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I.  Scope of Work.

Our effbrts during the current year were directed toward the
following aspects of carbohydrate and nucleic acid metabolism· in the
developing amphibian: (A) glycolytic enzymes - studies on the isozymes

of pyruvate kinase in fetal and adult tissues; (B) pyrimidine bio-
synthesis in the unfertilized frog egg:  purification and properties
of carbamyl phosphate synthetase-II and aspartate transcarbamylase;
and (C) RNA and protein metabolism-specific studies of the effects
of thyroxine on: (1) liver RNA polymerases I and II; (2) acidic and
basic .(histones) nuclear proteins; (3) glutamate dehydrogenases from
tadpole and frog liver; and (4) the levels of activity of the intra-
and extramitochondrial enzymes of the ornithine-urea cycle.

II. Publications.

(The following publications have appeared, submitted, or will be

submitted shortly for publication).

"Biochemical Differentiation during Amphibian Metamorphosis", Philip
P. Cohen, Science, 168, 533 (1970).

"Studies on Isozymes of Fructose-1, 6-Diphosphate Aldolase during
Amphibian Development. II. Characterization of Isozymes on the Egg
of Rana Pipiens", L. J. Chen, K. Adachi, and H. J. Sallach, Biochim.
Biophys. Acta, 206, 161 (1970).

"The Effect of Thyroxine-Induced Metamorphosis on Amphibian RNA
Polymerases  I  and  II",  M. D. Griswold  and  P. P. Cohen,  Fed.  Proc.
(Submitted for 1971 meeting).

"Isozymes  o f Pyruvate Kinase in Tissues  and  Eggs  o f Rana Pipiens.
II. Comparative Studies on the Properties of the Cardiac and Skeletal
Muscle Enzymes", L. Flanders, J. R. Bamburg, and H. J. Sallach,
(Manuscript in preparation).

"Carbamate Kinase", M. E. Marshall and Philip P. Cohen, in Methods
in Enzymology:  Metabolism of Amino Acids and Amines, (Eds., H. and
C. W. Tabor), Academic Press, Inc., 1970 (in press).

"L-Glutamate Dehydrogenases  from  Frog and Tadpole Liver",  L. A. Fahien
and Philip P. Cohen, in Methods in Enzymology:  Metabolism of Amino
Acids and Amines, (Eds., H. and C. W. Tabor), Academic Press, Inc.,
1970 (in press).

III. Results.

(References cited in'a given section are listed immediately
following that section).

A.  Glycolytic Enzymes: Isozymes of Pyruvate Kinase.

Earlier studies from this laboratory (1) demonstrated that
five isozymes of pyruvate kinase occur in the unfertilized frog
egg and in certain tissues of the adult frog.  It is of interest
that our work with the amphibian was the first to establish that

1
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five isozymes of this enzyme occur in a given tissue; this observa-
tion has subsequently been observed by other investigators in the
rat (2).  In order to gain insight into the regulatory and

molecular properties of the different forms of pyruvate kinase in
the unfertilized egg, purification of the differedt forms of

pyruvate kinase found in skeletal muscle, heart and liver of adult
frogs was initiated to permit a comparison of their kinetic,
physical and· immunological properties with those of the individual
isozymes found in the egg.  (The relationship of our work to that

of others and other background information are described more
fully in the appropriate section of the accompanying Research
Proposal).

The crystalline skeletal muscle pyruvate kinase referred to
in the last progress report was found to contain a contaminant
which made it unsuitable for use as an antigen. Hence, a modifica-
tion of the purification scheme had to be developed to yield a
homogeneous preparation. The following data support the conclusion
that the present procddure yields a homogeneous preparation of
pyruvate kinase from frog skeletal muscle: a) sedimentation
velocity studies (protein concentrations = 2 to 7 mg of protein)

gave no evidence of heterogeneity; b) acrylamide gel electrophoresis
in the presence of sodium dodecyl sulfate (SDS) gave only one
protein band; c) immunological studies (Ouchterlony and immuno-

electrophoresis), following the preparation of the antibody, gave
only one precipitin band.

