leached from fruit
trees.

Mr. K. Kamxor (Austria) @ I would like to make

some additional remarks on the very interesting
paper of Mr. Tukey.

In our laboratary, foliar application of primary
potassiuim phosphate was investigated and some para-
meters influencing ‘the intake of the nutrient were
studicd. In two respects, our results are diflerent
from those represcuted here. We were able to prove
that a decrease of tempcrature from 23°C to 16°C
gives an increase of the intake of about 50 per cent.
Another discrepancy is shown by the result of the
intake of the nutrient by the upper and lower part
of the leaf. We obtained the contrary result but
I agree that the stomata are of no immportance. Maybe
this discrepancy is founded on the different test
plants. YWe used Solanwin nigrum, Galinsoga parvi-
flars and wheat.

The main purpose of our investigations was to
make evident the functional connexion between the
stage of development of a plant and the intake
through the leaves, \We found that a significant
increase of the intake occurs in the early stage and
at the vitality maximum—that means at the point of
the highest growth rate,

This ts only a roupgh account which has to be
modified when the concentration of nutrient varies
over some order of magnitude, but T do not want
to go into details here,

Finally, 1 would mention that the combined foliar
soil fertilization may produce the highest crop, as
our experiments with Solanum nigrum showed.*

Mr. Tugrey {USA): Might I reply to that com-
ment about temperature. [ would agree that if
temperature is a matter of drying out, then I would
think there might be less uptake at a low temperature.
However, our experience is that i we maintain the
humidity, then the increase in the temperaturc gives,
as 1 indicated here, a greater increase with each
increase,

* K. Kaindl: Untersuchung iber die Aufnahme von P32
markiertem primirem Ka]iumphosphnt durch die Blattober-
Riche; Dic Bodenkultur, 7, 4, 324-353 {1953). Alsec Foliar
F crtlhzatlon with Phosphattc Nutrient Labelled with P32,
Second Isotope Conference, Oxford 1654,
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Radioisotopes in Animal Physiology and

Nutrition - Mineral Metabolism
By C. L. Comar,* USA

Radinisotope contributions to animal physiology
already comprise a consicderable literature well known
to workers in the field. The study of certain impor-
tant problems of calcium and phosphorus nutrition
has been complicated by difficulties of interpretation
of single dosage studies. These difficulties have
arisen primarily because of the exchange reaction of
such ions between bloed and bone, These same
exchange reactions, however, have led to an under-
standing of ion movement within the body that could
not have been gained without the use of radio-
isotopes.

This paper presents some recent findings in regard
to mineral nutrition with particular emphasis on
calcium availability and metabolistn in  domestic
animals. To setve as a basis for understanding the
interpretations, a Dbriel review is given of current
concepts of ion movement between circulating fluids
(blood) and the skeleton. Important corollaries of
such concepts are concerned with the hazard and
mechanisms of deposition and removal of certain
bone-sceking radioisotopes.

Documentation of unsupported statements wilt be
found in the bibliography classified by subject matter.
The contributions of the authors listed in the biblio-
graphy will be readily apparent to the reader amd
are gratefully acknowledged. Space does not permit
discussion of the fine details, particularly in regard
to botie metabolism. Rather, an oversimplification is
made to present the general principles with emphasis
upon those over-ali reactions that are the most
important,

SKELETAL METABOLISM
The Exchange Concept

In this discussion, exchange is considered as the
movemnent of ions from the blood to replace ions in
the bone and vice versa. This process in which no
change of mass occurs is contrasted with that of
hone accretion or growth, which does result in pro-
duction of new bone. Note the refcrence of Neuman
and Neuman.

Bone may be considered to consist of the bone
mineral (bome crystal) and an organic mairix

* Including work by C. 1. Comar, Oak Ridge Institute of
Nuclear Studies, Inc.; F. W. Lengemann, Univessity of Ten-
nessee ; W. E. Lotz, Oak Ridge Institute of Nucjear Studies,
Ine.; R. A, Monroe, University of California at Los Angeles;
and PP. M. Johnsioen, University of Arkansas.

(osteoid). The bone crystals contain calcium, phos-
phate, and hydroxyl ions arranged in a hexagonal
lattice structure that gives an X-ray pattern charac-
teristic of the apatite minerals. The organic matrix
is comprised of collagen fibers between which occurs
a mucopolysaccharide identified as chondroitin sul-
fate. Certain substances present in blood are deposited
in the organic matrix; these include beryllium,
carbon, magnesium, phosphate, sulfur, lanthanide
rare earths, and actinide rare earths. Such osteoid
seekers will not be considered further in this paper.

It has been demonstrated that the surface ions
of the bone erystals are in equilibrium with the body
fluids bathing these ‘crystals. Also, certain ions in
the binod may become bound to or bound in the bone
crystals by isoionic or heterionic exchange; these
ions inciude Aworine, phosphate, calcium, strontium,
radium, lead, hydrogen, sodium, and uranium.
Attention will be primarily directed toward calcum
from the point of view of nutritional studies, with
mention of strontium in connection with hazards of
internally deposited boneseckers. It should be noted
that strontium ions can cxchange with calcium ions
of the bone mineral; the statements to follow in
connection with calcium will also hold for strontium
except when otherwise noted.

It is emphasized that the bone crystals are wvery
small. This means that the surface areas of bone
mineral in the body are very great, and explains the
importance of surface reactions in governing move-
ment of bone-mineral seeking isotopes.

A simple model, which depicts calcium ion:
movement in the hody, is presented in Fig. L. It is
considered that the circulating calcium in the blood
comes into contact with the surfaces of a certain
portion of the bone mineral and exchanges with the
surface calcium. New calcium enters the blood from
the gastrointestinal tract and calcium is lost by
urinary and fecal excretion. In the growing animal,
some of the blood calcium is removed to form new
baone,

ENTRY OF Ca* AND Sr* INTO BONE

Let us now consider the stoichiometry and kinetics
of the exchange reaction. A model is presented in
Fig. 2. We can regard the bone as an ordinary ion
exchange column with solution (the body fuid
containing calcium ions) constantly being recirculated
through the bone. For purposes of illustration we
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The data in Table IT illustrate some results of
such experiments with both calcium and phosphorus,
In this study six calves were divided into two groups
as comparable as possible. These animals were raised
on an adequate normai farm ration, except that one
group was placed on a low-normal calcium intake
whereas the other group received higher amounts.
The amimals were about four months of age at the
start of the experiment. After about six months it
was determined that there were no significant
differences in the fecal endogenous calcium loss
between the pgroups. The wvalues in Table IT were
abtained at about 15 months after the start of the
experiment. It should be noted that the calciam and
phosphorus intakes listed were those at the 15-menth

periad and had been proportionally increased as the
aniials grew,

It is clear from the fecal endogenous values that
the anmimals bad adapted to the lower calcium diet
by significant reduction in the loss of this element
from the body. This loss reduction is also reflected
by the total digestive juice data. The phosphorus
values appeared more variable and showed no trend,
Diet did not seem to affect digestibility, The net
digestibility for calcium ranged from 21 to 32 per
cent whereas the values for phosphorus ranged from
71 to 78 per cent.

SUPERIORITY OF MILK AS A CALCIUM SOURCE FOR
CALYES

Previous studies have indicated that millk is a
better source of calcium than are most other {oods,
This is of practical huportance since there is a
tenrlency to reduce costs by feeding milk replacements
rather than fresh inilk to dairy calves. Also, there is
an interest in raising the percentages of roughage in
cali rations. The following expcriment was under-

taken to confirm and to determine the extent to
which milk is actually superior.

The experimental plan and results are summarized
in Table I1I. In two of the trials, as designated by
the footnote in the table, the balance trials were run
on the same animal before and after being weaned.
For the other comparisons, pairs of animals were
picked to be comparable insofar as possible. Three
weeks before the balance trial, except for the two-
day-old calves, onc animal from each pair was weaned
from the milk diet to one of the orchard-grass hay
and comumercial concentrate. Conventional calcium
balance trials were run and net digestibilities were
dctermined, as previously described, by mcans of
calculated values of fecal endogenous loss. The results
show clearly that the calves were able to absarb and
retain more calctum from milk than from hay and
coneentrate,

It was of interest to determine whether the same
effects occurred in aged animials, In an 11l-year-old
dairy cow the nct digestibility of calcimn was deter-
mined to he 8 per cent in a diet of corn, soybean oil
meal, and hay supplying 30 grams of calciwun daily.
Adter the animal had been placed for a few dJays on
a ration of two parts hay, one part corn, and two
parts dry skim milk supplying 32 grams of calcium
daily, the nct digestibility was determined to be 23
per cent.

MOVEMENT OF CALCIUM IN DEVELOPING CHICK
EMBRYQ

Studies have heen under way to investigate the
movement of calcium among the various components
of the hen's epg during embryonic development.
Particular attention has been given to the source of
the embryonic calcium. In general, the procedure has
been to inject Cai® into the dense athumen of the

Table Il. Summary of Fecal Endogenous ond Total Digestive Juice Calcium and Phos-
phorus in Cattle as Adapted te Dietary Levels

Animal no. 1 2 2 & & &
Body weight {(kg) 253 350 8 258 . 357 322
intake (gm/day)}
Calcium 26 20 17 58 43 44
Phosphorus 26 20 17 43 32 34
Fecal endogenous loss {gm}da:_v]
Calcium 2.6 2.6 24 3.9 34 4.0
Phosphorus 6.4 2.1 BO . —_ 4.6
Total digestive juice secretion
(gm/day) -
Calcium 30 39 29 52 44 58
Phosphorus 29 — 27 34 — 16
Apparent digestibility (%)
Calcium 15 10 3 17 13 22
Phosphorus 53 —_ 33 60 — 57
Net digestibility ()
Calcium 26 32 17 24 21 3
Phospliorus 78 — 74 76 — 71
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during this time. During the period of time when
the 5A of the volk is rising, the yolk is separated
from the albumen only by the vitelling membrane.
Later the yolk sac and the extended area vasculosa
intervene, and additional barriers to diffusion are
established. It would appear that the yolk is therefore
cut ofi directly from its source of Ca®® and any
further rise in the SA of the yolk would have to be
the result of the absorption of labeled calcium from
the blood. This situation seems to be indicated by the
rise seen in the SA of the yolk between the eleventh
and fifteenth days. During this time it appears that
the blood is giving up some of its caleium that is
being stored in the yolk for future use. The continued
rise of the SA of the yolk after 15 days may in part
be due to the imbibition of extraembryonic fluids by
the emibryo and to the possibility that some of these
fluids find their way to the yolk sac via the vitelline
duct, The 5A of the extraembryonic fAuid was
relatively high, about 1.4 at 19 days. This high SA
of the extraenthryonic fluid probably can be accounted
for by the fact that there is an apparent mingling of
the contents of the albumen sac and the amnion and
choricallantots during the last week of incubation,

In sunwmary it may he stated that calculations
indicate that 85 to 95 per cent of the embryonic
calciumi accumulated over the first ten days was
derived from the yolk, After ten days the shell started
to contribute calcium to the embryo. The movement
of calcium among various egg components was corre-
lted with accepted merphological and physiological
concepnts, '
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that the isolated frog skin maintains a potential
between its inside and outside. Later it was fouuul
that this property depends upon the presence of Na
or Li jons, In the thirties of this century another
surprising property of the frog skin attracted the
interest of physiologists. In 1935 Huf found that the
isolated surviving frog skin, when in contact with
Ringer solution on both sicdes, performs an active
transport of sodium chloride from the outside solu-
tion to that bathing the inside. Shortly afterwards
Krogh!' observed that salt-depleted frogs are able
to take up salt from the surrounding medium, even
when the latter is as dilute as 10— molar with
respect to NaCl. Still more surprising perhaps was
Krogh’s finding'? that the mechanism is specific to
Na. Neither K nor Ca were taken up from solutions
of their chiorides.

If we now apply Equation 1 to the behavieur of
Na and Cl in the frog skin, it s readily seen that the
transfer of Na is bound to be due to active transport,
If, for example, the potential difference across the
skin is 60 mwv (the inside positive refative to the
outside} and the solution on both sides is Ringer’s,
the equation indicates that the influx ought to be one
tenth of the outflux. Experiments show, however,
that the reverse is more nearly true. The influx is
higher, and often 10 times higher, than the ontflax. 14

The fact that active transport in contrast to passive
diffusion is dependent on metabolic processes is
clearly demonstrated in recent experiments on dini-
traphenol-poisoned frog skins, performed by Dr.
Schoffeniels in our laboratory. Table 1 shows some
of the results, The skin was placed with Ringer’s as
inside solution and /4, Ringer’s as outside solution,
It is seen that in the control periuds the influx is
much larger than the outflux despite the fact that
the active Na transport has to overcome both the
conceniration difference and the electric potential
difference. Thus in the Arst exaniple the actual Alux
rativ 15 J.66 whereas that calculated under the
assumnption of passive diffusion according to Equa-
tion I is 0.011. During 1XNP-poisouing, however, the
active transport stops and Na starts leaking out m

Table I. influence of Dinitrophenol upon the Active
Transport of Sodium through the isolated Frog Skin

Inside medium, Ringer's. Outside medium, 1/1¢ Ringer's.
pH ‘of bathing solutions, 8.3, ifin, influx; Afowe, ontAux
of Na, measured with Na2¥, respectively. [, potential differ-
ence (sign refers to inside solution). For each experiment
is given first a control period, ¢, and then an experimental
period after the addition of DNP to give a concentration of
1 » 10-2 mM (Schoffeniels, E., in preparation).

ar, Moy E MM, ML

T amelemtamtT mp found  eafrulated
C 0.34 0.093 62 3.66 0.011
DNEP 0.25 1.57 —11 0.16 0.15
C 0.443 0.145 82 307 0.0235
DNT 0.049 0.56 — 6 0,087 0126
cC 0.228 0.008 72 25 0.m7
DNP 0.032 0.2t6 — 7 0.148 0.132

accordance with the concentration difference. The
sign of the potential reverses, the outside sohition
becoming positive as it should if Na leaks faster
than Cl. The Aux ratio found during poisoning is
very closely equal” to that calcvlated for passive
diffusion. Thus DXP which is known to uncouple
metabolism from the formation of high-ciiergy phos-
phates and thus from doing useful work, will also
“declutch the sedium pump”, and leave the Na ion
to diffuse like any passive ion.

For the chioride ion the sitvation is different. The
electric potential difference might well provide the
force necessary to transfer chloride ions from out-
side to inside solution. Detailed studies of the
transfer kinetics of chloride, using the isotopes Ci%¥
and CI* have, as a natter of fact, shown that chloride
in the isolated frog skin behaves in complete apree-
ment with Egoation 1,%1% The investigation of the
chloride permeability further showed that the higher
the potential difference the lower were both influx
anc¢! outAux of chloride ions, This observation was,
at least qualitatively, in agreement with the working
hypothesis advanced some years ago?®®! that the
electromotive force giving rise to the skin potential
was created by the active transport of the positive
sodium ions from the outside to the inside solution,
whereas the passive movement of chloride ions
created a variable short-circuit for this potential,
This hypothesis evidently requires that a high
chlaride permeability should be associated with a
low potential difference and vice versa,

THE SHORT-CIRCUITED FROG SKIN

It is clear that the above working hypothesis goes
beyond the statement that the transport of Na is an
active process. The active transport of an ion species
may orf may not create a potential difference,
depending on the way the process is carried out,
Thus a process by which a K ion is carried one way
in exchange of a Na ion carried the other way woulkl
not in itsclf create a potential difference. Further-
more it would be quitc conceivable, indeed likely,
that other ceilular processes than the active Na
transport would contribute to the clectrie asymmetry
of the skin. Notably we have to consider those meta-
bolic jons which. like H+ and HCO;t, have been
considered iniportant in some hypotheses advanced
to explain the skin potential. For these ions the use
of tracers, so important in the study of the transfer
of Na and Ct, seemed 10 be out of question. The
problem can, however, be attacked in the foilowing
way: Suppose that the skin potential were short-
circutted, so that both sides of the skin were at the
same potentiai, and that, further, solutions of identical
composition were bathing both sides, Under such
conditions no net transfer of passive jons would take
place. Ions which are subject to active transport
would, however, continue to flow onesidedly, and the
current (lowing through the short-circuit wonld be
the resultant of all the net transport processes,
Actually, determinations of the current that can be
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an increased pore size was preferred due to certain
peculiarities in the water permeability observed
during hormone action. Thus the diffusion rate for
heavy water through the skin of frogs and toads is
unaffected by the hormone although the rate of
osmotic transfer of water through the skin goes up
bv a factor of 2-5 when minute amounts of the
hormone are added to the solution bathing the inside
of the skinl® The phenomenon was explaincd as
follows: The rate of diffusion of water through a
pore miembrane of given thickness is determined by
the total diffusion area available. If » is the number
of pores and r is the pore radius, the diffusion rate
or water (lux, M, is given by M —=kenr®, where Ry
is a constant. The rate of osiiosis, however, is assumed
to be a bulk flow of water, which is determined by
the laws for laminar flow and not by the laws for
diffusion. For cylindrical pores, according to Pois-
seuilles law, the (low rate depends upon the radius
to the 4th power. The net osmotic flow of water,
A, therefore is determined by A.==knri, where ky
is another constant,

Since the diffusion rate depends upon the radius
to the Znd power, whereas the osmotic flow depends
on the radius to the 4th power, it is obvious that a
small increase in r which gives a hardly perceptible
increase in the diffusion rates of D20 will give a
large increase in the rate of osmotic flow, Still, the
peculiaritics in the water permeability might have
had a different explanation. Thus Caprano and
Bernimi? assumed that the hormone induced an active
transport of water inward through the skin, It is,
however, possible to deduct ccrtain consequences
from the pore theory of hormonc action, consequences
which can be tested experimentally, Let us consider
a membrane with narrow pores through which a net
flow of water is established. The driving force may
be for instance a difference in hydrostatic pressure,
or the presence in one of the bathing solutions of an
osmotically active suhstance which cannot eater the
pores. Jf wwe now consider a molecular species which
can diffuse through the pores, it is clear that the
linear rate of flow in the pores will influence the
diffusion, so that molecules diffusing in the direction
of flow will be speeded up and those moving in the
opposite direction will be slowed down. If, on the
other hand, the membrane is no pore membrane but
constitutes a continuous phase, one must assume that
water molecules and other molecules pass by dis-
solving in the membrane phase. Therefore the
osmotic transier of water cannot influence the diffu-
sion rates of other substances, which must diffuse
at the same rate both ways. The presence of pores
in a membrane thus can be tested by determining
stmultaneously the diffusion coefficient of a test
substance in both directions during osmotic or hydro-
static water flow. In order to determine the two
diffusion coefficients one simply needs two batches
of the test substance labelled differently with isotopic
tracers. In our particular casc it is desirable (1) that
the test substances are of at least the size of the

Na ion, (2) that they are not lipoid soluble {because
lipoid soluble substances may penetrate by dissolving
in the membrane material between the pores),
(3) that the molecules are small enough to penetrate
and (4) that they.are not likely to be subject to
active transport. For the time being experiments
along this line are at progress in our laboratory and
some of the results! ate presented in Fig. 1. The test
substances used were thiourea, labelled with 5% and
C%, and acetamide, labelled with C* in position 1
and in position 2.

The results are given as the logarithm to the ratio
between the diffusion coefficient for influx (k) and
that for outflux {%,.}, because, in analogy with what
had been said in connection with Equation Z, the
solvent drag force on the test molecule must be con-
sidered equal to RT In (&g kae). This driving force
is plotted as a function of the rate of osmotic water
flow through the tcst object, namely the skin of the
comurion toad {Bufo bufe), placed with Ringer’s
solution on the inside and /3y Ringer's on the out-
side. The proportionality between osmotic water flow
and the solvent drag force is very apparent, demon-
strating that, indeec, the movement of the test sub-
stances as well as the water is confined to narrow
pores, It is further seen that all hormone-treated
skins show a pronounced solvent drag efect, whereas
the untreated skins show only little drap effect.
These experiments demonstrate three things: (1)
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Figure 1. Showing the sffect of the rate of csmotie flaw of water
through the iselated tood skin upon the iclvent drag foree exerted
oh the test tubstances thiourea and acetamide. Log (kew/kexd), the
logarithm of the rotic between the inwerd and ovtward diffiysion
eoefficients, is taken of a measure of the drog force: ki ond kew
are defermined simultanesusly with iwe baitches of the tet substunce
labelled differently with roedicactive tracers (STC(NM,), and SC™
{NHy)z, and CHaC™"ONH: ond CVHAOMH,), tnside mediym Ringer's;
outside medium, 1710 Ringer's. All exparimenty with atetamide, O,
ond part of thoss with thicurea, X, ore parformed on skins treated
with piteansin {the antidivretic newrchypophysiol hormone} which in-
creqses violently the rate of oimolic water flow
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osmosis through a living membrane can be of the
type of bulk flow, (2) the layer acted upon by the
hormone 15 provided with pores and (3} the hormone
acts by increasing the potre size, and this increase in
size is sufficient to account for the cffect of the
hormone upon the active Na transport.

MECHANISM OF ACTIVE TRAMNSPORT

Up to this point we have taken the active transport
as an observed fact without consideting the under-
lying mechanisms. We have eliminated concentration
differcnce and ciectric potential difference as driving
forces, because, in the short-circuited frog skin we
have Na transport in the absence of concentration—
and potential difference, Solvent drag force can also
be eliminated because we can have active Na trans-
port in the absence of any net water flow through
the membrane, Thus by elimination we come to the
conclusion that the operating force is of chemical
nature. That also would he in agreement with the
high specificity of the Na transport mechanism which
refuses to transport as closely related ions as K, and
Rb. It is true that Li can be transperted to some
extent by the skin® but Li piles up in the epithelivm
cells and finally inhibits the transport mechanism.

Some authors have advanced hypothesis according
to which active ton transport is associated with
electron transfer, so that for one electron passing
from substrate to oxygen, one ion is transferred.t™*
In the case of the Na transport of :he frog skin,
however, such hypotheses can be rued out since,
under suitable conditions the number of Na
equivalents transferred exceed the number of equiva-
lents of oxygen consumed.®® Several hypotheses
depend on the operation of “membranc carriers”, that
1s, substances associated with the merbrane which,
by complexing with the fon to be transported allows
it to enter the membrane phase at one boundary and
to be released at the other. In order to accomplish
active transport either the splitting or the formation
of the complex must depend on energy drived from
the cell metabolism. For instance, the carrier may
have a high affinity to Na in its reduced form and a
low affinity in the oxydized form, or the high affinity
form may be phosphorylated and the low affinity
form dephosphorylated cte, A third possibility is that
the complex does not simply diffuse through the
membrane but that it is puiled through by a con-
tracting molecular chain.®? One interesting property
of carriers is that even when they are not linked to
a source of metabolic energy, so that they can give
rise to active transport, they may bring about
abnormal diffusion kinetics.

Thus if the carrier-Na complex is uncharged, its
movements must be independent of the potential
dllﬁ'erencc across the membrane. Tf, further, the Na
concentration is high enough on both sides to saturate
the carrier, so that no carrier molecule leaves either
boundary except in company with a Na ion, the net
Na transfer approaches zero, although it would be
possible by the use of isotopes to demonsirate a Na

flux of about equal size in hoth directions (exchange-
diffusion).?? Finally, if the carrier is an acid, the
carrier would tnake possible a one-to-one exchange
between H and Na ions, so that H¥ would pass
from a solution of low pH into one of high pH
whereas, for each H ion transferred, one Na would
have to pass in the opposite direction, even if it were
against a concentration gradient, The latter situation
scems to be established when the Ringer’s solution
bathing the outside of the frog skin is made acid
to give a pH of 3, whereas that of the inside soiution
is maintained at pH 8. Under these conditions the
active Na transport is inhibited. A detailled analysis
shows however, that there is a flow of electric current
due to diffusion of H ions inward, whereas the Na
outflux becoms larger than the influx (Schoffeniels}),
Thus despite the fact that the Na concentration is
the same on both sides, the potential energy present
in the form of the pH difference drives the “sodium
pump” backwards. The operation of a carrier mole-
cule without metabolic energy supply would explain
these observations.

Admittedly there still remains much to be done
lefore we fully understand the active Na transport
of the frog skin. But the recent rapid progress in
this field is almost exclusively due to the use of
isotupic tracers,
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The Role of Radioactive Isotopes in Investigating the
Physiology and Biochemistry of Digestion

By K. S. Zamychkina and D. E. Grodsensky, USSR

The great advantage of the method of labeled
atoms is that it affords the possibility of carrying out
chronic experimesnits on an intact animal, In this
respect the combination of the isotopie method with
Paviov’s method' is especially stimulating and
prominsing, viz., for the experiments on animals
with chronic fAstulae of the digestive glands.

The evidence presented in this communication
demonstrates the advantage of the method in solving

various problems of physiology and biochémistr)’ ‘of
digestion. '

EXCRETION OF RADIOCACTIVE PHOSPHORUS WITH
THE DIGESTIVE JUICES AND THE CHEMISTRY OF
PHOSPHORIC BILE COMPOUNDS

The Arst experiments in this direction dealt with
the excretory function uf the digestive glands; radio-
active phosphorus being used as an indicator.

‘The study of the excretory function of the digestive
glands is based on the theoretical concepts developed
by Soviet physiologists® concerning the excretory
function of the glands and the participation of the
gastro-intestinal tract in the interniediate metabolism.

Experiments were carried out on dogs with chronic
fistulae of the digestive glands: gall-bladder,® in-
testine,! parotid and submaxitlary gland, pancreas
and isolated ventricleS

The excretion of radioactive phosphorus with bile
was also investigated in patients with a temporary
fistula of the bile duct.®

Indicator doses of radioactive phosphate were
administered to dogs intravenously and per s, and
in humans pcr os. i

The time of appearance of radicactive phosphorus
was thereafter determined in the respective digestive
juice as well as the ratio hetween the jnice and biood-
serim activity at various intervais after the adminis-
tration of the isotope. The kind of compounds in
which radioactive phosphorus was excreted has also
been determined.

In all the digestive juices radioactive phosphorus
detected within the frst few minutes after its
injection into the blood stream. Except for Dile,
maximum activity was noted during the first hour
after the administration of the preparation.

In all the juices, except bile, the total phosphorus
concentration was about 2-3mg% of which a large

COriginal language: Russian.

part was inorganic phosphate. Radioactive phosphate
is thus mostly excreted as inorganic phosphate, Bile
was an exception, first, because its phosphorus level
was high as compared with other juices; in liver bile
of dogs up to 120 mg and in bladder hile up to
200 mg%. Radioactivity of the bile reached its
maximunt only 24 hours after intravenous or per os
administration of radivactive phosphorus, This was
observed both in experimental dogs and in human
patients.

The curves of specific activity of bile in dogs at
various intervals after administration of Na.HFP3*Q,
are presented in Fig, 1. The course of specific activity
as a function of time has a regular character although
the total phosphorus content determined colori-
metrically varied rather greatly from one sample to
another. The maximum of specific activity of bile
was recorded 24 hours after the administration ot
phosphate. A comparison of the total quantity of
radioactive phosphorus, excreted into the intestine
with the amount of radicactive phosphorus detected
in the facces shows that phosphorus excreted with
bile 1s taken up again in the intestine. These results
obtained at the very heginnings of the isotope
method suggested a more detatled study of the com-
position of the phosphoric bile compounds and of
their {ate after the excretion of bile into the intestine.

Information on the chemical composition of the
bile in particular of its phospliorus ompounds may
be found in any monograph dealing with this ques-
tion as well as in gencral textbooks of biochemistry,
and physiology.” However all this information be-
longs to the end of the nineteenth and the beginning
of the twentieth century. Thus in Sobotka’s mono-
graph, Hoppe-Seyler's data on the dog bile are cited,
which have been obtained as far back as the seventies
of the past century,

The insufficient interest paid to the hile phosphorus
compounds is due firstly to the fact that hile was
considered chicfly as an excretion, secondly, that due
attention was not paid to the physiological signi-
ficance of excretion of larpe amounts of phosphorus
compounds into the intestines, and thirdly that the
classical inethads of investigation of the composition
and concentration of phosphoric bile compounds did
not vield satisfactory results.

It is the inadequacy of these methods that inter-
fered with our attempt to develop a method of

257
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when the maximum of specific activity is reached, up
to 999% of all radioactive phosphorus of the bile is
incorporated into the organic phosphoric compounds.
On subsequent days the same ratio is to be found.

It appears irom these data as well as from chemical
determinatiorts that with Wile only about 1% of
inorganic phosphorus is excreted. The specific
activity of morganic phospborus was maximal during
the first periods after the administration of radio-
active phosphorus and then decreased approaching
the specific activity of organic phosphoric compounds.

2. All bile chromatograms of the dog showed two
radioactive spots: one at the application point of the
bile, and the other cluse to the front of solvent
(Ry==0.8). The first spot, as mentioned, was easily
identified as an inorgante phosphate, To identify the
second spot a series of experiments were carried out.
The most inportant of them were as iollows:

(a) Bile was hydrolyzed with 02N KOH for
24 hours at 37°C. All the radioactivity remained at
the application point. Chromatography of the bile
hydrolysate i a mixture of ethyl alcahol-trich-
loracetic acid-water as well as methyl alcohol-
formic acid-water showed that the radicactive spot
of the hydrolysate had the same Ky as that of sodium
glycerophosphate, Identical results were received in
hydrolvzing bile with barinm hydroxide, Lead gly-
cerophosphate was isolated from the bile hydrolysate:
most of the bile radioactivity was contained in
this salt,

(b} Chromatography was carried out simulia-
neously of radioactive dog bile and phospholipids
extracted fromn the liver of the same dog by an
alcohol-ether mixture. The spots thus obtained had
an identical R, suggesting a similarity in nature
between the substances extracted by an alcohol-
ether mixture from the liver and the organic phos-
phoric compounds of the hile.

(¢} Radioactive bile was treated with various
organic solvents with subsequent simultaneous chro-
matography of both, whole bile, and of fractions
isolated from it. Among the methods of bile treat-
ment applied were those of Iolonovski and Bour-
rillon! and of Etienne-Petitfils and Kahane® The
phospho-organic compound isolated by means of
these methods had the same R; as the main spot of
whole bile. However, much less phospho-organic
substance was extracted by these methods than could
be found by direct chromatography of whole bile.

The above investigations showed that phosphoris
of the dog hile is secreted, mainly as phospholipid,
namcly lecithin, as evidenced by the identificatton of
its hvdrolysis products, viz., choline and glycerc-
phosphate.

Until lately the literature data on the presence of
phospholipids in the bile have been based on the
experiments carried out at the beginning of the
century by Hammarsten.’? And yet in 1937 Jones
and Sherberg!® concluded that the bile of the dog,
pig and eattle is free from any lecithin and
neutral fats,

Qur investigations carried out hy the isotope
method and proving the presence of phospholipids
in the hile, provide the following additional evidence.
Firstly, phosphorus of phosphwolipids constitues up
to 99% of total phosphorus of the bile. Secondly,
phospholipids synthesized in the liver are rapidly
detected in the bile and the increase in the specific
activity of the bile suggests that between the proccss
of phospholipid formation in the liver and their
excretion iuto the bile there is no great lapse of time.
Thirdly, as far as chromatographic data are con-
cerned, phospholipids discovered in the bile and those
extracted from the liver have the same properties.

It is hardly conceivable that phospholipids are an
excretion product and that their presence m the bile
is due ta an excretory process. The question arises
as to the fate of organic phosphoric bile compounds
after they get to the intestine, and first of all, whether
tbey are taken up in the intestine, and in what form.

THE FATE OF OQRGANIC PHOSPHORIC BILE COM-
POUNDS ADMIMNISTERED per os.

To determine whether any intestinal absorption of
organic phosphoric bile compounds occurs, experi-
ments were carried on in the following way, One
millicurie of radioactive phasphorus as sodinm phos-
phate was administered per os to a donor-dog with
a Shiff gall-bladder fistula. On the next day radio-
active bile was collected from the donor-dop. In this
hile radioaetive phosphorus was almost entirely com-
hined with organic compounds. The recipient-dog
was fed with bile (mixed with milk} as such or as
phosphoric organic compounds extracted from it. In
the control experiments the dogs wcre treated with
inorganic radioactive phosphorus added to inactive
bile and miik.

Thereafter, at various thue intervals, the radio-
activity of Dblood serum of dogs, of the serun
inorganic-phosphorus fractions and of lpid fractions
were determined. Along with this the total, inorganic
and lipid phosphorus content of the serum was
estimated, From these ata the specific activity of
cach phosphoric fraction was computed using the
standard method:

Specific zu.'t-ivity = CP“.I{I:EI 1;):’(1 100

Total number applied, ¢pm
Total weight of animal, gm

Typical radicactivity curves of the serum and of
imorganic scrum phosphorus received from control
dogs are illustrated by the graphs of Fig. 3. All these
curves appear quite similar in all the experiments,

Au analysis of the curves shows that inorganic
phosphorus applied to the intestine is taken up by
the blood and during the frst hours following
administration circulates in the blood plasma in the
form of inorganic compounds. This ts shown by the
fact that the radioactivity curve of the inorganic
phosphorus fraction of the serum almost coincides
with that of total radioactivity of blood serum, It is
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although the total amount of excreted bile increases
as well as its total of phosphorus content.

It appears from the above that bile phospholipids’

taken up in the intestine do not pass directly to the
bile, and the stimulating effect of the administered
bile is connected with the increase in synthetic liver
activity, expecially with regard to phospholipid syn-
thesis (sce Fig. 3).

ABSCORPTION OF NON-QRGANIC PHOSPHATE AND
PHOSPHOLIPIDS OF BILE FROM THE GALL BLADDER.
EFFECT OF ATROPINE

The discovery of the fact that bile phospholipids
may be taken up in the intestine without being split
suggests the possibility that such an absorption might
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Figure 6. Absorption of bile, inorganic phosphorus and phosphelipids

from tha gall-blodder befere and ofter administration to o dog of

npn-radioactive bile {measursd while the spacific oclivity of bile 1s
stoble)

presumably occur also in the gall-bladder where
accumulation of bile as well as several changes in the
compositign of individuai bile components are known
to take place.

Radioactive bile was collected from the donor-dog
and introduced in acute experiments into the gali-
bladder of another dog after preliminary ligation of
the d. cystici and drawing off the bile from the
bladder. In chronic experiments radioactive bile was
introduced into the gall-bladder throngh a fistula.
In these dogs the common bile duct was preliminarily
ligated. After the administration of the bile the radio-
activity of blood serum was tested. Not in a single
case was there noted the transfer of radioactive phos-
pholipids to the serum (Fig, 6).

In another serics of experiments a solution of
inorganic phosphate with known aclivity of radio-
active phosphorus was administered to the gall-
bladder, The transfer of radioactive phosphorus to
blood was {ollowed up for 5 hours, Toward the end
of this period the remaining activity in the gall-
bladder was estimated. It was found that, during the
S-hour period, up to 80% of the administered in-
organic radicactive phosphorus was taken up from
the gali-bladder.

The absorption of radioactive phosphate from the
gall-bladder is regulated by the nervous system. This
was shown by experiments on dogs subcutaneously
injected with atropine (5 mg/kg body weight).
Atropine was injected 30 minutes prior to the
administration of radioactive inorganic phosphate to
the bladder. In this case the curve of phosphorus
uptake from the bladder differed greatly from the
previous one {(Fig. 7). Only 10-20% of the adminis-
tered radioactive phosphorus was absorbed during
the 5-hour period.

The above experimients make only the beginning
of a systematic rcvision with the aid of the isotope
method of our present knowledge about the absorp-
tion processes in the gall-bladder.
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In Fig. 13 the results of experiments are presented
in which 2 minutes prier to the per 05 administration
of radioactive phosphorus in the form of NasHP%Q,,
a dose of 5 mg/kg body weight of atropine was
injected subcutaneously to a dog. A distinct decrease
in the specific blood serum activity was observed.

SUMMARY

The above evidence by no means presents a com-
pleted idea as to the ways in which the isotope
method may he used in physiology, biochemistry and
pathology of digestion. But whatever be the physio-
lopical signifcance of the evidence thus far obtained
it should be emphasized once again that this could
be accomplished only with the aid of the isotope
method. Even in those cases where the common
classical methods could have yielded the same results,
‘the isotope method made the study more rapid and
less cumbersome with more reliable and precise
results,

In his Nobel speech?® of 1934, Pavlov, the great
author of physiology of the digestive processes, said:
“The exact knowledge of the fate of the food within
the organism should e the subject of ideal physio-
logy, physiology of the future”. It is owing to the
isotopz method that the dream of “physiclogy of the
future” s now beginuing to turn into reality,
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rate of transcapillary diffusion of I'3! has also been
studied. LLxamples of these type data are given in
Figs. 3 and 4. These data will appear in forthcoming
publications,”®

In the present research an alkaline carrier-free
solution of Nal'®! was injected into the juguiar vein,
Usually, a polyvethylene tube of small diameter was
placed 1 the jugular vein and the injection and
bleedings made through it.”> Blood was collected in
vessels containing 10-20 mg heparin (60 Toronto
units per mg) per 100 m! bland.

The following dosages were satisfactory for cattle :

Body weight, kg Dose, me D2

50-100 0.08
100-200 0.1
200-300 0.2

AMature cows 0.3-0.5

These quantities are of the same order of radioiodine
per kilogram body weight as uscd on other species.

Twenty-four hour urine samples were callected
with a modifted Hansard urinal for cows.? Milk
samples were taken from each mitking during the
first 5 days after injeetion,

The total radigindine content per unit blood plasma,
milk and urine was made by counting 1| to 2 mi
samples. The thyroxine-like 1**! concentration was
determmined m blood plasma. This was taken as the
radioindline cxtractable from unhydrolyzed plasma
by n-butanol and not extractable from the n-butanol
by Blau's reagent (4N NaOH-3% Na.COjy).

LITERATURE OM THE EFFECT OF TEMPERATURE OM
: THYRQID ACTIVITY

There is a wealth of literature on the effect of
temperature on thyroid activity as measured by heat
production. 1 Data on heat production, however,
include not only the effects of thyroid activity, but
also changes in ncuromuscular activity, food con-
sumption (hunger and appetite), milk production and
activity of other endocrines, particularly the adrenals.
Heat production data are therefore ambiguous and
attempts have been made to develop other methods
for measuring thyroid activity, ranging from levels
of blood cholesterol and protein-bound iadine which
do not involve the sacrifice of the animal. to the
thiouracil-thyroxine method and microscopic struc-
ture of thyroid tissue which do involve sacrifice.

Employing the thiouracil method, Dempsey and
Astwood'? reported a decrease of thyroxine secretion
rate in whife rats, in terms of micrograms/day, from
52 at 1°C to 1.7 at 35°C, Others using the same
method reported an inverse relation between thyroid
activity and temperature in mice!® and fowls. 1413

The results by the protein-bound icdine methods
are not as clear cut as by the thiouracil method or
radioiociine methad, H. G. Turner,!® in our labor-
atory, discarded the PBI method on cows, as the
resufts were too erratic,

The radiviodinc method was first used to study
thyroid activity in rabbits by Hertz, Roberts, and
Evans in 1938.'7 Most of the literature since then has

&0 - T T T
u'-gi.':. &-Utmné
U=AD ARLDA S D22
40 B ——— - - | 1
-
o | " ArageOTAt)_g-asse)
& n:"o e +
o b \
o . APy @ et ot \'\._—.
= . B -
o010 C] . qpa- At T
[ 5 5 7l . 3
LRz i ——
h K..ﬁ_
] f‘z_ I-u
e N *Ti-dg
= D028
A Il & A L
o 100 o 300

300
HOURS AFTER INJECTION

Figure 2. Thyrsid {"' cantent. Rising segment shows uplake of 1**'

from blood; declining segment, releate of the thyroid hormone con-

taining I'"™, Equations indicate caleulotion of rate constants far these

pracesses and correclion of the apporent hormane release rate

eonstant, k¢, for rewtilizotion of 1’ 1o give the hormone relense
rate constant

Y]
2a Q-gr"’a“
E‘ | .aua‘&?i‘
g5 [ -
A3l Qspa-Be "ape vl
EE Taaa M e g AN
2z
£8 .12}
it
S#an}
o
o - conn Pendr
3 oal 0341 @ 00431
d N ——— -
'] 'l Il A Il 'l 1 L'l I3 N ul i} b i
o & o iz 18 20 &4 E» 32

)
HOURS AFTER INECTION

Figure 3. Blond plosma ™ cancentration. Segment on the Teft shows

the very rapid decrecse of blood plasma ™' due to tronscapillary

diffusion; on the ripht, the slewar decrease due to thyroid uvptoke of

1" and excretion of I™. Equations give rote constants for these
procatses

been concerned wilh the use of ¥ in the clinical
diagniosis and therapy of thyroid pathologies. Em-
ploying the radioiodine method, Werner and co-
workers!®!¥ reported that they could find no signifi-
cant seasonal differences between the uptake of I3
by the thyroid in normal men and women. Leblond
and co-workers,?® investigating the effect of ambient
temperature on the radiciodine metabolism of rats,
found that cold (@ to 2°C) increased thyroid activity
to a maximum during the first 26 days of exposure.
Thyroid activity declined to the pre-exposure level
during the subsequent 40 days of exposure to this
freezing temperature. Heat (32 to 34°C) depressed
thyrotd activity during the first day of exposure, and
this reduced activity persisted for at lezst 26 days
of exposure, The authorst® reported that the conver-
sion ratio and the 1'* uptake by the thyroid at 95°F
(33°C) in rabbits and cows were lower than those
at 30 to 60°F (10 to 16°C) air temperature,

The rate of biosynthesis of the thyroid hormone
is under the control of the thyrotropic hormone of
the anterior pituitary gland. Sellers and You®!
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and in Jersey and Brahman cows in the temperature
range —8 to 35°C. At the higher air velocities at
—8°C the Brahmans shivered with consequent in-
creascd heat production®® bhut not increased thyroid
activity.

The addition of 488 kcal/in*/hr radiant energy
(largely visible and near infra-red) did not affect
the conversion ratio of Jersey, Holstein, and Brah-
man cattle at 21 or 27°C, This added radiation lcad
did, however, depress the rate of thyroid uptake of
Ik, and the maximuam thyroid uptake of 1'*, U,
in Jersev and Holstein cows as shown in the following
table:

ki, Rr=t
Temp Radiation,

o kealim®fhr  Jersey Holstein Brohman
(4 ecows) (6 corrs) (I car)

21 14 0.019 — 0.004

488 p.o1s — 0.005

27 14 0.017 0.0083 0.007
488 0.010 0.0077 0.006

As in the two previous studies, the resting heat pro-
duction™ and thyroid activity followed similar trends.
Details of these studies will appear m a forthcoming
publication.”

Effect of Diurnally Yariable Ambient Temperature

The previous data under constant emvironmental
comditions indicated an efect of constant heat stress
on thyroid activity. In this study the ambient tempe-
rature was varied diurnally with a period of 24 hours,
resembling the climatic diurnal swmmer and winter
rhyvthms in the Midwest and Imperial Valley. The
animals were then not equilibrated but in a con-
tinuous state of diurnal thermal adjustment. During
these studies air wvelocity and radiation levels
remaiued constaut. Three Jersey and three Holstein
cows were used for this study. _

The maximum uptake of 113 by the thyroid gland,
U, the rate constants for thyroid uptake of 1331, %,
and thyroid hormone release, by, decreased with
increasing ambient temperature. The values of these
parameters are given as averages in the following
table:

Diuvrnal

Temz:&'auge B, hrd By A U, ot dose
—1I0 to 45 0.039 0.0107 4.4

4 o 21 0.032 0.0062- 57.1

21 to 38 0.022 0.0033 41.3

Details of this study will be published elsewhere®

Comparison of Methads

In collecting afl the foregoing data four parameters
of thyvroid activity were used, which need critical
comparison.

In the study of the effect of constant ambient tem-
perature the conversion ratio indicated changes in
thyroid activity over wide temperature ranges;
whereas in the study of the effect of radiation and of
diurnally variable temperature it (the couversion

ratio) indicated no change over small temiperature
ranges. In the latter two studies, the maxinum thy-
roid uptake of I’ U, and the rate constant for
thyroid uptake of '™, £, indicated changes of thy-
roid activity, In the study of the effect of diurnaily
variable temperature the imaximum thyroid uptake
of I'*!, the rate constants for thvroid uptake and
hormone release all indicated changes of thyroid
secretory activity of about equal magnitude. The
parameters are determined from a set of several
identical measurements and hence have a lower in-
herent error than the conversion ratio which is
determined fromt two nown-identical measurements.

The rate constant for thyroid uptake, &, and the
maxtmum thyroid uptake of 131, U, are measurcs of
the uptake phase of thyroid activity whereas the rate
constant for thyroid hormone release, k4, is 2 measure
of the secretory phase of thyroid function. Tt would
appear that the secretory phase of thyroid activity
is more significant than the vptake phase irom the
standpoint of the thvroid gland as a regulutor of
physiological processes.

The cost of procuring data is often a limiting factor
in research. The least costly method was that of
measuring the maximum uptake of I'**, U, hy the
thyroid gland (Fig, 2). Once the time after injection
at which this maxitnumr occurs is established, one
need only make as many measurements as will reduce
thie standard error to the requisite value. Instrumen-
tation is also refatively inexpensive for the deterni-
nation of the rate constant for thyroid hormone
secretion, ky, from the rate of change of thyroid [*%
level. The measurements, however, must be continued
over at least a two-week period. Determination of
the rate constant for thyroid uptake, Ly, 15 best made
by studyving the rate of chauge of blood radiciedine
concentration, but the maximum uptake of '3 by
the thyroid must also be known, hence more instru-
meuntation is recuuired. The blood samples need, how-
ever, be taken over only a four to eight hour period.

Relative Effects af 10 and 27°C Constant Temperature
on Tropical-evolved and Temperate-evolved Growing
Heifers

The preceding report was on mature lactating
cows exposed to a serics of ambient temperatures
ranging from —12 to 41°C. The following prelimun-
ary data are on the relative effects of two ambient
temperatures, 10 and 27°C, on three breeds of heifers:
(1) Shorthorn, a British breed, (2} Zebu or Brah-
man, an Indian (tropical-evolved) Dbreed and (3)
Santa Gertrudis, a new breed developed at the King
Ranch, Texas, during the past 30 years, that com-
bines the excellent beef-producing and heat-tolerance
qualitics of the original parental stock—Zebu and
Shorthorn.

This experiment is currently in progress, and the
data for only Ay, the thyroid hormone secretion rate
constant (see Fig. 2}, during apes 2 to 6 months,
were processed. See table at top of fArst column of
page 270.
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of the distribution of I3? in several P-containing
fraction in eggs which were produced after the oral
administration of radioactive P in connection with
the lapse of time, In the first experiment, two White
Leghori laying hens with high laying records were
given per os P**Q0y (about 75 pc per head) and then
the eggs laid in 10 days were brought into analysis.
In the second experiment, two White Leghorn hens
were treated in the same manncer as in the above
experiment; and their cggs were analyzed seven
days later. The results obtained are briefly sum-
marized as follows:

EXPERIMENT |

The radioactivity was detected early iu the first
eggs, produced in 24 and 26 hours after the admiuis-
tration to a considerabie extent, the greater part
being in the shell. In the second eggs, laid after 72
and 70 hours, the total activity increased remarkably
and the greater part was found in the yolk. The
activity in the shell was less brisk than before, and
reverse is the case with the white, After the third
eges, the volk demonstrated the greater part of the
activity, which increased to the maximum in the
fourth eggs (126 hours and 143 hours aiter the treat-
ment), then decreased gradually. Even in the scventh
eggs the activity was detected in a considerable
degree.

The total activity accumulated in the seven eggs
produced in 10 days following the administration
amounted to 7.8%% and 6.3%, respectively, of the
total intake per os and more than 90% of the accu-
mutlated P#? was found in the yolk, The simple phos-
phorous compounds and phosphorus-containing pro-
teins were fractionated from the egg-white. P%* in
the former reached the maximum in the sccond eggs,
and P*2 in the latter was the maximuim in the second
and the third among the eggs.

It may be considercd that the phosphorus-con-
taining proteins are formed in the hen’s body at a
slower rate than the simple phosphorous compounds.

In the yolk, a large amount of [** was accumulated
in the protein or fat-fractions. P** in the iormer
showed the largest value in the second eggs (71.5
hours and 73.5 hours after P% fecding), while in
the latter the strongest activity was found in the
fourth eggs (126 hours and 143 hours after the

administration). From the above fact, it is presum-
able that the lipoproteins are made in the egg enrlier
than the phosphatides from phosphorus compounds
in the feed.

“EXPERIMENT 1

As stated above, the greater portion of P* was
found in the yolk, Accordingly, more detailed analysis
was conducted in several fractions of the yolk. As
in the case of the result in the former experiment,
the maximum activity in the yolk was found in the
fourth eggs and P2 appeared in the protein earlier
than in the fat, although the time in which the
inaxinum in activity reached was retarded consider-
ably in the lipoproteins as weil as in the phosphatides
as compared with that in the former experiment,
probably due to the individuality of the hens, environ-
mental conditions, eic.

The change in the ratio of P%* distributed in frec,
combined phosphatides and lipoproteins in the yolk
was the mwost interesting aspect of this experiment.
Tn the percentage of P3 in the yolk, the free phos-
phatides were in inverse relation to the combined
phosphatides and lipoproteins; the former increased
gradually in percentage, while the latter two de-
creased in general

It might be considered that the abave fact was due
to the differenice of the former from the latter two
i producing organs of the hen or in the trans-
portation speed from the hen’s body to the egg.
Further studies on these matters will be needed 1o
clarify the results.
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Injection Signal

The metallic portion (plunger, neck and nozzle)
of a 2.5-ml syringe formed part of an clectrical
circuit consisting of a 2.5-v accumulator and a bulb
which was placed in vertical alignment with the spots
of the cathode ray tube. With this arrangement the
beginning and end of the injection was accurately
signalled. The duration of injection in the pgreat
majority of cases was 1.0 == 0.2 sec; this corresponds
to the rapid injection of Gray and Paton.?

In esbhmating the amount of radiophosphorous
injected, the dead space of the catheter which was
0.2 ml was taken into account, Doses from 1.3 me to
50 ug per injection were given,

RESULT

Satisfactory records of the interval between the
beginning of injection of radiophosphorus into the
right atrium and its appearance in the left atrinm
here referred to as the PCT where obtained in eight
experiments. In five of these the phosphor was
inserted into left atrium and in the ranaining three
it was placed next to the left atrium as described
above. However, the results obtained under the two
conditions did not reveal significant differences and
have, therefore, been lumped together. Since the
crrculation times are affected by the state of the
circulation, which 1may varv considerably in an
animal with open chest, the lowest PCT obtained in
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Figure 2. Graph of frequendy of windillation pulies following injection
of radiophosphorus @t arrow. Start to start time 7s 0.7 sec, start te
peck time 3.8 sec ond start to end time 8.0 tee

any one cat with repeated injections was taken as
that most likely to approach values obtained under
normal conditions.

Patiern of Responses

Figure 1 shows a typical record obtaincd after
injecting [80 pc into the right atriwn. Pulses
appeared suddenly after the injection, reached a peak
frequency of impulses to fall off gradually to a new
level of activity (Figs. 1, 2). The pulses ohserved
varied considerably in height. This is to be expected
because of the Dbroad emergy spectrum of P3*
{max, 1.69 Mev), and loss of light energy in the
“perspex” which has a transmission factor of
A0-92%, )

The pattern of pulses in different cats wvaried
considerably, In some the peak {requency was
attained rapidly and in others gradually. Some
records showed two peaks of activity. This is sug-
gestive of recirculation which can he confirmed by
recording the activity in the right and left atria
simultancously.

An intercsting featurc observed in most records
was the unmistakable appearance of a cardiac rhythm
which showed a definite pattern of pulses. During
ventricular systole these rose to a peak frequency
which fell considerably during atrial systole, The
reason for this becomes evident when it is realised
{a) that the frequency of pulses is a measure of the
quantity of radiophosphorus in the left atriwin and
thercfore of the volume of blood in that chamber
and (5) that atrial filling graduvally rises to a peak
during ventricular systole and falls with the opening
of the a-v valves, and auricular systole. The pattern
of pulses can, therefore, be taken to represent the
phasic changes in left atrial volume during each
cardiac cycle. The great similarity of the sequence
of scintiliation pulses to the impulses from wvagal
aflerent fibres arising from atrial type B receptors®
is therefore very interesting since much evidence has
been presented to show that these receptors sigmal
changes in atrial volume.

Pulmonary Circulation Time

The PCT was studied from three aspects: {a) the
interval from the beginning of the injection of radio-






Respiratory Carbon-14 Patterns and Physialogical State

By B. M. Tolbert, J. H. Lawrence and M. Calvin,* USA

Carbon-14, the most useful radioactive isotope of
carbon, has been very important in chemical and
biochemical research since circa 1945, The radio-
activity from this weak Dbeta emitter (maximum
energy of the §-particle is 155 kev) is difficult to
detect and it is not possible to measure the radio-
activity or determine its location from outside the
bedy. Thus, animal studies using this isotope usvaily
require sacrifice of the animal, unless measurements
are restricted to excretion products and Dlood.
Partially hecause of difficulties of this nature,
carbon-14 has not yet become a uscful tool in clinical
medicine. :

Although carbon-14 cannot be detected in animals
in situ, it can be measured as it is excreted. Of the
several catabolic end fates of carbon in animal sys-
tems, quantitatively the tnost important is hreath
excretion as carbon dioxide. In addition, carbon
dioxide excretion responds rapidiy to changes in the
metabolic level of the body—the only carbon excre-
tion product to do so. The breath excretion of
carbon-14 following administration of a labeled
organic compound can therefore be used in intact
animals to study the metabolism of specific com-
pounds and of the particular labeled carbon atom in
the compound.

Furtherniore, if one has established the respiratory
patiern of a given labeled compound in an animal
system, variations in this pattern can potentially be
interpreted in terms of the physiological state of the
animal on a hiochemical level, Since an almost un-
limited number of compounds labeled in various
positions is presently available or can be synthesized,
the excretion of labeled carbon dioxide from specific
substrates is potentiallv one of the most important
nondestructive tests that can e made in metabolic
studies in intact animals.

Many experiments have been madc on respiratory
carbon-14 excretion in animals,™*? but the proce-
dures for ineasuring this excretion have been slow
or have required large amounts of radioactivity. In
this paper we describe some of our measurement
techniques which overcome these difficultics, and
present typical experimental data for a number of
animal systems.

The effects of physiological state are shown in
some cases.

+ University of California Radiation Laboratory, Derkeley
4, California. Including work by Ann Hughes, Martha Kirk,
J. H. Lawrence, and B. M. Tolbert.
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EXPERIMENTAL TECHNIQUES

The respiratory excretion of C'Qa is usually
measured as follows: After injection with a labeled
substance, the animal is placed in a closed cage. The
air from the cage is passed through a dilute sodium
hydroxide or barium hydroxide solution. These
solutions are changed periodically and the collected
CO. is precipitated, usually as the insoluble barium
carbonate, filtered, dried, weighed, and analyzed for
radioactivity.4 This method gives results in terms
of the specifc activity of the CMO, and if
quantitative measurements are made on the COs
excretion, cumulative excretion of C* can also be
calculated.

This method of analysis is used by the authors for
long-term respiration studies because it may be
made very sensitive if special radioactive assay proce-
dures are used.®? It suffers the disadvantage of being
slow, or requiring lots of work, and/or permitting
only a limited number of samples.

As an alternate procedure we have devised an
apparatus that continuously measures the C*Og
excreted by an animal (Fig. 1).” In this system an
animal is placed in a small cage. Air is pulled through
the cage at a constant rate and is passed through a
drying tube and through an ionization chamber. The
radioactivity produces a charge on the collecting
electrode of the ion chamnber; this charge 15 directly
proportional to the radioactivity in the chamber. A
vibrating-reed electrometer and potentiometer re-
corder make a continuous tracing of these radio-
activity levels,

For mice, rats, and rabbits 100 to 1000 cm?
jonization chambers are used. Air flow rates are from
100 to 400 cm?®/minute, The sensitivity of this equip-
ment is such that a normal dose of 40 acuries CH/kg
body weight is used for 24-hour studies using simple
body metabolites such as acetate or glycine. The
electrical and pas-flow time constants for 50%
respotise are about one minute.

Most of the acetate-coenzyme A (CoA) experi-
ments described in this paper were made using such
equipment. This instrument measures the rate at
which carbon-14 dioxide is excreted; the cumulative
excretion curve may be obtained by integrating this
rate curve. However, onc does not get the specific
activity of the C¥Q,, such as is obtained by the
barium carbonate measurements and which is
probably a better- measure of the radioactivity in
the body bicarbonate pool.

.






RESPIRATORY CARBON-14 PATTERNS 283
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Figure 4. An exampls of o respiratery €Oy poltern o3 made by 1he
instrement described

(PAD rais).* The pattern of excretion of CHQ. can
therefore be determined as a function of hody CoA
levels and the nutritional state induced hy panto-
thenic acid deficiency.

A number of variables that could influence the
respiration patterns were briefly investigated. Intra-
peritoneal (ip) injection of the CoA gave more cou-
sistent results than intravenous (iv} or subcutancous
injection, No differences in patterns were found with
air Aow rates that gave cage CO= coticentrations from
one to four per cent. The effective body pool size of
acciate it rats should be quite large since 0.9 to
1.2 gm of acetic acid are formed per day per 100 pm
body weight. 14 In agreement with this assumption
no significant differences were observed with doses
of labeled acetate varying from 0.2 to 20 mr; 2 mg
doses were used. Individual animal variations, espe-
cially of the PAD rats, were such that 6 to 20
separate curves were measured for each nutritional
state.

C"HyC0eH GLUCOSE
THIOGTIC
AT {GoA) Con
Ac-5-CoA

LAGETATE kc-s;uno

CITRATE CH4GCH,C~5~Coa
co, GoA  {} Ac-S-CoA
RCS-CoA

i

Figure 5. Schematic diagrom of acetete metabolism

Figure 6 shows the rate of excretion of CHQ; after
injection of sodinm acetate-2-C* in rats of four
different physiological states. Figure 7 shows the
cumutlative excretion citrves for this same series.
From these patterns one sees that labeled acetate is
more rapidly and more completely oxidized to CO.
in PAD rats than in normal rats. One also sces that
CoA depresses CHOy excretion in both mormal and
PAD rats, and bv comparable amounts.

These data are cousistent with the acetate meta-
holism scheme presented. Since PAD rats are
deficient in CoA, they should have a smaller acctyl
CoA pool than normal rats. Therefore, in PAD rats,
after administration of acetate-2-C!*, a higher CM
specific activity should be observed in products
directly derived from this intermediate, such as C1#Q,
formed via the citric acid cycle, This should he a
short-term effect and is indecd seen only in the early
part of the rate curves.

Conversely, injected CoA should increase ihe
acetyl CoA pool, and this should decrease the pealk
CO. specific activity, as observed. But this change
in pool size should not change the cumulative CH
excretion as shown in Fig. 7, unless alternate
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GLYCINE-2-C* TN MAN

Respiratory C'*Q, excretion studies have been
made hy use of glycine-2-C*¢ *¢ and the barium
carbonate radioactivity analysis method. We have
now repeated the short term respiration studies for
a number of patients with advanced cancer or polycy-
themia vera, Figure 10 shows the specific activity
rate curve for Mr. F., a polycythemia patient in
remission. This curve is typical for patients in an
apparent normal condition, but it appears to be
drastically modified by advanced cancer,
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Figure 10. Respiratory "0 axcretion of glycine in a patient

" The similarities between human and rat glycine-
2-CH curves (Fig. B) are very striking. Both the
general shape and the time of peak C'Q. specific
activity are almost identical. This would indicate that
the metabolic pathways are very similar, and are
the limiting rate factors, rather than circulation and
mixing times.
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extract was digested with trypsio and precipitated
with trichloracetic acid. Following further dialysis
and concentration, a mixture of polysaccharides was
precipitated with 4 volumes of 95 per cent ethyl
alcobol. This crude mixture was subjected to zone
electrophoresis on a slab of Celite with a resultant
clearcut separation of sulfated and nomn-sulfated
mucopolysaccharide fractions. Analysis of the more
stowly migrating fraction gave values which conform-
ed with those expected for HA, while the more
rapidly rmigrating fraction was analytically identical
in most respects with CSA isolated {rom cartilage,
but behaved differently than the latter in several
ways. The skin CSA showed a lower color equivalent
by the carhazole reaction, a different optical rotation,
and a partial resistance to hydrolysis by testicular
hyaluronidase as measured by the turlidity reduction
method. These differences ted us to belteve that the
CSA isolated from skin is 2 mixture of CSA similar
to that found 1n cartiiage (chondroitinsulfuric acid 4
in the designation of Meyer) and another compound
which has been called chondroitinsuliuric acid B by
Meyer.1* This may be identical to @-heparin of beef
lung described by Marbet and Winterstein'? and
polysaccharide B isolated from pig gastric mucosa by
Smith and Gallop.'* Recently this mixture has been
resolved in this lahoratory.

With methods available for the isolation of the
nnxopolysaccharides at a high level of purity and
in sufficient quantities to permit metabolic studies,
‘our fArst experiments were desipned to estimate the
rate of synthesis and breakdown of these components
nnder normal conditions. While these studies were
in progress, several reports appeared concerning the
metabolism of CSA in cartilage and skin utilizing
S9(0,=.% [t is impossible to study the metabolism of
HA or the metabolism of portions of the CSA
malecule other than the ester sulfate with this tracer.
Fyr these reasons we utilized carboxyl-labeled
acetate, uniformly-labeled glucose and S¥0,. These
precursors, singily or in various combinations, per-
mittcd a comparison of the turnover rates of the
various parts of the mucopolysaccharide molecules,
since it had Deen previously shown that glucose
serves as a precursor for the glucosamine and
glicuronic acid portions of the molecules, acetate
serves as a precursar for the acetyl portions of the
molecules and sulfate as a precursor for the ester
suifate portion of the CSA molecule. Experiments
have been carried out on both rats and rahbits, In
the latter case the skin of individual animals was
studied; while with rats, the skins from groups of
animals were pooled,

In the frst experiments, which have been published
elsewhere in dctail,’® three pairs of rabbits were
injected subcutaneously with 150 pc of C-carboxyl-
laheled sodium acetate daily for 3, 5 and 8 days
respectively. Determination of the C'* of the isolated
polysaccharides indicated a more rapid incorporation
of radioactivity into HA than CSA, sugpesting a
more rapid rate of synthesis of the farmer compound.

Since the experiment was not conducted for a suffi-
ciently long period to obtain maximal labefing, it was
not possilble to estimate the rate of turnover.

In subsenuent -experiments, labeled compounds
were given over a period of one day and the animals
were sacrified at various intervals after the last
injection. Under these conditions it was possible to
obtain a measure of the “half-life time” of the com-
pounds under consideration. In one such experiment
750 pc of Clt-carboxvl-labeled sodium acetate was
administered as a 0.15M solution in threc doses
over an eight-hour period to each of eight rabbits,
Pairs of rabbits were sacrificed at 1, 4, 8 and 12 days
afier the first injection. The extent of labeling of the
isolated polysaccharides is illustrated in Fig. 1. It
wiil be noted that the HA was more highly laheled
than the CSA in the case of the first animals sacri-
ficed (18 hours after the last dose of acetate), thus
confirming the results of the previous cxperiment. Tt
was furthermore demonstrated that the decay rate of
the HA was greater than that of the CSA, adding
further confirmation to the previous conclusion that
HA is more rapidly metaholized than is CS5A. The
lack of linearity of the decav curve makes accurate
estimation of the hali-life time difficult, but graphic
approximation suggests that the half-life time for HA
is approximately 1.9 days, while that for CSA is 7
days. The latter Aigure is consistent with the hali-life
time of 89 days reported by Bostrom and Gardell!®
for CSA of rat skin utilizing 5% as a label.

In order to locate the (14, the respective mucopo-
lvsaccharide fractions from each pair of rabbits were
pooled and the N-acetyl moiety was isolated as the
2-methylbenzimidazole derivative of a chromnic acid
oxidized aliquot of each fraction. Upon degradation
of the methylbenzimidazole derivative, the radioacti-
vity was found to be confined to the henzimidazole
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Figure 1. lop of the average radicodtivity of the HA and CSA
froctions from rabbit skin {torrected for body weight) plotted ogainst
time in days after the frst injection of CH.CYOONa
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Table I. A Comparison of the Half-life Times of the Mucopolysaccharides and Same of
its. Components in the Skin of Animals Injected with C'l-acetate, Cl4.glucoss, and

Na 25“ 50 I
Sweci Hyaluronit acd (TA) Chondroftinawlivrie qoid (CS4)
ies
ee C-HA N-acelyl Glucosamine U84 N-acetyl Chondresamineg 5

days days days daps days days dags

Rahbit * 24 27 7.6 S3 ()

Rai* 4.5 B.1 107

Rabbit § 37 34 7.7 74 10.0

* After Ctl-acetate and NA, S350,

no essential difference was demonstrable in the half-
life times of the skin HA and CSA of rats aiter
simultaneous administration of C'*-acetate and Nay
530, as compared with the skin mucopolysaccharides
of rabbits after C-labeled glucose and Na.5¥0,
administration.

Table I presents a summatry of the data which
have so far been obiained with respect to the normal
rate of mefabolism of the mucopolysaccharides of
rat and rabbit skins, It is quite clear that a striking
difference exists in both species with respect to the
rate of metabolisin of HA and CSA. That the rates
measured reflect synthesis of the entire mucopolysac-
charide smolecules is apparent since simifar ratcs
were found in studies of different moieties (acetyl,
hexosamine and sulfate) of the polysaccharide mol-
eculcs. No direct measure of the turnover rate of
the uronic acid portions of the molecule has been
obtained, since in the experiments with C*-uniform-
Iy-labeled glucose the radioactivity of the uronic acid
portian of the mucopelysaccharide molecule was too
low for accurate accounting. However, since the C1*
concentration of the whole molecule and that of the
hexosamines was identical, it can be inferred that
the C! of the uronic acid moiety is likewise identical.

The interpretation of these data with respect to
the CSA fraction is proposed with some reservation
since the CSA as isolated appears to be a mixture of
sulfated polvsaccharides, each of which may have
different rates of synthesis. The two components of
rabbit skin have been separated by alcohol fractiona-
tion, hut insufficient material has so far been avail-
able for separation of the individual fractions from
isotope experiments, _

Having established methods for measuring the
rate of metabolism of the mucopolysaccharides, and
having deterinined their normal rate in two differcnt
species, we studied the influence of various factors
on the rate of mucopolysaccharide synthesis,

Of particular intercst is the effect of insulin. Since
it has previously been shown that both the glucose
and glucuronic acil portions of HA derive from
glucose, and since the role of insulin in the utilization
of glucose is now well established, it scemed reason-
able to postulate that insulin might play a role in the
biosynthesis of the acid mucopolysaccharides. To
test this hypothesis an experiment wns conducted on
sixty male Sprague-Dawley rats miintained on a
diet of Rocl land chow and water ad +ibifuint. Alloxan

1 After Cli-glucose and NA, 5350,

diabetes was induced in 20 rats by a single subcutan-
eous injection of 150 mg of alloxan monchydrate per
kg as a 5 per cent solution. Jsotopic compounds were
administered 3 weeks after diabetes was established.
A sccond group of 20 uatreated rats served as
controls while z third group of Z0 normal animals
was maintained on half the average daily food intake
for 3 weeks prior to and during the experiment. The
weight loss in the latter group was similar to the
diabetic animals over the three-week period. Each
animal was injected once subcutaneously with 1.2
ml of a solution containing 80 uc of C'*t-earboxyl-
labeled sodium acetate and 2.7 pe¢ of Na,5%Q,, as an
isotonic mixture, Ten rats in each group were sacri-
ficed at intervals of one and five days after the
mjection. The polysaccharides were isolated by the
previously described methods, the S3*Q,= being
isolated following acid hydrolysis, Figure 4 illustrates
the resnlt of this experiment. In the diabetic animal
a striking decrease was found in the uptake of C' in
both the HA and CSA fractions as weil as a decrease
in 5% in CSA. No such change was observed in
fasted animals, although weirht loss was approxi-
mately thc same as that ohserved in the diabetic
animals. The average body weights for the normal,
fasted and diabetic rats werc 353, 212 and 210 gm,
respectively. The decrease in the rate of metabolism
of the mucopolysaccharides was manifested not only
by the decrease in the rate of uptake of isotope, but
also by a decrease in the rate of decay. Although
half-life times calculated on the bhasis of two points
are subject to error, values caleulated from these
data are shown in Tig. 4 for comparalive purposes.

In order to verify this finding a second experiment
was performed utilizing as precursors uniformly-
labeled glucose and S3%0,=. In addition, some of the
diabetic animals were treated with insulin and a
group of normal animals treated with insulin were
included, Figure 5 illustrates the fact that insulin
administration restores to normal the rate of turnover
of the mucopolysaccharides in diabetic animals. The
administration of insulin to normat animals had no
apparcnt effect. This may bLe due to the limited
amounts of insulin that could be employed without
producing fatal hypoglycemia.

It seems reasonable to conclude from these data
that insulin plays a role in the biosynthesis of the
acid mucopolysaccharides of the ground subsiance
of connective tissue. It is not possible to define the
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Dolyeicctrolyte, Arch. Biochem. DBiophys. 43:
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which Mr. Macleod in our laboratory is now investi-
gating by the use of C!4 as tracer.

CONCLUSION

An adequate appraisal of the literature and a more
thorough discussion of the biochemical implications
of our own results is beyond the scope of this paper.
We have attempted to indicate with a few examples
the nature of our own investigations. We hope that
our contribution to this Conference together with
those from other laboratories may integrate to a
picture which will demaonstrate the importance of
isotopes as biochemical tracers.

" The production of these isotopes is unquestionably
outstanding among the peaceful applications of atomic
energy. The use of these isotopes as tracers has
inaugurated a new epoch for biochemistry, greatly
expanded knowledge and clarification of new prob-
lems, and more rewarding approaches to old
problems,

Isotapes as tracers have stimulated ali branches of
biochemistry. They brought especially radical changes
in experimental methods, and offer particularly great
promise for future development, in the field of
metabolic research on intact animals.

REFERENCES

1. Silver, M., The contribution made by perfusion studies
to problems of lactetional physiology. Dairy Science
Abstracts 14:65-75, 141-160 (1952).

2. Rieder, H., Bestimmung der Menge des im Kothe
befindlichen, nicht wvon der Nahrung herriihrenden

© Ktickstofles. Zschr. Biol, 20:378.92 (1884).

3. Hevesy, G, Radipactive Indicators. Interscience Pub-
lishers, Wew York (I948).

4. Kleiber, M., Smith, A. H., Ralston, N. R. and Black,
A. L., Radiophosphorus P2* ags tracer for measuring
endogoitons phosphorus in cowr's feces. J. Nutr. 45:253.
64 (1951).

5 Visek, W. ], Monroe, R. A, Swanson, E. W. and
Comar, C. L., Determination of endogenous fecal cal-
cinm in cattle by a sonple isolope dilution method,
J. Nutr. 50:23-33 (1953).

6. Loigreen, G, P, Kleiber, M. and Luick, J. R, The
metabolic fecal phosphorus excrelion of the young calf.
J. Nutr, 47:571-82 (1932},

7. Comar, C. L., Monroe, R. A., Visek, W. J. and
Hansard, 5. L., Comparison of two isolope methods

I0.
El.
B2,

I3.
14.

15,

16.

17.
18,
19.

20.
2L.

23

24,
25

26,

for determination of endogenous fecal celeium. J. Nutr.
50; 459-67 (1953).

Comar, C. L., Skelctal metabolisne studies with radio-
calcium, US Atomic Energy Commission TID 5115-
225-39 (1953).

Black, A. L., Kleiber, M., Smith, A. H. and Ralston,
N. P, Mobility of skeletal phosphorus in a maohure
doiry cow as determined with radioactive phosphorus.
Proreedings Soc. Experimental Biol & Med. B82:238
52 (19533,

Popjak, G.. Fal synthesis from small molecules.
Biochem. Soc. Symposia 9:37-51 (1952).

Kleiber, Max., Body size and mctabolic rate. Physiol.
Rey. 27:511-541 (1947).
Kleiber, Max., Tiergrosse
Tierernlihrung 5:1-12 (1933).
Jones, H. B., Personal communication.

Meigs, E. B, Dlatherwick, N. R. and Cary, C. A.,
Coniributions to the physiology of phosphorus and cal-
ciunt selabolisn as related to milk recretion. J. Biol
Chem. 37:1.75 {1919).

Grabam, W. K., Jr. The wutilization of lactic acid by
the lactating amammory gloend., J. Bicl. Chem. 122:1.9
(1937).

Powell, R. C., Jr. and Shaw, J. C., The non-utilization
of lactic acid by the lactaling mammary gland. J. Biol.
Chem. 146:207-210 (1942).

Wikitin, V. N., A new look iuto the biochemistry of
lactation. Biokhimiya 14:211-218 (1949},

Aten, A, H. W. and Hevesy, ., Formation of milk,
Kature 142:111-12 (1938},

Buchanan, J. M. and Hastings, A. B., The wssc of
tiotopically marked carbon in the study of intermediary
metabolism, Physiol. Rev. 26:120-55 {1946).

Bloch, K., The metabolism of acelic acid in animal
tissne, Physiol. Rev. 27:574-620 (1947).

Kleiber, Max and Edick, M., 4 rcspiration apparatus
for C1h studies with cows. J. An. Sei. 11:61-71 (1952).
Black, A. L., A study of the biosynlhesis of amino dcids
in dairy cotos from corbonate and fatly acids using C14
as a {fracer. Ph, D, Thesis, University of California
(19313,

Baxter, A study of glucose metabolisin ond lactose
synthesty in the infect dairy cow using CU4 ag a tracer.
Ph.1). Thesis, University of Califormia (1934).

Rogers, T. A, (unpublished data),

Kleiber, M., Smith, A. H. and Btack, A. L., Carbosnate
as o precursor of wulk constituents in the fwtact dairy
corw. J. Biol. Chem. 195:707-14 (1952).

Kleiber, M., Precursor-product relationship Jor milk
formetion in the wntoct dairy cow. Revue Canad. Biol.
13:333-48 (1954).

und  Futterverwertung.









300 voL Xl P/1046 JAPAN R. SASAKI
Table |¥. Radicactivity of Urine
No. I KXo, £
Sampling period, hr o ial Ash epm mﬁf"&m, Total Ash epm
agh, ym measured exciuding X ash, pm Mearured
Before
administration mg/cm? mg/cm?
7248 26.7 106 39 a 294 205 6l
48-24 40.3 464 59 0 31.6 54 64
240 206 320 a1 0 252 392 53
After
administration
06 4.0 153 71 4 55 176 43
612
12-24 208 238 44 124 250 72
0-24 338 17.9
24-48 23.6 286 48 1 30.2 338 53
48-72 45.6 446 63 2 20.7 331 72
72-96 J8.6 229 49 1 18.9 336 82
96120 25.5 237 54 1 277 Jo6 57
120-144 14.6 288 59 3 152 149 47
144-168 i4.3 133 43 2 322 298 75

there was more radioactivity due to Ru!®®, Rh104
Y0, Y1, Celit, Srév, 5r®, Zr9 Nb#, ete. This rope
ash was fed to the goat, and the radicactivity in her
milk excluding that attributed to K was estimated
and is shown in Table II. The radicactivity of the
feces in shown in Table III. Tt is difficult to correct
the sedimentation of the ash of f{cces against self-
ahsorption excluding K, so it was calculated as
against the total amount of feces, and is presented as
total cpm, excluding K. The decay curve, is not
corrected either since it is too slipht. As it is of
gqualitative analytic nature, the amount of radio-
activity in reality must he far more than this,

The radioactivity of urine is shown in Table TV,
The result of the measurement of 500 mg of ash of
urine, excluding K, shows that there exists only a
very slight amount of radicactivity, if any.

The results obtained are summarized as follows:
Less than 0.1% of radivactivity in the ash admin-
istered to the goats appeared in their milk during
5-day period. The radicactive elements in milk were

assumed to be Sr8® and Ca*® hy the method of
Al-absorption of A-emission. Most of the fission
products were excreted very speedily in the feces.
The radioactivity of urine was negligible and that of
the organs was also only slight.
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Studies of Brain Potassium in Relation to the Adrenal Cortex

By John R. Bergen, David Stone and Hudson Hoagland,* USA

Using radioactive potassium (K*) as a tracer,
Hoagland and Stone! investigated the concentration
of brain and muscle potassium of rats under a
variety of conditions. They found that uncompensated
adrenalectomy increased the concentration of K** in
brain by 245 and in muscle by 35%. On the other
hand Bergen and Hoagland® have determined the
total K content of brains and muscle using flame
photomietry and have shown that there is no difi-
erence in the K content of brains from normal and
adrenalectomized animals. Further, the increase in
total muscle K as a result of adrenalectoiny was only
62% (P = 0.01). Davenport® also found no diff-
erence in total brain K between normal and adrenal-
ectomized rats, Leiderman and Ratzman®* have
confirmed both of these ohservations and offer evid-
ence that these seemingly contradictory resuits may
be explained on the basis that in normal adult rats
20% of the brain K is non-exchangeable and follow-
ing adrenalectomy all of the brain K becomes
exchangeable. Stone and Shapiro® determined the
percentage of diffusible potassium occurring in
normal rat brain and muscle by means of an uitra-
filtration apparatus where Visking cellulose sausage
casing served as a semipermeable membrane. They
found that 23% of brain K and 28% of muscle K
were non-filterable, We have further investigated the
possible relationship between non-exchangeable. K
and the non-filterable K fraction in normal and
adrenalectomized rats. In addition we have studied
the K** uptake by brain and muscle and the urinary
K excretion in normal and adrenalectomized rats.

METHODS

Inall experiments Charles River strain of Sprague-
Dawley male albino rats were used.’ In most cases
the rats weighed 150-170 gm but in two experiments
where older animals were used the amimal weights
averaged 320 gm and 400 gm respectively. Approxi-
mately half of the rats served as normal controls and
the remainder were adrenalectomized by the lumbar
appreach four days prior to the start of the experi-
ment and maintained until 6 hr before the experiment
with physiological saline. Lxcept when stated, the
rats were fed a diet of standard laboratory chow
ad lib.

The normal and adrenalectomized rats were
injected at the same time with a solution containing

* Worcester  Foundation  [or
Strewsbury, Massachusetts.

LExperitmental  Biology,

radioactive KC1. In the ultrafiltration experiments
isotonic radioactive KC1 was administered in three
equal injections spaced twenty minutes apart. The
(quantity injected amounted to 3 ml 150 gin body
weight. In uptake studies the solution contained 1/2
volume of isotonic radioactive KC1 and 1/2 volume
of isotonic NaCl so as to offset disturbances in salt
and water balances at zero time, Blood samples were
obtained in heparinized syringes by cardiac puncture
at the time of sacrifice. The blood was centrifuged
immediately after collection and aliquots of the
plasma were obtained for K and K*? determinations.

In one experiment (urine excretion studv) the
normal and adrenalectomized rats werc placed in
metabolism cages, three per group, and urines were
collected from five normal and 5 adrenalectomized
rat groups, None of these animals were fed during
the experiment although all mnormal groups of rats
received tap water and the adrenalectomized rats
were given physiological saline ad kb, From these
rats urine samples were collected 5, 17, 24, and 41
hours after injection of the isotope.

All K" counts were made using an end window
counter. Samples were counted in duplicate and the
theoretical counting error for each planchet amounted
to less than 2%, To eliminate geometrical errors
planchets were rotated after each count and the
values of duplicate counts averaged. All counts were
corrected for half-life decay.

Ultrofiltration Experiments

At the time of sacrifice (35-38 hr post injection)},
a group of normal rats alternated with adrenalecto-
mized rats in the sequence of etherization and
decapitation. Immediately afterward the cerebrum
and left gastrocnemiius muscle were removed from
each animal and, in groups of three tissue samples
each, weighed and homogenized in a Waring Blender
in 100 ml of iced, distilled water. Aliquols were
removed for total potassium analyses and K32
determinations, The remainder of each homogenate
was transferred to an ultrafiltration apparatus® and
filtered under negative pressure at 3-4°C for 12
hours. Aliquots of the ultrafiltrates were then
analyzed for K and K*2,

Total K analyses were carried out on aliquots
acidificd with HCI, pressure cooked at 20 |b pressure
for 20 min and then cooled and neutralized with
NH,OH. A Perkin-Elmer flame photometer {MModel
52-C) with an internal standard was used to perform
the analyses.

30t
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Figure 1. K uploke by bruin in normal fed ad lib. young adult rats

K% and the establishment of a steady state at
approximately 55 hours. At this time the plasma and
brain SA values become asymptotic to the same line
indicating equilibration of the isotope with hrain K.

A similar plot of data obtained from adrenalecto-
mized rats fed ad Lb, is shown in Figure 2. The
plasma SA values are constant {or 72 hours in
contrast to the rapid fall noted for the normal fed
rats, The brain SA rises more sharply and approaches
the SA of the plasma. Mathematical analysis of the
curve indicates that it is asymptotic to the plasma
steady state level.

A comparison of the brain SA-of the normal and
adrenalectomized fed rats is made in Figure 3. The
higher SA of the hrains from adrenalectomized rats
is related to the highcr plasma SA., The lack of
dilution of plasitna SA as compared to the normal
animals suggests a dimninished intake of exogenous K.,

This hypothesis was tested by determining the
uptake curves for fasted normal and adrenalectomized
rats, Figure 4 shows that tinder this condition the
uptake curves are identical. Thus, if the same relative
quantity of radioactive isotope is injected into normal
and adrenalectomized rats and the possibility of
dilution of the isotope with sources other than body
K is removed the plasma SA value of the normal rat
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Figure 2. X*? uptake by brain in adrenaleclamized fed od fib. young
adult rols

should equal the SA value of the adrenalectomized
rat and remain constant with time,

The excretion of K by normal and adrenalecto-
mized fasted rats is shown in Fig. 5. Each point
on the curve represents the K value of the urine pool
from a group of 3 rats in a single metabolism cage.
In this study the adrenalectomized rats excreted
approximately 25% Jess K than normal rats and this
decrease in the ability to excrete K is probably
related to the increase in the K level of the plasma
noted in adrenalectomized rats.

Since mathematical treatment of the data indicated
a two compartment K system, the possibility that the
young adult rats (ca 2.3 mo) had not yet developed
a third, slowly exchanging compartment was
investigated.

An experiment was performed with 5 normal fed
rats 58 mo of age and having an average weight of
320 grams. The brain and plasma SA were compared
63 hours post injection of the isotope, i.e., after the
steady state has been estahlished. The SA difference
amovnted to 10.6% and was statistically significant
at less than the (.01 level
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Figure 3. K** uptake by brain in fed normal and odrenolectomized
rafs

LRepetition of this experiment with older normal fed
rats {8 mo of age, average weight 400 gin) confirmed
this result, The SA difference between brain and
plasma was 11.8% (P = 0.001).

The inahility of the brain to equilibrate with the
blood plasma in a time interval sufficient for complete
mixing of brain K with plasma K indicates a stowly
exchanging K compartment in these older animals,

DISCUSSION

A search for the basis of the apparent discrepancy
between the content of non-radioactive K and the
radioactive isotope of K in brains and muscles of
normal and adrenalectomized rats has led to the
variety of experiments described ahove.

Dotassium has been reported to he bound®? and
Folch?® claims that binding by complex lipids can
amount to 275 of the potassium occurring in the
brain. Using an ultrafiltration apparatus, Stone and
Shapiro® found that approximately 30% of the brain
and muscle potassinm of nomnmal rats is non-filterable,
The differences in tissue content of K*? hetween
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changeable compattment and its possible geriatric
significance are under consideration at the present
juncture,

SUMMARY

1. Using ultrafiltration techniques we find that
309% of brain potassium of normal rats is non-filter-
able, This is not altered by the performance of
adrenalectomy.

2. In nonnal and adrenaiectomized rat brains K42
distributes homogeneously between the filterable and
non-filterable potassium fractions.

3. The data from K4* uptake studies suggest that
the increased amount of brain K*? in adrenal-
ectomized, young adult rats as compared with normal
rats is not due to an increased rate of exchange of
a potassium compartment.

4. Qur data indicate that the lower K*2 content
of normal rat brain as compared to adrenalectomized
rat brain is due to the greater dilution of K2 by
potassium ingested in the food. Adrenalectomized
rats display anorexia.

5. In fasted normal and adrenalectomized rats
there is no difference in the rate of K*2 upiake by
the brain.

6. The excretion of potassium by tbe adrenal-
ectomized rats is 25 per cent less than that observed
with normal animals. This appears to be related to
the higher plasma potassium values observed after
adrenalectoniy.
© 7. Our results, together with those previously
reported by others, indicate that potassium is ireely
exchangeable in young rats, They show, furthermore,
that with age a slowly exchanging compartment
develops.
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Figura 1. Eflect of varying dosoge levels of thyroxine given con.

tinvously to groups of rals on the thyroidal I™ autpet eurve. Mumber

of rats avareged per group it shown in parentheses, Taken from
the report of Reineks and Singh'

thyroid secretion rate was computed as 2.56 pp/100
gm body weight. Highly significant correlation
cocfficients of 0.970, 0.937, 0.95] and 0.919 were
obtained when the data for the 4 rats were treated
scparately,

Estimated thyroid secretion rates for the mdividual
rats were 2,51, 241, 229 and 303 ug/100 gm
body weight. '

The principles demonstrated in these experiments
in rats have been applied to the micasurcmment of
thyroid secretion rate in sheep, with some modifica-
tions in procedure. The output halé-time for thyroidal
'3 of sheep under our conditions is approximately
(15 davs. The counting and thyroxine dosage
procedures have Leen started 7-10 days after injecting
a tracer dlose of I'% to permit the 113! turnover curve
to reach the output side. Also, because of the slower
output rate compared to rats a given dosage of
thyroxine has heen continued longer (3 to 4 days)
to permit a greater net change in thyroid count
between changes in thyroxine dosage. When using
an end-window GM tube for extcrnal thyroid
counting 1.0 pc of '3 has been given per pound of
body weight. For scintillation counting Q.1 pc per
pound gives a satisfactory counting rate. Counts
are taken by placing the counting tube Armly against
the neck in the thyrotd region and shifting it about
slightly until a waximal counting rate is attained.
In other respects the procedure is comparable to
that described for rats.

RELATION OF THYROID SECRETION IN SHEEP TO
SEX, AGE, LACTATION AND SEASON

Under our climatic conditions the domestic sheep
shows the usual seasonal rhythm in metabolic and
reproductive functions. For this reason it was of
interest to determine whether significant seasonal
variations in thyroid function oceur in this species.
In a previous report™ we published values obtained
for ewes of the Shropshire and Hampshire breeds
taken over a twelve-month period. Both breeds
showed a pronounced decline in thyroid secretion
during the summer as compared to the winter
months. A decline of thyroid function with age is
indicated by the fact that 2-year-old Shropshire
ewes had a consistently higher thyroid secretion rate
than d4-year-olds during all months for which
determinations were made. It is of interest that the
thyroid secrction rate of pregnant ewes did not differ
from the values for non-pregnant ewes taken at the
same age and season, However, the thyroid secretion
of lactating ewes was significantly higher (P = 005
— 0.01) than in either pregnant or non-pregnant
ewes.

In Fig. 4 we present for the first time a comparison
between the thyroid secretion rate of 2-ycar-old
male and female sheep of the Shropshire breed at
various periods of the year. Fach bar in the lower
one-half of the graph represents the average thyroid
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determinations of thyroid secretion rate by the
goitrogen technique® have yielded values of 2.8-3.5
pg D, L-thyroxine per 100 gm body weight daily in
adult rats. 1f it is accepted that the L-isomer has
twice the potency of the raceinic mixture?, this is
the equivalent of 1.4-1.75 pg of L-thyroxine. Thus
the values obtained by the tracer method appear to
be somewhat higher than by the goitrogen technique,
but they are quite repeatable. No independent observ-
ations are available with which to compare the
determinations on sheep.

The inhibition of thyreidal 1*3! ouiput by admi-
nistered thyraxine upon which the method is Dased
is explained by its suppression of thyrotrophic
hormone output by the anterior lobe of the pituitary.
Thyroxine administration at high levels suppresses
13! gutput by the thyroid to about the same extent
as hypophysectomy,? However, there seems to be a
small intrinsic tumover of iodine by the thyroid that
is not under pituitary control. A small iodine turn-
over occurs even in animals receiving thyroxine
equivalent to their daily secretion rate® In nonmal
rats, [*3t output is approximately balanced by uptake
so there is no appreciable change in thyreid radioc-
activity when a critical thyroxine dosage is given,
despite a small amount of recycling of I'31,

The seasonal decline in thyroid secretion observed
in shcep during the summer is in harmony with
earlier ohservations in chickens? and also with the
report that high temperatures depress thyroid
function in rats.? The increase in thvroid secretion
during lactation is of particular interest in view of
the fact that thyroidectomy depresses and thyro-
protein increases milk secretion.!®

Numerous investigations indicate that the thyroid
hormane is implicated in some manner in the repro-
ductive processes of both the female and the male 1112
It is of special interest that the thyroid secretion rate
declines shortly before the onset of the anestrous
period in ewes and summer sterility in rams.

There is also much evidence to indicate that growth
of young animals is affected adversely by hypothy-
roidism and stimulated slightly in some species by
properly regulated thyroid therapy.’® The significant
positive correlation between thyroid secretion level
and growth rate of lambs disclosed in the present
report provides direct evidence that differences in
growth rate of normal animals may he due, at least
in part, to variations in thyroid function.

Research reported thus fur gives a small indication
of some of the results to be obtained in the field of
animal physiology by use of radioisotopes. The
application of isotopic methods to problems of
animal production appears to hold unlimited possibil-
ities for progress in the future,

SUMMARY

A procedure is described for the determination of
the thyroid secretion rate in individual animals. The
method is based on the stepwise inhibition of
thyroidal radioicdine output by progressively increas-
ing doses of thyroxine.