The physical studies on the pyruvate kinase from frog skeletal
muscle have been extended using crystalline rabbit muscle pyruvate
kinase as a standard.  SDS-acrylamide gel electrophoresis establish-
ed that the molecular weight of the subunit of the frog muscle

enzyme is 55,000.  Gel filtration studies on standardized columns
of Bio-gel P-300 and.sedimentation velocity studies (S Q   = 9.2
for  frog  and  9.3 for rabbit muscle enzymes) have establihKed  that
the molecular weight of the frog enzyme is very close to that of
the rabbit muscle enzyme.  Hence, from the above data, it is
concluded that the frog skeletal muscle enzyme is a tetramer with

a molecular weight of 220,000.

Cardiac pyruvate kinase has been brought to a highly purified
state such that only one minor contaminant can be detected by            

slab gel electrophoresis.  The heart enzyme has the identical
elution volume as that of the skeletal muscle enzyme on calibrated
columns of Bio-gel P-300.  Hence, the molecular weight of the
cardiac enzyme  and   that from skeletal muscle  must ·be   the  same.
SDS-acrylamide gel electrophoresis cannot be used to establish sub-
unit size until our purification of the heart enzyme has been
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completed.  However, in view of the immunological data described
below for the frog egg isozymes, it is presumed to be a tetramer.

Additional studies on these points are in progress.

Comparative studies on the properties of the cardiac and
skeletal muscle enzymes have been carried out.  The K  values for
PEP are 1.5 x 10-4 M and 0.8 x 10-5 M for heart and muscle, res-
pectively.  The heart enzyme, but not muscle, exhibits marked
activation by FDP (K Dp = 1.5 x 10-5 M) and inhibition by L-alanine
and is more sensitive to temperature changes, i.e. 5 minute

incubation at 250 and 370 results in a 25% and 50% loss in activity
over that observed at 15' whereas the muscle enzyme is not changed
under these conditions. In addition, the heart enzyme has different
electrophoretic mobilities than muscle under different electro-

phoretic conditions and has different chromatographic properties
on both CM- and DEAE-Sephadexes.  The above data indicate that
there are marked differences in the properties of the two enzymes
and that the amphibian heart pyruvate kinase has many properties
similar to those described for the rat liver enzyme. Immunological
studies, however, have shown that the antibody to skeletal muscle

pyruvate kinase cross-reacts with the cardiac enzyme.  This is
observed both in the presence and absence of FDP by either inhibi=
tion of enzymatic activity or by agar gel double diffusion studies.

In view of the earlier report that beef heart pyruvate kinase
is activated by FDP, studies were carried out with this enzyme in
view of the larger amounts of tissue that could be obtained
readily.  However, we were not able to detect any activation of
the beef heart enzyme using either crude homogenates or partially

purified (50-fold) preparations.  Beef kidney pyruvate kinase is
activated by FDP.  Hence, it was considered essential to compare
the heart and kidney enzymes with respect to their physical properties
to see if they could be distinguished on a physical basis as well.
Partially purified ammonium sulfate fractions were subjected to

chromatography on CM-Sephadex under identical conditions.  Only
one form of beef heart pyruvate kinase was observed and it differed
in its elution characteristics from any of the three forms found
with beef kidney.  Activation of the kidney isozymes was observed
following chromatography whereas no activation of the heart form
was observed. Hence, on this basis, it was concluded that beef           /
heart pyruvate kinase is not activated by FDP.  The rationale for
these studies was to find a more readily available source of a
heart pyruvate kinase that was activated by FDP, as is the frog

heart enzyme, to facilitate our comparison of heart and skeletal
muscle type enzymes; however, in view of our results this was not

feasible and suggests that frog heart pyruvate kinase is unique
among the .species examined to date with respect to its activation

  by FDP.

t
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Immunological studies were carried out with the antibody to
the skeletal muscle pyrivate kinase to determine its cross-

reactivity with either liver pyruvate kinase or any of the five
isozymes found in the unfertilized frog egg.  No evidence for
cross-reactivity of the liver enzyme with the antibody could be ,
obtained either on the basis of double diffusion studies (Ouchterlony)
or by inhibition of enzymatic activity. Electrophoretic analyses
have  shown that liver contains predominantly isozyme  V  (st·  1)  with
very minor amounts of isozymes I to IV; the above studies were

carried out with isozyme V isolated from liver.  The five individual
isozymes found id the frog egg were separated by.chromatography on
DEAE-Sephadex prior to studying the effects of the antibody on
enzyme activity. (Electrophoretic analyses on cellulose acetate
strips demonstrated that a complete separation of the individual

isozymes had been achieved).  The inhibition of activity observed
in the presence of the antibody was: isozyme I was inhibited to
the greatest extent, i.e. to the same extent as either cardiac
or skeletal muscle pyruvate kinases; there was a progressively
decreased effect of the antibody on the activity of isozymes II

through IV; and no inhibition 6f isozyme V from egg was observed.