As determined by this method in both rats and
sheep, females have a consistently higher thyroid
secretion rate than males. Thyroid secretion is
increased significantly during lactation. It is signi-
ficantly higher in 2-year-old than in 4-year-old ewes,

The thyroid secretion rate of both rams and ewes
declines 4-5 fold from the winter to the summer
months. The minimum values are found during the
non-brecding season.

In growing ewe lambs a significant positive
correlation was found between thyroid secretion level
and growth rate.
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Kinetics of the Distribution of Radiosodium

in Rabbits in Hypothermia

By F. Morel and A. Combrisson,* France

Experitmental hypothermia, with its profound
alterations of circulatory hemodynamics and its
considerable reduction in oxidative processes, repre-
sents a peculiar physiological condition which should
make if possible to determine experimentaily the
physical-chemical mechanisms which conirel the
exchanges taking place in the walls of the blood
capiliaries, especially the exchanges of electrolytes.
It is known, in fact, that three tvpes of mechanisms
can insure passage of one sodiutn ion through a living
permeable membrane: simple diffusion, convection
(if there is ultrafiltration through this membrane),
and finally active transfer.

EXPERIMENTAL TECHNIQUE

The kinetics of distribution of radiosodium in the
intravascular compartment, and hetween the intravas-
cular and interstitial compartnients have been
uvbserved fellowing intravencus injection of a small
volume of isotonic Na*Cl to the plasma of thirty
rabbits, either at a normal temperature (9 animals)
or in various stages of hyvpothermia (21 animals).
Hypothermia was induced by placing the animals
for one to two hours at a temiperature of 5°C in a
hermetically sealed twelve-liter container, according
1o the technique described by Giaja and Andjus® for
the rat, The experiment was carried out at once
usder nembutal anesthesia. In addition to rectal
temiperature, cardiac rhythm and hematecrit readings
were noted, the pressure in the femoral artery was
recorded, and in some cases, the plasma concentration
of sodium was measured with a flame spectrophoto-
meter, and the volume of the circulating mass of
blood was determined by means of I’ tagped red
cells, The curve showing the decrease in plasma
radiosocdium was recorded directly, by a previously
described method.®

RESULTS

Circvlatory Hemodynamies
The cardiac thythm goes down progressively with
the temsperature, from 240 per minute at 37°C to 70
per minute at 20°C; at the same time, the circulation
time from the ear to the carotid increases, going up
from 6 seconds at 37°C to 20 seconds at 20°C. On

the contrary, the femoral pressure remains high

Original language: French.
* Biotogical Department of the CEA.

until comparatively low temperatures are reached
(3 to 8 an of mercury at 20°C). Finally the
hematocrit readings reveal a slight hemoconcentration
during hypothermin; measured by the tagged red
cell technique, the circulating blood niass is reduced
by some 15 to 20%.

Sodium Interchange in the Copillaries
The reduction in plasma concentration, which
cxpresses a distribution of the injected radiosodinm
Letween circulating plasma and interstitial liquids

can be described, in the rabbit, by a single exponen-
tiai®

C = (Cll‘—ceqn) e—x + eru

in which C is the concentration of radiosodium in
the plasma at any given time (in per thousand of the
dose injected per kg found in each ml), C,q
represents the equilibrium concentration toward
which the exponential decrease tends; this figure
makes it possible to measure the volume of the
extracellular compartment in which the radiosodium
diffuses, and r represents the exponential decrease
rate per minute,
At a normal temperature (9 rabbits) we find:

C = 89e~0m0 | 514
v = —0836 (£ ¢ = 0.14)
Cegu = 3.14 (£ ¢ = 0.35)

For a body temperature between 25 and 28°C
(7 rabbits) we find:

C = 149 —01 L 754

For a body temperature between 21 and 24.5°C
(9 rabhits) we find;

C = 15.3¢~%%% 4 5,12

For a body temperature hetween 16 and 20°C
(5 rabbits) we find:

C = 1270 777

At a normal temperature, the average value of
Cequ corresponds fo the distribution volume, for
radiosodium, equal to 19.5% of the weight, ie., very
close to the volume of extracellular liquids,

In all hypothermic rabbits, the value of C.,

~decreases markedly; therefore, in all of them, the
in






The Mechanism of Gastric Acid Secretion

as Revealed by Radioisotopes

By C. Adrian and M. Hogben,* USA

In elueidating the manner in which living cells
regulate the movement of ions, i1sotepes yield unigue
information. Isolopes permit precise analysis of the
two opposing unidirectional rates of ionic movement
without demanding provisional assumptions con-
cerning the nature of the intervening membrane. The
umdirectional rates of movement are called fluxes.
A systematic description of ionic movement through
living membranes can be developed from analysis of
ionic flux.! Passive clifflusion of an ion can be un-
ambiguously defined by the ratio of its two fluxes,
the ratio of its chemical activity on either side of a
membrane aud the electrical potential difference
across the memhrane® Passive ionic flux can be
expressed as partial ionic conductance. The sum of
ionic conductances caun be related to the total mem-
brane conductance. Active transport, defined as the
uphill movement of an jon through a membrane,
gives rise to an electrical current. The algebraic sum
of all active ionic transport hetween two identical
solutions is equal to the electrical current drawn from
a short-circuited membrane. In addition to the move-
ment of ions by passive diffusion or active transport
there may bc isotopic exchange independent of nei
fonic movement.

The application of these principles to ionic move-
ment through the isolated frog gastric mucosa
provides a basis for investigating the mechanism of
hydrachloric acid seeretion. The frog gastric epi-
thelium can be easily separated from the mwuscular
coat as a 1hin sheet about 1-mm thick. The epithelium,
one cell fayer thick, is involuted to form the gastric
glands. It comsists of two cell tvpes. a surface
epithelial or mucous cell and the lubular secrctory
surface cell which is thought to be analogous to the
mammalian parietal cell. In addition to the epithelinm
proper there is the thin band of the mwuscularis
mucasae and sonie loose submucosal connective tissue.
When the mucosa is bathed hy a saline solution con-
taining glucose and saturated with 100% oxygen, it
spontaneousty secretes acid and develops a distinctive
electrical potential, The mwucosai potential is about
35 mv with the serosal surface positive to the hnnen
surface,

Iontc movement through the mucosa can be stuclied
by placing the epithelium between two chambers so
that each surface is exposed to a stirred solution of

* National Heart Institute, Bethesda, Maryland.

known compasition. A radioisotope of an ion placed
in one chamber, after a short delay, will appear in
the other chamber at a constant rate. The umidiree-
tional flux is the product of this rate of isotope
appearance and the ratio of carrier ion and isotope
in the first chamber. The difference between the two
unidirectional fluxes of an jon is equal fo the net
jonic movement. 1f the volumes of the solutions are
sufficiently large there will be essentially steady state
concentration gradients of both carrier and isotope
for the duration of the experiment. The two dircctions
of flux through the gastric mnucosa will be spolien
of as: (a) nutrient to secretory (N-5) for the
direction froin hiood to Jumen and (D) secretory to
nutrient (5-N) for the opposite flow from lumen
to blood.

In order to sticly quantitatively ionic movement
it is desirable not only to know and control the ionic
concentration of the two solutions bathing the mem-
hraze but also to measurc the electrical potential
difference between the solutions. The electrical
potential can he measured by placing a saline-agar
bridge very close to either side of the nucosa and
connectiy the bridges to a pair of calomel cell
electrodes and a potentiomceter. The potential can be
varied by means of another pair of Lridges placed at
a distance from the mnucosa, The distant bridges
supply an external current from a battery in series
with a variable resistance and palvanometer. If
sufficient current is supplied, the spontaneous poten-
tial of the gastric mucosa can be reduced to zero.
The mucosa is then effectively short-circuited and
the current required to maintain a zero potential
difference is equal to the electrical current that can
be continuously drawn from the mucosa. The ratio
of external current and mucosal potential is a mea-
sure of the membrane conductance.

Using radivisotopes of sodium and potassimn, it
has Deen shown that the fluxes of both cations are
equal when the two surfaces of the mucosa are bathed
by similar salt solutions (frog's Ringer} and the
clectrical potential difference is brought to zero.?
\When there is an electrical potential difierence with
the nutrient solution positive to the secretory solution,
the nutrient to secretory fluxes of cations are
accelerated and the secretory to nuirient fluxes
decreased. The response of these cation fluxes to an
electrical potential difference is in the direction

n
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is the intracellular isotope cnncentration expressed as
a fraction of the isotope concentration of the bathing

solution inte which the isatope was initially
mtroduced,
Table |
Concentralion er-all I
_.—m‘!“— Direclion Olar:fmeq:.:[r}?rlnfiw cell
Tan  Solution Cell af flux cnt=2hre-t  rodinactivity
(1 116 67 N-5 8.0 0.1
5N 5.2 09
5CH 15 9 N-5 0.6 04
5-N 0.3 0.6

It is apparent that the movement of chloride across
the secretory surface of the cells is much greater
than the movement across the nutrient surface. The
findings for thiocyanate arc in the same direction but
the asymmetry is less marked. While these findings
do not cstablish that active transport of chloride
occurs preponderantly at the secretory surface of the
cells they suggest that this may be the case. The
previousty reported observation of an apparent slow
exchange of pgastric mucosal chloride in zivo with
radiochloride administered intraperitoneally,” may be
an artifact due to the rapid exchange between cell
chloride and unlabetled chloride in the gastric lumen
and the slower exchange hetween capillary and cell
across the nutrient survface,

In order to understand the mechanism of gastric
acid secrction it would be desirable to know whether
the active transport of chiloride is accomplished by

"either the tubular sccretory cells or the suriace
mucons epithelial cells or by both cell types. Cur
present evidence does not localize active chloride
transport to a particular cell of the mucosa. It has
been sugpested by one schoot of investigators® that
chloride may be secreted by the parietal cell and the
hydrogen ions by the surface epithelial cells.

The active transport of chloride demands that
energy rcleased by cellular metabolism be transferred
to the transported chloride ion. Because of the
striking hydrogen ion concentration attained during
acid secretion attention bhas been gencrally directed
to the hydrogen ion secretion at the expense of the
concomitant chloride secretion. Recent studies of
metabolism during acid secretion™®?® indicate that as
much as 209% of the energy of oxidative metabolism
is consumed in establishing the hydrogen ion
gradient. Many of the metabolic inhihitors which
block acid secretion also abolish the spontaneocus
mucosal potential'® suggesting that interruption of
the source of metabolic energy intcrrupts active
chloride transport.

A hypothesis which has been frequently advanced
1o explain the transport of hydrogen ions is that they
are forimcd on the secretory border of the cell by an
oxxlation-rednction reaction.®1? The experimental
evidence which supports this hypothesis is the
response of the rate of hydrogen ion secretion to
variation of the electrical potential difference across
the mucosa.!? Augtnenting the spontaneous potential

increases the rate of hydrogen toun secretion and
depressing the potential inhibits the rate of secretion.
Before assuming that the effect of potential is sumpiy
one of driving an oxidation-reduction reaction it will
be necessary to know considerably more about the
cffect of the potential on the ionic metabolis of the
pasitic nmcosa. In addition to altering the rate of
hydrogen ion secretion, varying the mucosal polential
also changes the intracellular coneentration of
chloride. In a series of experiments, isolated gastric
mucosae were balhed by solutions containing 116
mMi/1 of chloride. Those mucosae whose potential
was maintained at zero had a caleulated intracelluiar
cliloride concentration of 67 M/l The intra-
cellular concentration rose to 86 mMi/l when the
spontaneous potential was augnented to 60 wmv,
serosa positive to muicosa.

The fact that the active transport of chloride can
be identified with the generation of a continuous
electrical current prompts consideration of a mecha-
nism which could gencrate an electrical current, One
possible mechanism is to transport the ion by a
carrier which exchangces this ion for an ion of another
species which it transfers in the opposite direction,
The forced exchange of the ion pair would establish
concentration gradients for each of the ions, but 1t
would not lead to a net transfer of charge. If the
membrane were in addition sclectively permeable to
one of the ion species, that ion could diffuse back-
ward along jts concentration gradient with the result
that therc would be no net fransfer of this member
of the ion pair. The transport of tlic non-diffusing
ion would then represent a pet transfer of charge
and be identifiable with an electrical current.

If the latter type of forced jon exchange were to
he the explanation for the active transport of cliloride
through the gastric imucosa, the most probable part-
ner ion to exchange with chloride would be bi-
carbonate. The initial evidence for such a mechanism
was favorable.!? Exposing the secretory surface of
the isolated gastric mucosa to a saline solution con-
taining bicarbonate when the nutrient surface is
bathed by a saline sojution containing no bicarhonate
reversibly depresses the mucosal potential and short-
cireuit current. The flux of C!'* labellcd bicarbonate
hetween two solutions containing bicarbonate and
buffered by carbon dioxide is greater in the secretory
to nutrient direction through the short-circuited
mucosa, The net transfer of bicarbonate-carbon
dioxide is in the opposite direction to the tramsport
of chloride,

The interpretation of the flux of a weak electrolyte
such as earbonic acid is more complex than that of
a strong ton. The weak electrolyte may cross the
tnembrane either as the ionized or un-ionized moiety.
In gerieral ceilular membranes are cousiderably more
permealle to lipoid soluble uncharged moieties in
contrast to the charged water soluhle moiety. If there
is a plIl gradient across the cell membrane, the con-
centration of the un-ionized moiety on either side of
the membrane will be different when the total con-
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EFFLUOGRAM STUDIES OF HEART MUSCLE
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Figure 1. Principle of efluography
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Figure 2. The afvogram

inserted through the tip of the right auricle and into
the ventricle. The sinus venosus and auricle drape as
an wnbrella about the thickened middle of the stylus
to direct the venous outflow downward. They are
trinmed closcly to yield a minimum of dead How
space. The stylus is kept wetted with albumin-Ringer
to vield a steady flow. It is held steady against the
filter paper strip by a wire loop which encircles the
stylus near its tip. Flow is not drop-wise but conti-
nuous (Fig. 5, lowest recording). As in mammakian
hearts some of the inflowing coronary arterial per-
fusate enters the ventricular cavity by Thebesian-
like channels. Thus in test runs with several hearts
the stylus collected anywhere from 13 to 100 per
cent of the entire coronary inflow.

The well-known endurance of the excised turtle
ventricie, even in the absence of circulation, is not
shared by its coronary system, Often flow can not
be initiated at all and when present will deteriorate
during the first hour. Perfusion mwust begin as
promptly as possible after excision of the heart, After
many modifications over a period of 3 years, our best
perfusion Auid now contains in meq/1:

Na 1243 Cl 117.0
K 40 HCO, 14.25
Ca 6.8 H,PO, 3.85
Mg 20 50, 20
Cations 137.1 Anions 137.1

3¢
Glurose 0.13%
Dextran, clinical 20%
Bovine albumin 20%
Thiamin HCi® 0048 meg %
Pepaverine, HC1? 0,001 mg %%

The sohition is equilibrated against 5% CO». and
95% (3. The force to drive the perfusion comes
from this gas under pressure in a steel cylinder with
a seunsitive valve regulator. \With a pressure of
140 mm Hg, the 2.6 gm heart used for Fig. 3
produced a flow of 2.5 mi/min or 4 micreliters per
sample collected every 0.090 scc.

Qur filter paper strips measure 3.12 meters long.
A ribbon of paper 9 em wide is first cut from a
special roll of Eaton-Dikeman-No. 624 filter paper.
Time tines 5 mun1 apart are printed across the ribbon
with a heavy brass cogwheel that rolis continuously
along the ribbon as its cogs are inked with a large
ink pad. Waterproof masking tape seals the back of
the ribbon against leakage but usually the perfusate
docs not wet through the paper, Finished strips
13 mm wide are then cut from the ribbon with a
kuife and straight edge.

The strips are mounted on a canvas belt 3.12
mcters in circumference stretched horizontally be-
tween two kymograph drums (“Monodrum™ with
synchronous electric motor by Gorrel and Gorrel).
The belt is 32 cm wide and accomodates as many as

Figure 4. Heart mounted over kymegraph
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We estimate that 0.0012 of the K content of the
heart is released per bheat or that 1.3 )X 10—° meq
K are released per systole from cach gram of muscle.
Considering the 40 samples into which this release
from a 3-gram heart is divided, we are measuring
9.6 X 10— meq K per sample, The flame photonie-
ter could barely measure 1000 times as much. Rough
estimates of the surface area of heart muscle fiber
membranes indicate that 449 micro-micromoles
K/em®/beat are released. This is about 10 times the
release found by Keynes and Lewis® for squid giant
axone. Relatively more K release accompanies the
slower electrical events seen in turtle heart.

The cffluographic method can be applied to any
bath or flow system that provides liquid samples,
Samples from suspension media for bacteria, yeast,
isolated mitochondria or tissue slices can be drained
off under mild pressure through polyethylene tubing
to the.paper strip. Samples may le as frequent aud
as vanishingly small as the selected intensity of radio-
aclivity allows. No micropipetting is required, The
exceedingly small volume of sample required adapts
the method to sampling of blood from small animals,
or of fluids from ducts of glands or from the ureters
of the kidney.

The method as we devised it had no relation to
chromatography. IHowever it could he combined
with the latter in that various chemicals in the outflow
could be chramatographed at right angles to the timed
collection to determine not only whether thev are
released together hut whether they are actually linked
in chemiical bond while undergoing release from the
cells of the tissue.

SUMMARY

\We have devised a new method for collecting rapid
serial samples of radioactive fluids from a bath or flow
system. The outflow from a perfused organ, which
has been pre-enriched with isotope, is led onto a
timed moving strip of filter paper. The paper strip
is cut into timed segments whicl are plced in num-

bered planchets for counting the unknown radio-
activity. A second constant radioactivity, pre-added
to the perfusate, is an index of volume for each paper
sample. Samples may be as frequent and as vanishing-
ly small as the chosen intensity of radioactivity allows,
The record of radioactivity concentration against
time is called an “effluograin™. A calibration proce-
dure extrapolates each sanple back to the time of
its release into the capillaries of the organ,

We have shown for the first time, by perfusing
a turtle ventricle intensely enriched with K92, that
the contraction of heart muscle produces a distinet
pulsatile release of potassitun. When extrapolated
hackward to the time of its release into the capiila-
ries, the peak of the K outflux coincides with the fast
and late repolarization 7 wave. The total activity
relense comprises 0.0012 of the K in the heart. This
has heen divided into 40 samples ecach comtaining
about 1 X 108 meq K per samipte. This sensitivity
is 1000 times that of the flame photometer.
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radioactivity is constant and corresponds to the over-
all integration of the radioactivity in the carrier,

The following compounds have been identified by
cochromatography with the reference product used
as a carrier: (10) citric acid, (11) malic acid, (12)
fumaric acid, (13) aspartie acid, (14) glutamic acid,
{16) glutamine, (17} valine, (18) leucine, (19) nor-
leucine, and (2Q) isoleucine.

21. Trehalose. Following acid hydrolysis, the pro-
duct ohtained is glucose. The primary product coin-
cides with trchalose following cochromatography.
Identification was confirmed by cocrystallization of
the radioactive product with trehalose as a carrier,

Influence of Aeration Conditions
There are practically no qualitative differences,
whether the yeast is in aerobiosis or anaerobiosis, but
the quantitative differences are important. Thus, close
to B0% of the radioaetivity extracted is found in the
following compounds:

Tabie |. Radicactivity Exirocted, Per Cent

Tre- GQlulamic Lactic Cilre

halose acdd Alanize Vaoline acid acid
Aerabiosis a5 23 7 2 1 6
Anaercbiosis 14 4 32 20 13 2

These results show heavy tagging of the trehalose,
particularly in aerobiosis. They further suggest, for
the other compounds, a predominance of the Krebs
cycle in aerobiosis, and of glycolysis, according to
Emibden Meyerhof, in anaerobiosis. Under aero-
biosis, the ciiric and glutamic acids are those most
heavily labeled while, in anaerobiosis, radioactivity
accumulates (n alanine, valine and lactic acid, which
are directly derived from pyruvic acid.

EXPERIMENTS WITH ALCOHOL

ldentification of Substanees Formed

The experiment is stopped after approximately
90 min of incubation at 30°C in air, when approxi-
mately half of the alcohol present has been metabo-
lized, Among the products formed, we identified, by
using the same techniques as in the case of glucose,
glucose phosphate, mannose phosphate, diphospho-
glveceric acid, 3-phasphoglyceric acid, phosphoenoi-
pyruvic acid, uridine diphosphate-glucose-galactose-
marnose, sedoheptulose phosphate, citric acid, malic
acid, fumaric acid, lactic acid, plutamic acid, aspar-
tic acid, glutamine, asparagine, alanine, valine and
trehalose.

The similarity hetween the chrematograms which
correspond to the metabolism of glucose and aleohol
is remarkable. The differences are essentially of a
quantitative nature. Thus, uver 759 of the radio-
activity present in the extraet is incorporated in the
stthstances of the tricarboxylic cycle and those direct-

ly derived from it: glutamic acid 40%, citric acid
189, aspartic acid 14%, gluiamine 4%, asparagine
1%, malic acid 1%. On the other hand, an important
phenomenon is observed, that of the reversibility of
the glycolysis which.goes back to the synthesis of the
hexoses and of trehalose: trehalose, 10%, 3-phospho-
glycerie acid 19%, phosphoenolpyruvic acid 9%, ala-
nine 1%, valine 1%.

The Metabolism of Ethanol in the Presence of Glucose

In a Warburg flask, 3 mg of yeast was incubated
for 25 minutes in the presence of 5.2 uM of ghicose
and 5 M of radicactive ethanol (3 pc). The analyses
show a consumption of 3.6 gM of oxygen, 3.7 oM
of glucose and the fornation of §0.1 pe of radicactive
carbon. If it be assunied that the formation of alcohal
from glucose is a linear phenomenon, even as is the
consumption of alcohel by yeast, allowing for the
radiouctive CO; formed and the incorporated radio-
activity, it will be found that at least 0.4 pM of
alcoho! have been metabolized. This quantity is
approximately equivalent to that metabolized where
the alcohol is the only nutrient, and represenis
approximately 109 of the glucose consumed.

The autoradiograph shows a conceniration of
radioactivity in the substances of the citric acid and
derivatives cycle : glutamic acid 609, glutamine 10%,
aspartic acid 2%, malic acid 2%. In this case, the
ahsence of all substances related to glycolysis is noted.,

CONCLUSIONS l

This paper contributes some knowledge of the
nature and relative importance of the tagging of the
principal compounds formed during the degradation
of glhucose by live yeast. We have characterized many
intermediate compounds in the citric and glycolysis
cycle aceording to Embden Meycrhof. We have
found no products corresponding to the oxidative
degradation of glucose, except for sedoheptulosc phos-
phate, which thus is identified for the first time in
veast. On the other hand, there is a predominance of
the tagging in the compounds derivee] from the citric
eycle in aerobiosis, and of those derived from classi-
cal glveolysis in anaerobiosis.

In the case of alcohol, we identificd the compounds
formed in baker’s yeast from the substratum. The
radioactivity concentrates mostly in the compounds
of the cycie of citric acid and its immediate deriva-
tives, On the other hand, one observes, for the first
time in yeast, the formation from ethano! of phos-
phoenolpyruvic acid, of 3-phosphoglyceric acid, of
hexose phosphates, and of trehalose, which prove
that glveolysis is reversible. Finally, we have demon-
strated that ethanol, a notmal product of the meta-
bolism of yeast from glucose, 15 used up simultaneous-
ly with the glucose and creates, under such condi-
tions, some compounds which are related exclusivety
to the tricarboxylic cycle.
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Control Experimant

As the control, pearl oysters fixed in alcohol were
washed with sea-water, and placed in sca-water con-
taining radioactive isotopes for 2 and 10 hours. Then,
they were treated in the same way as above.

OBSERVATIONS

Localization of P?
Mantle

Radioautographs of the mantle of the pearl oyster
bred for 2 or 10 hours in P3? water showed that
more silver prains were blackened ou the periphery,
The periphery of a mantle is divided into the inner,
middie, and shell folds, where basophilic and acido-
philic glands are localized. P%* was found abundaunt
in the epithelial cells and sub-epithelial zone of the
inner amdl outer folds, especially in the inner one.

It was also localized in the glycogen glands of the
outer part of the mautle. Two parts can be discerned
in the glycogen glands; one is filled up with cyto-
plasmic contents, while the other is occupied by many
vacuoles. P*2 was mostly found in the former, The
concentration of % in the muscle of the mantle
seetnex] Jower than in other parts, but a large amount
of P** was localized in the blood vessels and plano-
cytes inn the muscles.

No difference was observed in the localization of
P2 in mantles exposed for 2 hours and for 10 hours.

Pear| and Peorl Sac

During the 23-day cultivation period, pearl sacs
had been formed completely in the gonads of pearl
oysters, Dut there were no calcareous layers on the
paraftin nuclei, The nuclet were covered with the
conchiolin lavers ontly.

In this case, too, P?? was localized in the cpithelial
cells of the pearl sac. Moreaver, a large amount of
P3* deposited in the conchiclin layers of the pearls.

The distribution of P*2 in the conchinlin layer was
not homogenous, and in some part of the layer, it
was found at the basal part, and in the other, loca-
lized at the upper or middle.

It was also localized m the cytoplasm of eggs in
the gonad and in the mid-gut glands.

Locolization of Cotd

Thin secticns were not prepared in the experiment
with Cat®, and localization of this isotope was ob-
served only by the contact method, i.c., no detailed
observatinns were made. It was found, howcver,
that Ca*® was localized in all parts of the mantle, in
larger concentration in the periphery. Ca®® was taken
up by the nacre of the shell in 2 hours.

CONSIDERATIONS

If P32 {s incorporated by contamination, it should
be localized on the margins of the mounted sections
on a slide, In ilic present radioautographs, however,
blackened silver grains were not found along the
margin. This suggests that the present radioauto-
graphs were registered by the radioactivity of 1P*2
taken up in the body of the pearl oyster,

Contraction of the mantle was greater in the P*
experiment than in the Ca*® one. So it is unadvisable
to discuss the distribution of P32 by Fig. 1. But, the
part where the heavy deposition of P¥ appears (the
left—central part in Fig. 1) seems to correspond with
that from which byssus is secreted,

The number of silver grains per 100u% blackened
by the radioactivity of P** was calculated under the
microscope in randomly selected 5 parts in each of
the following positions: Quter epithelium, outer sub-
epithelial zone, inner epithelium, inner sub-cpitheiial
zoune, muscle, blood vessel, basophilic gland and back-
ground. These calculations were made it each of 3
specimens of radicautographs which were selected
by random sampling, Thus the average number of
grains in each position was calculated. The number
in the background was 29.2. Tahle I shows the num-
ber suhtracted 29.2 fromn that of each position.

Toble 1. Calcvlation of the Grains per 100 p?

Porition FPlate 1 Plate 2 Plate 8 Meon
Outer epithelivm 57.2 70,2 50.8 593
QOuter sub-epithelial zome 468 70.2 64.6 a1.6
Inner epithelinm 546 8§22 43.6 60,2
Inner sub-epithelial zone 49.6 76.8 0.8 63.3
Muscle 416 40.6 9.0 09
lilood vessel 59.2 638 65.2 64.7
Basophilic gland 55.4 848 542 65.2

Significance of the difference occurring in number
by thc position was examined by Table I It was
found that a significant difference at the 1% level
occurred Detween the muscle and other position. In
other positions there was found no significant difier-
ence (5% level). Mean values of outer zone (in-
cluding outer epithelium and outer sub-epithelial
zone) and inner zone (including inner cpithelium and
inner sub-gpithelial zone) are 64.3 and 60.4, respecti-
vely. This difference was not significant. However,
it would becomc significant when niore examples are
exaniined.

Bevelander® reported that P32 was especially con-
centrated in the sub-epithelial zone of inner surface,
ur mucous gland of the mantle. The present authors
also found it abundant in the epitheltum as well as
in the sub-epithelial zone and basophilic gland.
Heavy deposition of P¥ was found in the epithelium
of the pearl sac as well as in the epithelium of the
mantle, It was also localized with high concentration
in the conchiolin layer of the pearl,

Tt is reported from the results of chemical analysis
that content of phosphorus in the cultured pearl is
only a trace, but the results of the present experiment
show that P® can easily be taken up by Pteria
(Pinctada) wmartensii to form the conchiolin layer
of the peari. Moreover, the fact that localization of
P# in the conchiolin layer is not homogenous shows
that its deposition did not take place at the same
time over the surface of the pearl, but only partiaily.
This fact will prove the author’s idea of pearl form-

- ation'® that the layer of a pear! is not formed evenly
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Using™ radioactive phosphorus as a tracer, a phy-
siological experimment,? inctabolism study of the larva
and pupa of the silkworm, Bombyx mori, was carried
out. Two diverse methods were principally adopted
in the experiments. One is the radiophosphorus
injection into the body fuid of the 5th instar of the
last larval studium and the pupa, and the other is
the feeding of the mulberry leaves containing radio-
phosphorus for 2 hours. The injection was made
through the abdominal legs of larva or the interseg-
mental portion of pupa hy 0.02 cin® of 3% aqueous
solution of Na,HP320,. This injected amount of P3?
corresponds to 239 of the total amount of phos-
phorus in bload, and under this no injurious effect
uport the silkworm physiological condition was
brought abaut,

In the case of oral administration, radiocactive
mulberry leaves previously cultivated with Nas-
HDP*Qy solution as fertilizer were given after the
lapse of 2 or 3 weeks,

At various timnes after administration the organs
and tissucs to Le assaved, entire body or fractions
thereof, were wet ashed, and then radivactive counts
were calculated by a Geiger-Muelier counter at
various intervals to obtain precise results.

DISTRIBUTION OF RADIOPHOSPHORUS
CRGANS OF THE 5TH INSTAR

IN LARVAL

At various intervals, namely 3, 6, 12, 24, 48 and
96 hours after administration either intrahumorally
or orally, the organs and tissues were picked out by
dissection. The results ohtained are briefly sum-
marized as follows: During the first several hours
following the injection, a great deal of administered
radiophusphorus was found in the alimentary canal
and Malpighian tubules as well as in blood. With
the lapse of time the amount decreased gradually.
In the silk glands, fatty bodies and sexual organs
(testes), the aspect was quite diffierent; that is, from
3 or 6 hours after the injection the activities of
radiophosphorus injected were increasing until
24 hours. Thereafter the activities of the silk glands
and sexnal glands increased slightly, but that of
the fatty bodies showed a distinet decrease. When
the radiophosphorus was administered orally by
means of feeding the mulberry leaves which had
grown under relatively wnatural conditions, the
ahsorption of laheled phosphorus resembled that in
the case of injection, except that the radioactivity in
the Malpighian tubules was at first rather low and
at 6 hours came up to a maximun.

The specific activities of radiophosphorus in the
various organs and tissues were calculated. In the
twn different methods used, the figures were very
similar, hut in the oral admunistration, the values
of the alimentary canal were very low in comiparison
with that of injection, The values of the Malpighian
tubules in the oral administration were also remark-
ably high at 6 hours, showing considerable decrease
before or after that time, while in the case of

injection the vaiues indicated the maximum imme-
diately after administration.

From the results with oral ardministration, changes
in specific activity of blood, alimentary canals and
Malpighian tubules. after feeding on mulberry leaves
containing labeled phosphorus resembled each other
closely. Three of the silk glands, fatly bodies and
sexual organs show the maximinn at 24 hours, but
these curves almost coincided at 96 hours after
administration.

TURNOVER OF PHOSPHORUS COMPOUNDS DURING
METAMORPHOSIS

In order to investigate the turnover rate of phos-
phorus compounds during metamorphosis, radio-
active Na.HP?*0, aqueous solution was injected
into the silkworm not only at the time of the Ist,
dth, and 8th and 9th day (full-grown larva) of the
5th instar, but also at the time of the 7th and 14th
day (the dav preceding emergence) of the pupa.
Dissection was performed at 6 hours and 24 hours
after injection. As shown in the experimental results,
a great deal of inorganic radiophosphorus was con-
verted into organic phosphatides in the larval period,
but very little in the pupa. On the lst day of the
5th instar, the organic radiophosphorus was incor-
porated in large amounts inte organic phosphatides,
stich as mucleic acid or phosphoprotein. On the middie
day of the 5th instar, the greater part was found in
phospholipid, and on the last cday of the larva, the
turnover of inorganic phosphorus diminished on the
whole. At the middle of the pupal stage, radiophos-
phorus was plentifully incorporated into nucleic acids.

The relative specific activities, that is, the per-
centage of the specific activity of phosphorus com-
pounds in varipus organs or tissues as opposed to
the specific activity of acid-soluble phosphorus in
binod at the beginning of the experiment, were tested.

As to acid-soluhle phosphorus (including inorganic
P), the relative specific activity of blood was the
highest and #t was almost equal to that of the
alimentary canal. This fact shows the possibility that
acid-soluble phosphorus of blood alternates quite
easily to that of the alimentary canal. Generally
speaking, the relative specific activity of nucleic acid
phosphorus was the highest on the Ist day of the
larva, and then decreased gradually until the last day
of the pupa. As to the relative specific activity of the
ovaries or testes, the trend was quite different; the
values increasing gradually at the middle of the
Jarva period and showing the maximum at the middie
of the pupa. The incorporation of phosphoprotein
phosphorus, in general, resembled that of nucleic
acid, but was slightly different in some respect. FFor
example, the reiative specific activity of the silk
glands reached the maximum on the last day of the
larva. In phospholipid phosphorus the relative
specific activities of various organs showed the
higest values on the middle day of the larva,

These facts have close connection with physio-
logical phases of the larva and pupa of the silkworm.
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In order to determine the portion of excretion in
the alimnentary canal, several techniques were devised.
One of the most decisive experiments was that the
ligature was made at the appropriate boundary of
each portion of the alimentary canal, and then radio-
phosphate solution was injected into the fluid of
each body section. After the lapse of 3 or 6 hours
after treatinent the ratios of radioactive counts of the
content in the gut against those of blood in each
section were examined carefully. The middle porticen
and, next to it, the posterior portion were exceedingly
aetive for secretion of radioactive phosphorus, in
comparison with the anterior portion of mid-gut and
the hind-gut.

As known by the entomologists, insects, including
the silkworm, excrete a great deal of metabolites both
through Malpighian tubules, and partially through
mid-gut and hind-gut. These secreted substances can
not be divided easily. Moreover, in the silkworm
larva these substances are excreted together with the
non-digested substances in the form of faeces. There-
fore, the amount of absorption and excretion of
phosphorus in the 5th larval studium was measured
after the complicated procedure described below.

At first, the percentages of phosphorus absorption
were obtained in the fellowing order: (1) the total
phosphorus amount administered orally, (2) the total
amount of phosphorus in faeces excreted and (3) the
Increasing phosphorus amount it the body on the
whole, werec measured cvery day. Then, from the
ratio of the specific activity of phosphotus in faeces
against that in bicod (especially the ratio of those
of inorganic phosphorus in both materials), the
arbitrary absorption amount of phosphorus was cal-

culated. From the procedure mentioned ahove the
percentage of phosphorus absorption was easily
obtained, that is, it was about 85% at the 1st day of
the 5th instar and then decreased gradually day by
day, faliing to about.40%; at the last day of the larva.

From the above-mentioned results, the excretion
amount of phosphorus of one silkworm larva was
obtained according to the formula:

{Excretion amount of P per day)
= (Absorption ratios of P)

X (Deglutition amount of P per day)

— (Increasing amount of P in the whole
body per day)

The results obtained from the formula are shown in
Table IV.

Thus, by using the radiophosphorus, the excreted
amounts of phosphorus were found for the first time
experimentally. The reason why a great deal of
phosphorus is excreted in the later days of 5th
instar, is due, on the one hand, to degradation of the
silk pglands and alimentary canal themselves, and
on the other hand to diminution of absorption by the
silkworm Jarva itself.
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The Application of Carbon-14 to Studies

on Bacterial Photosynthesis

By Jack M. Siegel,* USA

The role of organic substrates in bacterial photo-
synthesis is obscured hecause they function both as
sources of carbon and as external hydrogen donors.
In particular, the influence of organic substrates on
the energy requircinents in bacterial photosynthesis
has remained largely unexplored. Progress in this
field has been deterred by the lack of information
about metabolic pathways. A major obstacle to the
study of metabolic pathwavs in the photosynthetic
bacteria is created by their singular ability to convert
organic substrates to hacterial protoplasm and COs
as the sole products. Consequently such studies had
to await the availability of carbon-14-labeled com-
poungds.

The present paper is divided into three sections.
The frst section describes some investigations
leading to the elucidation of the metabolic pathway
for acetone. The sccond section deals with studies
on energy transfer reactions that take place during
lhe metabolism of acetone and its metabolic inter-
mediates. The third section is devoted to preliminary
studies on energy requirements for the photometa-
bolism of organic substrates with special reference
o acetone and its intermediates.

A special strain of the photosynthetic bacterium,
Rhodopsendomonas gelatinpsa* was used throughout
these investigations.

PATHWAY FOR THE METABOLISM OF ACETONE BY
RHODOPSEUDOMONAS GELATINOSAYT

Three alternative pathways were considered for
the metabolism of acetone by R. gelalinosa:

(&)
CH,COCH; + CHOs— — CH;COCH,CHOOH
(b
" 2CH,CHOOH (1)
CHCOCH;—— CHyCOOH + “HCOOH” (2)

CH;COCHy—— CH,COOH

+ CAZ9% CH,CHOOH (3)

These could be distinguished with the aid of earbon-
I4-labeled CO:. Of the threc' pathways only the
first and third would result in the formation of
carboxvi-labeled acetate, and only’the first pathway

* University of Arkansas School of Medicine.
T The results of these studies were published previously®?
and are reviewed here only for the sake of vompleteness.
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would result in the formation of carboxyl-labeled
acetoacetate,

The studies on the photosynthetic pathway were
aided by the finding that acetate accumulated during
the photometabolism of acetone at low light intens-
ities, As the light intensity approached zero, the
relative accumulation of acetate approached a value
of 2 moles of acetate per mole of acetone metabolized.
This phenomenon made it unnecessary to add acetate
as a trapping-agent, and thus permitted a direct
comparison of the specific activitics of the COg and
the acetate,

Experimentally it was found that significant
amounts of carbon-14 were incorporated into acetate
only when the C*O» was metabolized in the presence
of acetone. In such cases all of the activity resided
in the carboxyl group of the acetate. The observed
values for the ratio of the molar specific activities of
acetate to CO» ranged from 0.43 10 0.52, which were
in good agrecement with the value of 0.5 predicted
by Equations 1 and 3.

To study the incorporation of CQ: into aceto-
acetate it was necessary to add acetoacetate as a
trapping agent. Under these conditions acetate again
was found to accumulate. As in the previous
experiments significant amounts of carbon-14 were
incorporated into acetoacetate and acetate only when
the C*¥ (. was metabolized in the presence of acetone,
Degradation of the acetoacetate established that 90%
of the activity resided in the carboxyl group and the
remainder was located in the carbonyl position. The
specific activity of the acetoacetate carboxyl carbon
was found to be 1.4 to 1.7 times the specific activity of
the residual acetate. The theoretical ratio for the
formation of acetate from acetoacetate according to
the first pathway is 2,

These results indicate that the photometabolism
of acetone by Rhodopseidontonas gelatinose can best
be represented by Equation 1. Similar studies on
the dark aerobic metabolism of acetone by this
bacterium indicated that the same metabolic pathway
was followed.?

INFLUENCE OF ORGANIC SUBSTRATES ON EMERGY
REQUIREMENTS IN BACTERIAL PHOTOSYNTHESIS

Free energy changes have been calculated for the
individual steps in the metabolism of acetone.? The
carboxylation of acetone (Equation 3a) has a positive
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of acetoacetate also results in the synthesis of ATP.
The formation of a common energy carrier in all
threc processes provides an explanation for the
competition between light and oxygen that has been
ohserved by van Niel." Tt also provides a basis for
understanding the observed energy coupling between
individual reactions occurring in the metabolism of
organic substrates.

ENERGY REQUIREMENTS IN THE PHOTOSYNTHETIC
METABOLISM OF ORGANIC SUBSTRATES

An investigation of the photosynthetic rate versus
light intensity curves was undertaken as a preliminary
step in the measurement of quantum requirements
for the photometabolism of acetone and acetate, The
photosynthetic rates were determined either by
measuring Co» uptake or by measuring the incor-
poration of carbon-14 {from tlabeled substrates.
Manometric measurements of acetate metabolism
were made with the bucteria suspended in a Coa:
NaHCO, buffer, and were based on the conversion
of Cou to NaHCO,:

CH;{COON& + COQ + Hgo —_——
2(CH.0) + NallCO; (4)

In a preliminary experiment it was {ound that the
manometric measurement of acetate metabolism was
obscured hy a fermentative production of acetic acid.
The liberation of acetic acid resulted in the displace-
ment of CO» from the buffer. Thus at low light
intensified CO» evolution was observed rather than
CO. uptake.

To circainvent this difficulty acetate-2-C'* was
employed, and the amount metabolized was computed
from the amount of carbon-14, incorporated in the
acid insoluble cell material. Manometric measure-
nients also were made, and the light intensity curves
derived from the two types of measurements werc
normialized at high light intensities., The results are
presented in Fig.d. Tt was anticipated that at very
Iow light intensities the uptake of carbon-14, ie., the
actual utilization of acetate, would fall on the
extrapolation of the curve at high light intensities.
Contrary to this expectation, the uptake of carbon-14
corresponded very closely to the manometric data at
all light intensities, .

A similar study was made with succinate-2-Cl4,
The results are presented in Fig. 4. In this case it
was found that the uptake of carhon-14, ie., the
actual utilization of succinate, deviated only slightly
from linearity at very low light intensities. The
mancmetric data, however, followed the same pattern
previously ohserved with acetate,

Light intensity curves also were determined for
acetone-1,3-C!%. The acctic acid. produced metaboli-
cally from the acetone, and thc insoluble cellular
material were assayed separately for carbon-14. The
radioactivity in the cellular material represents
assimilation of acetate while the sum of the radio-
activities of both fractions represents the amount of
acctone metabolized. The pair of curves obtained

by this treatment of the data are presented in Fig. 5.
A slight deviation {from Hnearity at low light
intensities is ohserved for the metabolism of acetone,
but the assimilation of acetate derived from acetone
no longer displays this phenomenon.

The presence of two components in the rate versus
light intensity curve for acetate indicates that two
separate light dependent processes are involved. From
the ratio of the slopes it may be concluded that the
process predominating at low light intensities has a
quantum yield that is 7 to 10 times greater than the
one at high light intensities.

A possible interpretation is that the photometa-
bolism of acetate can take place by two pathways,
and one pathway has an intermediate in common
with the fermentative process. This assumption leads
one to the unpleasant conclusion that the metabolism
of acetate by one pathway is 7 to 10 times more
efficient than the major pathway.

An alternative interpretation is that the two
components represent separate light dependent
processes occurring in a single pathway. The meta-
bolism of acetone to cellular material provides a good
example of such a phenomenon. According to this
point of view the high quantum yield process may
consist of a one-step reaction whereas the low
quantum yield process may consist of a complex of
energy-requiring reactions.

The manifestation of the high gquantum yield
process under these circumstances may be cxplained
in the following manner, The intercept obtained by
extrapolation of the curve at high light intensities to
zero hght intensity may represent the dark incor-
poration of acetate that normally occurs as a
concomitant of its photometabolism. The deviation
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Table |. Distribution of C!1 in Various Fractions Ex-
tracted from Diflerent Plants. Leaves Exposed for
20 Minutes to the Light in an Atmesphere Containing

'C“O:_l
Activity in fractions (pc from fotal)
Aleeholic

Precip.

with  Precip.

lead with

Planis Insod. TFaler ocel. CuS0, Others

Phaseolus vulgaris 3 36 51 5 5
Asclepias cornuli 4 20 73 2 1
Brassica napus 5 19 70 4 2
Nicatiana rustica 5 10 8z 2 1

soluble proteins were in the precipitate with lead
acetate; the alcohol-soluble carbohydrates were
mainly concentrated in the preeipitate obtained from
the alcohol fraction with copper sulphate; the water
fraction mainly held starch, dextrines, and water-
solulle proteins; the insoluble residue contaned
cellulose, proteins insoluble in water and alcohol and
others.

The distribution of the radicactivity for various
plants is given in Tablc I. The data in the table show
that the transformations of the carbon assimilated by
plants in the process of photosynthesis are very
diverse. This is obvious, for instance, from the sharp
differences in Y distribution in the water fraction
and the precipitate obtained by using lead acetate.
In 1955, Norris et al.*® published a paper in which
¢hromatographic analysis of photosynthesic products
obtained after 5 minutes’ exposure of the photosyn-
thesic organs of many plants of various systematic
groups likcwise estahlished considerable differeoces
in the nomenclatore of their products.

Qur laboratory has found differences in the distri-
hution of C* calculated for substances of the alcolol
fraction when the leaves exposed were young and
intensively developing, as well as in mature leaves®
(Table IT). The principal concentration of activity in
the young leaves was in the precipitate caused by
lead acetate and, in adult leaves, in the precipitate
from CuSQO,. These findings show a more intensive
incorporation of C! mto proteins in the young
leaves, and into carbohydrates in the adult leaves.

Other experiments with sunflower leaves® fur-
nished data pointing at differences in the course of
transfonmations involving the carbon assimiiated by

phiotosynthesis under the influence of light with
various spectral composition, in particular in the

filtered light of an electric lamp (580-720 mpu; “red.

light”) and mercury-quartz lamps (400-575 mpy;
“blue light™). .

In this experiment, the substances taken into
account were those extracted with water. One of the
fractions included substances precipitated from the
water extract with lead acetate, the latter being
removed with hydrogen sulphide, while the other was
comprised of neutral compounds (carbohydrates) the
substances with alkaline and acid properties here
heing removed by passing them through ion-
exchange resins.

The results are presented in Table III, which
shows that, as early as three minutes after exposure,
considerable differences begin to appear in the distri-
bution of C" in the sobstances of various fractions.
The data of the table indicate that the spectral
composition of the light has significant influence on
the course of the transformuations of carbon assimil-
ated in photosynthesis. Short-wave rays, in particular,
even on the 3rd minute of exposure considerably
diminish inclusion of C¥ into the fraction in which
carhohydrates are the main component and increase
it i1 the water-seluble protein fraction (precipitate
with lead acetate).

Further investigation**® of the problem has
shown that with the exposure {five min) of leaves to
red or blue hight there 1s a difference in the distribu-
tion of C* among the amino and organic acids. In
blue light the fraction incorporated in amino acids
is ennsiderably higher than in red light, while the
fraction inecorporated in organie acids is lower. This
may be explained by the more intensive synthesis, in
Dlue light, of amino acids (alanine in particular) at
the cxpense of the organic acids.

A number of experiments clearly show that the
course of the transformations of carbon assimilated
in the process of photosynthesis are significantly
influenced by the conditions of the plant’s mineral
and particularly nitrogen nuirition.

Figure 1 presents curves characterizing the
results of measurement of the counting rate due to
radioactive carbon on one-dimeusional paper chro-
matograms containing substances from an aleohol
extract obtained from the leaves of beans cultivated
with insufficient and normal nitrogen nutrition and
exposed to light and in an atmosphere with C10,

Table il. Distribution of C'* in Substance of Vorious Fractions from Young and Adul:
Leoves of Plants Exposed to the light for 20 Min

Pev cent of activily in various fractions of mlechol extrmct

Precipitatinn width

Precipitallon from Resicdue waflar
CuSa,

end areb. a preciptation
Young Adid Foung Aduft Youny Adult
Plants Teaf lenf lear teaf teaf teaf
Nicotiona rustica 87 56 10 39 k) 5
Zea mays 83 53 3 40 [ 7
dAsclepias cornufi 43 34 51 59 14 7
Sorghum wulgare 73 72 22 24 5 4
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=  Table tv. C** and N'* Content of Chloroplast Proteins: Leaves Exposed to Light ond
Fed with Cli-labelled Carbohydrates or C'1Q.

Isotope eonlent of chleroplast proleing

Exposire in £V0;

Erp. in CV0s, leaver enriched with
fabelled invert

Erp. 1 Exp. 2
Experiniental varants o N cw hied o el
Qriginal condition
of c¢hloroplast pro-
teis g 0.1292 60 0.1140 16 0.0874
Exposure in darkmness L] D.1292 63 0.1026 14 0.0930
Exposure in light 314 0.4540 60 0.1862 14 0.2546

having been accomplished. The subsequent trans-
formations of carbon must proceed at the cost of the
plant’s usual enzyme systemns, so that these trans-
formations scem to give no cause for relating them
to photosynthesis proper. The above definition of
the boundaries of photosynthesis secms to be logical.
Yet it is purely formal and based only on physico-
chemical criteria. But the process of photosynthesis
is first of all physiological and it is this criterion
that should prevail in determining its eontent and
boundaries.®® From the physiological viewpoint
photosynthesis is the process of carbon nutrition of
plants including the primary formation of organic
substances fromn COy and 11;0 and the accumulation
in them of the energy of sunlight.

The direct photosynthetic apparatus of the plant,
i.e., the place where the main reactions of photo-
synthesis go on, is the chlioroplast. It is in the
thloroplasts or on their surfaces that during photo-
synthiesis are primarily formed such substances as
sugar and starch which according to classical concept
arc the direct products of photosynthesis. The
chloroplast subsequently supplies and nourishes the
ceil with these substances which are then used for
different purposes and in different ways. Between
the main photochemical reaction of photosynthesis
and the formation of the first product of the reduction
of CQOs; (for instance, glyceric aldehyde) and
particularly of carbohydrates, there is a whole more
or less complex chain of enzymatic reactions which
may likewise take place in the plant in the course of
secondary transformations of carben without the
participation of the photosynthetic apparatus.

However, this does not mean that sugar and starch
are not direct products when thcy are primarily
formed in the chloroplasts <luring the photosynthetic
assimilation of carbon. In this case they are recog-
nized as direct products of the complicated work
of the photosynthetic apparatus of plants, the begin-
ning of which is primary fixation, photochemical
reduction of carbon and whose comipletion is the
formation of stable products with definitc physio-
logical characteristics, with whick the chloroplast
supplies the cell. Therefore, if we could demonstrate
that cduring photosynthesis in the chloroplast there
other substances are also directly formed {for
instance, amino acids, proteins ete.), which further
pass into the protoplasm as nutritive or physiclo-

gically active substances, we could speak of the
diversity of the direct products of the work of the
photosynthetic apparatus, as the apparatus of the
plant’s carbon-nutrition,

Tt was this problem that our laboratory sought to
solve in its works!?13 with the combined use of the
radivactive isotope of carbon (CM) and the heavy
isotope of nitrogen (N?®). In these cxperiments the
leaves were supplied with ammonium sulphate
labelled with N2 (through the stalks, by means of
infiltration or floating on a solution). After that the
leaves were exposed to light for 1-2 hours in an
atmosphere with usual {C'20,) or radicactive carhon
dioxide (C"M0.). After exposure the chioroplasts
were separated from the leaves by means of a
centrifuge. The proteins of the chloroplasts were
carcfully purified by successive extraction with
alcohel, ether and then treated with diastase to
remove starch.!™ Besides this from the centrifugate
produced after the extraction of chloroplasts from
the leaves cyto plasinic proteins were extracted by
heating. The final stage of each experiment consisted
in the determination of the presence of N1% (excess
atom per cent of N and CY (cpm/mg} in the
chloroplast and cytoplasinic proteins,

The experiments showed that during photosyn-
thesis the proteins of chloroplasts are considerably
enriched with both C** and N which testifies to the
intensive new formation of amino acids and proteins
in the course of photosynthesis, It is Linportant to
note that the inclusion of C™ into proteins is intensi- |
fied only if it is supplied to the plant in the form of
CH0Oy in the course of photosynthesis. But if
radioactive carbon is supplied to the plant as part of
a carhohydrate, in spite of the intensive formation of
proteins in the light (which is testified by the increase
in the proteins of a surplus atom per cent of N1%)
there is no intensified nptake of C'* into pratein and
this observation indicates that the proteins are formed
at the expense of the intermediate products of photo-
syuthesis, and not of the available sugars {Table IV),

In other experiments gladiotus leaves, previousiy
kept for 22 hours in darkness, were placed in the
light for 2 hours in an atmosphere with C4Q;, In
this manner the leaves were by natural means
enriched with radioactive carbohydrates and other
still earfier products of plictosynthesis.
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3. Its possible active role in the process of
photosynthesis as one of the components of oxidation—
reduction systems participating in the transfer of
hydrogen (Krasnovsky and Brin?’ Arnon cf al.28,
Luger®® and others).

The procedure adopted consisted in the following:
the leaves were exposed for different lengths of time
to light in an atmosphere with C#*Q,, Later, when
the ascorbic acid was identified on paper chromato-
grams C'" incorporation was studied. Curves were
drawn based on three points each and were further
extrapolated to the zero ordinate on the assumption
that the passage of the extrapolated part of the cnrve
through the zero point should testify to the direct
photosytithetic formationn of the ascorbic acid, while
its passage through a point not corresponding to the
heginning of exposure, as in particular, through the
point where the formation of carbohydrates may be
stated to have begpun, should indicate its secondary
origin, {or instance, from carbohydrates. The data in
Fig. 2 show that some of the experiments gave
kinetic curves testifying to the direct photosynthetic
formation of ascotrhic acid, as the incorporation of
C in it bepan simultaneously with initiation of
photosynthesis.

At the sane time when leaves cxposcd in the
cdescribed nmanner were kept in the dark for four
hours a marked shift to the right in the dynamic
curves (Fig, 3} was ohserved revealing intensive
subsequent transiormations of the ascorbic acid.
~ Thus ascorbic acid may be considered one of the
direct products of photosynthesis, its formation
possibly being an important prerequisite for the
normal course of that process itself.

At present we do not yet know the details of the
origin of the wariety of photosynthesis products.
Only a2 number of suppositions may as yet be made
to this effect, One of them is that COs2 1s primarily
fixed not by one special receptar which it carboxyl-
ates, but by several, The further reduction of the
carboxy! groups, which may be in several substances,
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Figure 2, Panetrotion of C* into asparagic acid in the leaves of
glodiclus exposad to light in on atmosphere with C*Os for vorious
lengths of Hme
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Figure 3, Presence of C' in aicorbic ocld from gladielys lsaves

axposed to light in on otmaosphers of CYO, for diferent periods
and than ketd in the dork for four hours

may be one of the starting points of the multiplicity
of the direct products of photosynthesis.

A certain confirmation of this viewpoint is
fumished by the presence of C!* in various substances
already after fixation in darkness. It may be supposed
that the comparatively simple substances found
among the intermediate compounds may be mere
fragments of some more complex compounds which
are, strictly speaking, the real products of photosyn-
thesis, but which quickly decompose during usual
preparatory processing of materials. This supposition,
thought it has been formmlated by a numher of
authors®+#%2 may not be considered as experi-
mentally proved.

The second supposition consists in the following.
At a certain stage of the general process of photo-
synthetic transformation of carbon {which in many
details has heen successfully elucidated by the
American research workers: Calvin, Benson and
others), the ways of transformation of intermediate
products diverge: for instance, on one hand the
transformations proceed along the [ines of forming
trioses and earbohydrates; and on the other towards
the formation of pyruvic, malic, perhaps oxalo-acetic,
glycolic acids and corresponding amino acids: alanine,
asparagic, serine, glycine.

The second way seems to be the most probable.

Thus, for instance, T. F. Andreycva,’® working
with lhydrolysates of chloroplast proteins after
exposure of leaves in an atmosphere of Cl*(Q,
observed that C!* is mainly incorporated into glycine,
serine and alanine,

Interesting data were obtained by D. Racusem
and S. Aronoff3! which show that light promotes
the formation of amino acids with branching chains
and aromatic rings. Light alse had strong influence
on the incorporation of amino acids into protein.
The relative amounts of various acids entering
protein in the light differs from that of amino acids
entering in the dark.

From the foregoing one may conclude that the
process of photosynthesis is not only accompanied
by the formation of several direct products, but that






The Photosynthetic Cycle

By Melvin Calvin and J. A. Bassham,* USA

Photosynthesis is usually decfined as the bio-
chemical reaction

COs 4+ HaO — 22— s (CH2O)s + Oz

This represents the conversion of carbon dioxide
and water to carbohydrate and oxygen by green
plants in the light. The reaction is separated both
chronologically and chemically into two parts:

The photolysis of water

11,0 —=2-— 2[[] 4+ 4 O¢
and the reduction of carbon dio?cidc
CO: + 4[H] —— CH20 + Hx0

Each of these two reactions represcnts a complex
series of reactions with many steps. The term [H]
is used to denote reducing agents generated in the
photochemical decomposition of water. These reduc-
ing agents probably undergo several transforma-
tivus before they are used in the reduction of carbon
diexide,

The reactions involved in the reduction of carbon
dioxide have been studied and the results of these
studies have been reported in a serics of papers on
“The Path of Carbon in Photosynthesis.”2*

The radicactive-carbon isotope, C', was used
throughout this investigation. To a lesser extent,
radioactive phosphorus, P32, was also employed.

As a result of this work, it is nmow possible to
write the complete path of carbon reduction in
photosyntliests, with all intermediates and enzymatic
reactions, from carbon dioxide to sucrose. The study
of carbon reduction and its refation to respiratory
transformiations of carbon compoands has provided
evidence regarding the nature of the reactions
involved in the decompaosition of water and the
formation of the primary reducing agents and other
energy-rich compounds required for carbon reduction.

FIRST PRODUCTS

The methods used in studying the path of carbon
in photosynthesis are here described Driefly. In
nearly all cases the initial condition is an actively
photosvnthesizing plant in which photosynthesis has
been maintained long cnough to estahlish a “'steady
state.” In this steady-state condition the concentra-
tions of various intermediate compounds in the path-
way from carbon dioxide to sucrose are eonstant,

* Radiation Laboratory and Department of Chemistry,
University nf California, Berkeley, California,
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The plants commonly used in these experiments are
the unicellular green algac, Chiovella or Scenedesnus,
but leaves of higher plants are sometimes used.

In the first type of experiment to be discussed,
C0. is added to the unlabeled COq that the plant
has been using. After 2 measured short period of
photosynthesis with C"Q,, the plant is killed hy
suwdden treatment with hoiling ethanol. All enzymatic
processes are thereby quickly halted. Extracts of the
plant material are made, concentrated, and then
analyzed by two-dimensional paper chromatography
and radioautography. The techniques of two-dimen-
sional chromatography and radicautography of plant
extracts labeled with C! have been described earlier,!
as well as the identification of the numerous labeled
compounds. 4847 The radioautographs ohtained
from experiments of 10 seconds and 60 seconds
photosynthesis with CY0a are shown in Figs. 1 and
2. The 60-second experiment illustrates the import-
ance of various sugar phosphatcs and acid phosphates
in carhon reduction. The 10-second experiment
shows the predominance of phosphoglyceric acid at
short times. If the percentage of C!* in phosphogly-
ceric acid (PGA) of the tntal C!* incorporated
during phostesynthesis for various short periods of
time is cxtrapolated to zero time, it is found that at
zero time all the C'* should be in phosphoglyceric
acic. This compound is therefore identified as the
first compound into which earbon dioxide is incor-
porated in photosynthesis.

Figure 3 shows the distribution of the labeled
carbon in the three carbon atoms of the glyceric acid
obtained from the phosphoglyceric acid in a 15-second
experiment, Half of the C!* is in the carboxyl group '
and the other hall is divided equally between the
other two carbon atoms, From the same experiment
some hexose {fructose and glucose} was obtained
and degraded. The distribution of carbon in the two
d-carbon halves of the hexose was found to be very
much the same as it 15 in the three carbons of glyceric
acid, This result immediately suggests that the
six-carhon piece is made from the two three’s by
joining the two carboxyl-carbon atems. This is
simply a reversal of the well-known aldolase split of
fructose diphosphate it the glycolytic sequence, a
part of which is shown in Fig. 4. Herc the phospho-
glyceric acid is reduced with the hydrogen irom the
photochemical reaction to  phosphoglyceraldehyde,
which is then isomerized to form dihydroxyacetone
phosphate (DHAP). Condensation of phosphogly-
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Figure 5. Proposed mechanitm for formmlion of sucrose with wridine
diphosphoglucose

teactions in agriculture, in view of the fact that
sucrose provides the substrate for a wide variety of
other transformations.

Cz and C; Sugars

We now return to the problem of cyclic regener-
ation of the carbon dioxide acceptor. The rokes of
PGA, triosc phosphates, hexose phosphates, UDPG,
and sucrose have already Dbeen identified. Of the
compounds labeled Ly short periods of photosyn-
thesis, there were left only the seven- and live-carbon
sugar phaosphates. These were sedoheptulose-7-phos-
phate {SMP), ribose-4-phosphate (RMP), ribulose-
S-phosphate (RuMP) and ribulose diphosphate
(RuDP).

An attemipt was made to determine the order of
occurrence of these compounds by the same tech-
nique as was used to identify PGA as the first
product of CO: hxation.

Since the veactions of carbon reduction are so
tapid, a flow system was designed to obtain suffi-
ciently short periods of exposure to CHO; to permit
nbservation of the relative rates of labeling of the
various sugnr phosphates.® The system used is shown
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Figure 7. Schematic diagram of Row system for thart exposures
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Figure &. Uridine diphosphoglucose reaction with fruclose ghosphate

in Fig. 7. A suspension of algae was forced by means
of a pump fromi a transparent tank through a length
of transparent tubing into boiling methanol. An
aqueous solution of CHQOsa was injected at a constant
rate into the tubing. The time of exposure of the
algae to CHO. was determined by the rate of fow
of algae through the tubing and the length of wubing
between the point of injection an¢ the killing with
methanol. In this way exposure times ranging from
1 to 20 seconds were obtained. When the radio-
activity found it each of the sugar phosphates was
extrapolated to zero time of exposure, however, no
choice could be made between the pentose, hexose,
and heptose phosphates. Tt appeared that all were
formed at the same time.

It was necessary. thercfore, to turn to degradation
studies of these various sugar phosphates labeled in
the very short exposures.

A detailed analysis of the distribution of radio-
activity among the carbons of these sugars is shown
in Fig. 8. ITere, besides PGA, are the five-carbon
sugar, ribulose diphosphate (RuDP); the seven-
earbon sugar, sedoheptulose phosphate (SAIP); and
the skeleton of a six-carbon sugar, corresponding
vither to glucose or fructosc (these are the major
six-carbon sugars that we find). The stars give some
indication of the order of appearance of radioactive
carbon in these compounds, and it was from an
analysis of these data that it became possible to
deduce relationships between the various compounds,

CH0®  *CHO® GH,0H ¢
QO ge0 g0 g
""*COOH  *«*GHOH *GHOH "G
GHOH *GHOH “C
CH,0® *CHOH C
GHOH C
CH,O0®
PGA RDP SMP HMP

Figure B, Didribution of redicoactive carbon in cartain sugors
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Figure 10. Farmation of a hepiose from tricsa and hexese

heptulose, The described transformation is shown in
Fig. 10. Here are shown the two trioses that can
make one hexose, Onec hexose then reacts with
another trioce to give pentose and tetrose, by means
of the action of the enzyme transketolase. Tetrose
and triose are then condensed by aldolase to give
scdoheptulose, The net result of the reactions shown
in Figs, 9 and 10 is the formation of three molecules
of pentose from five molecules of triose.

fdentification of CO. Acceptor

All the results thus far were obtained with the
first tvpe of experintent, in which C*Oa was added
to plants for a very short period (1 to 60 seconds)
before the plants were killed. A second type of
experiment was nsed for the identification of the
CO, acceptor. In this case once again the starting
cotdlition was an actively photosynthesizing algae
suspensionl in “steady-state” condition. In addition,
the intcrmediate compounds were “saturated” with
CM, This was accomplished by leaving the plauts
in contact with an atmosphere of CH-labeled COs,
maintained at constant specific activity and COq
pressure, for more than an hour prior to the start
of the experiment. Under this cendition, the con-
centration of each labeled intermediate compound
can be determined fron the radiocarbon found in that
compound on suhsequent analysis by chromatography
and radicautography.

After this initial Cl%.saturated steady state was
obtained, aliquots of the algal suspension were taken
at frequent intervals for analysis. Then some environ-
mental condition such as light was suddenly changed.
Aliquots of the algae were taken every two or three
seconds for about a minute, and then at less {frequent
intervals, Analysis of these aliquots showed the way
in which the concentrations of the warious inter-

mediates varied as a result of the environmental
change.

In the first such study? the light was turned off.
It was found that the concentration of PGA increased
very rapidly while that of ribulose diphosphate
(RuDP) decreascd rapidly. The results of a later,
somewhat more refined, experiment are shown in
Fig. 1178 Ilere it is seen that the concentration of
RuDP decreases to below a detectable amount (<%
of its initial value) in about 30 seconds. These
changes in concentrations can be accounted for if we
assume the following: the reduction of PGA to triose
and the formation of RuDP arc reactions requiring
light ; Rul}P 1s converted to PGA via a carboxylation
reaction that does not require light.

These relations are shown in Fig, 12, PGA is
reduced to triose phosphate (at the sugar level) ; the
triose phosphatc then undergoes a series of re-
arrangements, such as the ones described earlier,
through the hexose, pentose, and heptose, back again
to the ribulose-5-phosphate. This is all at the sugar
level of oxidation and requires very little energy for
its operation, There is then some light requirement
for the formation of RuDP from RuMP. The reduc-
tion of PGA requires both reducing power, reduced
triphosphopyridine nucleotide {TPNH), and adeno-
sing triphosphate {ATP), while the formation of
Rub)P from RubMP requires ATP, as will he sean
later. Bnth these cofactors are produced at the
required rate only when the light is on. Thus, when
the light is turned off the rate of formation of RuDP
and the rate of reduction of PGA decrease, On the
other hand, the rate of carboxylation of RuDP to
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about the behavior of the excited electron is required,
namely, that it does not by some chemical {or phy-
sical) dismutation process give rise to more than one
equivalent of reducing power at the potentiai of
TENH. And if that is the case, inspection of the
requirements mentioned above allows one to predict
what the minimum quantum requirement for such an
operation would be. Four clectrons are needed for
the reduction, and thrce molecules of ATP,

Something about the various ways in which ATP
can be produced is already known. For example,
duritg the iransfer of two electrons from DPNH to
an atom of oxygen, two or three molecules of ATP
can be produced. Therefore, one can suppose that
when all the energy for the operation of this cycle
comes from light, the minimum quantum requirement
must he six or seven, Thal is, four electrons are
needed for the reduction and two or three more for
the three molecules of ATP that are required, How-
ever, it should be possible to find conditions under
which the quantum requirement for the reduction of
CO. and the evolution of oxygen would be as little
as four, provided there were some other source
besides the light for the three molecules of ATP.
These conditions have been realized.}® The quantum-
requirement determination was carried out by use of
an apparatus in which one could measure directly,
withour any ambiguity, the production of oxygen by
1 direct measurcment of a usique quality of the
oxvgen, paramagnetism, rather than merely by a pas
pressure. Also it was possible to measure directly the
amount of carbon dioxide absorbed by measuring a
property of the COa in the pas phase, in this casc its
infrared spectrum.

As a result of these measurements, it was found
that the quantum requirement ranged experimentally
from 7.4 at high light intensities, where photosyn-
thests exceeded respiration by a factor of 12, to 4.9
at low light intensitics, where photosynthesis and
respiration werce nearly equal. At zero light intensity

the value of the guantun requirement extrapolated
to four, (This value of four as the quantun require-
ment at Jow photosynthetic rates is in no way com-
parable to the values between three and four reported
by Warburg and his associates!* at very high P/R
ratios (>>20),) This result indicates that somme of the
ATP requirement of photosynthesis can be met by
reactions of respiration which produce ATP but that
the four electrons of reducing agent must he supplied
by the light rcaction or, with special organisms, by
externally-supplied reducing agents.

QUANTUM COMNVYERSION

Sa far only the reduction of carbon has been con-
sidered. Since this secems to be quite a separate
system from the oxygen-evolution reaction, it might
appear that one should not expect to learn much
about the photoproduction of the electrons and the
ATP from studying the carbon reduction, But there
must be a2 connection between the two. By suitable
observations it is possible to see at least one point
at which the carbon-reduction cycle makes contact
directly with the photochemical apparatus. This is
shown in Fig, 20. Here the cycle is shown again.
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Figura 20, Propased eyele far earbon reduction in photesynthesis

The quantum is first absorbed by chlorophyll and
converts water into something that makes a reducing
agent [II] and some oxidizing agent [O]. The
reducing agent can reduce the glyceric acid to triose.
Some of the reducing agent must be used to make
ATP, with oxygen or the intermediates on the way
to oxygen, because that is nccessary for the cycle to
run. What we wish tn consider now is this point of
contact, {H], bhetween the photochemical apparatus
and the carbon cyele and what information about the
quantun1 conversion we can gain from this study.

Light Inhibition of TCA-cycle Incorporation

An experiment was carried out in which a steady
state was examined and the changes induced by a
sudden change of conditions were observed. Figure 21
shows the result of this experiment. Here is the same
type of experiment as before, but with the examin-
ation directed toward different substances. Attention
is focuse(l on glutamie acid and citric acid, and it will
De seen that while the light is on, the rate of
formation of radioactive glutamic acid and radio-
active cilric acid is quite low. But immediately after
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carboxylic acid cycle. It sugpests further that the
disulide may be closely allied to, if not identical
with, the electron acceptor from the photochemical
act. Actuallv a number of experiments have been
performed that indicate that this may be go.10:17.18

The proposed relations hetween the photosynthetic
carbon-reduction cycle, the photochemical reactions,
and the I{rebs cycle are shown in Fig. 23. It is
suggested that the required ATP is generated by
reactions coupled with the oxidation of TPNH or
DPNH through the cytochrome system.

It can be seen that the use of radioactive clecments,
emploved as ftracers, have made possible the
elucidation of the path of carbon reduction it photo-
synthesis. In addition, information gained from the
study of the path of carbon in photosynthesis and its
relation to reactions of respiration has provided the
basis for proposals regarding the energy transport
from the primary photochemical act.
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which in 1940'7 enahled him to suggest that the
porphyrins and protoporphyrin in particular, may
happen to be the precursors not only of heme, but
of chlorophyll as well. Some years later, Granick’®
made the very interesting discovery that large
amounts of protoporphyrin together with its magne-
sium derivative vinyl-theoporphyrin-magnesium aj
and a number of other porphyrins accumulate in the
progeny of various cells of Cliorelle subjected to
roentgen and ultra-violet irradiation. This testifies
to the similarity between the initial stages of chloro-
phyll and heme formation.

Granick! carried out interesting experiments in
mtroducing porphobilinogen into Chlorells killed by
successive ireezing and thawiug, He demonstrated
that a decrease in porphobilinogen content is followed
by a proportionate increase in the quantities of pro-
toporphyrin and other porphyrins. However, still
very few direct experiments have been carried out
with the use of isotopes which would confirm the
sitnilarity in the path of synthesis of the chlorophyll
and heme molecules prior to the appearance of pro-
toporphyrin.

In 1950 there appeared a short preliminary com-
munication by Salomon et ¢/*® to the effect that,
when acetate and glycine labelled with C' in a-
positions were introduced iuto the nutritive medium
of a Cliorella culture, the resulting chlorophyll

« showed noticeable radicactivity. In a more detailed
publication the same authors® communicated about
the addition to Cliforells cultures of acetate labelled
in . methylene and carboxyl, and glycine likewise
labetled in various positions. With chlorophyll iso-
lated in the formx of crystalline methylchliorophyllid
it was shown that the carbon atoms of the above sub-
stances are used for the formation of clhilorophyll,
approximately in the same way as in hemc biosyn-
thesis. It was found, however, that carbon of the
givcine carhoxyl group likewise participates in
building up the phorbine skeleton of chiorophyll. In
this respect the data obtained by K, Salomon e# g,
are greatly contrasted by events associated with the
formation of the Llood pigment.

All these findings were obtained with organisms
characterised by a peculiar metabolism and belonging
to the lowest groups of the plant kingdom. It seemed
worth while therefore to experiment with typical
higher plants.

We introduced 1-C't-acetate into the cavities of
etiolated] onion leaves and then illuminated them.
After the leaves became green, their pigments were
extracted with the aid of acetone, The chlorophyll and
carotenoids were further taken up by petrolcum ether
and separated (after M. 3. Zvet) by chromato-
graphing on sucrosc. To test the purity of the pre-
paration, the individual pigment zones were eluated
and, in addition, chromatographed on paper with a
solvent system of methano! saturated with petroleum
ether. The paper chiromatograms were kept in dark-
ness for a certain time in contact with a roentgen
film. The complete agreement of the radioautograph

Table !. Radiouactivity of Chlorophylls A and B from
Onion Leaves

Radivactivity of

No. Bubstance Xo of exp, chlorophyll, cpm/fmg

1 Chlorophyll A~ 2 1 X 108

2 Chlorophy!i B 1 2 X 108
Average 1.5 > 106

obtained, with the distribution of the colored pigment
zones oty the chromatogram is indicative of the radio-
chemically sufficient purity of the preparations.

As shown by radioactive measurements with the
aid of the Geiger-Miiller counter a considerable pro-
portion of radioactive carbon of the 1-Ci*-acetate is
contained in chlorophyil. A comparison of the radio-
activity of preparations of chlorophyll A and B with
their pigment content, as established by means of a
Beckman spectrophotometer {model DUJ), allowed
us to cajculate the activity of both chlorophyll com-
ponents. The values of this activity are prescnted on
Table 1.

As shown in the table, with the degree of precision
obtained, no difference has been noted in the activity
of chiorophyll A and B. This indicates the similarity
of the biosynthetic chains leading to the formation
of chlorophyil A and chlorophy!l I3 molecules in the
plant.

Thus, experiments on higher plants likcwise con-
firmed the identity of the initial stages of the bio-
svnthesis of chlorophylt and heme. It seemed necess-
ary further on to carry out a more detailed study of
the part played in this process by glycine, The proce-
dure of this experiment differed from the above only
in that labelled acetate was substituted by 1-C1%-
glycine. The results obtained provide a confirmation
of the earlicr evidence on the participation of glycine
caboxyl in the building up of the chlorophyll mole-
cule, although to a considerably lesser degree.

Since in both cases a surplus of the labelled com-
pound was administered to the leaf, which greatly
ensured the preservation of its specitfic activity, the
possibility was opened of a direct comparison of the
specific activities of chlorophyll preparations obtained
in various experiments. ’

The specific activity of chlorophyll obtained in the
glycine experiment atnounted to 2.63 X 10° cpm/mg
chlorophyil. A comparison of this figure with the
average specific activity of chlorophyll obtained with
the CH.acetate (3.23 X 10 cpm/mg chlorophyli)
shows that the latter is 12.3 times greater than the
former, [f we consider that the specific activity of
the carboxyl carbon of glycine incorporated into the
leaves was 2.1 timies higher than that of the carboxyl
carbon of acetate, the above value increases 25.8
times. This significs that the carboxyl carbon of
glycine is utilized iu the biosynthesis of chlorophyll
20 times lesser than the carboxyl carbon of acetate,

The studies on heme biosynthiesis revealed that the
acetate carboxyl is used only for the formation of
two carbon atoms of phorbine, Hence after distribu-
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From' these calculations, we determined the value
of x/z to be 0.051 when ¢ = 1 day. Hence we obtain
k = 0.0523. It ‘follows that the renewal period for
hali of the available chlorophyll is T% = 13.2 days,
while the mean length of life of one molecule is
t = & 19.1 days.

I1 is quite possible that the rate of the renewal of
chlorophyll may vary in different plants. It may be
altered in the course of ontogenesis, as well as by
diverse external factors assuming sufficiently high
values. This may perhaps explain the experimental
findings of Becker and Sheline,® who did not succeed
in noting any incorporation of the radioactive hig?®
isotope into the chlorophyIl of the leaves of beans and
coleus, although the experiments of these authors
lasted more than 11 hours in the first case and 63
in the seeond,

The results obtained show that the chlorophyll
carrving apparatus of the green leaves does not
remain stable, the chlorophyll being constantly
renewed and decomposed, The synthesis of chloro-
phyll in the living plants apparently proceeds mather
mtensively even though the total amount of chioro-
phyll does not change., The chiorophyll content of
a plastid is deterinined by the relationship between
the rates of destruction and formation of its mole-
cules, which in its turn depends on the physiological
condition of the cell and the plant as a whole. The
carbohydrate metabolism of the leaf provides a con-
tinuous supply of material for chlorophyil synthesis,
and, vice versa, the decomposing molecules of the
latier are, in their turn, used for the formation of
other compounds.

The coufirmation of the rather high renewal rate
of chlorophyll and carotenoids is of great signif-
cance. It shows that the plant pigments belong to
a group of substances that are not only catalytically
very active but also of direct biological importance.
This finding substantiates the concept according to
which the chloroplast is a mobile system very sensitive
to alteration of the internal and external conditions,
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From Table 1 it is seen that the specific activity of
the starch formmed and of the carbon dioxide evolved
were equal to one another, and equal or nearly so to
that of the sugar supplied in all cases. It can be con-
cluded that starch and carbon dioxide arose solely
from the sugar supplied, and were derived from a
cominon source. BDoreover glucose and fructose
whether initially free or combined in sucrose must
have contributed equally to the common source and
there could be no question of a preferential use of
glucose or fructose for either starch formation or
as a substrate for respiration. The sugars entering
the cell may therefore be supposed to become incor-
porated into a metabolic pool, by the formation of
derivatives of the hexoses which can be rapidly inter-
converted. The distribution of labelling in the sugars
accumulating in the disks is shown in Table 2. When
sucrose was supplied the sucrose retained the asvm-
metry of labelling and at the same time iree hexoses
which appeared in considerable quantity had the same
activity as the sucrose moieties and are therefore
assumed to have been derived from sucrose by inver-
sion. Since there was no exchange of label between
the free hexoses, inversion must have occurred at a
site removed from that of starch synthesis, When
invert sugar was supplied there was synthesis of
sucrose as well as starch and this newly formed
sucrose was strongly Iahelled in both moieties which-
ever hexose was initially labelled. This sucrose must
also have derived fromn the metabolic pool after equi-
libration of the fructose and glucose structures. Free
hexoses were strongly but unequally labelled, a cir-
cutnstance which is thought to arise from mixing of
the incoming invert sugar in which only one hexose
was labellcd with the products of inversion of the
suerose in which both moieties have become labelled,
again on the assumption that inversion takes place
out of contact with the interconverting system.

The results of these experiments suggest that su-
crose is perhaps not on the direct pathway of starch
synthesis, hut that the link between carbon dioxide
and starch is effected through sugar derivatives, pos-
sibly phosphate esters, which in appropriate circum-
stances give rise to sucrose as well. Such a view is
consistent with the observations of Vittorio et ald
that in tobacco leaves during a short period of phos-
tosynthesis starch became labelled before sucrose and
sucrose before hexoses. Under the conditions of the
disk experiments, namely where a large and conti-
nuous supply of sugar was available the supar
entering the cells was probably at once incorporated
into the pool to the maxinmm passible extent, while
the excess passed on unchanpged into a reservoir,
perhaps the wvacuole, where sucrose inversion can
occur but not hexose interconversion.

Since the first stage in the utilisation of free sugar
as thc substrate for starch synthesis must be form-
ation of derivatives which could lead ta glucase/
fructose interconversion the well known need for
oxygen might perhaps be in oxidative phosphoryla-
tion to provide adenosine triphosphate for the initial

introduction of phosphate into the sugar molecule
and so make possible isomerase action. By inhibiting
oxidative phosphorylation therefore both starch syvn-
thesis and respiration should be inhibited if the com-
mon precursor requires phosphorylation for its form-
ation. When uniformly labelled sucrose was supplied
to tobacco lcaf disks in the presence of dinitrophenol
as inbibitor, starch formation was progressively pre-
vented as the concentration of inhibitor was in-
creased, but carbon dioxide output was stimulated.*
The radicactivity of the carbon dioxide at low dini-
trophenol concentrations was equal or nearly so to
that of the sucrose, indicating that sucrose was the
respiratory substrate, but as the inhibitor concentra-
tion was increased the total activity of the carbon
dioxide fell (see Fig. 1). Increasing output was
therefore accompanicd by diminishing use of sucrose
and increasing use of an unlabelled material as sub-
strate. Dinitrophenol thus appeared to restrict sugar
utilisation both for starch synthesis and in respira-
tion. These preliminary results with an inhibitor of
oxidative phosphorylation are thus consistent with
the hypothesis that incorporation of free sugar into
the metabolic pool involves phosphorylation. They
alsn raise the question of the nature of the substrate
whose oxidation is stimulated by dinitrophenol. At
present the only information is that the respiration
quotient fell as sugar utilisation was restricted, so
that it is unlikely to be oxidation of organic acid.
Until 1950 it was thought that invertases {sac-
charases, sucrases) catalysed ouly the simple hydro-
lysis of sucrose (and some related sugars) to glucose
and fructose. However, BRacon aud Edelman® and
Blanchard and Albon® showed independenily that
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Figure 1. Effect of dinitrophenol on the relative specific octivity of
carbon dicxide avolved by tobucce leaf disks Rocling on 3% seerose
uniformly labellsd with C"* for 24 heours ot 25°C
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Figure 1. Diagram of arrengsment for determination of phete-
synthesis and chemosynthesis [n a water basin

formalin and in the laboratory a certain portion of it
was filtered through a membrane filter with pores
0.5 ;. in diameter,

The flters were washed with distilled water, dried
and treated with the vapours of strong hydrochlorie
acid (in the manner recommended by Steeman
Nieisen®) or with */,0 N solution of hydrechloric
acid. This was done to remove the carbonates. After
repeated drying the radioactivity of the filters was
determined.

The plan of the cxperiments carried out in order
to determine the processes of photosynthesis and
chemosynthesis in the lake waters can be represented
in the following manner (Table I).

The activity of the hlter, through which water
from the control bottle was fltered, did not, as a
rule, differ much from the background readings and
served as an indicator of the purity of the experi-
menta! conditions, We determined the extent of
photosynthesis of phytoplankton or bacteria as the
differcnce betwcen the activities of fiters through
which water from light and dark bottles was filtered,
and the extent of chemosynthesis by the activity of
filters through which water from dark bottles was
filtered. At the same time the total amount of carbon
dioxide in the lake water was determined chemically,
The amount of carbon dioxide fixed in the process
of photosynthesis or chemosynthesis was calculated
from the ratio ¥ = {ac 1000) /db mg COy/], where a
is total amount of carben dioxide in one iitre of water,
b is the total activity of 1 litre of water in cpm, ¢ is

the activity of the filter and d is the amount of water
filtered through the membrane filter,

To determine . the extent of chemosynthesis in
bottom deposits, the experiments were conducted
differentiy from those described above. The following
method was employed: lake deposits required for
the analysis were taken by means of a Ekman dredge.

From 0.5-1 gm of mud were taken from the upper
layer and placed in each of two test tubes, To each
of these was added 34 ml of water and 1 ml of
Na,CH0; with specific activity of about D02 uc.
One of the test tubes was immediately fixed with
formalins and served as a blank, Then both test tubes
were closed with rubber stoppers, put in black baps
and placed in the lake. The experiment lasted for
two to three days. Then the contents of the test
tubes were fhixed with formalin and transferred into
flasks with 20 ml of 4/10,000 N soiution of sodium
hydroxide. The [asks were shaken to separate
bacteria irom muod particles. Then [-2 ml of the
slightly settled liquid was filtered through a mem-
brane filter with pores of 0.3 p. This filter was then
treated with 0.1 solution of hydrochloric acid,
dried and the activity was measured with the aid of
a counter in order to determine the radioactivity of
the organic matter formed in the mud in the process
of chemosynthesis,

The control analyses showed that after such treat-
ment practically ail bacteria are washed away from
the mud particles, because the sediment in the test
tube remained non-active when checked under an
end-window ¢ounter tithe.

We have taken into consideration all reservations
about possible errors of the method, which are men-
tioned in Steeman Nielsen’s article,” and we think
that in our experiments the errors do not exceed
10 per cent.

The amount of oxygen dissolved in water was
determined by the Winkler method. The dissolved
hydrogen sulphide and sulphides were determined
iwdometrically ; water transparency, by means of the
Secci dise. The penetration of light in quantities
sufficient for photosynthesis was determined accord-
ing to the method suggested by Juday and Schomer. 10
For this purpose Scenedessnus quadricanda was
introduced into light and dark bottles with ground
stoppers. Each pair of bottles was placed in a lake at
a definite depth. The water was analysed on the
following day. If the light bottle contained more
oxygen than the dark, this indicated that photosyn-
thesis was going on at the corresponding depth.

Table I. The Plan of Experiments on the Rate of Photosynthesis and Chemosynthesis

Conditfens of
Treatment of ualer before experiment expert:

ment

The processes ol the ezpense of sohich
carbon dioxide iz assimilated

Matural water, not filtered

In a light bottle Photosynthesis of plankton and gresn

or purple bacteria. Chemosynthesis
of bacteria

In a dark bottle Chemosynthesis of bacteria

Water filtered through a mem-
brane-Alter with large pores

In a light bottle Photosynthesis  of

green bacteria.

Chemosynthesis of bacteria

In a dark bottle Chemosynthesis of bacteria
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Table IHl. The Intensity of Chemosynthesis in the Water of the Rybinsk Reserveir,

mg CO-»/I
Nature
of the
Flace of sampling bot tom 26,7 13.¥1 1X1 11.X11 15[V
Channet of Volga Mud 0.005 0.026 —_ — —
Channel of Logozha Mud — —_ 0.017 — —
Chanrel of Mologa,
surface Mud — — 0.009 0,013 —
bottom — — —_ 0.036 -
Cendral reservoir Soil _ — 0.006 — —
Shore near Dorok Soil D012 — — — 0.017

mcthane and hydrogen originating from mud is clear
from the fact that the degassing of water samples led
to a sharp decrease in chemosynthesis. And wice
versa, if a gas bubble of hydrogen or methane was
introduced into the water, chemosynthesis increased
sharply. The experiment was conducted in the usual
way. The bottles were incubated directly in the lake,
The results of the analysis arc summarized in
Table IV,

The data in Table IV show that the addition of
methane leads 10 a fourfold intensification of the
chemosynthesis of the organic substance in water.
The addition of hydrogen brought about even more
a strong intensification of chemosynthesis. All this
once again confirnis that these gaseous products of
anaerobic decomposition of organic substance in mud
determyine the process of chemosynthesis in natural
Wilers.

The isotope method allowed a more detailed
investigation of the prucess of photosynthesis in
lakes. In order to determine the intensity of photo-
syuthesis of small bacterial forms, water, previously
fltered through a mecmbrane filter with pores of
about 7 g, was used for the experiment, These
bacterial forms include forms which develop in the
light under conditions of prolonged icubation when
water is inoculated on the “hungry” agar. The
resulls are given in Table V.

The data in Table V show that bacterial photo-
synthesis in Lake Glubokoye averages about 15 per
cent of the total photosvnthesis, We cannot cxplain
this figure by small forms of algae penetrating
through the preliminary filter, Microscopic inspection
of the filter shows that not more than 2-3 per cent

of the total quantity of algae cells present in the
water penetrate the preliminary filter. These forms
can comprise not more than two per cent of the total
photosynthesis. This means that the error of the
analysis Is not more than two per cent. The amount

Table |¥. Determination of Potential Intensity of Chemo-
synihesis in the Water of the Rybinsk Reservoir after
the Addition of Methane or Hydrogen

Increase in relas
tion {fo mnatural

Chemoeymibesiy, water in
Type of erperiment my CO./ L/ day mg COu/Ifday
Water irom the reservoir 0.034 —
without additions 0.038 —_—
Water 4 H, 1.191 1.55
1.188 1.152
Water + CH, 0L158 0.124
0,128 0.094
Water 4+ gas from mud
deposits 0.117 0.081
0.094 0.058
Dlank (water 4 formalin) 0 -
o —

of plotosynthesis in filtered water varies from 11
to 23 per cent of the total photosynthesis, and is
considerahly higher than the possible error of the
analysis.

The isotope method allows investigatiun of the
intensity of light and the depth to which it penetrates
into the lake where photosynthesis is proceeding; it
also permits study of the vertical distribution of
phytoplankton and determination of whether the
process of photosvnthesis at great depths is limited
by the insufficiency of light.

Table Y. Comporative Determinatfion of Daily Yalue of Photosynthesis of Bacterial Forms
for lakes Glubokoye and Baikal

The

number of

phytoplankion

Phofosynthesis cells passing a
inlensily in Photorunthesis “areliminory'
me 0/ day of bueteria ns Her, as %
er eent of toinl of fofal number in
Name of Lake Date Total  Bactericl” photosynthesis  the original waler
lake Glubokoye 13-14. VIIL. 0.200 4029 14.5 29
15-16. VII. 0133 {1.021 16.1 21
31. VIL 0.235 0.020 11.0 —
1. VIIL
1-2. VIII 0.296 0.068 230
l.ake Baikal 13-14. VIIL 0.050 0.00% 2.0 —
14415, VIII. 0.073 0,001 1.0
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Table ¥I. Phote and Chemosynthesis in Lake Beloved, mg CO./1/24 hr

Penelration of light to the depth

Panelvafion

Depth Photosymihesis in per cend Photosynthesis
in of Scenedesmul of the light = Total

wnelres in mg Ol at the surfuce of phpleplankion Chromatlum asp chemosyrihenis
0 17.1 100 0.135 — 0.003
s 96 55 011 — 0.003
10 37 Z1 0.00 — 0.004
13 — — - 1.15 0452
13.5 — -— — .16 0.530
14 26 15 — 0.030 0.400
16 0.8 0.4 J— —_ —_
17 00 0.0 — - —
20 — — — 0.003 0.100
23 —_ —_ —_ 0060 022
23 — — — 0.000 0.500

maximum was found in the metalimnion. At a depth
of 5 metres, the oxygen content was 16.2 mg/l. At
a depth of 13.5 metres, the oxygen content dropped
to zero, and the presence of hydrogen sulphide was
observed (up to 2 mg/l). At still greater depths,
concentration of hydrogen sulphide sharply increased
and this was accompanied by a corresponding
increase in the electric conductivity of water. Water
transparency was 10 metres (doubled walue).
Penetration of light determined by Schormer's
method and the intensities of photo- and chemo-
synthesis are shown in Fig. 4 and in Table VI,

It is clear froin Table VI and Fig. 4 that, in the
surfuce layers, where there is no Chromatinn sp
at all, phutosynthesis is due to the phytoplankton
activity. At the depth of 10 metres there is practicalty
no photosynthesis although light penetrates as deep
as 106 metres, The photosynthesis is most intense at
the depth of from 13.5 metres, where great numbers
of Chromatiunr sp were observed, At the depth of
13 metres in 2 layer of water which is 0.5-m thick,
the plotosynthesis of purple sulphur bacteria was
almost ten times more intensive than the phota-
synthesis of phytoplankton in the suriace water layer,

Figure 4 also shows that in the hydrogen sulphide
zone of the lake the proccss of chemosynthesis
proceeds very intensively. The daily assimilation of
carbon dioxide in a dark Dottle reached 0.5 mg/1.