To summarize, egg isozyme V and liver pyruvate kinase have the
same electrophoretic mobilities under a variety of conditions,
their chromatographic properties on DEAE-Sephadex are identical,
and neither form cross-reacts with the antibody to the skeletal
muscle enzyme.  On the other hand, egg isozyme I and cardiac
pyruvate kinase both cross-react with the antibody and, in addi-
tion, have identical electrophoretic and chromatographic properties.

As reviewed above, cardiac and skeletal muscle pyruvate kinases
have the same molecular weight, the muscle enzyme has been shown
to be a tetramer and it is assumed that the cardiac form is as well.
However, these two forms of the enzyme can be differentiated on
the  basis of kinetic,· chromatographic and electrophoretic properties.
Hence, our present data suggest that there are three parental types
of pyruvate kinase subunits (heart, muscle, and liver) in amphibian
systems and that the five isozymes found in the egg represent
the cardiac form (isozyme I) the liver form (isozyme V) and that
isozymes II through IV represent hybrids formed from these two
parental types.  Additional studies are required to establish the

above in a conclusive manner.  Studies planned or currently in           7
progress relating to this area of our research are described in
the appropriate section of the accompanying Research Proposal.
(These studies were carried out in collaboration with Dr. L. Flanders
and Mr. L. Schloen.  A manuscript on the comparative studies of the

properties of cardiac and skeletal muscle pyruvate kinases will be
submitted for publication shortly).

1.  Schloen, L. H., Bamburg, J. R., and Salla'ch, H. J., Biochem.
Biophys. Res. Commun.,  36,  823  (1969) .

$--
2.  Susor, W., Fed. Proc., 22, '729 (1970).
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B.  Pyrimidine Biosynthesis in the Unfertilized Frog Egg:  Purification
and Properties of Carbamyl Phosphate Synthetase-II and Aspartate
Transcarbamylase.

Present evidence indicates that the glutamine-dependent
carbamyl phosphate synthetase (CPS-II) catalyzes the rate limiting

' step and is a regulatory site in the pathway for pyrimidine bio-
synthesis in'most systems examined.  Work in this laboratory using
extracts of frog eggs indicates that CPS-II and aspartate trans-
carbamylase (ATCase), the next enzyme in the biosynthetic sequence,
are co-purified as a macromolecular complex as is the case for the
enzymes from yeast  (cf.  1)  and N. crassa  (cf.  2),  but not  the
bacterial enzymes (cf. 3), or apparently those from mammalian

sources  (Sf,  4,5) . Marked differences  in  both the regulatory  and
molecular properties of the CPS-II-ATCase complex, and/or the

individual enzymes, have been reported for the different systems
given above (see accompanying Research Proposal for complete
review). In particular, these differences relate to the effects
of nucleotides and other modifiers on both enzyme activity and the
state of molecular aggregation of the complex.  To gain further
insight into these and other properties of the system, our work
on the purification of CPS-II and ATCase from soluble extracts of

frog eggs has been continued.

CPS-II, but not ATCase, is a very labile enzyme.  Hence,
prior to purification, optimal conditions for stabilizing the
enzyme had to be established.  Of the many different conditions

investigated, phosphate buffers (pH 7.4, 0.1 to 0.01 M) containing
10%  glycerol,   5 mM Mg-ATP  and  5 mM B-mercaptoethanol,, were found
to protect the enzyme during dialysis and chromatographic procedures.
Sucrose was not as effective as glycerol and no differences

between B-mercaptoethanol and dithiothreitol were observed.  In
addition, it was found that by raising the glycerol concentration
in the above buffer system to 50% the enzyme was stable for several

weeks at -70'.  A purification procedure involving solubilization
of the enzyme in glycerol containing buffers, precipitation of
nucleic acids with cetyltrimethyl ammonium bromide (CTAB), anido.nium
sulfate fractionation, and sequential chromatography on CM-Sephadex,
Agarose 6B, and DEAE-Sepha4ex (in the presence of UTP), has