Data from the literature made it possible to assume
that there are three types of processes whose energy
could be utilized here for the synthesis of the organtc
matter: (1) chemosynthesis of the purple sulplur
bacteria thetnselves; (2} eoxidation of hydrogen
sulphide by thionic bacteria, which were observed
here int great numbers after the water inoculation on
Beyerink's nutrient medium; and (3) chemosyn-
thesis under the influence of sulphate-reducing
bacteria utilizing the energy of hydrogen sulphate
reduction. In this case hydrogen was produced during
the anaerobic decomposition of the organic substance
of bottom deposits.

In order to find out the capacity of Chromatium sp
to carry on the process of chemosynthesis in the
conditions of Lake Belovod, experiments were con-
ducted in the following manner:

Water taken from the depth of 12.5 m, where at
the time of experiment there was the greatest
number of Chromativm cells, was filtered through a
preliminary filter with pores of 57 p before the
experiment was started,

Most of the purple sulphur bacteria were left on
the flter, and small forms, including thionic bacteria,
easily passed through the filter pores.

The experiment with Ritered and non-filtered
water was conducted in the ordinary manner. The
bottles were placed in the lake at the depth of 125 m
and remained there fur 24 hours. The results of the
analysis are given in Table V1.

Low intensity of photosynthesis in filtered water,
which was only 10 cpm/100 ml, when background
reading of the counter indicated 30 cpm, did not
exceed the permissible error of the analysis and was
caused by the penetration of a few Chromatinm cells
through the filter pores when the water was prepared
for the experiment.

Later on, the purple sulphur bacteria from Lake
Belovod swere grown in an enrichument culture and
their capacity for chemosynthesis was studied in
laboratory conditions,

Rhodothece pendens Mol was placed in three
100-m! Hasks. One md of NaxCH(Qy with specific
activity of 1.28 pc was introduced into each flask.
One flask was left in the light, the other two were
placed in the darkness, Aerobic conditions were
maintained in one of the dark flasks. The experiment
lasted 24 hotirs. The data in Table VIII show the

Table Vil. Intensity of Chemosynthesis in the Water of
Lake Belovod. Taken fram a Dopth of 12.5 m, with and
withaut Purple Sulphur Bacteria

Non-fittered twafer, Filtered vwater, free
Chromatlum #p  from Chromatium sp

Processes at whose Freaent
expense tarbon diozide cpm/ 100 mi cpm/ 160 mi
is wrstmidated of water COxmpfl of eeater COrwmg/l

Photosynthesis and

chemosynthesis 595 114 130 025
Chemogymthesis 135 0.26 120 0.23
Photosynthesis 460 0.88 10 0.019

{diflerence)
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Table X. The Intensity of Chemosynthesis and Photosynthesis in Lake Gfubokoye at the
Time of Partial Autumn Circulation {October 24-25, 1953)

Ch: mg/l 25 Rr

Depth, Temperafure

mietres of water, *C  Fe total mg/l 02 mg/i Photanyntheyis Chemozpnihesis
0 8.2 0.30 816 0.025 0.002
B 8.2 0.30 8.0% — —
12 R.2 0.30 746 €.000 0.001
14 6.6 —_ 1.24 —_ —_
15 5.8 0.75 0.00 —_ 00012
20 5.2 1.5 0.00 — 0.000
0 49 240 ¢.0o — 00014

Considerable amounts of ferrous salts often  very stable lignin-like substances, which do not

accumulate in basins of the lake type in which
hypolimnion, is well developed. This occurs towards
the end of summer and winter stagnation periods.

Such was tlhe case in Lake Glubokove (Moscow
district) in 1953. The oxidation of ferrous com-
pounds to ferric can serve as a source of encrgy for
the development of Ochrobium tectiom, Leplothrix
ochracea and other iron bacteria inhabiting water
basins, This was the reason why we attempted to
determine the intensity of chemosynthesis in Lake
Glubokoye at the time of partial auvtumn circulation.

The microscepic examination showed that, at that
time, the water contained a considerable number of
organisms which morphologically rescmble Leplo-
thriz crassa and whose sheath is impregnated with
deposits of ferric oxide. This fact indicated that in
the lake there existed conditions favourable for the
developmient of other chemoautotrophic bacteria as
wcll. The results of the analysis are listed in Table X
at top of page.

This data in Table X show, however, that in the
lalie where there is no gas-emission from: the bottom
and where chemosynthesis might be due to the devel-
opment of iron hacteria, the daily fixation of carbon
dioxide in the process of chemosynthesis did not
exceed 0.001-0,002 mg/1,

LEvidently the process of nitrification in basins of
this type can not exceed these figures because they
must be of the order given in the last column of
Table X.

CHEMOSYNTHESIS IN BOTTOM DEPOSITS

We considered chemosytithesis in deposits from
the point of view of chemoautotrophic assumilation
of carbou dioxide as a source of increasing bacterial
biomass in Jeposits, Bottomn-inhabiting  bacteria
constijute the most important component of the fond
of microbenthic animals.

The intensity of chetnosvnthesis was determined
hy the above mentioned method. The results of the
determination of chemosynthesis in the deposits of
the Rybinsk Reservoir show that the intensity of
this process depends to a great extent on the character
of bottom deposits.

In grey mud, which is deposited at the mouths of
rivers flowing inlo the reservoir, the daily intensity
of chemosynthesis is up to 3-6 mg carbon/kp mud, In
peat muds whose organic substance consists mainiy of

disintegrate in anaerobic conditions, chemosynthesis
proceeds much slower and its daily value is not
more than 1 mg carbon/kg mud.

As in the water, so in the mud, hydrogen and
methane [ormed during anaerohic decomposition of
the organic matter, represent the main source of
energy for the chemoautotrophic bacteria. To prove
this, we carricd out experiments showing the
influence of aeration on chemosynthesis in the mud.
The procedure and results of the experiinent with
mud from the Rybinsk Reservoir are given in
Tahle XI. The data in the table show that when the
products of anaerobic cdlecomposition of organic matter
are removed from the mud, the intensity of chemo-
synthesis is decrcused tenfold.

DISCUSSION

Thus, we consider that in the majority of lakes the
chemoautotrophic process represents oue of the last
links in the turnover of organic matter. The chemo-
autotrophic bacteria complete the processes of decom-
pusition by a new synthesis of hacterial protein from
carbont dioxide and simple salts.

Cliemosynthesis in lakes should be considered as
a secondary process which utilizes the energy of
organic matter stored up in the process of photo-
synthesis, G. G. Winberg® was right in asseriing this
a long time ago. At the present time, his supposition
is substantiated by direct analyses in which radio-
active isotopes of carbon were used. Chemosynthesis,
therefore, enables a more complete utilization of the
cnergy  of photosynthesis, stored in the organic
matter of lakes.

Tablz X). The Influence of Preliminary Aeration of Mud
on the Intensity of Chemosynthesis

(The Experiment Contfinued for 3 Days)

fodicactivity of

bacterial blomags Chemo-

wushed from 0.5 pm synthesis, 4
of mud, cpm

Coneitions of experiment

No preliminary aeration ot
mud. Experiment carricd

out in a test tube 322 10¢.0
Aecration of mudl for 24

hours. Experiment carried

out in a 500 m! flask 320 09







Biosynthesis in C'* - Labeled Plants; Their Use in
Agricultural and Biological Research

By N. J. Scully, W. Chorney, G. Kostal, R. Watanabe, J. Skok and J. W. Glotifeld,* USA

The use of isotopes as tracer tools is unquestion-
ably one of the most significant peacctime applications
of the atom, one which will have particular and
contiouing  utility in agricultural and biological
research. Carbon-14, the long-lived isotope of carbon,
has proved the most uscful tracer isotope in biological
research ever since it became readily available with
its production in atomic rcactors. The full tracer
potential of radiocarbon (CM) can be envisioned by
simply noting that carbon accounts for 30-40% of
the dry weight of living organisms.

The uvsefulness of any tracer isotope is limited by
factors other than its availability in eletnental form.
The most limiting factor in applying C'* as a tracer
in biological research is the requirement of incorpora-
ting it into the miolecules of the particular native
organic compound that is to be traced or studied. In
many cases this incorporation can be most cfficiently
‘accomplished by:means of chemical syntheses, in
which case it is possible to place the isotope at specific
carhon atom positions. In many more cases the
mechanism of synthesis of naturally occurring organic
compounds is not known and the preparation of a
labeled molecule cannot be accomplished, It is only
by use of biosynthesis that a radiocarbon-tagged
form of all of the diverse organic molecules that
occur in living organisms can be prepared.

In biosynthesis an actively metabolizing organism
is supplied the carhon-containing substrates or
“assimilates” normally utilized in its natural habitat.
These substrates are supplied in C'*-enriched forms
which essentially contain the specific activity required
in the particular organic compound desired and
which is known to occur in the organism. The initial
labeled substrate supplied may be a carbohydrate, in
the case of many bacteria, or, with chlorophylous
higher plants, it can be carbon dioxide,

This paper is predominantly concerned with
detailing the requirements which must be met for
efficient biosynthesis of C**-labeled higher plants and
their products. The various observations noted are
the cummulative result of seven years' investigation
of the ways and means of biosynthesizing radio-

* Argonne Nationa! Laboratory. Including work by Gerald
H. Becker, US Army Medical Nutrition Laboratory; Juan
C. Montermoso, US Army Quartermaster Corps; M. W.
Parker, UUS Department of Agriculture; Theodare V. Rall,
US Army Medical Nutrition Laboratory; and Simoen H.
Wender, University of Oklahoma.

carbun-laheled plants as well as of their experimental
tracer usefulness.® The authors wish to acknowledge
not only the encouragement which Dr. Willard F,
Libby, Department of Chemistry, University of
Chicago, gave to the establishment of this particular
radiocarbon research program but also the help and
advice given during the course of experimentation.

1Inless otherwise noted the use of the term
“labeled™ refers to uniforinly labeled plants or their
specific products. In such instances a uniformly
labeled plant is constituted of organic compounds of
identical specific activity of radiocarbon as measured
on a gram of carbon basis. Further, the uniformity
of labeling is such that the purcentage distribution
of C! is the same at the various carbon positions in
a specific organic compound.

PHYSICAL FACILITIES

A number of diverse criteria were utilized in
establishing the final design of the complete physical
unit, termed a “biosynthesis chamber” (Fig. 1),
required for culture of C'-labeled higher plants.
Included were the requirements associated with
maintaining a bermetically scaled system and such
factors as height and weight of plant species, length
of culture periad, control of environmental variables
such as temperature, humidity and day length,
mineral natrition, and photosynthetic capacity, as

figura 1. Schematic drawing of o single, complate C™* biotynthesis
chamber unit. The individual parts, indicoted by the letters A—
2, are reviewed in detoil in the text

an
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multiple-station, continuous recording unit (Fig. 1,
B) measures the ambient temperature within the
growth chambers as well as that of the greenhouse
and outdoor air.

The relative humidity inside the chamber is
regulated to == 5% over the range of 40-60%. This
contrel is obtained by means of a dehumidifying
unit (Fig. 1, L) and a humidistat inside the chamber
that activates a small compressor (Fig. 1, X}
supplying refrigerant gas to the dehumidifier. Con-
densed water s returned to the nutrient solution,

Two types of supplemental light are available,
each independently operable by means of time-clock
control, Three 73-watt incandescent, reflector-type
lamps (Fig. 1, J)} are used to extend the natural
daylength when required. Two movable, 1B-tube
fluorescent luminaires (Fig. 1, P) provide supple-
mental, high intensity light for growth of plants when
natural light is deficient or not available. Light
intensity is continuously recorded (Fig. 1, A) in
foot-candles as measured by a photocell,

The pit in which the nutrient reservoir tank and
other equipment is located is normally completely
covered with metal-decking (Fig. 1, Z). An exhaust
blower (Fig. 1, Ry) and vent (Fig. 1, Rs) provide
continuous flush of the pit atmosphere as a safeguard
against accumulation of CM-dioxide in event of its
leakage from the various parts of the biosynthesis
unit located at this site. A drain, topped by a stand-
pipe Fig. 1, 58), provides a hold-up reservoir for
solution which may leak from the nutrient reservoir,
This arrangement was particularly designed {for
biosynthesis of plants in which radioisotopes such as
P2, 5%, Zn®, Fe®, etc. are also employed, With
removal of the stand-pipe the trapped solution is free
to drain to hold-up tanks for further processing.
The normal greenhouse atmosphere is continuously
monitored for CH0O, which may appear as result of
leakage from the growth chamber. A vibrating
diaphram electrometer {Fig, 1, :) monitors a
S-liter air sample of the normal greenhotise and
records (Fig. 1, ;) with a full-scale sensitivity
tepresenting  50% of the C0Oa concentration
considered safe for constant human exposure.

PERFORMANCE OF FACILITY

Certain of the steps as they occur in a typical
Clt.hiosynthesis experiment are noted in a separate
section while consideration is particularly given here
to various aspects of the performance of the plant
biosynthesis facilities based om total experimental
experiences. The facilities have proved to be hermetic,
and no measurable loss of CH Oy has occurred during
experimental usage. An internal pressure equivalent
to that of a 10-inch column of light mineral oil could
be maintained. A biosynthesis unit is not sealed until
the ambient temperature in the growth chamber is
at equilibrium, at which time the plastic breather-bag
is partially inflated. When thus sezled, 2 maximum
fluctuation of pressure equivalent to a I4-inch oil
column has occurred as measured in an attached

manometer. This is predominantly the result of
barometric pressurc changes. Pressure variations
due to temperature variation are insignificant because
of the precise control of this envirommental factor.

A light intensity maximum of 8000 foot-candles
has been observed inside the growth chambers when
clenr skies prevailed in summer, which is approxi-
mately a 259 maximum reduction of outdoor
intensities.

In any green plant the rate of growth can be
limited Ly the guantity of “photosynthates™ available.
In npatural habitats and greenhouses the rate of
photosynthesis may be limited by more environmental
variables than in the plant biosynthesis chamber,
where controlled environmental conditions exist, The
variable that requires the closest attention in the
biosynthesis units is the total quantity and concentra-
tion of CO, At normal concentrations (approxi-
mately 0.03%%) of this gas, 3.0 liters are present in
the systern at 73°F. With 1.5 kilograms of {resh leaf
tissue, the quantity accepted as maximal for the
chambler under optimum light conditions, several
spectes have assimilated this quantity of CO- in one
hour, When the natural concentration is increased,
still greater rates of fixation occur. Most plant
spectes have not been able to cffect a net assimilation
of CO; from an atmosphere which has been lowered
to 0.003%. On the other hand, it is detrimental to
some plants if they are maintained for a few weeks
with 0.209% COa. during winter light intensity and
daylength conditions. In such instances alfalfa has
heen observed to exhibit severe epinastic responses
and arrested growth rates.

Irrespective of seasonal period all species used in
chamber biosynthesis experiments are cultured with
a maximum CQO: concentration of 0.10%. YWhen
asgimnilation has lowered the concentration to a third
of the normal, or 0.010%, it is again raised. With
the maximum quantity of Jeaf tissuc noted earlier
and with optimal photosynthetic conditions, several
species have assimilated 24 liters of carbon dioxide
during a single 12-hour photosynthesis perind. In
this instance three additions or generations of carbon
dioxide bad to be supplied to the growth chamber,

Usually a biosynthesis experiment whieh is design-
ed to produce uniformiy labeled plants is initiated
with seedling stocks. These are then cultured to
selected stages of maturity while exposed to atmos-
pheres which are kept in the total carbon dioxide
range noted earlier and always at the specific activity
desired in the uniformly labeled plant or its particular
products. It is maintained in the air phase hy
readjustment with additional quantities of earben
dioxide of the appropriate specific activity, Frequent
readjustments are necessary early in the culture
period, particularly if the experiment is started with
plants well beyond seedling stage size. As much as
a 50-fold increase in the initial seedling carbon pool
has been ohtained in a four-week culture of plants
in the growth chamher. The air in the chamber is
circulated at a 3-mph rate by the fans. When
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offers relatively unlimited opportunity towards the
profitable application of radiocarbon as a tracer tool
where efforts are being made to obtain a better
understanding of organic compounds, whether the
concern be in the felds of agriculiure, chemistry,
biology or medicine, It is hoped that the selected
observations noted here will be useful to others as a
basis for determining the value which the C* plant
biosynthesis facitity and its products may be to those
who forsee that radiocarbon can serve as a usefu}
tool in their particular areas of research.
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IDnscussion

The Crarxan: Today we pass on to the dis-
cussion of questions relating to the utilization of
radioactive isotopes in biology. At our previous
sessions we heard and discussed papers on the use of
radioisotopes in medicine and on the action of
jonizing radiations on organisms. Today’s session is
devoted to papers on the physiology and biechemistry
of both animals and plants. The frst part of the
session will be given over to papers on animal phy-
siology and the second part to papers on plant phy-
stology. In the first part oi the session we have
papers dealing with the use of radioisotopes in the
studv of permeability and of the functions of the
thyroid gland and the pituitary body and also papers
of a more practical character concerning the solution
of certain stockbreeding problems. I hope that the
papers and the discussion today will prove useful
and that our session will make a further contribution
to the solution of important problems in biology,
physiology and biochemistry.

Mr. C. L. Comar (USA) presented pzq;oer P/90.
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Mr. H. H. Ussixg {Denmark) presented P/908.
DISCUSSION OF P/90 AND P/908

Mr. E. Poria (Romania): I should like 1o ask

Mr. Comar whether, in his studies on the mineral

metabolism of mammals, he took account of vitamin

D and parathormone requirements and whether he

observed variations in the distribution of calcium,
in cases of vitamin or hormone deficiency.

Mr, Comar (USA): We have always taken these
matters into consideration. In the studies reported
the animals were on a normal diet with normal
vitamin D contents, We have a good many other
studies in which we have looked at the effects of
parathormone and we find that the method is a very
puwerful one in showing the effect of parathormone
extract in removing these elements from bone, in
creating an accumulation of these elements in the
kidney, in increasing the urinary excretion of phos-
phorus.

We find that we get a very good picture with
radioisotopes of effects such as you have mentioned.
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Mr. B, Hastixgs {USA): T was very much
impressed with the results Mr. Ussing had and
particularly those concerned with pitressin. I wonder
if there is any information on the effect that pH or
even other ions such as potassium and calcium ious,
might have on the drag force that you mentioned.

Mr. Ussixa (Denmark) : So far we have studied
mainly the effect of the hormones only in the presence
of this hormone. We have not studied the pIi effects
very carefuliy, but there seems to be an optimum
range between pH7 and pH9, where the hormonc is
effective. At low pI there does not seem to be any
appreciable effect.

Mr. E. D. BeremaxnN (Israel): I have the fol-
lowing question for Mr. Ussing. It has been kitown
for some time that certain triperpenoids, and
especially glvcorthyzic acid have a profound effect
on the sodium-potassium metzbolism in men. Have
any cxperiments been made in the interesting system
of the frog skin which might have a bearing on the
physiology of the sodium-potassium equilibrium in
men under the infiuence of these substances?

Mr, Ussing (Denmark}: We have not studied
these substances so far, But it certainly is a very
good suggestion that they be studied.

Mr. C. BrLixcor (USA) presented paper P/275.
Mr. A Jextzer (Switzerland} presented P/1119.
AMr. 5, Mrrsur (Japan) presented paper P/1047.

" DISCUSSION OF P/275, P/1119 AND P/1047

Mr. Brixcoe {(USA)Y: I have a question for
Mr. Jentzer. In normal animals, do you have any
information as to the location of 1'% in the pituitary
with regard to the type of cell, and is it associated
with any particular structure within the cell?

Mr, JENTzER (Switzerland) ; I do not quite under-
stand Mr., Blincoe's question. All 1 can say is that
it is not a question of structure, but of cellular
localization. The iodine-131 goes into the eells of
the thyroid body, where it is converted into
thyroxine, which later concentrates in the cells of the
posterior pituitary, Is that the reply Mr. Blincoe
wauted ?

Mr, Buncokr (USA): I was wondering parti-
cularly whether they went into any particular
structure within the cell. Is it associated with the
membrane, with "the nucleus or with the golgi
apparatus?

Mr. Je~ntzer (Switzerland) : No. The thyroxine
gues into the cell protoplasm, not into the cell nucleus.

Mr. F. Lenorore {Uruguay): I should like to
know whether the thyroxine has been identified in
the pituitary by radiochromatography.

Mr, JentzeEr (Switzerland): That is an ex-
tremely interesting suggestion. We have not used
that method, but it would be very easy to locate the
thyroxine by radiochromatography. I am sure my
Uruguayan colleague’s idea will be confirmed, for

when we injected tagged thyroxine it Dbecame
localized. It will be an additional proof if I can
confirm my colleague’s suggestion, which, I repeat,
1s very interesting.

Mr, Q. Costactier. {(Romania); Mr, Jentzer's
outstanding paper interested me greatly, as we are
also working on artificial hibernation at the Bucharest
Institute of Oncology, using a special, drugless
method after carbon dioxide narcosis, at an ambient
temperature of —25°C. The results of our bio-
chemical investigations confirm Mr. Jentzer’s studies
in all respects. Tissue respiration, mineral balanve and
enzymatic activity prove that a shock statc is not
involved. 'The biological tests (Thorn, ctc.) have
given us the same results. I should like to ask
Mr. Jentzer whether he has compared the state of
artificial hibernation with the compensated and de-
compensated shock state, and whether he has studied
the cnzyinatic activity of the tissues in the hibernation
and shock states by means of radiocactive isotopes.
This question is of especial interest to us because, in
our work, we always compare these three states:
narcosis, artificial hibernation and shock state. We
have found, I might add, that artificial hibernation
is entircly different from shock and from narcosis.

Mr. JenTzer (Switzerland): By the hypergiyce-
mia and other methods we have proved that shock
15 suppressed in artificial hibernation. [ see that
Mr, Costachel and T arc in agreement on this point.

Mr. Coxar (USA) : It was gratifving. Mr, Mitsui,
to see that the work nf Professor Sasaki parnlleled
and gave the same over-all picture of much that has
been done in other Jaboratories. I should like particu-
farly to know what you think about the mechanism
by means of which the Ca'® that you introduced into
the albumin found its way into the shell; particularly,
whether this represcnts an accrction of the shell after
the egg has been fully formed.

Mr. Mrrsut (Japan): I am very sorry that I am
not exactly in the same field as Mr, Sasaki and
therefore I should like to refrain from replying to
your question. However, if you desire, I should be
happy to make available to you a serics of reprints,
which are written in Japanese, but the tables, figures
and short suminaries are in English.

Mr, G. B. Browx (USA): Mr, AMitsui, do you
know whether Mr. Sasaki did any work on the
nucleatides of the yoke or the cgg or the hen, and
whether or not it was practical to investigate those
when the P9 stadies were being made? I am sure
that when the emhryo is developing there is a
sufficient amount of soluble nucleotides in order to
study them. But in the earlier stages in the egg
I do not know how many nucleotides would be thera
and whether it would be encugh to permit any
studies,

Mr., Mirsur (Japan): I should have to apalogize
again for being unable to answer the question. How-

ever, 1 shall be very glad to give you a copy of the
reprint.
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The liptdes are off the scale. The 10-second experi-
ment shows the predominance of phosphoglyceric
acid at short times, If the percentage of C't in phos-
phoglyceric acid (PGA) of the total C!* incorporated
during photosynthesis for various short periods of
time is extrapolated to zero time, it is found that
then ali the C!* is in phosphoglyceric acid. This
compound is therefore identified as the first isolatable
compound into which carbon dioxide is incorporated
in photosyuthesis.

Slide 3 (Tig. 3 of P/259) shows the distribution
of the labelled carbon in ihe three carbon atoins of
the glyceric acid obtained from the phosphoglyceric
acid tn 2 15-second experiment with barley. From
the same experiment some hcxose (fructose and
glucose) was obtained and degraded. The dis-
tribution of radiocarbon in the two 3-carbon halves
of the hexose was found to be very much the samne
as it is in the three carbons of glyceric acid.

This resuit inunediately suggests that the 6-carbon
piece is made from the two three’s by joining the
two carboxyl-carbon atoms. This is simply a reversal
of the well-known aldolase split of fructose diphos-
phate in the glycolytic sequence, a part of which is
shown in Slide 4 (Fig. 4 of P/259),

Thus, the two carbon atoms which were originally
carboxyl-carbon atoms finally fall in the middle of
the hexose chain. It is quite clear that there must be
some compound that accepts the carbon dioxide to
form the glyceric acid. Furthermore, that compound
must be regenerated from the PGA {phosphoglyceric
acid), triose phosphates, and hexose phosphates, or
some other coinpound formed from them. It is thus
evident that there is a cyclie process involved in the
reduction of carbon dioxide.

We must now seck to determine the compounds
involved in the cyclic regeneration of the carbon
dioxide acceptor. The roles of PGA, triose phos-
phates and hexose phosphates, leading through a
nucleotide carrier {(UDPG) to sucrose and starch,
have already been identified. The route to some
amino acids {glycine, alanine, serine, as pattic and
glutamic) porphyrins {chlorophyll, eytochromes) and
lipids (fats, steroids) all branch off at PGA. Of the
compotunds labelled by shert periods of photo-
synthesis, there were left onfy the seven- and five-
carbon sugar phosphates. These are: sedopheptulose-
7-phosphate (SMP), ribose-5-phosphate (RMP},
ribulose-5-pliosphate (RuMP} and ribulose diphos-
phate (RuDP).

A detailed analvsis of the distribution of radio-
activity among the carbons of these sugars is shown
in slide 5 (Fig. 8 of P/259). The stars give some
indication of the order of appearance of radioactive
carhon in these compounds, and it was from an
analysis of these data that it became paossible to
deduce relationships between the various compounds
containing three, Aive, six and seven carbon atoms.

Thus we established the relationship between all
the early labelled compounds, excepting the point of
entry of CQOg, ie., the carbon dioxide aceeptor,

All the results thus far were obtained with the
first type of experiment 1 have described, in which
C1(Q; was added to plants for a very short period
(1 to 60 seconds) before the plants were killed. A
second type of experiment was used for the identi-
fication of the COa acceptor, In this case once again
the starling condition was an actively photosyn-
thesizing aigae suspension in “steady-state” condi-
tion. In addition, the intermecdiate compounds were
“suturated” with C**. Under these circumstances, the
concentration of each labelled intermediate compound
can be determined {rom the radiocarbon found in
that compound on subsequent analysis by cliroma-
tography and radioautography.

After this initial Clt-saturated steady state was
obtained, some environmental condition such as light
was suddenly changed. Aliquots of the algae were
taken every two or iliree seconds for about a minute,
and then at less frequent intervals. Analvsis of these
aliquots showed the way in which the concentrations
of the various intermediates varies as a result of the
environmental change.

In the first such study the light was turned off,
and the result is shown in Slide 6 (Fig. 11 of P/2359).
It was found that the concentration of PGA increased
very rapidly while that of rihulose diphosphate
{RuDYP}) decreased rapidly.

These changes in concentrations are accounted for
by the reactions shown in Slide 7 (Fig. 12 of P/239),
The reduction of PGA to triose and the formation
of RuDP are reactions requiring light ; while RuDP
is converted to PGA via a carboxylation reaction that
does not require light.

The series of re-arrangements between triosc phos-
phate and ribulose-5-phosphate are all at the sugar
level of oxidation and require no special energy
source. The reduction of PGA requires both reducing
power—reduced triphosphopyridine nucleotide—and
adenosine triphosphate, while the formation of RuDP
from RulMP requires only ATP. Both tliese cofactors
are produced at the required rate only when the
light is on. Thus, when the light is turned off, the
rate of formation of RuDP and the rate of reduction
of PGA decrease, hut the rate of carboxylation of
RuDP to forin PGA continues wnaffected except by
the concentration of RuDP.

From the ahove scheme it was possible to predict
the result i the light were left on but the CO.
pressnre were suddenly decreased. In that event, the
carhoxvlation of RuDP to form PGA should decrease
but the formation of Rul}P and the reduction of
PGA should he unaffected. Consequently the con-
centration of RuDP should rise while that of PGA
shouatd fall.

This experiment was performed and the expected
result, shown in Slide 8 (Fig. 13 of P/239), was
obtained. These changes provide excellent con-
firmation for the proposal of the cyclic system, Thus,
kinetic 1 witro evidence is provided for the carh-
oxylation reaction:

RuDP 4 CO; + H,0O 2 PGA
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Table 2. The Action of Mould Sucrase on Sucrose and Rodioactive Glucose

Time of incubation (Ar)

After development 2 min .5 1 £ J% £ iR 25
Counts per minute |

Glucose spot 4761 4921 5101 4448 4792 4950 5550

Sucrose spot 33 J6% 357 485 494 67 21

Spot X 7 5 4 30 48 52 38

Spot « 0 5 10 25 65 47 18

Spot 8 — — — — [ 6 B
Total 4301 5300 5472 4988 5405 5122 5635

types are produced, so that free fructose can also act
as an acceptor in the system as well as free glucose,
However, none of the glucose-containing oligo-
saccharides became labelled in the presence of radio-
active free fructose—a fact which is in accordance
with the view that the oligosaccharides are formed
by fructose transfer.

The significance of fructose transfer in syntheses
of polysaccharides is as yet unknown, but there does
appear to he a correlation with the wider occurrence
in the plant kingdom of fructose polymers ranging
from sucrose, through oligosaccharides, to the
polyfructoses. Similar glycosidic linkages are present
in the naturally occurring plant fructoszns and in
the products of mould and yeast sncrases. Fructose-
transferring enzymes, therefore, which may possibly
be identified with sucrases, are known to occur in
plants and we may therefore have to comsider
sucrases as having a function in polysaccharide
syntheses.

DISCUSSION OF P/715 AND P/459

Mr, G. ©O. Burr {(USA) : Referring to Mr, God-
nev’s very interesting calculation of the rate of turn-
over of chlorophyll in mature, fully-green leaves,
I would like to ask about the exact conditions in
which the value was found, and further whether or
not the valtie would be highly dependent upon light
intensity and other environmental factors?

Mr. Gopnev (USSRY: Mr. Burr is absolutely
right in suggesting that the conditions determine the
rate of renewal of chlorophyll. In our experiments
the plants were kept under constant eonditions at
a temperature of 20°C and a light intensity of
10,000 lux. In Mr. Turchin's experiments the rye
shoots were in field conditions. In those circumstances
renewal took place considerably faster. We are now
making a detailed study of the influence of the
concitions. We have ascertained, however, that a
great deal depends on the variety of plant. Some
three years ago 1 observed the complete destruction
of the chlarophy!l in a potato in the course of four
days. In shade-loving plants, however, the chloro-
phyll persists for two or three weeks. Development
is conditioned in the main by the variety of the plant,
but it s, of course, also affected by extermal condi-
tions. :

At lower temperatures renewal proceeds more
siowly, and at higher temperatures more rvapidly.

We are now engaged on a detailed investigation of
this process with the help of O,

Mr. A. L. Kursanoy (USSR): (1} I have data
available which confirm the findings of Mrs. Porter
and Mr. Edelmann that in the synthesis in plants of
sucrose from C'* tagged glucose or fructose, both
sugar moicties of sucrose prove to be radioactive.
Pavlinova, when carrying out these experiments in
our laboratory on the fibro-vascular bundles of the
sugar beet, merely introduced any one radioactive
sugar and did not add a second, non-radioactive
sugar at all. We discovered that sucrose uniformly
labelled in both moieties is rapidly synthesized in the
phloem from tagged monosaccharides, taken separate-
ly. No second, free radioactive sugar at all is formed,
however, This led us to the conclusion that the
initial substances used for the synthesis of sucrose in
the plant originate in the isomerization of glucose and
fructose accompanied by the formation of phosphoric
ethers. This conclusion is borne out by the fact that
the synthesis of sucrose in the leaves of many plants
proceeds as rapidiy from glncose or fructose, taken
separately, as from mixturcs of these sugars, or even
morc rapidly.

(2) We also have daia pointing to the ready
conversion of sucrose into starch in plants, althcugh
we were studying this reaction in the reverse
direction, mamely, the utilization in plants of amylose
and dextrins with a different number of glucose
moieties for the synthesis of sucrose. It was found
that glucose moieties linked by 1: 4a glucoside bonds
are more rapidly used than free monosaccharides for
the synthesis of sucrose in plant leaves. However,
the principal thing was that, in synthesis from
amylose, only hali as much oxygen was consumied
by the leaves to form a unit of sucrose as in synthesis
from simple sugars.

Accordingly, the synthesis of sucrose from poly-
saccharides with a 1: 4a ghicoside bond is, as far as
energy is concerned, easier for the plant than its
synthesis from free sugars. In order to understand
this, we must bear in mind that moieties of simpie
sugars combined with phosphoric acid or with each
other contain an additional supply of free energy
and, for that rcason, participate in transfer reactions
more readily than do free sugars. This is especially
true of sucrose, the glucoside-fructoside bond of |
which is rich in energy, making it, like the phosphoric
ethers, an important metabolite in the plant.
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Figure 2. Showing the effect of glycerol and insulin on the in vitra

Incorporotion of acetate and glucose carbon Into the fotry ocids of

rat mommary gland. White rectangles, tritium (i.e., ccelate carbon);
block rectongles, C* (Le., glucose carban)

pare in the same sample of tissue in the same flask
the relative utilisation of the substrates and to com-
pare the effects of insulin or glycerol. This com-
parison was desirable because both substances had
been shown in respiratory experiments to stimulate
fatty acid synthesis by rat mammary tissue!®® in a
qualitatively similar manmer and the theory had been
put forward that the eflect of insulin might be
through its stimulating the formation of glycerol
from glucose.’® That this is not 50 is shown in the
histogram (Fig. 2).

In that figure the base line is the level of isotope
in fatty acids from tissue in the control flasks (no
insulin or glycerol) and the pairs of rectangles
indicate the amount by which insulin or glycerol
stimulated incorporation. Tt will be seen that whereas
insulin stimulated the incorporation of both isotopes
about equally, glvcerol stimulated the incorporation
of tritium (white rectangles) much more than it
stimulated the incorporation of C™ (black rec-
tangles); ie, it stimulated the incorporation of
acetate carbon more than glucose carbon. If insulin
exerted its effect by stimulating the production of
glycerol which would therefore be the primary
stimulafing agent the effect of both agents should be
qualitatively similar which they are not: hence they
must exert their effects by independent mechanisms.

Again using the double labelling technique it has
been shown?? that the incorporation of tritium from
acetate and C" from glucose into fatty acids by rat
mammary slices is inhibited hy cortisone, corti-
costerone and 1l-deoxycorticosterone while cortisol
has mno inhibitory effect whatsoever. On sheep
mammary tissue only corticosterone and 1i-deoxy-
corticosterone are actively inhibitory, Insulin has no
stimulating effect on sheep tissne but in rat tissne
it neutralises the effect of the corticoids.

THE METABOLISM OF HEXOESTROL

Because its hali-life is short {11 years) tritium is
available in very high specific activities. Thus 7%
tritium wonld have_a spectfic activity of 2.7 curies/
std ml which, in turn, makes possible the preparation
of compounds of very high specific activity. This is
particularly useful for the tracing of substances which
are physiologically active in very small daoses, eg.,
the sex hormones. Hexoestrol, for example, is active
In a rat at a dose of less than | pg. Labelling with
" usually involves long and laborious syntheses
which yield products of inadequate specific activities.
Tritittm, on the other hand, can often be introduced
into complex molecules by hydrogenation of the
appropriate unsaturated compound. Thus tritio-
hexoestro] itself has been made by the addition of
tritium to dicnoestrol over a palladium black
catalyst®! Using a nominally 109 tritinm-hydrogen
mixture a specific activity has been obtained of
15 pc/pp. A specific activity about ten times as great
as this could be obtained by the use of tritium of the
highest specific activity available, This specific
activity {corresponding to 1.136 3 107 counts/
min/pg) however has permitted the tracing of micro-
gram doses in rats. The results of earlier experiments
with rabbits using hexoestrol of a lower specific
activity have been Jargely confirmed and it has been
found that the major portion of the dese is rapidly
excreted. In the rabbit experiments only 605% of the
dose was recovered but recoveries of up to 89% in
the 32 hours following dosing have been obtained
in experiments with rats, radioactivity appearing
both in faeces and urine., This is at variance with
what has been found by Hanahan et al*? for C“-
stilboestrol. These workers used material of specific
activity less than ours by a factor of nearly 1000
(22 pc/mg) though at only 5 times the dose level.
They obtained however up to 86% recovery from
the faeces virtually no radioactivity appearing in the
urine. In our work less than 2% of the dose appeared
as water, ie, less than 2% was oxidized (or
exchanged) and less than 0.5% was associated with
circulating blood solids. Hanahan ¢f al. also found
no oxidation. Ii it is confirmed that whereas stil- .
boestrol is excreted only by way of the faeces, hexo-
estrol is excrcted through faeces and urine about
equally, it will be of considerable interest. It is to be
noted, however, that earlier work on the excretion
of stilboestrol, hexoestrol and diencestrol®® showed
that glucuronides of all three oestrogens are excreted
in the urine after the administration of massive
doses, and our findings for the microgram level are
thus in agreement with these results.

THE TRANSFER OF DIETARY FAT TO MILK

Tritium also finds an application in work where
the cost of a sufficient activity of C1-labelled material
would be prohibitively expensive, Thus in ¢xperi-
ments with large animals such as cows and goats in
our Institute, it has been found necessary to
administer doses of up to 5 me of labelled fatty acid
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azelaic semialdehyde indicating that the tritium in
the oleic acid molecule was asymmetrically dis-
tributed. On oxidation of the aldehydes to the acids,
however, lahilisation of the tritium originally attached
to the Cy, Cyo atoms occurs. If all the tritium had
been attached in these positions these acids should
therefore be non-radioactive; in fact their specific
activities were only about 8% and 20% less than
that of the aldehydes themselves. It was caiculated
from this that about 12% of the total tritium in the
oleic acid resided on the Cyo atom and 3% on the
Cy, atom. The asymmetry of distribution of tritium
in the molecule is largely a matter for conjecture.
Whether it arises biologically, the original stearic
acid being symmetricaliy labelled, or whether the
tritium becomes asymmetrically distributed along the
carbon chain during the catalytic hydrogenation is at
present unknown. We are satisfied, however, that it
is not an analytical artefact: labilisation of tritium,
a necessary prerequisite to redistribution, under the
conditions of the experiment would certainly result
in loss into the reagents whereas in fact no such loss
was observed.
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complex and phylogenetically youngest parts of the
ceniral nervous system are most abundant in proteins.

By means of the radioactive isotope method a
definite relationship between the functional com-
plexity and intensity of metabolisni has been estab-
lished in various divisions of the brain, Thus, a study
of incotporation of labeled methionine (containing
53%) by proteins of different divisions of the brain®
showed that the cerebral cortex and the cerecbellum,
ic,, functionally the most complex and phylo-
genetically youngest divisions of the central nervous
system, exhibit the highest rate of protein renewal
whereas, the lowest renewal rate was found in the
spinal cord, i.e.,, functionally the least comnplex and
phylogenctically the oldest division of the central
nervous system. White matter of the cerebral hemi-
spheres approximates the spinal cord in the rate of
protein renewal, The medulla, the middle brain and
the thalami optici occupy in this respect an inter-
mediate position {Fig, 1).

Similar results, althougl only for the grey and
white matter of the brain, have lreen obtained by
Cohn et al3 in following up the incorporation of
Tabeled methionine,

The radioactive isotope method has thus made it
possible to establish that the functionaily most com-
plex and phylogenetically youngest divisions of the
central nervous system are characterised not only by
the highest content of proteins but by a most intense
protein metabolism as well.

The use of phosphorus radioisotopes has made it
possible to study the turnover of ribonucleic acid
phosphorus, of phosphoproteins and phospholipids in
various divistons of the brain* In animals with a
well developed cortical function, namely in dogs, the
renewal rate of ribonucleic acid and phosphoproteins
is the highest in the cerebral hemispheres (both in
the cortex and in the white matter), exceeding that
in other divisions of the brain. The cortex also ranks
first as far as the turnover rate of phospholipids is
concerned.

A different picture is to be found in animals with
a low level of functicnal development of the ccrebral
cortex. It has been shown indeed” that the turnover
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hexanastab, H ond amylal A. Expariment lasted 3 hours (Viedimirew,
T. lvonova, M. Prarding, 1934)

rate of ribonucleic acid in the grey matter of the
rabbit’s brain is lower than in the white matter or
the cerebellum. The renewal rate of ribonucleic acid
in the spinal card of rabbits is likewise low
(E. Kreps). In the cerebral cortex and cerebellum
of rabbits the rate of phosphoprotein renewal is also
lower than in the intermediate and midbrain or the
medulla, Phospholipids show nearly the same turn-
over rate in all the divisions of the cerebral cortex
of rabbits and a lower rate in the spinal cord.*

Thus, the use of radicactive isotopes has led to the
establishment of a direct relationship between the
level of functional development and the metabolic
activity of phosphorus compounds in various divi-
sions of the Dbrain. :

Further investigalions have shown that varicus
areas of the ccrebral cortex of a dog differ in the
metabolic activity of phosphorus compounds: in the
area of the motor analyser (the parictal and frontal
lobes of the cortex) the renewal of ribonucleic acid
and phosphalipids proceeds at a higher rate than in
the area of auditory (temporal lobe}, or optic (occi-
pital lobe) analysers.!

The method of radioactive phosphorus also showed
that, as far as the turnover rate of ribonucleic acid
and phosphoproteins is concerned, the white matter
of the cerebral hemispheres as well as of the spinal
cord are not metabolically inert parts of the brain
tissue, Physiologically this is by no means unexpected
since the fundamental nervous processes are similar
in both the nerve conductots—nervous processes—
and in the nerve ceils.

The turnover rate of phospholipids in white matter
is considerably lower than in grey matter. This is
evidently duc to the fact that in white matter a
considerable proportion of phospholipids belongs to
the myelin membranes, while in grey matter it is
mostly the lipids of the nerve cells themselves and of
their processes that take part in the metabolism.

Thus the problem of chemical topograplhy of the
Lrain, the elaboration of which was bDepun in the
USSR some 30 years ago {A. Palladin), is now
being successfully pursued by means of radioactive
isotopes, the subject at issue being the metabolic rate
and not the composition of wvarious divisions of
the brain.
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tion, (G, Nechoyevo, G. Ylodimirav's laboratory, 1955)

A study carried out on dogs with radiophosphorus
showed (15 Kreps) that conditioned stimmutation
combined with feeding reveals an increase in the
ribonucleie actd metabolisin precisely in that area
of the cerebral cortex in which the stimulation is
primarily localised, e.g., in case of acoustic stimuii
in the awdlitory area of the cerebral cortex.

Stimulation is niso acconipanied by an increased
incorporation of C** glycine into the brain proteins
of rats {A. Urinson, 1955). Similar results (Fig. 4)
have been obtained with methionine containing radio-
active sulphur {5%), clectric stimufation increases
the incorporation of radicactive sulphur into the
proteins {G. Nechayev, 1955}, Thus, the tracer
method discloses an increase in protein metabolism
called forth by stimulation,

Hence, the use of radioactive isotopes enabled us
1o establish that stimulation of nervous activity is
assuciated with an increase in the rate of renewal,
that is to say, in the metabolic activity of proteins,
nucleic acids and phospholipids.

v

The application of radicactive isotopes also
proved successful in studying the metabolism accom-
panying inhibition of nervous activity.

During a 24-hour sleep induced by urethane and
medinal, the reclative specific activity of ribonucleic
acid phosphorus in the brain of rats declines by
" 27.6%, of phosphoproteins by 19.2%, and of phos-
pholipids by 22.8%.% Thus by means of radiocactive
phosphorus it is possihle to ascertain that in narcctic
sleep the turnover {or metaholic) rate of ribonucleic
acid, phosphoproteins and phosphotipids is decreased
{Fig. 5.

Similar results bave been obtained with hexanastab
and amytal'd. Amytal mostly produced a more pro-
found slcep, and this was associated with more pro-
nounced changes in the turnover rate of phospho-
lipids and ribonucleic acids in the brain of rats,

in this case, too, it is the use of radioactive isotopes
that made it possible to establish the actval effect of
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Figure 5. Relative specific activity of ribonueleie acid, phesphoprofein
ond Hpid phesphorus in the broin of rass during 24-hr sleep induced
by urethane ond medinel, rodiscolive phospherus having been
administered for 2 hours prior 1o experiment. 1, normal; 2, narcolic
sleep, (E. Skvirtkaya ond T. Silich, A. Palladin’s laborotory, 1954}
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Figure 4. Specific activity of sulphatide sulphur in rab’ brain 1.5
hours ofter the administration of methionine containing lebelzad sul-
phur, vpon electric stimolation and in amytalinduced steep. 1, amy-
tal; 2, stimulation. {G. Nechayeva, . Yladimirov's laboratory, 1955)

sleep on the metaholism of phospholipids, since deter-
minations of the phospholipid content in the brain
during artificial sleep did not reveal any change.

The changes induced in the lipid metabolism by
stimulation and inhibition have likewise been dis-
closed (G. Nechayev) by following up the incor-
poration of radioactive sulphur into the sulphatides
of the brain (Fig. 6),

The study of renewal of the phospholipid fraction
which accompanies nucleic acids extracted by the
Shmidt and Tannhanser method showed (Vladi-
mirov) that the metabolism of this fraction also
depends on the functional state of the brain, being
increased upen stimulation and decreased in narcotic
slecp (Fig. 73.

According to experiments carried out with the use
of P¥ in nembutal narcosis' there occurs in the
brain of mice an inhibition of synthcsis of nucleo-
prateins and phospholipids.

Inhibition of the nervous system (narcotic sleep)
mfluences protein metabolism as well: sleep induced
by amytal slows up the incorporation into the braid
proteins of Dboth glycine tagged with radioactive
carbon and of methionine containing radioactive sul-
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activity values of its phosphorus. In fact it may be
renewed several timies in one hour. It is impossible
therefore to ascertain the effect of various functional
states of the nervous system ou the incorporation of
radioactive phosphorus into the ATP of the brain.

Somewhat different are the relations observed in
cold-blvoded animals, in particular when the experi-
menis are conducted at low temperatures. Due to
the lower rates of metabolic processes the renewal
of the ATD phosphorus in these aninmils may last
scotes of minutes or several hours.

This may be illustrated by the data obtained
{O. Savchenke, 1955} in perfusing at various
temperatures a detached carp head (Cyprinus carpio)
with the Krebs solution containing radioactive phos-
phorus. The fitid of the brain capillaries was removed
by perfusion, prior to the experiment. The deter-
mination of the relative specific activity of the ATP
phosphorus has shown that a drop in temperature
from 16°C to 2°C approximately halves the rate of
the ATT breakdown and synthesis {Fig, 11),

In connection with the claboration of surgical inter-
ference methods in the heart it is of great importance
to reduce the rate of ATP breakdown whose synthesis
is disturbed by cessation of blood supply to the brain
of warm-blooded animals and man, During these
operations the brain gets into a state of severe oxygen
deficiency lasting several minutes. During this period
ATP may completely disappear dute to intense break-
down whiclt resuits in irreversible disturbances of
the ecerebral metabolism. By slowing up the ATP
hreakdown, hypothermia considerably prolongs the
life of the patient with a stopped blood circulation.

vl

Changes in the funetional state of the brain are
likewise called forth by avitaminosis, various types
of avitaminosis affecting the brain to a different
degree. This is borne out by the results of a2 study
of the renewal rate of brain proteins in C- and
E-avitaminosis.2
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Figure 1. The uptake of Mnr™ by yeost cells ax u funcrion of Mn**
concentration

fV and fM are indeterminable, but the ratio Y /fAfV
is apparently constant under the conditions of the
experiment., The mass law equation can be recast
in the form

(MY) _ fMY: M (MY) 3)

My — K K
where ¥! is equal to the concentration of cellular
sites [(¥V) + (M)]. An equation of this form has
been used tn characterize the binding of ions by
proteins.? In Fig. 2, (M¥)/(M) is plotted against
(MY) for Mn™ binding. The data fall along two
lines suggesting the existence of 2 species of hinding
sites with different affinities for Mn+-+, The cal-
culated K tn this case is 4 % 10-%, and the total
number of binding sites obtained by extrapolation
(dotted Tine of Fig. Z) amounts to 8 X 10—4 Al per
kg of cells. The steep slope represents binding by
polyphosphate groups (or nucleic acids) on the basis
of studies of UQy*+ binding.* The shallow slope
represents binding by carboxyl groups on the basis
of preliminary data on the effects of pH.

Other cations both hivalent and monovalent, com-
pete with Mnt+ for the binding sites of the cell.
The competition can most readily be represented by
the ability of tons to displace. Mu® from the cells.
- Other bivalent cations tested show an equal or greater
affinity for the cell (Table 1), UD:2* *+ has an espe-
cially high degree of affinity (300 timcs). Monovalent
cations are bound less Nrmly than Mo by a factor
of 30 to 50. Large organic cations, such as
(C:H;}sNH* are not appreciably bound. Typical

s
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Figure 2. A moss law plet of Mn** uptake by yeast calls

data for competition of K+ and Mnt+ are shown in
Table II. It is of interest to note that there is a 1
to 1 competition between K+ and Mn++ as in-
dicated by the constancy of the mass law constant
calculated on this basis.

Table I. Relative Affinities of Caotions for Yeast

U0, 330 Cu, Hg 1.0
Ba 10 Li,Na & .0o3
A 3 K, Rb, Cs 005
Co, Mg 1S {ChHg),NH+ )
Ca, 81 TRIS E <o
AMn 10

Toble 1l. Competition of K and Mn

& of Calcwlated
Afn on basly of
free fonie sirength K
1X10-1* Mn 48 7.7 X 10—5
+ 3 X 10-3 K 54 50 1B X 10—2
+ 1 10—-= K 62 54 - 20 X 10—2
+ 3 10-2 K 73 60 23 x 102
+3Ix lo~= K 85 7z 21 X 102

The total cation concentration of the cell is of the
order of 0.2 M /kg of cells, of which 0.i5 M is K+
and the remainder, Mg++, Ca*+, and Mn*~. But
the binding of extraceliular cations as measured by
Mu®t or Ca®® amounts to only about 1 » 10— M /kg
of cells. Thus only a small portion of the cell is
participating in the ion-binding, about 29% in terins
of bivalent cations and 0.5% in terms of total cations.
P’resumably the ion-binding occurs on the outer layer
of the cell, a conclusion which is supported by
previous studies® with UQ.*+ and also by the fol-
lowing experiment, If ¥Mn*++ is allowed to equilibrate
witl ceils, the per cent that is bound depends on the
Mnt++ concentration. Thus in Table III, with
04 X 10~* M Mnt+, 52% of Mn®* is hound and
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Table il The Back Exchonge of Mnt+ Bound to the Surfoce Compared to Thot of
Mnt+ Taken Up with Phosphate

Mn® uptake in o

2 min 45 min A7 min §2 min
Initial Mn 7.2 % 10—4 M 22 24 24 25
Inidal Mn 0.4 X 10—€ M, increased to 7.2 10~4 Af
with unlabelled Mn after 45 min 53 52 27 26
Initial Mn, 7.2 10—4 M with K+, H,PO,— and
glucose. Switched to fresh unlabelled Mn
(7.2 % 10—4 M) after 45 min 28 100 97 94

with 7.2 } 10—* M Mn++, 249 is bound, If the
concentration is raised from 0.4 X} 10— to 7.2 X
10—* M during the course of the experiment, a
re-equilibration occurs. The per cent of bound Mn%
shifts immediately from 529 to 24%, by an exchange
process, Thus the bound Mnt+ is in equilibrium
with the Mn+t+ concentration of the medium. On
the other hand, H Mut + is taken up into the interior
of the cell (this occurs during active uptake of ortho-
phosphate'?), then the Mn® is no longer in equili-
brium with the medium and almost no back exchange
occurs, Thus bivalent cations in the interior of the
cell do not readily exchange with those of the
medium, whereas those bound on the cell surface
exchange readily.

The cation binding sites of the cell surfice are
associated with the uptake of glucose. Thus if the
binding sitts are combined with heavy metal cations
such as UO.T+ or Hgt+, no sugars can be taken
up by the cells. However, if the binding sites are
comhined with Cat* or Mg++, under certain
condlitions, the sugar wuptake may be markedly
stimulated (Table IV). In the experiiments of
Table IV, the buffer cation is triethylamine, which
Ias been shown in other experiments to have no
effect on the rate of sugar uptake.

In contrast, the ion binding sites of the cell surface
scem 1o play no role in the jon-transporting systems.
For example, yeast cells during metaboltsm of extra-
cellular substrates, can take up K+ fromn the medium
against an apparent concentration gradient of as
high as 3000 to 1. K+ is taken up!®? in exchange
for H+. The addition of Mgt+ orUQO-++ jons in
concentrations sufficiently high to displace essentially
all of the K+ from the binding sites, has only a
relatively small effect on the rate of K+-uptake, It
can be concluded either that hivalent cations do not
interfere with the Kt-transporting systemn, or that
the systemn is located below the outer surface in a
region inaccessible to bivalent cations of the medium.
The latter suggestion scems to be more reasonable
on the basis of other experiments. For example,
K+ added to the medium can markedly stimulate
the rate of sugar uptake under conditions such that
no apparent changes in the cellular content of K+
occur. Furthermore, the stimulating concentrations
can be as low as 1 X 10—3 M, whereas the cell
contains almost 0.2 M. Thus the action of K+ is

apparently confined to an outer part of the cell,
Nevertheless, the stimulating effects of K+ are not
influenced by Cat+t (Table IV) or by Mg+t or
Mn++ in concentrations sufficiently high to displace
essentially all of the K+ {from the binding sites,
These data suggest that in addition to the cation-
binding sites of the outer surface, there is an under-
lying compartment inte which X+ from the medium
can equilibrate, but into which Dbivalent cations
cannot.

A similar situation exists in regard to H+, At
certain values of extracellular pH, the rate of sugar
uptale is remarkably inhibited, despite the fact that
the average intracellular pH is relatively constant.
Bivalent cations are unable to reverse the inhibiting
action of H+ although they do displace I+ from
the outer binding sites. In contrast, there is a
reciprocal relationship between K+ and H+, with
K+ counteracting the inhibitory cffects of H+, The
Kt and H7 equilibrate into an outer compartment
of the cell by an exchange reaction, influencing
reactions in sugar uptake that take place there.
Whether the action of K+ in reversing the inhibition
of H+ is due to a direct competitive effect at an
enzymic site, or whether it is due to the displacement
of It from the outer compartment by exchange is
difficult to determine.

Table I¥. lons on Rate of Fermentotion at pH §,0

Tong (0.61 AN Rate {(u/mg/hr
(CoH,) ,NH+ 14.4

Na 32.6

K 423

K 4 Ca 40.0

Ca 8.3

Mg 227

Mn 21.2

VO, 0.0

Mg ' 0.0

Some preliminary studies of K+ distribution in
celis, using K** also indicate that there are outer
Kt -binding sites for which bivalent cations compete,
and in addition an underlying compartment into
which K** disinbutes with no competition from
bivalent cations. The latter compartment invoives
only a few per cent of the total K+ of the cell. It is
separated from the interior of the celt by a membrane
which is relatively impermeable to K+ in the resting
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carboxylic acid {Equation 9)
77N
C NH
AN
CH—COOH

/
Glutamic - CH,—CH, +H:O0 (9)

and the water formed was assayed by equilibration
with carbon dioxide as described above.

The results of the actual enzymic reaction are
shown in Table 1. It can be seen that the atom %
excess of the O!® in the inorganic phosphate produced
is approximately one-quarter that of the glutamic
acid originally introduced, This is the amount which
would be obtained if there is a direct transfer of one
oxygen by displacement mechanism®

Table I. O Contents in Glutamine Synthetase Reaction in H.O1%

Oberved atem 9% excess

i Glutamic Qlidamic Inorganie
Experiment o, Adgeeplor seld waed acid bolated phosphate 4ADP
1 NH,OH — 0.97 0.22 0.0
2 NH,OH 1.08 1.02 0.24 0.06
3 NH, 1.08 1.05 031 0.03
Possible mechanisms for this reaction are shown in Equation 10
O* O 0 o+
Glut-CO*O*- 4+ ATP — Glut-C-O*.,,, P .... PO;PO;Ad — Ghut-C-Q*-PO;—~ + ADP—?
0 Glut-CO*NH; + HO*PO; « NH;  (i0)
in which a glutamylphosphate intermediate is formed, and in Equation 11:
dlctatoate 18 . O
EOH + ATP — EOPQO3y —— Glut-C-0'%- ., E.... OPO3 = Glut~C-O*-E 4 HOFPO;
Glut-CO' NH; 4- EO¥H «  NH; (11)

in which a glutamyl-enzyme is formed.’ (It might
appear in the second mechanism that unlabeled phos-
phate is produced. However, since O-jabeled
enzyme i1s produced in this step subsequent cycles
would yield O labeled phosphate. The tnolar amount
of enzyme being small, the amount of unlabeled phos-
phate produced would be undetectable in this case,
but could be tested when substrate amounts of
enzyme are available.)

Other data™® available in the glutamine synthetase
case indicate the mechanisms cannot be quite as
simple as depicted but the isotopic results perform
two major functions: (g} they eliminate a number
of aiternative mechanisms, and (&) they indicate the
direction to be followed in the search for inter-
mediates. In this case it is clear that all the inter-
mediates must invelve covalentiy-bonded oxygen and
that no exchange of this oxygen and that of the
medium can occur. Thus, an indirect activation of
the protein molecule which then caunses an activation
of the absorbed carboxyi is excluded as it would
result in exchange with the oxygen of water, Instead
the ATP encrgy is utilized to form a carboxyl-
anhydride intermediate. This anhydride intermediate
transfer occurs in the pxidation of e-ketoglutarate to
form the peptide bond.

The conclusion of direct oxygen transfer through
covalently bonded compounds appears to be of
peneral validity for carboxyl condensation reactions.
Studies in collaboration with Dr. Werner Maas and
Dr. Michael Warmolinsky have shown that direct
transfer of oxygen occurs from the carboxyl groups
of pantoic acid to the phosphate of adenvlic acid in
the reaction shown in Equation 6. Independent

studies in Dr. Boyer's faboratory have shown similar
results in the acetyl kinase reaction, in the citrulline
synthesis reaction, and in the glutamine synthetase
reaction.? Dr. Mildred Cohn has shown that a direct
transfer oceurs in the oxidation of a-ketoglutarate to
succinate with formation of ATP.?

It is of interest to note that two points of attack
appear in all of these cases, i.e., attack on the terminal
phosphate with {formation of a phosphoryl inter-
mediate and attack on the innermost phosphorus with
formation of an adenylic intermediate. Other possi-
hilities such =as pyrophosphoryl, adenosinediphos-
phoryl, or triphosphoryl intermediates have not been
uncovered so {ar if they exist in nature. The isotopic
results, therefore, indicate there is a direct chemical
“gear” transferring the energy of ATP into carboxyl
activation and they indicaie that either of two main
mechanisms are involved in this activation. '

CLEAVAGE POINT IN ENZYMATIC REACTIONS

Another important feature of enzyme mechanisms
involves the points at which bond breaking and bond
formation occur. The point of cleavage ts, ot course,
a fundamental fact which must be known in any
particuiar enzymic reaction. In addition, the patterns
of bond splitting for large groups of enzymes can in
some cases be correlated on theoretical principles.
These patterns frequently give indications of under-
lying factors which allow the enzyme to rearrange
the electrons in molecutles undergoing change,

COne case in which such a broad correlation has
been made invoives enzymes catalyzing hydrolytic
reactions.’? When an oxygen hond in the original
substrate, GOF, 1s split, the products GOH and
FOH give no indication of the point of bond cleavage.
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to evaluate the persistence of the isotope label of
these antigens in terms of persistence of original
antigen,

SYNTHESIS AND DEGRADATION OF ANTIBRODY

Previous studies of the metabolism of antibody
have shown clearly first, that isotopically labelled
amino acids were incorporated into antibody during
active Immunization and secornd, such amino acids
were not incorporated into passively transferred
antibody.’® On the basis of scveral experiments it
was apparent that antibody was synthesized de nove
from amino acids and that, once formed, the antibody
molecules were catabolized much as are other serum
protein molecules.

Later studies extending these investigations have
been concerned with rates of antibody synthesis and
degradation. By using foreign serum protein antigens
in rabbits, it was shown that the rates of antibody
catabolismy were extremely rapid so long as antigen
persisted in the circulation.!? Apparcently antibody
combined with antigen in this situation, and the
complex was rapidly catabolized by the host. How-
ever, in the absence of antigen, as with passively
transferred antibody or clse late in an active immune
response, most antibodies were catabolized at the
same rate as other serum globulins. This rate of
catabolism 15 probably related to the gencral meta-
Lolic activity of the host and varies in terms of half-
life from 1-2 days in the mouse to 3 days in the
rabhit, 2 wecks in the hwnan, and 3 weeks in tlie
cow.?® An cxception to this rule is the hemolysin
antibedy of rabbits which is known to be much larger
than the average gamma globulin molecule and which
has a hali-life of about 3 days.®!

Recent studies in our laboratories have attempted
to define the rates of antibody synthesis throughout
the primary and secondary rcsponses of rabbits to
serumn protein antigens, Such inforimation when
added to the extensive available data concerning iate
of serim protein antigens in rabbits should give a
relatively comprehensive picture of most of the
aspects of this particular immunolegical response. Tn
these studies, at various times after the primary or
secondary injection of 100 g bovine gamma globuiin,
rabbits were given intravenously a single injection
of a standard amount of 5%° lalelled amino acids in
the form of a yeast cell hydrolysate. Then 5% labelled
amino acids are ctther rapidly incorporated into
protein or degraded and/or excreted. Within 7 hours,
approximately 90% of the 5% remaining in a rabbit
is Incorporated into protein. In such an experiment
following injection of $* labelled anuno acids the
$% content of the rabhit’s protein, inctuding anti-
body, is a retlection of the rate of synthesis of that
protein during a period of several hours following
injection of 5%, Those rabbits given 53% prior to the
time of maximum circulating antibody, three days
after elimination of antigen, were exsanguinated at
the time of maximum ecirculating antibody. Those
receiving 5% after the time of maximum circulating

antibody were exsanguinated one day after injection
of S35, The sera from all rabbits were decomple-
mented and determinations of the concentrations of
5% in antibody .and in non-antibody globulin were
made as well as determinations of the concentration
of antibody in the serum.

From thesc observations it was possible to calcu~
late the relative ratcs of anttbody synthesis for each
day following the climination of circulating antigen,
Minimum rates of synthesis for the period prior to
antigen elimination could also be determined but
during this period mno provision could be made for
{he antibody which might have combined with ciren-
jating antigen and been catabwlized prior to the ob-
taining of serum. The concentrations of S /ug anti-
body N obtained at the time of exsanguination are
plotted according to the day of 5% administration in
Fig. 1 for the primary response and Tig. 2 for the
secondary response, These points indicate the rela-
tive rates of antibody synthesis on the different days
throughout both responses. The early points in each
response which were obtained with S$% injections
miade prior to elimination of autigen are minimum
values uncorrected for loss of antibody by combina-
tion with antigen and are indicated by ihe dotted line.
The observations made at the time of, or subsequent
to, antigen elimination are indicated DLy solid lines,
It appears that in both responses the maximum rate
of antibody synthesis increases until about the time
of elimination of circulating antigen as indicated by
the vertical arrow. The rate of antibody synthesis
then falls rapidly and continuously throughout the
period of observation in the primary response. In
the secondary response the rate of synthesis falls
rapidly for 4-5 days after elimination of antigen and
then contipues at a constant level for the next 2
weeks.

The observations on rabbits receiving S%° subse-
quent to the elimination of autigen can be more
meaningful when they are expressed as antibody
S%/ml serum and corrected for cataboiism of anti-
body during the interval between injection of S%
and bleeding and also for variations in amounts of
antibody formed Ly different rabhbits. The observa-
tions expressed in this manner are shown in Fig. 3
for the primary response and Fig, 4 for the secondary
response. For orientation the time of antigen elimin-
ation is again indicated by arrows and the typical
serum antibody concentrations throughout the res-
ponses are indicated by hne lines as ug antibody N/ml
serum. These graphis show that the rate of antibody
synthesis declines, after its maximum at the time of
antigen elimination, at a rate which can be approxi-
mately described by a straight line. The rate of
declinc of antibody synthesis in the primary response
has a half-life of 1.4 days and can be followed to a
level about 1% of the maximum rate of synthesis at
which time observations were discontinned, In the
secondary response there is a similar rapid decrease
in antibody synthesis for 4-5 days ioliowing the time
of maximum synthesis. This decline in rate of syn-
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Figure 2. Protoporphyrin degradation. The letters and numbers
deslgnate positions of the carben atoms

Having accounted for eight carbon atotns of proto-
porphyrin, the origin of the remaining twenty-six
carbon atoms remained to be determined. It was
found by Bloch and Rittenberg!$ that on administra-
tion of deutcricacetic acid {CD;COOH) to a rat,
the hemin isolated contained deuterium. This in-
dicated that some of the side chain carbon atoms, at
least, were derived from the methy! group of acetate
since these are the only carbon atoms bonded to
hydrogen.

In order to determine the extent of utilization of
acetate for porphyrin synthesis and to locate all the
carbon atoms which may be derived from acetate,
duck blood was incubated separately with C4 methyl
labeled acetate and with C'* carboxyl !abeled acetate
and the resulting C'* labeled hemin samples degraded
by the method mentioned above, It was found that
all the remaining twenty-six carbon atoms were de-
rived from acctate.1?

The composite C1¢ distribution patiern among all
the labeled twenty-six carbon atoms derived from
acetate is given in Fig. 4. Since all four pyrrole rings
had the same C!* distribution pattern, support was
obtained for the suppgestion that a common precur-
sor pyrroie is first formed. Furthermore, since both
the methyl side of the pyrrole units and the vinyl
propionic acid sides of the pyrrole units had the
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H
/=g A Grycing-2-c14
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GHy CHap
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BROTOPORPHYRIN IX
figure A, The carban otoms of protoporphyrin which orise from the
acarben atom of glycise and from the S.corbon olom of B-omine-
levulinic acid

same C' distribution pattern, it was concluded that
each side of each pyrrole unit is made from the same
compound. It would appear that the compound which
condenses with giycine to form the pyrrole unit must
be either a three or four carbon atom compound. On
cxamination of the structure of protoporphyrin and
noting the quantitative distribution of C** among the
carbon atoms in the experiments, it can be seen that
a three carbon atom compound would satisfy the data
as the precursor of the methvl sides of the pyrrole
units (carbon atoms 6, 4 and 5) and the sune com-
pound would also be consistent with the data as
the precursor of the vinyl sides of the pyrrole units
{(carbon atoms 9, 8 and 3) excluding carbon atom 2,
which is derived from the a-carbon atom of glycine.
IHowever, it would appear that a four carbon atom
compound would be necessary as tbe precursor for
the propionic acid sides (carbon atoms 10, 9, 8
and 3}, again exclusive of carbon atom 2, If a three
carbon atom compound werce utilized, subsequent car-
boxylations must have occurred to give rise to the
proptonic acid side chains in pyrrole rings C and D.
On the other hand, if a four carbon atom compound
were utilized, decarboxylations must have occurred
to pive rise to the methyl and vinyl groups. It can be
decided which of these two alternative mechamisms
operates in the synthesis of protoporphyrin by com-
paring the data obtained in the experiments using
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_porphyrin by entering the oxidative pathway of the
citric acid cycle {Reaction F, Fig. 5) for in this
dircction the four carbon atom compound formed
from a-ketoglutarate would no longer contain any of
the original carboxyl groups of the labeled succinate,
Therefore the formation of labeled porphyrin from
carboxyl labeled succinate would be evidence for the
occurrence of Reaction C. These theoretical consi-
.derations and conclusions can be tested experimen-
tally by blocking Reaction F with malonate. If these
considerations are valid and if Reaction C occurs, the
degree of labeling found in protoporphyrin from car-
boxyl labeled succinate should not be iufluenced by
the presence of malonate. On the other hand, methy-
lene labeled succinate can produce labeled porphyrin
via Reaction F, In this case the degree of labeling
from methylene labeled succinate should be lowered
in the presence of malonate. It was found experi-
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Figore 7. Succinate-glycine cycle: o pathway for the metabolism
of glycine

mentally that the C!* activity of the porphyrin syn-
thesized from carboxyl labeled succinate in the pres-
ence or absence of malonate was the same, while that
of the porphyrin synthesized from methylene labeled
succinate was 50-60 per cent lower in the preseuce of
malonate than in its absence!* These experiments
demonstrated that the succinate can be converted to
active succinate via two pathways and the malonate
cffect is a reflection of the positions in the succinate
which contain C'4,

It then became of interest to find the miechanism
by which the “active” succinate and glycine combine
to form the pyrrole unit of the porphyrin. It was
realized that in the initial condensation of glycine and
succinate the whole molecule of glycine is involved
since in all experiments in which glycine-2.C'* was
the substrate the carbon atom in the pyrrole ring and
the methene bridge carbon atom (Fig. 3) had the
same Cl* activity and no derivative of the a-carbon
atom of glyeine (CH;OH, H.CO, IICOOH,
CH;NHa2) could substitute for glycine, These findings
led us to the conclusion that the same derivative of
glycine was utilized for the pyrrole ring carbon atom
and for the bridge carbon atom even though the
bridge carbon atom was no longer attached to the
nitrogen atom of glycine as is the ring aton, On con-
sideration: of the possible methnd of condensation of
succinate and glycine, which would give rise to a
product froin which a pyrrole could reasonably he
made, the mode of condensation must also take into
consideration a mechanism by which the carboxyl
group of glycine is detached from its e-carbon atom,
subsequent to the initial condensation, for the car-
boxyl group of glyeine is not utilized for porphyrin
synthesis. The condensation of succinate on the
a-carbon atom of glycine to form a-amino-g-keto-
adipic actd (Fig. 7) would appear to be in agreement
with all the experimental findings and conclusions,
The compound formed, being a 8-keto acid, could
then readily decarboxylate and thus provide a mech-
anism hy which the carboxyl group of glycine is
detached from its a-carbon atom subsequent to the
initial condensation of the whole molecule of glycine
with succinate. Further, the product of decarboxyl-
ation would be 8-aminolevulinic acid and condensation
of two moles of the latter compound, by a Knorr type
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Table IV. Distribution of C1¢ Activity in Protoporphyrin
Synthesized from &-Aminolevulinic Acid-1,4.C'* and
from Swuceinate-1,4-C14

Molar activily % in fragments
of porphyrin symihesived from

Fragments of porphymin

$—Aminalevulinie Huccinie
acid-1, 4 acid-1, -\

Protopot phytin 100 100
Pyrrole rings A4 B Ja.o0 J9.4

{ Methylethylmaleimide)
Pyrrole rings C+ D 61.5 59.5

{Hematinic acid)
Pyrrole rings A4-B4+C4+D 095 98.5
Carboxy! groups 204 20.8

Also it can be secn from Table TV that the same
C1 distribution pattern was found in protoporphyrin
synthesized from &-aminolevulinic acid-1,4-C'* as
from succinate-1,4-C'; ten carbon atoms are equally
radioactive, 40 per cent of the C!* activity resides in
pyrrofe rings A and B, 60% of the activity resides
in pyrrote rings C and D and the carboxyl groups
contain 20% of the C'* activity (Fig. 6).2*

Thus all the carbon atoms of protoporphyrin are
derived from &-aminolevulinic acid. The role of
$-aminolevulinic acid in perphyrin synthesis was also
actively pursued by Neuberger and Scott,®® and just
subsequent to our initial finding they published a
confirmatory paper and further confisination was
published by Dresel and Falk.?! Furthermore, it may
be well to point out that the theoretical formulation
of the structure of the precursor pyrrole'® is the
.same structure which was determined for porphobi-
linogen®? by Cookson and Rimington,?® a compound
excreted in the urine of patients with acute porphyria.
These findings make a-amino-8-ketoadipic acid an
obligatory intermediate and we have found experi-
mentally that this g-keto is indeed an intermediate.
Injection of §-aminolevulinic acid or the dicthyl ester
of a-amino-B-ketoadipic acid gives rise to the urinary
excretion of porphobilinogen.?4

The condensation of "active” succinate and glycine
to form 3-amincievulinic acid subsequenily, thus far
appears to require the partially intact structure of
the red blood cell. It has been found that whereas
$-aminolevulinic acid can be converted to protopor-
phyrin in cither an homogenized preparation or in
a cell-free extract, the conversion of succinate and
glycine to porphyrin takes place only with intact cells
or with those cells which have been hemolyzed with
water.!* Homogenized preparations obtained in a
blendor are no longer capable of synthesizing proto-
porphyrin {rom succinate and glycine. It would
appear that on homogenization the functional activity
of only those enzymes of the system that are involved
in the condensation of succinate and glycine is lost
However, the finding that §-aminolevulinic acid an
be converted to protoporphyrin in a cell-free extract
opened up the possibility that soluble enzymes, con-
cermed with each of the steps in this conversion,
could be isolated.

Indeed, it was subsequently and independently
found in three different laboratories that a highly

purified protein fraction from ox liver,” duck ery-
throcytes?® and from chicken erythrocytes®™ can
convert 8-aminolevulinic acid to porphobilinogen. Tn
our laboratory we obtained a highly purified fraction
from duck blood Wwhich on incubation with §-amino-
levulinic acid-5-C** produced labeled porphobilin-
ogen. Since the porphobilinogen is presumably syn-
thesized from two mioles of §-aminolevulinic acid
(Fig. 8), its molar radioactivity should be twice that
of the §-aminolevulinic acid used as the substrate.
The molar radioactivities of the substrate, §-atninole-
vulinic acid, and of the product, porphobilinogen,
were found to be 242 X 10° cpm and 487 »¢ 108
cpm rtespectively. This hnding demonstrates experi-
inentally the utilization of two moles of J-~-aminolevu-
linic acid for porphobilinogen formation. Further
evidence that porphobilinogen is an intermediate in
protoporphyrin synthesis was abtained by incubating
equal volumes of the ccll-free extract of duck eryth-
tocytes with equimolar amounts of $-aminolevulinic
acid (0.018 mc/mM) and with the enzymatically
synthesized radioactive porphobilinogen (0.036 mc/
mM) and subsequently isolating the hemin and
determining its radioactivity, The radioactivities of
the hemin samples synthesized from &-aminolevulinic
acid,and from the porphobilinogen were 92 cpm and
85 cpm respectively, after a two-hour incubation,
and 350 and 336 cpm respectively after a fifteen-
hour incubation period.®® This latter result is in
agreement with the hndings of Falk, Dresel and
Rimington®®* and of Bogorad and Granick.*®

Although no evidence has yet Deen obtained con-
cerning the biological mechanism of conversion of
the monopyrrole to the tetrapyrrole structure, several
suggestions have been advanced.®3* We would ltke
to suggest still another possibility which may explain
the distribution of the e-carbon atom of glycine or
the 8-carbon atom of &-aminolevulinic acid in the
porphyrin molecule of the I and III series. This
mechanism is based on the synthetic mechanism of
dipyrrole and tetrapyrrole formation demonstrated
by Corwin and Andrews,® and by Andrews, Corwin
and Sharp.?®

Condensation of three moles of the precursor
pyrrole (porphobitinogen) or of a closely related
detivative, would lead to a tripyrrylmethane com-
pound, as schematically represented in Fig. 9. The
tripyrrylmethane then breaks down into a dipyrryl-
methane and a monopyrrole. The structure of the
dipyrrylmethane is dependent on the place of
splitting. An A split would give rise to dipyrryl-
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Radioactive Oxytetracycline (Terramycin’). I. Mode of
Synthesis and Properties of the Radioactive Compound

By J. F. Snell, R. L. Wagner, Jr.,, ond F. A. Hochstein, 1 USA

Synthesis of a radioactive broad spectrum anti-
biotic has not been previously reported. The present
paper describes the production of radioactive oxy-
tetracycline by fermentation of 5. rimosus in the
presence of (C!t-labelled materials, The isolation of
radicoxytetracycline is described, and position of
labelling and properties of the isolated product are
summarized.

Previously reported radioactive antibiotics include
penicillin and streptomyecin. Thus, Howeil & Thayer!
and Rowley et al?®* gsynthesized radiocactive peni-
cillin containing 53% as the label. These preparations
were obtained by drastically restricting the sulfur
source in the fermentation medium, and incorporating
high specific activity sodium sulfate, It was calculated
that about 5-20% of the suifur in the sulfate was
converted into penicillin. Although very low yields
of penicillin were obtained in the fermentation, the
specific activity was very high (0.06-0.18 micro-
curies/International Unit). Radioactive sulfur-35
labelied penicillin was also synthesized by Johnson
and Maass,® their products contained about 200 dis-
integrations/minute/microgram {dpm/ug).

Penicillins K, F and G have been shown to
incorporate radioactivity from methyl and carboxyl-
labelied acetate, formate, and carboxyl-labelled
lactate.® Radioactive penicillin G is now conimercially
available.

Streptomycin fabelled with C'* has been produced
in fermentations of S. griscus using radioactive
glucose as a precursor.’

This study indicated no entry of acetate carbon
into the streptomycin molecule.

METHODS

Fermentation Procedure

All radioactive fermentations were carried out in
50 ml Erlenmeyer flasks to the bottom center of
which an 8 mm (od) by 27 mm glass well was sealed.
The well served as an alkali reservoir, and was filled
with 400 microliters (pl) of 209% KOII solution. To
the annuius of the flask, 5~10 ml of fermentation
media were added. The flasks were sealed with com-
mercial tape, and autoglaved for 15 minutes at 15
pounds. After addition of KOH to the center well

Y*’ll:rademark, Chas. Phzer & Co., Inc, Brooklyn, New
ork.
1 Phizer Therapeutic Institute, Maywood, New Jersey,
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and inoculation with a spore suspension of S. rimosus,
by needie through the tape, the orifice was re-sealed
and the flasks placed on a rotary shaker for 96-120
hours at 27°C, Precursor was added by micro-pipette
aseptically.

Evaluation of Precursar Efficiency

Following 96-120 hours of fermentation, flasks
were removed, and the contents were aseptically
filtered. The broth, or an acid-butanol extract of
broth, was then chromatographed for oxytetracycline
separation in four solvent systems:

System T-1: n-butanol saturated with 2N HCI.
(R; 040.)

System T-2: Ethyl acetate, glacial acetic acid,
water (1:1:1). (J¢, 0.80.)

System T-3: Ethyl acetate, pyridine, and water
(1:1:1), {&; 0.55)

System T-4: Ethanol, butanol, water {I:1:1},
(R, 0.30.)

Whatman No. 1 strips, acid washed (2N HC1
or N acetic acid), were suspended in the above
systems. A 30 cm solvent rise was permitted. In
certain cases, chromatography was performed at 5°C.

Following chromatography, the solvent-free chrom-
atogram was wound on the aluminum cylinder, and
placed inside of a methane flow counter (Fig. 3
overleaf).

The operation and calibration of this device {which
was developed in cooperation with Pr. R. C,
Anderson of the Brookhaven National Laboratories)
for the scanning of paper chromatograms will be
described in detail elsewhere, The cylinder rotated
the paper strip slowly in front of a slit opening to
the sensitive counting volume, and the count obtained
wis recorded on an Esterline-Angus recorder. With
proper calibration, an accurate &, and a semi-quanti-
tative C'*-analysis were obtained on the separated
spots.® The scanned strip was then bioautographed
along with oxytetracycline standard strips apgainst
B. subiilis. Courrelation of the bioautogram activity
with the position of the radicactivity indicated the
position of the oxytctracycline spots. Bioassay of the
chromatographed material then aflowed the cal-
culation of an approximate specific activity for oxy-
tetracycline which was suitable for precursor
screening and for adjustment of optimum precursor
conditions.


















The Application of Radioactive Phosphorus in
Investigating the Processes of Phosphorylation

By S. E. Severin, USSR

The processes of metabolism, which lead to the
gencration of energy-rich (macroergic) phosphorus
compounds, are of great significance. Functioning of
organs and tissues, synthesis of albumen and nucleic
acids, forming of infermediate metabolic products
with special propertics, detoxication, synthesis, and
many other processes characteristic of the vital
activity of the organism can take place only when
living cells contain encrgy-rich compounds and, in
particular, adenosine triphosphoric acid {(ATE).
Adenosine triphosphoric acid is produced either
through anaerobic degradation of carbohydrates—
glycolysis, a process rather tueffective as far as
energy is concerned—or through the process of
respiration, since the phosphorylation is connected
with respiration.

The use of radioactive phosphorus, P*3, in the
investigations of glycolytic and respiratory phos-
" phorylation turned out to be of decisive importance.
This method made it possible to foliow all the move-
ments of the phosphorus residue as it is transfered
from one compound to another, split away from
organic compounds in the form of mineral phosphate,
and esterified again and returned into organic
compounds.

The main object of this report was to give some
examples of studies recently carried out in the
USSR, which show the effectiveness of the applica-
tion of radioactive phosphorus isotopes together with
conventional, analytical methods of research, in deter-
mining the peculiarities of phosphorus metabolism in
various cells, organs and tissnes both under normal
corditions and in certain pathological states,

RED CORPUSCLES OF BLOQD

Relatively weak respiration and intensive an-
aerobic, plycolytic degradation of carbohydrates
represent a characteristic property of erythrocytes of
many mammals.

Human ervthrocytes are gpractically devoid of
Tesptration. It is givcolysis that ensures the formation
of macroergic phosphorus compounds in red cor-
puscles lacking nuclei. The former are required to
preserve the structure of these cells, and, con-
sequently, to maintain them as oxygen carriers.

The process of carbohydrate utilization by erythro-
¢ytes has some peculiarities. The formation and high

Original language: Kussian.
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concentration of 2,3-diphosphoglyceric acid (2,3-
DPGA), a substance found in other cells and tissues
of the organism ooly in the form of traces, is one
of these peculiarities,

The research, conducted by G. E. Vladimirov,
I. I’. Ashmarin and A. P. Urinson,? who used radio-
active phosphorus, revealed that i 2,3-diphospho-
glyceric acid under defibrinated blood incubation
occurs an intensive metabolism of the phosphorus
residue,

The rate of this metabolism in erythrocytes of
different living beings varies greatly. The slowest
metabolism of this kind is found in the red blood
cells of swine {Fig. 1).

In human erythrocytes phosphorus of diphospho-
glyceric acid is renewed with rather great speed,
though much slower than phosphorus of adengsine
trophosphoric acid (Fig. 2).

The data ohtained show convincingly that diphos-
phogtyceric acid actively participates in phosphorus
metabolisin of erythrocytes. These results, however,
cannot lead at present to a final conchusion on the
mechanism of formation of this compound. Con-
siderably greater speed of renewal of the phosphate
residue in adenosine triphosphoric acid than that in
diphosphoglyceric acid confirmed the previously
stated opinion that the transfer of phosphate groups
from adenosine triphosphotie acid into diphospho-
glyceric acid takes place in human erythrocvtes and
their hemolysates. This problem was specially
mvestigated? with the use of adenosine triphosphorie
acid containing P*2. When the acid was added to
hemolysates of human erythrocytes, a substantial
amount of P% was found in diphosphoplyceric acid.
This indicates that adenosine triphosphoric acid can
transfer its labile phosphate groups to 2,3-diphos-
phoglyceric acid. Similar conclusions were reached
by Rapoport and Luebering.? These authors treated
the process of the farmation of 2,3-diphosphoglyceric
acid as the result of a two-phase reaction:

3-phosphoglyceric acid 4+ adenosine triphosphoric
acid = 1.3-diphosphoglyceric acid - adenosine

diphosphoric acid (ADP) (1)

1,3-diphosphoglyceric acid = 2,3-diphosphoglyceric

e stdnm  add ()

However, the pathways of formation of Z,3-diphos-

phoglvceric acid in erythrocytes, described above,
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nitrogen metabolism and so on. All these processes
and many other biochemical transformations can
occur only if the tissue of the liver possesses sufficient
amount of adenosine triphosphoric acid, and if the
formation of this acid through glycolytic and espe-
cially respiratory phosphorylation proceeds without
interruption. The uncoupling of oxidation from
phosphorylation underlies, apparently, many patho-
logical states, resulting from the metabolic dis-
turbance.

In the course of studies of the metabolism of
parenchymatous organs of guinea pigs under condi-
tions of experimental tuberculosis, a sharp increase
in the accumulation of “not fully oxidized"” products
was noted, though oxygen consumption by the tissues
was normal, if not even slightly higher than normal ®
It was also very characteristic that the oxidation of
pyruvic acid, which was added to a sample of minced
kiducy cortical Jayer was seriously disturbed. This

1. duliphasphaglyceric acid

- )

ATP
3 . phamphoglyceric acid
l 4 2, 3.diphosphoglycerlc #eid

2 - phasphoglyceric scid

Figure 3. Phospheglyceric acid transformation

could be considered as the result of qualitative
changes of oxidative processes, occurring under condi-
tions of experimental tuberculosis, which are conm-
nected with the disturbance of oxidative phos-
phorylation but do not afiect the amount of oxygen
consumed by the cells, Special experiments showed
that the Linding of mineral phosphate in the minced
liver of acimals affected by tuberculosis, under
incubation in oxygen was greatly decreased. Findings
favouring this point of view were obtained in experi-
ments in which the isotopic labeled phosphates were
administered to guinea pigs, infected by tuberculosis.

Radioactive phosphate was injected at different time
intervals, usually one or two months after the
infection, and in quantities corresponding to 3000-
3500 connts/gm of the animal’s weight. At different
time intervals (from @ hour to 72 hours)} after the
administration of radicactive phosphate the animals
were killed and their livers examined.

It was established that the correlation between
mineral phosphate and phosphorus of organic com-
pounds in the livers of infected and normal animals
differed radically. The livers of the tuberculosis-
infected animals contained almost twice as much
mineral phosphate and half as much organic phos-
phorus compounds, especially fractions of adenosine
triphosphoric acid, as those of healthy animals. These
correlations are shown on Fig. 4 The curves,
indicating time changes of specific activity of the
phosphorus fractions, tell of considerable disturbance
of metabolism (Fig. 5). These resuits apparently
can be explained by the relatively small amount of
acid soluble organic compounds in the liver of
tuberculosis-infected guinea pigs, by relatively quick
incorporation of radioactive phosphate into these
compounds, and by sharply slackened further trans-
formation, in particnlar, due to a low activity of
phosphates,

Thus, the increase of the amount of mineral phos-
phate and a considerable decrease of acid sotuble
organic phosphorus compounds, especially adenosine
triphosphoric acid, are considcred as characteristic
changes in the composition of the liver under condi-
tions of experimental tuberculosis. These changes
way be estimated as the result of, firstly, impaired
oxidative and anaerobic phosphorylation, and,
secondly, sharply reduced activities of phosphates,
unable io ensure a normal pathway of further con-
version of carbohydrate phosphoric esters, typical for
the liver tissuc.

In cases of intensively developed tuberculosis,
morphological changes of the Jiver were also
observed, Such morphological changes alone do not
necessarily bring about the disturbance of meta-
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must throw more light on the peculiarities of
metabolism in the heart muscle (respiration, phos-
phorylation quotient) while the accelerator nerve is
stimulated.

The work must be carried out under the normal
conditions of biochemical experimenis and it must
supply the material lacking before a complete analysis
of the phenomena described is possible,

Only the combining of conventional methods of
biochemical research, employed for the determination
of metabolic peculiarities, with methods based on the
application of radiocactive and heavy isotopes, can
ensure friitful solution of the prablems pertaining to

dynamic and functional biochemistry in normal and
pathological conditions,
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Table I. Uptake of Manganese-56 by Verious Organs,
Expressed As 90 of Dose per gm Tissue

Fijteen wmtinuter after One hour after

nlection injection
Standard Btandard
Organ Mean o devialion Meen 5 deviatlion
Liver 4052 1.6691 059 0.708
Pancreas 3.300 0.6135 2.701 1.109
Kidney 1231 0.2314 1432 0.329
Thyroid 0.386 0.1711 0.308 0.138
Dloodt 0.0578 0.01918 0.,0278 0.0103
Heart 0412 0.1i66 0.495 0.1466
Muscle (0.062 0.0286 0.065 0.01709
Bonc* 0.153 0.0338 0,222 0.0539
Brain Stem* 00325 0.00922 0.0457 0.00447
Brain Hemis*  0.028 0.00625 0037 0.00281

* Difference between means is staristically significant

within 5% confidence limits. . o .
} Difference between mcans is statistically significant within
195 confidence limits,

mitochondria.®" In order to establish whether these
bodies were responsible for cach organ’s uptake of
manganese, their in wive enrichment by the isotope
was studied.

Partition of Mn"® among Cell Organeifes

Six rats, similar to the ones used previously, were
injected with the same dosage of Mn®? and sacrificed
30 minutes later, Weighed portions of the livers were
homogenized in cold 0.25 & sucrose and subjected
to differential centrifugation.® Radioactivity was
determined on samples of the homogenates, and of
the “nuclear”, mitochondrial, microsomal and super-
natant fractions. MNitrogen was determined by a
micro-kjeldah! procedure® to estimate the amount
of tissue in each fraction.

The effect of repeatedly washing the particulate
material (which was a necessary step in these experi-
ments) was iested first: the liver homogenate of an
injected animal was centrifuged at 80,000 g for
45 minutes an¢d the supernatant was removed. The
sediment was resuspended and recentrifuged. The
supernatant solutions from repeated washings showed
that an ever-increasing amount of mangancse was
removed (in excess of the extracted protein) by each
successive wash. If the Mn": N ratio was 1.00 for
the initial supernatant liquid, the succeeding washes
gave 349, 3.79, 9.70, 7.12 and 11.51. This showed
that our fractionation experiments were to yield
minimal values for the organclies and maximal for
the supermatant fractions. Conversely it was shown
by appropriate incubation, that passive adsorption of
Mn® on nonmetabolizing liver mitochondria in vitre
was negligible.

These eontrol experiments made for considerable
confidence in the data summarized in Table ILY On
the basis of nitrogen content, the mitochondria con-
tained almost twice the concentration of radio-
manganese as compared to whole liver. Two thirds
of the total radicactivity of the liver was found in

+ Data in Fig. 1 and in Tables I and IT have been accepted
for publication by the Journal of Biological Chemistry.

Table li. Uptake of Manganese-56 by the Intracellular
Components of the Froctionated Rat Liver Cell, One
Half Hour after Injection

. Uplake of fractions per
Uptake by frictions s micromoleé of Haaue N;
t of who?e'h‘uer erpressed ag whole Hver

nyfake activily = 1.0001
i} Stendard Mean Biandard
Fraclion Mean G deviation activily dewation
Nuclei 1643 357 0.949 0.164
Mitochandria 41.25 15.02 1.965 0.564
Microsomes 15.03 2.39 0.708 0.138
Supernatant 28.92 6.35 {543 0.155

Mean liver uptake ome balf hour after injection = 3.237%
of injected dose per gram liver—standard deviation == 1141

Mean total liver wuptake one half hour after injection
= 28.102% of injected dose standard deviation = 3.523.

Mean blood upiake eme half hour after injection = 0.041%
of Ginajﬁcsted dose per gram blood—standard deviation
* F oratio = 1049; d* = 3, &2 = 20. 1% value is 494
TF ratto = 2024; 4! = 3, €2 = A} 1% value 1s 4.94.

the isolated mitochondria. All other fractions showed
iower concentrations than the unfractionated homeo-
genate. This intracellular distribution remained un-
affected when rats were sacrificed 6 or 120 mimites
after injection, although the total liver content of
manganese was altered,

Means of Altering Mn® Partition in she Body

In these preliminary experiments on mice, the
possibility of increasing or decreasing at will the
isotope uptake by the liver was explored. Prior to
injection, Mn% was made up to 4 >} 10-3) by
addition of 1 X 10-2M solution of various agents,
known to possess variable chelating strength towards
this metal.®® The bile solution was a 1: 500 dilution
of dog bile. After bringing them to neutral pH, 50 pc
in 0.5 ml of the solutions were injected intraperi-
toncally into mice weighing about 30 gm. Thirty
minutes later the animals were exsanguinated and
weighed samples of bleod and liver were obtained
and analyzed for radicactivity as outlined above, The
percentage of the total dosc taken up per gram of
these tissues was calculated. The lipands used to
chelate the manganese are shown in Table III in the,
order of increasing chelating power. The use of the
strongest chelating agent, versene, resulted in high
accumulation of manganese w the Mood and low
uptake by the liver, Conversely, the weaker ligands
in this series favored accumulation of the metal in
the liver. A measure of the total shift ity distribution
is given by the ratio of the radioactivity of the liver
to that of the Llood,

DISCUSSION

Toxic effects of manganese, as well as saturation
of the metal’s transport mechanism, were avaided in
these experiments by means of keeping the adminis-
tered dose within an estimated 5% of the animals’
daily dietary intake.

Examination of the disappearance rate of Mn3®
from the blood shows that the curves {Fig. 1) can







The Incorporation of S35 in the Form of Sodium Sulfate

in Various Animal Tissues

By Constantine Nufiez and Roberto E. Mancini,* Argentina

The incorperation of 5% in animal tissue has been
related by autoradiographic methiods to the existence
of certain substances in cartillage, connective tissue
and mucous epithelia,** However the low micro-
scopic resolution of the methods in common use
made it impossible to establish precise correlations
between the localization of this radioisotope and the
cellular and intercellular structures of the tissues
just mentioned. To his extent, the Pelc® method
(stripping filn) amply satisfies the requirements of
a truly cytological method. In addition, there has
been insufficient clarification of the part which the
cells might play in the mechanism of incorporation,
particularly in the case of connective tissue. This is
why, in this preliminary work, we have pursucd the
following objectives:

(a} A study of the incorporation of 5%, by means

of the method mentioned, on a variety of connective
" tissues, mucous epithclia and other parenchymatous
tissues.

(b) A study of the mechanism of this incor-
poration with special reference to the cells, by
investigating developing embryonic tissue and cul-
tures of animal cells,

{¢) An attempt at clarifying, particularly in the
case of connective tissue, the problen:, currently
under discussion, of the role of the fbroblasts in the
production of some interceflulary substances.

MATERIALS AND METHODS

Use was made of three series of aduit rats of the
C57 B. L. strain, weighing approximately 270 grams
each, of both sexes, Each series was made up of four
animals. In addition, 8-day chick embryos also were
used. Tissue cultures were on 8 and 10-day chick
embryo heart transplants by the hanging drop
methad. The culture medium was made up of dilute
horse serum, and chick emhryo extract. Culture
times were 24 to 72 hours.

5% in the {orm of sedium sulfate was administered
or added:

{a) In the case of the rats, by the intraperitoneal
route, 450 pc per animal, diluted in 1 an® of nermal
saline. The animals were sacrificed 3, 6, 12, 24, 48
and 72 hours, respectively, after administration. The
following organs then were taken out: brain, eyes,

Original language: Spanish.
* Comisién Narcional de la Energia Atdmica.

47

trachea and thyroid, ears, liver, spleen, kidney, small
intestine, testicles, ovaries, uterus, tubes, stomach,
muscles and tendons, sternum, heart and adjacent
vascular system, skin of the back and pancreas. These
organs were fixed in Bouin's fluid, embedded in
parafhn, and sliced in sections 4 to 6 microns thick.

(b} In the case of the chick embryos, by chorio-
allantoid injection of 100 pc of 5% diluted in 0.5
cm? of normal saline, They were sacrificed after
24 hours. Ifach embryo was fixed in Bouin’s fluid,
and cut into various pieces, going through regions of
the head, trunk and limbs. The pieces were emnbedded
in paraffin, and sectioned to a thickness of 3 to §
nLicrons.

(r) In the case of the fibroblast cultures varying
doses of 5% were added to the culture medium, from
4 to 30 pc per culture. These doses were added after
24 hours of incubation tn ztfro. After 3, 6, 12, 24,
43 and 72 hours, the cultures were fixed in Bouin's
fluid, hvdrated with alcohol and water, and thus pre-
pared for subsequent autoradiegraphic treatment,
which was carried out with the whole culture.

In every case, the autoradipgraphs were prepared
by the “siripping film™ technique of Pele.? Exposure
times were approximately 40 days, at the end of
which thcy were developed and fixed according to
the same technique. In some cases, the background
was stained with Harris hematoxylin, and in other
cases the observation was carried out, without
staining, under phase contrast and ordinary micro-
SCopy.

RESULTS

A description is presented of the results achieved
with the wvarious materials used, allowing for
variations in 5% incorporation over the various time
periods used.

Rats
Brain

In the three hour preparations, no positive auto-
radiograph was obtained with any of the structures
tried (meninges, white matter and nervous ceils),
After 6 hours, there was only a slight incorporation
in the connective tissue of the arachnoid. At the end
of 34 hours, there was a slight incorporation i the
white matter, and the localization in the meninges
persisted without any changes. After 57 hours, the
former pictures stood unchanged.



448 VOL. Xl P/1031

ARGENTIMA

C. NUNEZ and R. E. MANCING

Eye

In the cornea, incorporation took place selectively
in the stroma, and it persisted with the saine mtensity
from 3 hours after the beginning to the end of the
experiment. No appreciable autoradicgraphy of the
corneal epithelium (Fig, 21). In the connective tissue
of the sclerotic, the findings are similar, with an
intensification of the ratc of incorporation of 5% at
the limbus corneae. In the lens, the fixation is slight
and uniform throughout, persisting without any
change throughout the experiment. In the retima,
the same finding applies to all layers. In the vitreous
Thumor, there is diffuse and moderate incorporation,
particularly in the preretinal spaces (Fig. 22).

Trachea

In the stratified epithelium, moderate incorporation
1s noted after 3 hours, specifically in the ciliated part
(Fig. 1). The heaviest eoncentration is noted in the
secretory cells, After 6 hours, there is a substantial
reduction in the autoradiographs observed in those
structures, which disappear after 12 hours. In the
sub-epithelial connective tissue, after 3 hours, there
was diffuse and moderate incorporation, which per-
sisted until the end of the experiment. On the other
hand, the epithelium of the mucous secretory acini,
revealed intense fixation which persisted up to 57
hours (Figs. 1 and 3). Fixation was most intense in
the cytoplasm of the mastocytes present in that struc-
ture (Figs. 4 and 5). In the fumen of the tracheal
duct, a slight autoradiograph shows up, between 48
and 57 hours, at the level of the epithelial secretion
products (Fig. 2). The hyaline cartilage rings show,
after 3 hours, a picture of intra-and periceliufar incor-
poration, which is very intense, with the latter loca-
lized in the chondrocyte capsules (Fig, 6). In addi-
tion, there is a moderate load in the intercellular
matrix. From & hours on, until 57 hours, cellular
incorporation persists and, at the same time, there is
an intensification at the level of the intercetlular
matrix {(Tig. 8). The deep layers of the perichon-
drium reveal moderate ahsorption by the fibroblasts,
particularly after 12 hours (Fig. 7).

The intercartilagenous mnuscle showed a slight
degree of incorporation from the very first hours of
the experiment.

Ears

In the cutancous epithclium, there was some slight
incorporation which persisted, unchanged, until the
end of the experiment. There was moderate and
diffuse fixation in the connective tissue layers over
the whole length of the middle and superfcial corium.
This was intensified from the very first hours and
persistex], unchanged, until 57 hours liad elapsed, at
the level of the conncctive tissue of the outer root
sheath of the hair follicles {Fig. 23) and of the peri-
vascular mastocytes of that regioh, At the level of
the narrow band of elastic cartilage, findings were
similar, as to the intensity and timing of incorpeora-
tion, to thosc observed for the hyaline cartilage of the
trachea.

Skin of the Back

Bath in the epithelium and the connective tissue
and its annexes, the autoradiograph showed no major
differences from those found in the skin of the ear.

Liver

There is some slight incorporation by liver cells,
which persists, unchanged, for the duration of the
experiment. The intertrabecular stroma, the walls of
vessels and bile ducts show moderate incorporation
from the first hours, which remains unchanged.

Spleen

There is no perceptibie autoradiograph of the cells
of the lymphatic follictes. The same applies to the
cells of the red pulp. On the other hand there is a
moderate degree of fixation by the connective tissue
of the vessel walls and the capsule, which persists
throughout the experiment. '

After 3 hours, there is a slight and uniformly dis-
tributed incorporation in the cells of the follicles and
the red pulp, which is stronger at the level of the
capsule and of the connective walls. Starting after 6
hours, there is inoderate intensification of this incor-
poration, particularly in the trabeculae and the vessel
walls, which persists, unchanged, until the end of
the experiment.

Kidney

Three hours after the beginning of the experiment,
there is very slight incorporation by the cells of the
renal tubules, which persists until 6 hours, After 12
hours, there is intensified incorporation, particularly
in the proximal and distal convoluted tubules. The
results are negative for the glomeruli. After 57 hours,
the autoradiograph is much weaker and shows a ten-
dency to disappear. In the intertuhular stroma, parti-
cularly after 6 hours, there is some slight localization,
which is a Hittle more intense at the level of the inter-
tubular couticctive tissuc of the medullarv zone. This
is markedly appreciable in the sub-epithelial con-
nective tissue of the renal papiilae and persists, un-
changed, until the end of the experiment {Ifig. 20).
A moderate load also was observed in the middle and
adventitious layers of the capsules and walls of the
blood vessels, after a six-hour period. No perceptible
autoradiograph was observed at the level of the lining
cclls of the renal tubules.

Stomach

After 3 hours, there is very active incorporation
by the cells of the neck of the fundic and pyloric
glands (Figs. 34, 25 and 26), This picture is main-
tained until 48 hours have elapsed irom the injection
and, in addition, a positive autoradiograph appears,
of a band which covers the surface of the mucous
epithelium. Beginning 48 hours after injection, there
is a reduction on the fixation of S* by the structures
mentioned. In addition there is moderate incorpora-
tion in the connective stroma of the mucosa, sub-
mucosa and serosa, which becomes marked starting
6 hours after injection, and then persists, unchanged,
until the end of the experiment.
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Small Intestine

533 js incorporated at the level of the goblet cells,
in a cvcle very similar to that of the gastric glands,
In addition, there was moderate incorporation at the
level of the epithelium of the villi, which disappeared
after 24 hours. In various areas of the sections which
were examined, it was possible to see a few intra-
and extracellular localizations of 5% in the poblet
cells, which seemed to represent various secretory
phases of the mucin of thesc cells, loward the lumen
of the intestine {Figs. 27, 28, 29, 30, 31, 32). The
connective tissue of the stroma of this organ shows
localization pictures siimilar to those seen in the
stomach,

Pancreas

A positive autoradiograph, of slight intensity,
uniformly distributed all over the parenchyma, and
somiewhat more intense in the islands of Langerhans
than elsewhere, also was observed. The incorporation
of 5% was more marked in the connective tissue of
the capsule and the walls which separate the tobuli
as well as in the walls of the vessels of medium and
small diameter. This picture, particularly in evidence
after 6 hours, was not appreciably modified untit 57
hours had elapsed.

Thymus

At the level of the lymphatic parenchyma and that
of the stroma, the fixation pictures for $%, were
" similar 1o those seen in the spleen.

Testicle

From three hours on, there is a positive weak auto-
radiograph in the germ epithelium and interstitial
cells, persisting without change until 57 hours, On
the other hand, from the very start, the incorporation
of $* by the connective tissue of the albuginea and
of the interccllulary stroma was more intense, in-
creasing progressively until 24 hours, at which point
it continues unchanged, particularly at the level of
the first of the forinations named, until the end of
the experiment.

Tendon and Striated Muscles

After 3 hours no autoradiograph of the muscle
cells could be observed. On the other hand, slight
and diffuse incorporation of 5% was noted in the
fasciculated parts of the tendons. These pictures be-
came sharper after 6 hours, and particularly marked
until 24 hours, at the level of the tendon. In the
muscle, a very slight autoradiograph appeared, at
some time between the twelith and twenty-fourth
hours. Both pictures, in these structures, persisted
from that maoiment on, without any changes, unti
the end of the experiment (Fig. 33).

Heart Muscle

Between 3 and 6 hours, no autoradingraph of the
muscle cells was in evidence. From 24 1o 57 hours

there appeared very slight and uniform incorporation
on the whole surface of this structure (Fig. 13).

Aortic and Pulmonary Artesy Walls

From 3 hours on, there was moderate incorpora-
tion of §% throughout the thickness of the vascular
wall, mostly in the media. From 12 to 24 hours there
was an jncrease in this incorporation, which per-
sisted, unchanged, until 57 hours had elapsed
(Figs. 12, 13, 14).

Atrioventricular Valves

There was moderately intense incorporation from
the very first hour in the stroma of the valves and
their annuli, This picture persisted, unchanged, until
57 hours had elapsed (Figs. 15, 16, 17).

Auricles

The incorporation picture, in the stroma of these
structures is very similar to that observed in the
atrioventricular valves. The zone of delimitation be-
tween the comiective stroma of these structures, and
the adjacent cardiac muscle, in the zone of their
implantation, (Figs. 18 and 19), showed up quite
visibly.

Sternum

The zome of ossification of this structure was
studied with particular attention. From the very first
hours, there was moderate incorporation of S by
the cells and the capsule of the elastic cartilage. Tucor-
poration was slight in the intercellular matrix
(Fig. 10). Starting from that time and until 57 hours
have elapsed, there is iniensification of both pictures,
particularly at the level of the intercellular matrix, in
which the accumulation increases progressively
(Fig. 11). In the area of the mctaphysis, the most
marked degree of incorporation takes place at the
level of the seriate cartitage (Fig. 9). Localization
is notable in the celis and the capsule of that struc-
ture, A less intense autoradiograph was observed in
hyperirophic cartilage and the trabeculae of osteoid
cartilage, In the medullary cavity, some foci of cellu-
lar conglomerates also show moderate captation of
§33, These pictures persisted without any major
modifications until 57 hours. '
Ovary

The observation carried out only at the end of 24
hours showed a moderate load of S35 at the level of
the cells of the granutosa. Similarly, in follicles which
are developing, with the formation of intercelluiar
Koll-Exner vacuoles, there is a slightly moderately
intense accumulation of $*. No aotoradiograph is
obtained at the level of the ovum or peliucida. Con-
versely, there was moderatc fixation in the connective
sheath of the ova and the media of the vessels of the
hilum, {Figs. 36 and 37). At the level of the cells
of the corpora Iutea in the process of formation, incor-
poration is of slight intensity. ;
Uterus

A load of moderate intensity was localized at the
margin of the epithelium of this organ. There was
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incorporation in the secretory cells would take placc
in an average time of 48 hours, since the autoradio-
graphs werc intracellular during this time, and pro-
gressively extracellular toward the end of it, in addi-
tion to which the secretion products—which are
already extracellular—were the only ones showing
clear autoradiographs. In this respect, our resully
coincide with those published before by other authors?
who, using autoradiographic methods with 5%,
reached the same conclusion. On the other hand, in
the varieties of the connective tissue already men-
tioned, we observed progressive incorporation from
the first to the twenty-fourth hour, from which time
on it remained in the tissues without any major
alterations until the end of the experiments. In this
sense, the observations of other authors® showed that
the presence of 8% in Rbrous varicties of connective
tissue, and in cartilage, persisted for somie 10 days.

Qur observations have enabled us, in addition, and
in this they are different from those made by other
authors, to note a participation of the cells in the
incorporation of this radicisotope in connective tis-
sue, Thus, in hyaline or elastic cartilage, incorpora-
tion was predominantly by the chondrocytes in the
first hours, thercafter to be followed by autoradio-
graphic images in the pericellular zones and in the
intracellular matrix, However, the [act was not so
plaini in the case of the other varieties of connective
tissue we analyzed, in which the eellolar incorpora-
tion phases were more difficult to interpret, since we
observed, on the contrary, what was more like a
uniform distribution over the whole extent of these
structures. However, it slhiould be stressed that, in
some cases, ceflular accumulation was evident, as in
the case, for instance of the sub-epithelial stroma of
some organs {uterus, renal calyx, tracheal chorion).
All this would seem to show that, similarly to what
happens in the muciparous epithelia, the metabolisim
of 5% by connective tissue would also include a eeliu-
lar stage before appearing in the intercellular sub-
stance, At any rate, and on the whole, this metabo-
lism would take place at a slow rate, and consume
much more time than what happens in the mucous
epithelia. On the other bhand, other authors® have
made the same cobservation with respect to hyaline
cartilage and using the same autoradiographic tech-
nique.

In corroboration of the ceilular participation al-
ready mentioned, our observations, particularly in
cultures of fibrohlasts and of the chick embryo mesen-
chyme, show very active ineorporation by the histio-
cytes and immature fibroblasts. This would indicate
that, in this first stage of the production and structu-
ral formation of the intercellular sobstances of the
connective tissue, the function of these cells, with
respect to the metabolism of 3%, would be of funda-
mental importance, On the other hand, in the varie-
ties of connective tisswe already mentioned which
have reached maturity and thus their final form, the
role of the fibroblasts, under norma! eonditicns, wouald
be much smaller. This shows the important contri-

bution of the autoradiographic methods to the clarif-
cation of the problem of the origin of some of the
substances which make up connective tissue,

As regards the nature of the substance which ac-
counts for the incorporation of 5™, earlier work®®
has shown that the acid and sulfur bearing polysac-
charides, of the chondroitin sulfuric acid type, play
an important part in its mechanism. This has been
checked by the extraction of this sulfur bearing radi-
cal with bartum salts. However, there are other sub-
stances which can fix 3% although much less inten-
sely, such as methionine, cystine, glutathione and the
sulfur bearing lipids.'® Our resnlts confirm that the
epithelial mucins of the mucoitin sulfuric acid present
in the goblet cells and mucoss glands take an active
part in the incorporation of inorganic suifur. In the
connective tissue, the fact already is recogmnized that
a mucopolysaccharide of the chondroitin suliuric acid
type contains the so-called interhbrillar “amorphous
substance."t*1? In this sense our observations on
dense varieties of connective tissue show uniform in-
corporation of 5% Dby that intercellular substance.
However, no accurate localization between the fibers
proved possible in this kind of connective tissue. This
would indicate, either an artefact in the histwlogical
technique that preserves the specific location of this
substance or that the substance could be found not
only between the fibres but also around them. In
this respect, when working on such varieties of fibrous
connective tissue, the histochemical techniques used
with the mucopolysaccharides also showed that there
was a positive inter-and perifibrillar action. The
situation is diffcrent where this inucopolysaccharide
is predominant in its interfibriflar location. Such is
the case of the wall of the aorta, in which the amuor-
phous substance appears between the elastic and mus-
cular fihres of the media, in which 5% autoradio-
graphs also show interfibriilary distribution. The fact
that the same situation is nhserved with respect to
the stroma of the atrioveniricular valves and the
auricles supporis this interpretation.

The Anding of diffuse incorporation of 5* at the
level of the amorphous mass of the vitreous humor
also is of great interest. In this case, the chemieal
dosages have not shown the existence of any sulfur
bearing polysaccharices, but that of hyaluronic acid,
which, in this structure, does not contain any sulfuric
radicals,1?

The postulate of some authors® to the effect that
some basal membranes might incorporate 54 due to
the existence of some polysaccharides has not been
confirmed in our studies, since the analysis of the
basal membrauces of the renal tubules, of skin, the
testicles and other parenchymatous tissues {ailed to
show any perceptible autoradiograph. It should be
remembered, in this sense, that the chemical and
histoehemical techniques applied to this structure
until now only show the presence of non-sulfur
Learing, protein bound, acid polysaccharides.!* Final-
ly, one should not forget the slight incorporation of
535 in some parenchymatous tissues, such as the liver,






























Comparative Study of Incorporation of 535 by Tissues of
Adult Rats, Both as Sodium Sulfate and as DL-Methionine

By Constantino Nunez and Roberto E. Mancini,* Argentina

The preceding paper® dealt with the incorporation
of inorganic S% by several tissues. Very active
fixation by several varieties of connective and
cartilaginous tissue was mnoted, as against Tight
incorporation by parenchymas in general. This
project was undertaken in order to draw a com-
parison between the results obtained by autoradio-
graphic methods, using an S%¥ labeled essential
amino acid, such as methionine, for the purpose of
determining whether these tissues would metabolize
the compound as inorganic 5%, or as the amino acid
methionine, For this purpose, the first part of the
present work will study the incorporation of S%
methionine in various organs and the second part
will compare the results with those previously
obtained with $3%%

MATERIALS ANMD METHODS

Four male adult rats of the C57B1 strain, weighing
‘about 250 gm, were used. They all received 250 pc
of S%-tapped DL-methionine in 1 en® normal
saline. They were killed with illuminating gas after
24, 48 and 72 hours. The following organs were
immediately dissceted: trachea, heart and vascular
pedicle, sternum, tendons and muscles, spleen, liver,
small intestine, kidney, ureter, skin, esophagus,
testicle, eve, brain and pancreas. These organs were
fixed in Bouin’s [luid, embedded in parafhn and cut
in sections, 3-5 microns thick. The sections were
then hydrated and mounted, and the Pelc? stripping-
film autvradiographic method was used, developing
after an exposure of 45 days. Observations were
made wusing conventional and phase microscopy,
Some samples were stamned with Harris hematoxylin,
The results were compared with those obtained from
lots of animals treated with S% tagged sodium
sulfate and described in a parailel paper.!

RESULTS

The results obtained in each of the organs were
as follows:
Trachea

Strong incorporation in the epithelial cells was
observed after 24 hours. The conimwin gave a very
sheght autoradiograph, as did the cartilaginous

* Comision Nacional de ta Energia Atomica.
Original language: Spanish.
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tissue, The secretory acini of the coriumm mucosae
indicated moderate fixation. The peri-and intercartila-
ginous hands of the muscle cells showed intense
incorporation over their whole length. There was
no major modification of these results during the
72-hour experimental period. There was a similarly
moderate incorporation in the muscular layers of
the medium-sized vessels.

Heart

There was diffuse and moderate incorporation
throughout the cytoplasm of the muscle cels,
beginning 24 hours after injection, which persisted,
without alteration, until the end of the experiment.
The autoradiograph was negative in the connective
tissue of the stroma and serosae.

Aocrig

Light incorporation was observed in the media
of this vessel, corresponding to the muscle cells.
No autoradiograph was given by the interstices of
the media, the intima or the adventitia. This picture
did not change apprcciably up to the end of the
experiment (72 hours),

Sternurm

Except for very slight incorporation in the cartila-
ginous cells, the perichondrium, and neighboring
connective tissiie, there was no demonstrable auto-
radiograph during the whole course of the experi-
ment,

Tendons and Muscles

There was moderate incorporation in the cytoplasm
and muscular cells, while 5% fixation by the inter-
fascicular connective and tendinous fasciculi was
very stipht (Fig. 9). This picture remained the same
for the duration of the experiment,

Spleen

The autoradiographs showed slight ineorporation
in the cytoplasm of the cells belonging to the lym-
phoid Jine, as well as in some histiocytes. On the
other hand, the autoradiographs of the capsular
connective tissue and stroma were practically nega-
tive. As was indicated above, the picture showed no
change in the 24 hour to 72 hour period.

Liver
Starting at the 24th hour, there was moderate
incorporation, increasing progressively, although not
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formation, since it is impossible in the experiments
described here to De certain that the I**' had the
same specific activity in both of these compounds.

The failurc of animals such as the Western White
Face sheep and the dairy calf to show any appreci-
able amount of I'™i-thyroxine in the thyroid vein
evenn 24 hours after I'¥! administration was most
surprising. In the case of the sheep, this slow release
of ['*-thyroxine into the circulation was coupled
with a fairly rapid uptake of I'¥! by the thyreid
gland. Chromatographic analysis of the gland at the
24-hour interval revealed that practically all the 133
was organically bound, and that an appreciable, but
low, fraction (2-3 per cent) of the total I*3 was in
the form of thyroxine. This interesting observation
raises the question whether 1'$! uptake by the thyr-
oid gland is truly an index of thyroid function, since
mere uptake of 1'*! is not necessarily a reflection of
the rate of thyroxine secretion into the circulation,

The most consistent finding in all the experiments
reported here was the absence of I'®'-ipdotyrosines
from the thyroid vein of all animals (except one
thyrotropin-treated sheep). Even at a time when the
thyroid gland contained 75 per cent or mwore of its
1181 in the form of iodotryrosines, no more than a
trace of these compounds normally appeared in the
thyroid vein. It may be concluded, therefore, that
iodotyrosines do not normally leave the thyroid
gland as such. Deiodination probably plays an im-
portant role in the fate of these compounds in the
thyroid gland, as previously suggested by Roche and
Michel,

SUMMARY

I. An investigation was made of the nature of the
I'™ compounds appearing in the thyroid vein of
10 sheep, one horse, and one dairy calf that had been
injected with large doses of 13!, Thyroid venous
plasma, carotid arterial plasma, and thyroid tissue,
obtained simultaneously, were examined by filter
paper chromatography. To detect weak I'3!-contain-
ing components in plasma such as triiodothyronine
and iodotyrosines, concentrated butanol extracts of
plasma were fArst prepared before chromatography.
Whole plasma was always chromatographed for
COmparison.

2. I'3ithyroxine was generally present in higher
concentration in the thyroid vein than in the carotid
artery. [odide-I'*!, on the other hand, was almost
always more concentrated in the artery than in the
vein, indicating active uptake of 113! by the thyroid.

3. I'¥-tritodothyronine was not detectable in the
peripheral circulation even when concentrated bu-
tanol extracts of plasma were chromatographed. In

the vein, on the other hand, I'3-triiodothyronine
appeared to be present to the extent of 10 to 20 per
cent of the T'*!-thyroxine. Similar values were ob-
tained for the ratio of the two compounds in the
thyroid gland.

4. I*3lthyroxine was not detected in the thyroid
vein of all the animals examined. Ore entire group
of sheep failed to show any appreciable 1'*!-thyroxine
in the thyroid vein until 48 hours after I**! injection,
despite the fact that I'®!-thyroxine was present in
significant amounts in the thyroid gland as early as
3 hours after the injection, and notwithstanding the
finding that the uptake of I'® and its conversion to
iodotyrosines were well within the normal range.

5. No I'¥_thyroxine was detected in the thyroid
vein of the calf 20 hours after I'*! injection. Ower
70 per cent of the I'3! in this case was in the form
of a component which remained at the origin of the
chromatogram, characteristic of I¥l-thyroglobulin
or other I'¥l-proteins. A component with similar
mobility was found in the thyroid vein of one normal
sheep and one sheep treated with thyrotropin,

6. A consistent finding throughout this investiga-
tion was the almost complete absence of I'*-iodoty-
rosines from the thyroid vein, even at times when
the thyroid gland itself contained 75 per cent or more
of its I' in this form. Mono- and diiedotyrosine
do not leave the thyroid gland as such, sugpgesting
that ceiodination is an important metabolic fate for

" these compounds.
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(a) Preparatory operations are simple.

(t) The Ilford G5 emulsion requires only brief
exposure, thus making a rapid evaluation of the
resuits possible.

(r)} It is an ideal inethod for obtaining prelim-
inary screening data, when final operations are more
elaborate and require much longer exposure.

{(d) A dark orange filter affords good visibility
without interfering with the emulsion, and facilitates
operations in the dark room.

The process has the following disadvantages:

(z) An accurate quantilative evaluation is rnade
difficult by the unevenness of the spreaded emulsion,

(&) Artifacts may be produced.

(¢) A lower resolving power is obtained than
with the Pelc stripping film, due to the siz¢ of grain
of the emulsion.

The listed advantages and disadvantages make
this process suitable for obtaining screening or

preliminary data before engaging in processes such
as Pelc’s, which are basic in autoradiography.
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The Utilization of the Sulfites by the Higher Animals

By P. Fromageot and F. Chapeville,* France

Many papers have been published on the utiliza-
tion of sulfur by the higher animals, in its oxidized
and mineral form for the synthesis of cystine.
Neither Tarver and Schmidt? nor Bostrom and
Aqvist,? could find clear proof of incorporation, in
liver cystine, of the radioactivity of the sulfate used.
On the contrary, Dziewiatkowski® observed, in
young rats, a marked degree of incorporation of the
radioactive sulfur from the tagged sulfate, without
using any carrier. After injection to chickens,
Machiin* reached the same conclusion. The resuits
of the work of Dziewiatkowski® and those of the
authors just mentioned are not contradictory, since
the experimentat conditions chosen by Dziewiatkow-
ski were much more favorable for the visualization
of a phenomenon which remains discrete. One may
wonder, on the one hanel, whether the bacterial flora
of the digestive tract may not he made responsible
for this transformation of the sulfate into a reduced
organic compound, as is manifest from the work of
Block? on the cudchewing animals; on the other
hand, one may also wonder whether it is not the
sulfur as a sulfite, rather than as a sulfate, which
may be incorporated. We showed, in vitro, that the
acetonic powder of rabbit kidney could utilize radio-
active sulfur as a sulfite to form cysteine sulfinic
acid.® The latter may lLe the product, either of the
reverse reaction to that which leads to pyruvic acid
and SO0s, or of a very different set of reactions, end-
ing up in the production of cystine, from which it is
known that cysteine sulfinic acid can readily be
produced,? or, finally, from an exchange hetween the
sulfite molecule and the sulfinyl group of cysteine
sulfinic acid.?

In the present work we compared, in the rabbit,
the incorporation of radicactive sulfate and sulfite in
cysteine sulfinic acid, taurine and cystine. The
animals were eviscerated or sterilized, in order to
rule out any and all interference from the digestive
tract bacterin. We also looked into the possibility of
an exchange between the tagged sulfite and the
sulfinyl group of cysteine sulfinic acid in the rabbit.
We came to the conclusion that there was no clear-
cut exchange, that the sulfite, but not the sulfate, is
used for the synthesis of cysteine sulfinic acid, by a
reaction which is the reverse of desulfinication, and
that cystine is derived from cysteine sulfinic acid by
reduction,

Original language: French.
* Diological Department of the CE.A.
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EXPERIMENTAL PART

The sulfite used comcs either from Harwell or the
radioelement department of the C.E.A. at Chatillon,
where 1t is obtained by a reduction of a sulfate by
red phosphorus. The radioactivity of the sulfite, as
well as that of the sulfate, is so adjusted as to give
1.3 inc /400 g of the crystallized product.

In order to rule out any influence from the bac-
terial fora of the intestine, the animals are either
eviscerated or sterilized.

Preparation of the Animal by Sterilization

Three animals were treated as follows:; a male
rabbit aged 2 mnonths, weighing 1300 gm. is put on a
water diet for 48 hr, during which he receives, in
four hypodermic injections, 100 mi of isotonic giu-
cose serumn, as well as 4 enemas, with 100 ml of 9%
salt water every day, in order to hasten the evacua-
tion of the content of the intestine. The animal then
is anesthetized with Nembutal and, following taparo-
tomy, the digestive tube is completety washed. To
this end, two incisions are made, one in the stomach,
and the other in the intestine. After the stomach has
been emptied and washed with a Tyrode solution at
38°, catheters are inserted into the pylorus and
rectumi. Under weak pressure, about 2 liters of the
Tyrode solution are then passed, which are evacu-
ated by the incision in the big intestine. Onrce the
solution is completely clear, the washing operation
is suspended. A plain suture and a burying suture
are used to close the two wounds, A 25 m! quantity
of a solution which contains 0.5 gm of aureomycin
and 2 gm of untagged Na;SO, is injected into the
stomach and at various points of the intestine. The
abdominal wall and skin finally are sutured.

Two hours after the animal is awakened, a first
intravenous injection of the tagged sulfite is made.
After 9 hours and 18 hours respectively, more
tngged sulfite is injected. The animal receives a
total of 20 m] of an aqueous solution which contains
400 mg of Na,SO,, the radioactivity of which is
1.3 mc (125,000,000 counts). At the same time, a
nutrient sclution consisting of 200 ml of a solution
of amino acids * and 75 ml of isotonic serumi with
glucose is injected hypodermically,

fLeucine 200 mg, isoleucine 100 mpg, tyrosine 500 mg,
tryptophane 400 me, glutamic acid 1 gm, histidine 200 mg,
proline mg, glycme ! gm, valine mg, arginine
200 ng, threonine 200 mg, for 250 ml of water. Heating is
it double hoiler, at 2 boil for 10 minutes. After cocling off
and passing through filter paper, solution is placed in am-
pules and sterilized by Tyndatlizing.
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Twenty-eight hours after the last sulfite injection,
the animal 1s sacrificed. Following inoculation of a
broth with a sample of the contents of the animal's
intestine, and incubation at 38° for 48 hours, the
culture medium is perfectly clear.

Preparation of the Animal by Evisceration

A rtabbit which is identical to the one just men-
tioned, is placed on a fluid diet for 24 hours,
anesthetized and subjected 1o artificial respiration.
Following laparotomy, a catheter is inserted into the
common bile duct of the animal in order to recover
the bile. The intestinal vessels are ligated, section is
made at the level of the pylorus, and the intestine is
cut from the terminal end of the floating colon and
taken out,

Following this operation, the anima! receives 10 ml
of an aqueous solution containing 400 mg of a
tapged sulfite, corresponding to 1.3 mc for 40 min-
utes in continuous injection in the jugular vein and,
at the same time, it receives 200 mg of glutamic acid
and 100 mg of pyruvic acid in the vcin of the ear,
dissolved in 40 ml of water. Thirty minutes after
the end of the injections, the animal is sacrificed.

This experiment was repeated five times.

COLLECTION AND PROCESSING CF QRGANS

In both cases, immediately after death, the skin is
taken off, the hair is removed from it, and the thigh
muscles are thent pulled out, while the liver, kidneys,
and other viscera, such as the lung, heart, empty

" stomach and brain, are put together. Except for the
skin, the organs are cut up in pieces and immersed
in boiling water for 10 minutes. An aqueous extract
is made according to the Awapara technique’ in
such a way that 1 ml of the extract correspond to
10 gm.

The skin and insoluble specimens taken out in
the course of the above-described procedure are
dehydrated by acetone, then dried and hydrolyzed
for 12 hours against the current by 6N hydrochloric
acid containing 10% formic acid in the amount of
25 ml of acid for 1 gn of dry tissue. The insoluble
parts of the liver and kidney are put together for
this treatment.

Four-fifths of the aqueous extracts from the kid-
ney and liver are placed together and used for the
isolation of free cystinc according to the Dziewiat-
kowski technique, the remwinder is analyzed by
paper chromatography and ionophoresis.®

In the hydrolysates, the cystine is isolated by the
same mcthod.* The bile (5 ml) gathered in the
course of the experiments on anesthetized rabbits is
hydrolyzed by 6N hydrochloric acid for 12 hours at
100° in a sealed tube, The hydrolysate, following
evaporation under vacuum, is hydrated again, and
passed on an Amberlite IR4B {1 x 15 ecm) column,
first washed with AN acetic acid and water, The hi-
trate is passed on a permutite 50 (1 X 15 cmn)
column, H form (HCL N). The filtrate contains
taurine, which is identified by paper chromato-

graphy, in the following solvents: nourmal butanol,
formid acid, water (75 : 10 : 15): phenol, water
(80 : 20} ; and tertiary butanol, formic acid, water
(75 : 10 : 15):

RESULTS

Cysteine Sulfinie Acid

In the rabbits sacrificed 28 hours after the end of
the sulfite injection, we were unable to show the
presence of cysteine sulfinic acid in aqueous extracts
of the liver, kidney, muscle and brain.

In the animals which were sacrificed thirty min-
utes after the end of the sulfite injection, it was
possible to show the presence of cysteine sulfinic
acid in two rabbits out of five, in the aqueous extract
of the liver and kidney by paper chromatography
and ionophoresis.® The stains which correspond to
that suhstance, in paper chromatography in normal
butanol, formic acid and water, are eluted and sub-
jected to paper ionophoresis at a pH of 2.7 for 5
hours.® The zone which corresponds to cysteine sul+
finic acid is eluted and the eluate is used for the
dosage of the cysteine sulfinic acid present, by the
Moore and Stein method, as well as for measuring
the radioactivity, The specific activity of cysteine
sulfinic acid is 780 cpm/mg.

Tourine

Following purification, on an amberlite and per-
mutite columnn, of the hydrolysate of the bile of the
anesthetized rabbits, the filtrate which contains the
taurine is subjected to preparatory chromatography
on paper in pheno! and water. Following elution of
the zones of the paper which correspond to the
taurine, this amino acid is dosaged by ninhydrine,
and the radioactivity found is measured. Specihc
activity 15 420 cpm/mg.

In the course of the experiments conducted with
sulfate (1.3 mc/400 mg), we did not succeed in
showing radioactive cysteine sulfinic acid or taurine,

Cystine
The specihc activity of the cystine isolated from
the various organs is given in Table I.

DISCUSSION

The possibility of bacterial syntheses in the
digestive tract and of an exchange between the
sutfinyl group of the cysteine sulfinic acid and the

Table |

Cystine, specific aclivity in cpm/mp

Organ Fgﬁ?:lb::g Fo”?;?eﬂfgionf fite
injection
After 30 min After 39 min  After 28 hrs
Skin 0.80 0.8 7
Viscera — — - 17
Liver-kidney 0.6 86 20
(protein)
Muscle 0.98 0.9 a6
Liver-kidney 3 100 —

(soluble extract}







Investigation of the Incorporation of Amino Acids
Into Proteins In Vivo and In Vitro

By V. N. Orekhovich, U5S5R

The use of radioactive isotopes for the study of
metabolic processes has rendered possible the solu-
tion of important questions in the field of bio-
chemistry of the proteins, which could not be solved
by many other methods. In spite of the large number
of investigations devoted to the study of protein
metabolism, such important problems as the path-
ways of syntheses and of conversions of proteins in
the organism are still far from being solved. At
present there is substantial disagreement among
investigators as to the mode of synthesis of the
proteins and the mechanism of their metabolic alter-
alions in the organism. Some investigators believe
that, beside the processes of degradation and syn-
thesis of proteins, there also takes place in the
organism a renewal of the constituent parts of
protein molecules without marked degradation, i.e.,
by way of independent and non-synchronous incor-
poration and removal of different amino acids. Other
authors assert that the incorporation of amino acids
into proteins takes place only during the formation
of new protein molecules. With the aid of radio-
active isotopes it has become possible to decide
which of these two concepts is correct,

Judging from investigations published by various
laboratories in different countries one might con-
clude that no renewal of protein molecules takes

place in the organism except during their synthesis
de novo, but there are certain data which support
the opposite viewpaint, Qur investigations were
undertaken to clear up this question.

We (V. Orekhovich, M, Levyant, T. Levchuk)
studied the possibility of incorporation of amino
acids into the proteins of the yolk, white and em-
bryo of chicken eggs in the process of incubation. In
our first series of experiments we studied the dis-
tribution of radioactivity in the above-mentioned
proteins in eggs injected with tyrosine, containing
radioactive carbon in the carboxyl (tyrosine-1C)
group. Fertilized eggs were injected on the second,
fourth, fifth, seventh, ninth and thirteenth day of
incubation ; they were taken for analysis thirty min-
utes, two hours, eighteen hours and twenty-four
hours after introduction of the iabelled amino acids.
The results obtained in this series of experiments
are given in Tables I and IT,

It can be seen from these tables that the develop-
ing emhryo takes up radioactive tyrosine very
actively at all stages of development, whereas the
proteins of the yolk and white of the cgg do not
incorporate radicactive carbon. As shown in Table
I1, the yotk and white protein contain no label as
late as 72 hours after the introduction of radicactive
tyrosine although the amino acid was injected direct-

Table 1. Distribution of Radicactivity in the Proteins of Chicken Eggs at Different Periods
aof Incubation after Injection of Tyrosine-1C (2000 cpm/am of egq)

:fﬁ'? from q:fcg; RS 10 mi p-rotefn-
ment o of fyrosiue Hom of fyrots  IWhits s
E:pi,r;:.rwn < days ¢4, hours of egg Yolk yolk Ermbrye

17 2 2 0 0 il* —
1 2 18 1] 1 20* —_
3 4 0.5 @ 0 — 15
4 4 2 ] 0 — 253
18 5 24 4] 0 —_ 854
10 7 2 5 0 — 48
2 7 18 i} 0 — Joz
23 13 24 1 2 -— 350

*In experiments 17 and 1 and in other experiments in which the proteins of the crubryonic
disk were investigated it was impossible, because of the small size of the embryonic disk, to
avoid inclusion into the sample of fairly large amounts of yolle proteins. This led to a dilution
of labe! in the “embryonic disk 4 yolk.” Therefore, the actual radicactivity of the embryonic
disk proteins is much higher than would appear from the figures in the table. In the following
text all “embryonic disk and yolk" samples will be referred to as “cmbryonic disk.”

Qriginal language: Russian,
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found in the proteins of the embryo, the yolk and
the white of the egp. The explanation is that the
embryo and the yolk proteins of this egg continued
to develop while radioactive amino acid was cir-
culating in the hen’s body. The analysis of the pro-
teins of a third egg, laid 90 hours after the injection
of radioactive tyrosine, calls attention to the higher
level of radioactivity of the proteins of yolk and em-
bryonic disk, compared with the second egg.

This distribution of isotopic label in the proteins
can be understood readily if we consider the course
of development of the oocyte. From the above facts
it follows that the incorporation of amino acids into
prateins oceurs during their synthesis and not as a
result of renewal or turnover of their constituents,

That incorporation of amine acids does take place
only during the synthesis of protein inolecules is also
evident from the data of our experiments (V. Orek-
hovich and L. Pavlikhina) on the transformation of
procollagen into collagen. In order to elucidate this
questivn we experimented on guinen-pigs. We gave
healthy and scorbutic guinea-pigs subcutancous in-
jections of carboxyl-labelled radioglycine. At dif-
ferent time intervals after injecting the glycine, the
anitmals were killed, procollagen and collagen were
prepared from their skin, and the radioactivity of
these proteins was measured {Table VI), Table VI

contains the data showing that no Cl*-glycine had
been incorporated into the procollagen of scorbutic
animals, This is due to the fact that the synthesis of
procollagen is inhibited in scorbutic animals which
15 in agreement with the data obtained in investiga-
tions of the procollagen content of the skin in scor-
butic and healthy animals (V. Orekhovich).

It had been shown that the skin of healthy guinea-
pig contains about 10% of procollagen, while the
skin of scorbutics contains less than 5%. It can be
seen that this failure of procollagen synthesis is
associated with a total lack of the incorporation of
radioactive amino acids imto these proteins. As our
data indicate, there is no renewal of these proteins
under such conditions. We wish to emphasize that
the above-mentioned inhibition of incorporation in
experimental scurvy is a specific feature of these
particular proteins, since other proteins of several
organs take up radioactive amino acids at the same
rate ais in healthy animals (as shown in Tablie VII at
foot of this page).

We also studied (V. Orekhovich, T. Kurokhtina
and N. Buyanova) the question of whether amino
acids can be incorporated or turned over in the pro-
teins of blood plasma in 2itro to show, as opposed
fo the claims of other investigators, that no incor-
poration {and consequently no turnover) of radio-

Table Vi. Rotes of Incorporation of Cl4-Glycine into the Procollugen and Collagen of
: Healthy and Scerbutic Guinea-Pigs

Time, hr, after injection of amino acid

3 & 10 18 24 FLY 108 agi
Procollagen
Scorbutic animals 3 & 4 2 1 0 3 0
Healthy animals 43 134 140 192 1% 122 89 70
Cellagen
Scorbutic anitmals 1 1 0 ] 2 — 3 3
Healthy animals 9 12 13 12 16 ~— 23 25

Table VIl. Rates of Incorporation of C4.Glycine into the Proteins of Several Organs of
Healthy ond Scorbutic Guinea Pigs {(cpm/10 mg protein) at Different Time Intervals
afer Injection of the Amino Acid

Boury after injectivn of aming acicl '

3 P 1 24 48 120 168 ETTA
Dratn
Scorbutic animals 3 8 10 10 20 7 6 3
Healthy animals 3 9 11 i2 21 10 5 6
Musele
Scorbutic animals 19 13 14 26 60 15 18 12
Healthy animals 20 14 20 20 50 20 23 20
Spleen
Scorbutic anitnals 60 90 119 117 187 46 47 12
Healthy animals S0 109 130 — 173 68 30 8
Kidney
Scorbutic animals 72 72 172 i10 70 —_ 62 18
H’ealth}r anima]s 74 —_ 164 120 100 80 58 18
Liver
Scorbutic animals 80 — 148 83 70 73 55 17
Healthy animals 107 —_ 185 130 110 61 47 20







Pathways of Biosynthesis of Nucleic Acids

By George Bosworth Brown,* USA

There has been a tremendous stimulation of
studies of the biochemistry of nucleic acids coin-
cident with recent developments in atomic physics.
To the chemist the mame nucleic acid is by now
merely that of a class of complex organic chemicals,
altbough originally the name *“Nucleinstoffe” was
applied by Frederick Miescher,! in Basel, to one
specific type obtained from cell nuclei. That type is
now known as the desoxypentose nucleic acids
(DNA) and much evidence has associated it with
the morphologic forms recognized as the chromo-
somes. The bulk of the second type, the ribose
nucteic acids (RNA), is found in the particulate
matter of the cytoplasm of the cell, and plays an
active role in the dynamic metabolic processes of the
cell. The name, nucleic acids, is perhaps discon-
certing at a conference such as this one, but from the
broad definition of 2 nucleus—as the core of a matter
—the nucleus of the cell is to the biologist what the
aucleus of the atom is to the physicist, and the DNA,
through its association with the genetic material, still
merits the implications inherent in that name.

Two stimuli to studies of nucleic acids have come
from the atomic energy programs. Firstly, the need
for a better understanding of the connection between
the influence of various types of radiation on the
genetic characteristics of living matter has accelerated
the search for clarifications of the long suspected
relationship of at least the one type of nucleic acids
to the carrier of hereditary characteristics. Secondly,
the ready availability of radioactive isotopes has not
benefited any biochemical problem to a greater degree
than it has the study of nucleic acid biosynthesis and
metabolism. In fact, it has made such studies passible.
Living systems are able to synthesize their nucleic
acids from the simplest materials and therefore
classical hiochemical and nutritional techniques, such
as those of following growth or weight changes,
could not be applied to studies of the origin of the
nucleic acids. It was not until isotope tracer tech-
niques became available that the origins of the nucleic
acids could begin to he defined and their biosynthesis
and metabolism to be described.

Both types of nucleic acids are macromolecules of
at least the complexity of proteins; particle weights
now being reported are far above the range associated
with most proteins. The question of whether the

* The Sloan-Kettering Institute for Cancer Research, New
York City. Including work by A. Bendich, J. Fresco, P. M.
Roll, and H. Weinfeld,

active units of these materials in their native state in
the cell are not some small portion of the apgregates
isolated remains to be clarified. Figure I represents
only the minimum amount of material necessary to
depict four pyrimidines and purines and the covalent
bonds involved in their attachments to the sugars and
phosphates in a ribonucleic acid. Each purine or
pyrimidine with its sugar and one of the phosphates
to which the sugar is attached is referred to as a
nucleotide, and the macromolecule 1s referred o as
a polynucleotide, The complete macromolecule may
have thousands of nucleotides. The 2'-desoxyribo-
nucleic acids could be similarly depicted with the
second carbon of the sugar carrying no hydroxyl
group.

In the last few years many aspects of the metabolic
origin of the polynucleotides have been learned
through administration of isotopically labeled com-
potmnds, followed by the use of degradative proce-
dures which permit analysis of individual moicties of
the products which are derived from them. The
purine adenine was the first organic compound
found 1o serve as a precursor of the nucleic acids,®
and it was also found to be converted into the
guanine of the polynucleotides in the rat. The purine
guanine is not utilized to any significant extent,
although it can be utilized by other species. (In
initial  investigations®® with guanine-N*'%, and
also* with hypoxanthine-N'?, and® uracil-N*®, the
conclusions were reached that these commpounds
did not serve as palynucleotide precursars in the rat,
However, in subsequent reinvestigations using the
carbon-14 isotope, very small incorporations of each
of those compounds have been detected.®%"8 These
experiments are an illustration of the limitations
inherent in the more limited dilution factors feasible
with the natural “heavy” isotopes, and an excellent
example of the value of the more sensitive radio-
isotopes,)

By now, most of the purines, pyrimidines, and
their ribose derivatives (nucleosides) and the simple
ribose phosphate derivatives (nucleotides) have been
stinclied by the administration of samples which were
isotopically labeled in the purine or pyrimidine
moieties,® The present picture {Fig, 2) of the utili-
zation of the various compounds by the rat can be
briefly outlined as follows. Unlike adenine, neither of
the pyrimidines, uracil nor cytosine (nor the thymine
which is present in DNAY) is utilized appreciably,
but their nucleosides or nucleotides are very readily
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ing the only direct evidence suggesting such a
transfer of purines into an intact polynucleotide.

The evidence imdicating multiple mechanisms
during the synthesis of DNA, and that indicating a
prolonged and uniform retention of the DNA once
it has been formed, can begin to be reconciled if it
be assumed that the bulk of the DNA in non-dividing
cells is present in such a condition that it is not
involved in any metabolic changes. The new DNA
which is forming, during the interphase of the cell
which is to divide, is in a condition in which it is
in a dynamic metabolic equilibrium. (It is not yet
clear whether this involves the formation of one new
complement of DNA, or whether two new eomple-
ments of DNA are formed, one for each of the
daupghter cells, and the oid one disposed of.) Once
the complement of new DNA is fullvy completed, its
condition must be altered, during the prophase of the
cell, so that the bulk of it is excluded from further
metabolic changes; either degradation, synthesis, or
the “transpurination” reaction. Desoxyribonucleic
acid which is to serve in the nucleus of the daughter
cell can thus acquire a stability and permanence of
character which is a desirable attribute 351721 of the
material unit which 1s to have the immutability
associated with the concept of the gene,
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Nucleotide and Nucleic Acid Metabolism

Studied with Adenine-C!4
By Edward L. Bennett,* USA

It is well established that nucleotides and nucleic
acids are essential constituents of all cells. The
nucleotides are fundamentally important as cofactors
in many enzymatic reactions, particularly those
reactions involving energy transformations. Desoxy-
ribonucleic acids are intimately assoctated with
processcs of cell division and of self-duplication.
They are constituents of chromosomes and viruses.
Ribonucleic acids are believed to be associated with
protein biosynthesis and may be important as
templates or patterns for this synthesis. In order to
understand cellular biochemistry, we need a kmow-
ledpe of such things as the mechanisms of nucleic
acid and nucleotide formation; the metabolic inter-
rclationships between nucleotides, or between nucleo-
tides and nucleic acids; and rates of renewal of
nucleic acids. The nucleic acids have basic relevance
to carcinogenesis. Knowledge of the effects of various
agents such as carcinogens, anticarcinogens, and
irradiation upon the formation and renewal of nucleic
acids may aid us to understand both normal and
abnormal cell division, and eventually may lead to
effective treatment of malignant growths.

Adenine is one of two purine bases found in
nucleic acids. It is also a constituent of the most
abundant nucleotides found in cells, as well as a
constituent of a number of coenzymes. Early tracer
studies showed that adenine was utilized for the
formation of nucleic acids in mice and rats.t2 How-
ever, the incorporation of adenine into the soluble
nncleotides was not investigated in detail in the
previous studies. In our studies, we have utilized
adenine-4,6-C* and have deterinined its total dis-
tribution in the different chemical fractions of the
various organs of the mouse at numerous time
intervals. In additon, we have determined the
amount of radioactivity excreted in urine and breath.
Thus, a knowledge of the fate of adenine, not just
in one tissue or one type of compound, but in its
ovcr-all distribution has been obtained.

One of the more surprising early observations was
the rapid and high degree of utilization of adenine
for the formation of normal constituents of the
animal celi.® Within two hours aiter intraperitoneal
injection of adenine, about 50% of the adenine

* University of California Radiation Laboratary, Berkeley,
Califorpia. Including work by E. Bennett, B. Krueckel, and
I.. Kelly.
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administered had been converted into compounds
other than free adenine, and most of the remainder
had been excreted in the urine. Time studies in-
dicated that the amount of radioactivity found in
ribonucleie acid {RNA) and desoxyribonucieic acid
(DNA) increased to a maximum 1 to 2 days after
administration of the adenine, and compounds present
in the cold acid-soluble {raction, presumably nucleo-
tides, must have been utilized as precursors of nueleic
acids. We have therefore made a detailed study in
Csy mice of the low-molecular weight or acid-sgluble
compounds into which adenine is incorporated. This
study has been greatly facilitated by the use of paper
chromatographic and radicautographic technigues,
At three time intervals, one-half hour, 2 hours, and
24 hours after administration of adenine, the acid-
soluble fraction from the principal tissues in which
adenine is utilized (carcass, small intestine, liver,
and kidney) was isolated, The compounds present
were separated by two-dimensional paper chroma-
tograms and the radioactive compounds were located
by radicautographs. The distribution of radicactivity
is summarized in Table 1. More than 80% of the
radioactivity in the acid-soluble fraction had been
incorporated into nucleotides of adenylic and guanylic
dcid within two hours after adenine injection. Within
one-half hour after zdministration, at which time free
adenine is still present, the specific activities of
adenosine monophosphate, diphosphate and triphos-
phate are all equal in a piven tissué. This indicates
that these compounds, which play such a fundamental
role in the energetics of living systems, are rapidly
equilibrated, The specific activities of more complex
nucleotides, such as diphosphopyridine nucleotide
(coenzyme I} or triphosphopyridine nucleotide
{coenzyme II), were significantly less than the
activily of adenosine monophosphate at 2 hours, but
were equal at 24 hours. Therefore these compounds
are derived more slowly from the mononucleotides.
In addition, radioactive guanosine mono-, di-, and
triphosphate were found. The specific activities of
the guanosine derivatives were /5 to /5, of that
of the corresponding adenine derivatives, depending
upon the tissue and the time after administration of
adenine-C', This is the first demonstration that
guanine nucleotides may be obtained from adenine
at the nucleotide  level. Previously, radioactive
guanine had been found only in nucleic acids after
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It has been found that respiratory C*Q; is ob-
tained after the admunistration of each of the labeled
adenines, The rate of elimination of C*0, is mark-
edly different for each adenine-C', Tn 22 hours, 5%
of the C-2, 7% of the C-4,6, and 1.7% of the C-8
position is obtained as C140, The respiratory
CH(0s from adenine-4 6-C! is believed to arise from
the 6-position during the conversion of adenine to
allantoin. Little C'(0y is obtained from adenine-2-
C** or adenine-8-C** during the first hour or so after
administration when a large amount of free adenine
is present. Most of the C(Q, arises after the adenine
has becn incorporated into nucleotides, nucleic acids,
and several minor unidentified compounds. These
experiments indicate that either routes of adenine
oxidation exist other than the known route to
altantoin, or an exchange of the 2- and B-positions
of the purine ring does in fact oceur in the mouse,
particularly after the adenine has been incorporated
into nucleotides or nucleic acids. Administration of
A-methopterin or aminopterin, however, does not
change the C*Os. excretion of adenine-2-C* signif-
icantly, as would be expected if folic acid were
involved in the formation of respiratory C1Q. from
adenine-2-C!4,

In these studies, the primary emphasis has been
upon normal metabolism because a basic knowledge
of normal metabolism is necessary before cxtensive
studies of abnormal conditions are undertaken. It is
now planned to extend these investigations to a
study of factors affecting the renewal of nucleotides
cand nucleic acids. In addition, it is planned to

investigate in detail the incorporation and renewal
of other precursors, such as orotic acid and 4-amino-
S-imidazolecarboxamide, into nucleotides and nucleic
acids.
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Dietary Factors in the Oxidation and Synthesis of
Fatty Acid by Tissue Preparations

By Camillo Artom,* USA

Important information on the role of nutritionat
factors in fatty acid metabolism has been obtained,
in this and in other laboratories, by experiments
on isolated preparations of tissues from animals
maintained under various dietary conditions. In such
studies, the use of substrates labeled with radio-
isotopes is especially advantapeous. Because of the
sensitivity and specificity of radioactive measure-
ments, synthetic processes can be detected ecven in the
presence of active degradations resuilting in a net
decrease in the amounts of the products studied.
Effects on the rate of the oxidation of the substrate
by substances added in vitro are easily distinguished
from stimulations or inhibitions of the overall
metabolism. Moreover, since only minute amounts
of substrates with high specific aclivity need to be
used, the imhibitory action of fatty acids on their
oxidation fn zitro becomes negligible.

In previous experiments, it was shown that the
in vifro oxidation of isotopic stearate or palmitate is
depressed in the livers of rats, previously maintained
on low-protein diets. Choline, added to the diets,
or injected into the animals, restored the ability of
the isolated tissue to oxidize fatty acids at a high
rate.! Similar results have been obtained by others
for the oxidation of non-isotopic octanoate.* These
findings suggest that the lipotropic action of dietary
choline is due, at least partly, to an enhanced oxid-
ation of fatty acids in the liver, More recently we
have found-that this effcct of choline, administered
in vive, is not specific for the liver, but can be
demonstrated also in other tissues, such as kidney
and heart.?®

The diets used in our previous investigations
contained little methionine (a major precursor of
both choline and cystine) and minimal amounts of
cystine. A study of the effects of supplementing
these diets with eystine secrned of interest, in view
also of other findings in the literature, such as the
so-called “antilipotropic” effect of cystine, and its
protective action apainst the massive liver necrosis,
induced by diets poor in S-containing amino acids.
Sincc a similar protection is exerted by tocopherol,
the action of this vitamin was alsg investigated. Both
the oxidation of long-chain fatty acids and their

* Bowman Gray School of Medicine of Wake Forest Col-
lege, Winston-Salem, North Carolina.
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synthesis from acetate were studied, using isotopic
substrates and homogenates, or slices, of rat liver.

EXPERIMEMTAL

Male albino rats (initial wweight, about 60 gm)
were maintazined for varying periods of time {mostly
2—4 weeks) on several diets, low in methionine and
cystine and free from tocopherol and preformed
choline {Table I). Other rats received the diets with
supplements added in the following amounts (per
100 gm diet) : cystine 1.5 gm, tocopherni 0.025 gm,
methionine 1.0 gin, choline chloride 0.5 gm, guani-
doacetic acid 1.0 gm. In each cxperiment, ho-
mogenates, ot slices, of the livers of rats on one of
the unsupplemented diets were incubated simulta-
neously with similar preparations from rats which
had Deen maintained for the same length of time on
the same diet with the added supplements. In the
experiments on fatty acid oxidation, the incubation
medium contained, in & ml of Ca-free Ringer-phos-
phate {pH 7.4), liver homogenate {(in amounts cor-
responding to 400-500 mg tissue}, penicillin G and
dihydrostreptoinycin 3 mg each, adenosine triphos-
phate 12 micromoles, and palmitate~-1-Ct4, or, less
frequently, stearate-1-C!% {1-Z micromoles and 1-2
millicuries). After 3 hours of incubation in air at
37°, the CY(Qa produced was measured. In the ex-
periments on fatty acid synthesis, 500-700 mg of
slices were incuhated with penicillin and dihydro-
streptomycin (3 mg each) and with acetate-1-C14 (2
micrompoles, 1 microcurie) in 5 ml of Ringer-phos-
phate (pH 7.4). After 3 hours in air at 37°, radio-
active mecasuremcnts were carried out on the re-
spiratory CO; and on the total fatty acids.

The isotopic values were corrected on the basis of
the smnall amounts of Ci* obtained from identical
control flasks containing boiled homogenates or
slices. On separate samples of the liver, total N, total
lipides and lipide P were also determined analy-
tically,

RESULTS

For the purpose of comparison, the experimentat
data (calculated either per mg of N, or for the whole
liver of a 100 gm rat) have been expressed as
“relative values”, the value determined in each ex-
peritient on the liver of rats on the unsupplementad
diet Leing made equal to 100, In all groups of ex-
















LABELED AMINO ACIDS [N PROTEIN

503

40- T T T L L]
46 DESOXYCHOLATE
= 30 SOLUBLE
W
o 45
a
20t -
g DESOXYCHOLATE
< INSOLUBLE
z
o 1OF 448 i
SOLUBLE PROTEIN
OF CELL
% 5 n) 5 20 25
TIME IN MINUTES

Figure §. In vivo incorparotion of a small dose of leucine-C* into the
twn components of the microsomes and info the selvble protein of
the cell. 0.25 1M Dl-levcine-C¥, 2.3 & 107 cpm/mg in 0.5 ml Isatonic
saline wos injected Introvenously at O time Inte a 270 gm rot. The
per cent RNA by weight of each desoxycholote-insaluble sample is
indicabed. The per cent RNA averaged 2.1 in ths desoxycholote.
soluble fradions of the microsames end 1.7 in the toluble frociions
of the cell. This per cant RNA by weight means per cent RNA in the
combined RHA plus pratein. Lipid, glycogen, and solis are not
included

lalanine
80 henylala

Isoleucine

C.P. M.

30

700 T Y

DESOXYGHOLATE |
SOLUBLE
600 .
=
o Sook 1
o ap 42
T 400k DESOXYCHOLATE-
INSOLUBLE
4]
Z 300} :
=
o
o 200} 1
SOLUBLE -
100 PROTEIN OF CELL
06 5 10 i5 20
TIME IN MINUTES

Figure 2. In vive incorparation of a lorge dese of leucine-C** into the

two components of the microsomes and into the saluble protein of

the cefl. 100 pM Dllevcine-C¥, 2.2 X 10° cpm/mg, in 2.0 m! was

injecled intravenausly ar O time jote & 300 gm ret. The per cont RMA

by weight of each desaxycholate-imoluble tampls i indicoted. The

per cent RNA averaged 2.3 in the desaxychalare-saiuble fructions of
the microsomas ond 1.9 in the soluble fradion: of the cell

PARTIAL
HYDROLYSATES

~tevv—  Ninhydrin Color

C.p.m.

Figure 3. Aliquots of microsome
protein were hydrelyzed in seal-
ad tubes in ZN HCL, ond sub-
jected to storch chromotography,
as previoysly deseribed. The A
peak was selected for further
Tyrcsine chrematography (Fig. 4}, Tha
I corstancy of specific adivi‘y in

/\j\,\ the levcine pegk moy be seen

Methionine
Yaline

80 120

Effluent volume {ml,}












DISTRIBUTION OF CH0O, IN LIVER GLYCOGEN

507

5-phosphate-1-C!* and 2,3-C* with a mixture of
purified transketolase and transaldolase were very
similar to those obtained with the crude preparations,
and are shown in Table 1.

The observed distribution of isotope from pentose
to hexose can be accounted for by a series of reactions
known to be catalyzed by transketolase and transal-
dolase®* as shown bLelow:

C:r
cr C Ce
c 0y C* C
! ’ T f- R r Trans- b !
€ g IR T e CHE
C C v C C o C C
C C
R-3-P Ru-5-P 5-7-P G-3-P F-6-F E-4-P
Cx
C* c
c C C
C+C e © +C

C c ‘=% C C
C C (2 C C
Ru-5-P E-4.P F-6-P G-3-P
* Indicates course of label in ribose-5-phosphate-1-C™.
" Indicates course of labe] in ribose-5-phosphate-2,3-CH,
all reactions proceeding to the right. .
Abbreviations: R-5-FP: ribose-3-phosphate ; Ru-3-P: ribu-
lose-5-phosphate; 5-7-F: sedoheptulose-7-phosphate; G-3-P;
glyceraldehyde-3-phosphate; F-6-P: fructose-6-phosphate;
E-4-P: erythrose-4-phosphate.

" Recently Racker ef al?® have demonstrated the
reversibility of reaction 3, which would lead to the
movement of carbon atoms 1| and 2 of hexose to
pasitions 1 and 2 of pentose. The reversal of reactions
2and 1, would lead to position 3 of hexose becoming
carbon atom 1 in pentose, Thus, these recactions
would result in the distribution of label irom positions
2 and 3 of pentose to positions 1 through 4 of hexose
and from carbon atom I of pentose to the 1 and 3
carbon atoms of hexose. In view of the complicated
pattern of interconversions catalyzed by transketolase
and transaklolase, it is not possible on the basis of
the present data, to assess the relative quantitative
significance of the individual reactions.

RADIOACTIVE CO. INCORPORATION INTO GLYCO-
GEN OF RAT LIVER SLCES

Wood ¢f all first demonstrated that labeled CQO,
incorporated into hepatic glycogen of fasted rats was
distributed predominantly and equally info positions
3 and 4. In view of the above cited studies with
purified transketolase and transaldolase, if the oxid-
ative pathway were playing a role in glycogen syn-
thesis, one would expect 2,3-labeled pentosc phos-
phate, formed by the oxidation of 3,4-labeled glucose
phosphate, to give rise to glucose with tracer in
carbon atoms ! through 4. The absence of such
labeling in the experiment of Wood et al. is difficult
to reconcile with evidence, obtained in various:

laboratories, for the participation of this oxidative
pathway in hepatic glucose metabolism.®13

The present investigation was designed to test the
effect of diet as a factor in altering the pathways of
glycogen synthesis, The pattern of distribution of
CH0, incorporated into glycogen of rat liver slices
was studied with animals [asted and fed a high
glucose diet.

Liver slices were obtained from rats fed a 58%
carbohydrate diet for 4 days and from animals fasted
for a 72-hour period prior to sacrifice. The liver
slices were incubated 1n a Krebs-Ringer bicarbonate
buffer in the presence of 600 uM of lactate or 300 uM
lactate plus 300 xM of glycerol and C1#0,. Incubation
was carried out at pH 7.4, with an atmosphere of
93% oxygen and 5% carbon dioxide for 15 to 240
minutes, Glycogen was isolated,*® and hydrolyzed to
glucose.? Degradation of glucose was by a modi-
fication of the method of Gunsalus & Gihbs.’® Radio-
activity measurements were made with a gas flow
counter. All CO, samples were converted to barium
carbonate and counted at infinite thickness.

In the experiments with liver slices from both
the fed and fasted rats, 86-99 per cent of the total
CY incorporated into glycogen entered positions 3
and 4 (Table II). Carbon atoms 1, 2, 5, and 6,
however, were consistently labeled with specific
activities reaching 5-10 per cent of those found in
positions 3 and 4, This result may reflect the
operation of the reactions eatalyzed by transketolase
and transaldolase. Other explanations for the dis-
tribution of C'*Q» into carbon atoms 1, 2, 5 and 6
are availabie. C'O: might be incorporated into
position 1 by fixation to pentose phosphate.?2* The
condensat:on of pyruvate and glyceraldehyde-3-phos-
phate by a reversal of the reactions described by
Entner and Doudoroff?® would result in tracer in
positions [ and 4.

At the present time, however, there is a complete
lack of evidence for the occurrence of these reactions
in mammalian tissues.

Whatcever the mechanism, the isotope incorporated
into positions 1, 2, 5 and 6 was small and variable
compared to the labeling of carbon atoms 3 and 4.
This finding suggests that, while under the conditions
of the present experiment alternative routes of carbo-
hydrate metabolism may play a role in glycogen
synthesis, the glycolytic mechanism predominates. It
would thus appear that the preferential oxidation of
position one of glucose is not necessarily indicative of
the role of the oxidative pathway in hepatic glucose
and/or glycogen synthesis,

The pattern of isotope distribution in carbon atom
1, 2, 5 ant 6 was similar in liver slices from fasted
and fed animals. However, a striking difference
between these two sets of experiments was apparent
in the labeling of positions 3 and 4 when lactate was
the only zdded substrate (Table II, experiments 1,
2, 6 through 12). In liver slices from fasted animals
these positions were essentially equally labeled,
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carbon atom 4. The possible interpretations of these
observations are” discussed.

10.

11,

12,

13.
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rises very rapidly to a high value with a peak at
about 15 hr, There is little difference between the
curves for the different cytoplasmic fractions, the cell
sap or non-sedimentable RNA always showing a
slightly higher value than that for either of the
particulate fractions. The time curves for the mito-
chondria and microsomes are so similar that it has
not been possible to separate them but at the shorter
time intervals the mitochondrial RNA usually
exhibits a higher activity than does that of the
microsomes.”

The incorporation of P32 into the DNA, nRNA
and cytoplasmic RNA’s of normal, regenerating and
weanling rat liver and of normal, pregnant and
foetal rabbit lver has also been studied (Tables 1
and II). In all cases the most rapid ineorporation
is observed in the nRNA while the cell sap RNA
invariably gives higher values than are found for the

RNA either of mitochondria or microsomes. Only
in foetal rabbit liver does the activity of microsomal
RNA exceed that of the mitochondrial RN A, Uptake
of isotope hy the DNA of regenerating rat liver and
of foetal rabbit liver is much higher than in normal
liver while in the livers of weanling rats and pregnant
rabbits, values slightly higher than normal are
obtained,

Similar studies have been carried out on the incor-
poration of C'“-formate and N'Y¥-glycine into the
nucleic acids of rat liver? The results of these
studies are shown in Table J1I. As with P32, it has
been found that the greatest uptake occurs in nRNA.
The replacement of carbon and nitrogen is greater in
the cell sap RNA than in the RNA’s of the mito-
chondria or microsomes which are very similar to
one another. The uptake of N3* and C* by the DNA
is very slow.
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Table Iil. Incorporation of Cit-formate and N'S-glycine . hf_"-fo?;l';l;e P At N‘:;:mm
into the RNA and DNA of Resting Rat Lliver. 80 puc . PRI Som
C'-formate Were Administered by Inframusculor Injec-  RNA Whole cytoplasm 1976 0.166
tion 4 hr Prior to Killing. N'5-glycine Wos Administered Mitochondria 1340 D.I55
. N Microsomes 1379 0.151
by Intraperitoneal Injection 24, 22 and 20 hr befare Cell sap 205 0213
Killing in @ Dose of 50 mg Glycine (20.92 atom % Nuclei 3140 0.496
excess N5} per Injection DNA o 0.007

Toble IV. The Specific Activities of the DNA, nRMA and cRNA of Different Rabbit Tissues 2 hr afrer the
Administration of T mc C.formate, [8-C'4]-adenine or P¥?

CU-formate [z} -adenine =
DNA "BENA eRNA4 DNA nfiNa cRNA DxA nRENA cRNA

Appendix

adenine 5400 3020 10 10385 19600 13160 1373 3763 852

guanine 2420 3730 2220 462 1258 618 — —_ -

thymine 4080 — — — - — - — —
Bone Marrow

aden i_ne 9080 7124 4075 14781 21700 10348 1239 3837 B51

guanine 3343 4488 1970 2371 2600 422 — — -

thymine 10180 _— —_— —_ — — —_ — —
Intestinal MMucosa

adeni_ne 2400 3543 1630 4737 17700 12400 238 959 243

guarine 3045 4806 2340 1566 3470 410 — — —

thymine 3500 — — — — — —_ — —
Kidney

adeni_ne 14 205 lost 0 14932 4760 81 796 138

guanine 140 490 lost 161 1411 0 — — —

thymine 129 —_ —_— —_— — — — — sanem
Spleen

adenine 722 927 lost 5300 18700 lost 134 2236 292

guanine 428 900 lost 2480 27500 1029 — — —

thymine 878 — -— — — — — — —
Thymus

adenine 2HS 1840 2500 4720 ogll 5080 434 2229 3o

guanine 2155 2360 1350 252 787 125 —_ — —

thymine 2100 — — — — — — — —_

Table V. The Effect of X-irrodiotion {1000 r) of Rabbit Abdominal Viscera and Femera on the Incerporation of
P*? info the DNA, nRMA and cRMA of Rabbit Tissues. Each Animal received 1 me P22 2 hr before Killing

Leucocyties gz percentoge of

Period Erythrocyciles as wre-irmudiation vrlues Bpacific aclivity a.lmrc-rv:enta-ﬂ of conired
betwesn percentage of Tisgue wes .
frradiation pre-irmadiation Total Frando- Non-granulo-
and Killing, hr values cytes " cries DNA nRNA4 cR¥4

2 100 91 275 24 Appendix 4 62 75
Bone marrow 56 Sé 50
Kidney 77 146 154
Thymus 119 119 112
2 100 103 213 56 Appendix 7 57 65
Bone marrow 7L %9 68
Kidney 80 134 120
Thymus j02 78 91
20 103 54 133 10 Appendix 17 il 32
Rone marrow 23 24 17
Kidney 74 75 ¥
Thymus 37 52 16
49 87 (%3] 276 b} Appendix 33 52 53
Bone marrow 76 55 58
Kidney 120 67 59

Thymus 46 52 o4
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are protein and nucleic acids shows it to be between
79 and 92%.

Similar values determined for citric acid nuclei
(CN) from rabbit appendix, intestinal mucosa and
thymus show that the DNA phosphorus content as
a percentage of the dry weight is much higher in
NAN while the percentage of RNA phosphorus is
lower, The protein content is also appreciably lower
in CN than in NAN.

The activities of the DNAs from NAN and CN
of appendix, intestinal mucosa and thymus after P32
administration are similar except in the case of
intestinal mucosa 2 hr after P*? administration where
it has been repeatedly observed that the activity of
the DNA from NAN is higher than that from CN,

The specific activities of the nRNAs {from CN in
all these tissues are invariably higher than in the
nRNAs from NAN. This difference is not observed
at 18 hr and appears to be dne to heterogeneity of
the nRNA in NAN some of which is lost in the
preparation of CN. Extraction of NAN with dilute
citric acid in conditions sumilar to those obtaining
when CN are prepared removes appreciable amounts
of RNA and protein. The activity of this extracted
RNA is lower than that of the RNA remaining in
the extracted NAN and this in turn is higher than
that in the original NAN., After most careful studies
on the purity of the NAN it has been concluded that
the nRNA of appendix, intestinal mucosa and

thymus is heterogeneous and that when nuclei are
isolated from these tisswtes by conventional proce-
dures employing dilute citric acid some of this RNA
is Jost from the nuclei.
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Application of C'4-Labeled Substances in the Study of

Adipose Tissue Metabolism

By B. Shapiro and G. Rose,* Israel

In a review on the biochemistry of adipose tissue,}
Wertheimer and Shapiro have concluded from the
available experimental material that adipose tissue is
not only a site of fat storage, that is, an inert tissue,
but that it is endowed with specific metabolic abilities.
An accurate evaluation of these abilities was
hampercd by the fact that preparations of adipose
tissue contain only relatively small amounts of active
protoplasm, though it has already been proven about
30 years ago that fat mobilisation by adipose tissue
is contingent upou innervation.? This difficulty could
only be overcome by the usc of labeled, radioactive
substrates. Thus it could be shown that most of the
common enzymatic reactions are carried out by
adipose tissue, but that its main activities are directed
towards the metabolism of fat.

1. It has been found that uniformly labeled
glucose, acetate-1-C'%, aud pyruvate-2-C**  are
oxidised by adiposc tissue to CQp. The conclusion
is obvious that in the tissue the tricarboxylic acid
cycle is active. This has been established unambigu-
ously by the observation that malonate inhibits the
CHQ, production from the above substances, in-
dicating the central role of succinate in the process
(Table I}.

2. Adipose tissue synthetizes in wiiro fatty acids
from uniforinly-labeled glucose, pyruvate-2-C' and
acetate-1-C1%. Under optimum conditions, the newly
synthesized material per day amounted to 1% of the
fresh weight of the tissue used. Acetate proved
inferior to the other two substances; it appears that
the tissue is better capable to “activate’ higher than
lower fatty acids. In one experiment with labeled
glucose, ¢.g..® the incorporation of C}* into fatty
acids {cpm) was 40, 96 and 343 after 0.5, 1.5 and
4.0 hours: it proceeded linearly throughout the
period of incubation.

The experiments dispose with the classical assumip-
tion that the liver is the sole site of fatty acid syn-
thesis, and substantiate the findings of Stetten and
Grail* that the quantity of fatty acids synthesized per
day by the mouse is about 4 times the quantity
present in the liver. The adipose tissue is likely to be
rcsponsible for at least part of this additional syn-
thetic activity. This is in accord with the observation®
that adipose tissue, incubated in serum containing

* Department of Biochemistry, The Hebrew University—
Hadassah Medical School, Jerusalem,
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heavy water, incorporates deuterium into its fatty
acids. Although liver is more active than adipose
tissue in renewing its fatty acids by synthesis, the
adipose tissue has the advantage of the presence of a
nch larger amount of fatty acids, so that it may well
account for a large part of the total quantity of fat
synthesized by the body, in spite of the slower
turnover.

The question arises whether the synthesis of fatty
acids is due to the condensation of a Cp unit onto
an existing fatty acid chain, or to a synthesis de nove.
The degradation of the fatty acids accumulating in
the adiposc tissue by the mecthod of Anker® showed
that the sccond alternative is correct. By this method,
the silver saits of the fatty acids are treated with
bromine ; the reaction which takes place

R.CH,COOAg 4 Br —— R.CH:DBr 4 CO:
-+ AgBr

would give a ratio of O of the specific activities of
R.CHyBr/COa if acetate-1-C'* is added to an existing
fatty acid, and a ratio of 9 for complete at-random
distribution of the radioactive carbon {for an average
formula of Cyg fatty acids). The value actually found”
was 9.3,

3. Higher fatty acids are “activated” by adipose
tigsue, and not siniply transported as such, by diffu-
sion, from the tissue to the blood stream and wice
versa. This could be demwustrated™® by following
the uptake of fat by somewhat fat-depleted adipose
tissue from serum and other lipid media. Tables II
and III show that (@) this uptake is inhibited by
metabolic .poisons such as fluoride or cyanide, (b}
that only triglycerides and simple esters are assimil-
ated, not, however, lecithine or esters of cholesterol.
Although the uptake of the salts of free fatly acids is
not affected by fluoride, one must not conclude that
they penetrate the tissue by diffusion; their uptake is
very susceptible to cyanide.

Additional experiments on the uptake of potassium
stearate-1-C* by adipose tissue in witre confirmed
these conclusions. The radioactive stearate was taken
up at a high rate, but when the acetone extract of the
tissue was passed through a magnesium oxide
colitmn, in order to separate the fatty acids from the
esters, it was found that 90% of the activity was
present in the ester fraction. The conclusion offers
itself that on the external cell boundary an enzymatic
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Table I. Effect of Malonate en C0s Production®

Subsirale Rats Malonate &% C1HD,
Pyruvate—2-Ct4 Starved - 15.3
{0.01 AN 0.05 M L3
Pyruvate-2-CI4 Re-fed - 21.8
(0.01 AD 005 M 14.2
Acetate-1-Cl4 Re-fed - 13
{0.02 M) 005 M 0.4

* Each incubation flask contained two halves of mesenter-
- jum of two rats; to one the labeled substrate was added, to
the other an equivalent volume of saline. Total volume 1 mlL
exchange reaction takes place between free stearic
acid of the medium and esters inside the tissue.®

That the enzyme involved is not lipase, follows
from the observation, already mentioned, that the
process is not affected by fluoride, a known lipase
inhibitor. In fact, a dipose tissue contains a higher-
fatty-acid-activating system, requiring ATP, magne-
stumn jons and coenzyme A, similart to that discovered
in liver by Kornberg and Price.”® The activated acids
can be trapped with hydroxylamine as hydroxamic
acids (Table I'V); thus the enzyme activity can be
measured quantitativelv. The activity was lost by
dialysis and was not recavered by subsequent addition
of ATP, magnesium ions and coenzyme A.

4. The processes of fat synthesis and fat assimil-
ation bv the adipose tissme discussed so far, are
accompanied by combustion of the fatty acids sup-
plied, Part of the radioactive carbon of stearate-1-CH
appears as C1Y(0,; however, the rate of this process
could not be measured accurately due to the large
dilution of the radio-stearate by the fatty acids of
the tissue.

5. A particular rcaction occurring in adipose
tissue is the formation of glycogen {rom glucose,
demonstrated by the use of the labeled sugar. It is

worthy of note that this reaction is also linked to
the synthesis of fatty acids; indeed, the experiments
with adipose tissue illustrate admirably the inter-
relationship between the pathway of fat and carbo-
hydrate metabolism.

It had been recognized for some time''2 that
adipose tissue of starved and of re-fed rats behaves
differently. In the adipose tissue of normally fed
animals, no glycogen is found; when they were
starved and afterwards supplied with a diet rich in
carhohydrates, the polysaccharide is formed ; after =z
period of normal feeding, it disappears again. These
processes paralle]l the fat metabolism in adipose
tissue: the deposition of glycogen precedes the
deposition of fat and termninates when forination of
the latter is at its maximum.’®!* Furthermore,
fasting decreases the capacity to synthesize fat almost
to zerp (an ohservation which has also been made in
the casc of liver slices,*®) and re-feeding restores the
synthesis of fat.

The syntheses of glycogen and fat are not only
parallel reactions ; they are interdependent. Glycogen-
containing adipose tissue has a higher fat-syn-
thesizing activity than tissue free of glycogen® and
in tissue from starved animals the uptake of stearate-
1-C1 is less rapid."” Moreover, in this case, only
about one third of the radiocactivity present in the
tissue is derived from the ester fraction. One is
forced to cenclude that glycogen serves as precursor
of fat synthesis in adipose tissue, On the other hand,
it has been shown!® that the incorporation of radio-
carbon from glucose into glycogen is not diminished
by starvation, whilst the utilisation of glucose for
fat synthesis is decreased by 30% and the combustion
of the sugar to CO: by 90%. This may mean that in
starved tissue the carbohydrate metabolism is blocked

Table Il. Uptake of Fatty Acids (micro-equ per cm?) from Servm by Adipose Tissue in vitro

From fotal eslerifed fally acids

From phospholipids

From cholesterol esfers

Exrperi-
ment Initial After Dpiake Initial After Upiake Initial After Uptake
L hr & Ar 4 Ar
1 140 120 2.0 33 3.3 ¢ 1.9 2.15 ~0.25
2 70 57 1.3 21 23 02 1.2 1.4 -0.2
3 1.8 92 2.6 30 A 0.1 22 2.4 0.2 .
4 167 12,5 42 5.7 5.1 0.6 6.5 6.8 -0.3
5 149 118 3.0 30 49 0.1 54 5.4 0
6 14.6 11.3 3.3 5.1 5.2 -0.1 5.8 7.3 -1.5

Tuble INl. Uptake of Variouvs Faity Acid Compounds by Adipose Tissue

XNumber of "il:fﬁ?:r' Optake
Compound experiments concentrution (nteqiem® medium)
(meg/cm?)
Triolein 25 15 18 = 02
Triolein 4+ Af/20 NalF 16 15 104 = 0.27
Lecithin of egg 1l 12 -02 =+ 02
Sorbitan-meomolaurate 9 12 43 =+ 044
Sorbitan-monopalmitate 9 14 Je =+ 04
Seorbitan-monnpalmitate 4+ A /20 NaF i5 14 1.2 =+ 0.35
Sorbitan monooleate 1l g 23} =035
Sorbitan monooleate 4+ M/20 NaF 9 Q 08 = 03
Sodium oleate 9 12 24 -+ 053
Sodiom oleate 4+ A /20 NaF 5 12 29 > D88
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given on its subsequent fate in the same individual.
Another female subject { Experiment 4) also received
1 pc of hydrocortisone-4-C' together with 100 mg
of carrier hormone. Two studies were carried out
on the fourth subject, a2 wnman who was both
oophorectomized and adrenalectomized. In the first
of these (ixperimcnt 35), all hormone therapy was
withdrawn for 48 hours before, and 24 hours after,
the intravenous administration of a tracer amount
(0.25 mg) of hydrocortisone. The procedure per-
mitted an evaluation of the metabolism of the
hormonec when the tissues of the recipient were
depleted of this suhstance. A second study (Experi-
ment 6) on this same subject was carried out while
she was receiving 100 mg of hydrocortisone daily
by continuous intravenous infusion. In this instance,
the non-radicactive hydrocortisone infusion was
interraupted for one-half hour while the tracer dose
of the raclioactive hormone was introduced. Infusion
of the unlaheled hermnne was continued for 24 hours.

A typical camulative urinary excretion curve is
shown in Fig. 8. In Experiment I, 56 per cent was
excreteq it the urine at the end of 6 hours; 72 per
cent was eliminated in one day and 8O per cent over
three days. Virtually the same results were obitained
in Experiment 2 with a tracer dose administered to
the male subject. In Experiment 3, when this same
subject was given 100 mg of carrier hydrocortisonc
together with radionetive hormone, the large addi-
tional guantity of hormone did not apprecialdy alter
thie excretory pattern. Fifty-four per ecent was
excreted in 6 hours, and 84 per cent in one day. The
female subject who was also given 100 mp of hydro-
cortisone, containing 1 pc of C!', showed an almost
identical pattern of excretion in LExperiment 4. In
Experiment 3, conducted while the adrenalectomized
woman was deprived of all replacement therapy, the
excretory pattern was also similar and no significant
changes were ohserved when the samie subject
received 100 mg of hydrocortisone datlv by conti-
nuous intravenous infusion in Experiment 6.

In order to define the rate of excretion of the
radioactive products derived from the administered
hydrocortisone-4-C**, the radicactivity in the urine
was plotted semi-logarithmically apainst time for a
typical experiment. During the first 24 hours after
the dose, the data group about a straight line and
suggest that the excretion approximates a Arst-order
reaction. The rate of excretion of the products
derived from the metabolism of 80 per cent of
administered hydrocortisone during the first 24 hours
can be characterized by an average hali-life of
3.6 hours in all subjects studied.

The radioactivity found in the blood 2 hours after
administration ranged from 1.2 to 34 X 10—%¢ uc
per liter, In a blood sample obtained 15 minutes after
the end of infusion, a maximum of 13 per cent of the
circulating radioactivity was present as unaltered
hydrocortisone as demonstrated by isotopic dilution
analysis. In this short time, most of the horimone had
therefore undergone metabolic transformation.

The rcsults obtained by separating the urinary
metabolites into “free’” and conjugated fractions
indicate that an average of 12 per cent of the radio-
active hormone products excreted during a single
hour 30 minutés after completion of the infusion,
was present as the “free” or non-conjugated form.
After the sixth hour only 1 to 7 per cent of the
excreted material was still unconjugated. About
25 per cent of the urinary mctabolites have been
tdentificd as pregnane derivatives in which the
characteristic dihydroxyacetone side chain had been
transformed to a glycerol structure. A somewhat
smaller percentage may be accounted for as 11-
oxygenated 17-ketosteroids and as metalolites which
have the original side chain, but with the ring A
reduced. In all, somewhat more than 60 per cent of
the total radioactivity in the urine has been isolated
and identifed as pure, chemically characterized,
individual compounds.

Analysis of the C* content of a control respiratory
carbon dioxide sample with a Libby screen wall
counter gave a net activity of 15102 dpm per
gram of carbon, a wvalue identical with that of
contemporary carvon. After the administration of
0.835 uc of hydrocortisone-4-C!, the pooled carbon
dioxide collections contained 20.1 dpm per gram of
carbon. This increase of 3 dpm per gram of carbon
in the expired air represents excretion of radio-
activity equivalent to 0.05 per cent of the adminis-
tered hydrocortisone per day. Therefore depradation
of the A ring and. by implication, the entire steroid
nucleus could not have exceeded this amount and
the study clearly demonstrated that about 80 per
cent of the hormone administered in either trace
quantities or massive doses appeared in one form or
another i1 the urine within the course of 24 hours,
Indeed, most of the end products are excreted within
a much shorter period of time. Relatively little radio-
activity, less than 10 per cent of the dose, was
excreted iuto the intestinal tract. The characteri-
zation and definition of the various transformation
products of the hormone has given valuable informa-
tion for further studies and the dynamics of hydro-
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Figure B. Cumulafive axcrefion of radicactlvity after adminisiratien
of hydracortisone-4L

































