resulted in approximately a 600-fold purification of both CPS-II
and ATCase.  The ratio of the two enzyme activities remains rela-
tively constant throughout this procedure. (Additional evidence

for a macromolecular complex containing both CPS-II and ATCase is   
outlined below).  The purified enzyme was assayed for the next
two enzymes in the pathway, i.e. dihydroorotase and dihydroorotate
dehydrogenase, as well as for ornithine transcarbamylase, but no

significant activity for any of these enzymes was detected.
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Kinetic studies have been carried out with both CPS-II and
ATCase and the apparent Km values for the individual substrates
have been established. The effects of fifteen different nucleoside
mono-, di-, and triphosphates (10-3 M) on CPS-II were investigated.
Of these, UTP gave a marked inhibition whereas XMP was found to ,
activate the enzyme. In both cases, the effects of the modifiers
was greatest at low substrate concentrations of ATP and half-
maximal changes were observed in the concentration range of
3 x 10-5 M for both UTP and XMP.  Similar reshlts were obtained
with these modifiers when the overall reaction catalyzed by the
CPS-II-ATCase complex was assayed.  Hence, with respect to UTP
inhibition, the frog egg system is similar to the yeast (1),
N.  crassa  (2), and mammalian enzymes  (5) ; however, no activation
by XMP has been reported for any of these systems.  ATCase is
inhibited by UTP but only about 20% at 10-3 M and this property is

lost when the enzyme is heated, or dissociated from CPS-II, as
discussed below.

Molecular weight estimations of the various forms of the

complex are in progress using both standardized columns of
Agarose 1.5 and glycerol density gradient centrifugation.  When
the complex is subjected to gel filtration in the presence of
5 x 10-4 M UTP, a single protein peak with both CPS-II and ATCase
activities is found and its molecular weight is estimated to be
in the 600,000 range.  This highest molecular weight species of
the complex is also found upon centrifugation in linear glycerol

gradients in the presence of UTP.  Similar experiments using both
techniques in the absence of UTP, or in the presence of ATP or XMP,
give, in addition to the 600,000 species, partially resolved, but

overlapping, peaks of CPS-II and ATCase activities which have
molecular weights in the 300,000 range. It remains to be established
whether conditions can be found that would permit a complete resolu-
tion of the two activities or not.  Recent reports indicate that
the effects of UTP on the CPS-II-ATCase complex from yeast (1) and
N. crassa (2) are different; in yeast, the complex has a molecular
weight of approximately 600,000 in the presence of UTP and around

300,000 in its absence whereas the reverse is observed with the
complex from N. crassa. No indications of the separability of
CPS-II and ATCase were reported in these studies with either the

yeast or N. crassa systems.  However, such a separation has been
reported Yor the complex in Coprinus (6).

In our putification studies, a number of different procedures
were found which led to the loss of CPS-II activity and a retention

of ATCase activity, i.e. dialysis in the absence of glycerol and
Mg-ATP, chromatography on DEAE-Sephadex in the absence of UTP, or
heat treatment of the complex.  In the yeast system (1), either
heat treatment or chromatography on DEAE-cellulose led to the 

--*
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formation of an ATCase species with a reported molecular weight
of approximately 140,000.  When the ATCase from the frog egg
complex  was subj ected  to gel filtration following dialysis,   or
heat treatment, to destroy CPS-II activity, two peaks of ATCase

activity (molecular weights of approximately 600,000 and 350,000)
were found.  Hence, although the frog egg CPS-II-ATCase complex
in the presence of UTP is similar to the yeast system and not that
from N. crassa, there appear to be marked differences in the
properties of the ATCase in the yeast and frog egg systems.  Addi-
tional studies on this multifunctional complex from the different
systems are required to establish its molecular properties in

the presence and absence of modifiers. (In collaboration with

Dr. R. Lin).

1.  Lue, P. F., and Kaplan, J. G., Biochem. Biophys. Res..
Commun., 34, 426 (1969).

2.  Williams, L. G., Bernhardt, S., and Davis, R. H., Biochemistry,
9,     4329     (1970).

3. Anderson, P. M., and Martin, S. V., Biochemistry, 9, 171
(1970).

4.      Inagaki,   A.,   and Tat ibana, M., Biochim. Biophys.   Acta,.   220,
491 (1970).

5.  Ito, K., Nakanishi, S., Terada, M., and Tatibana, M.,
Biochim. Biophys. Acta, 220, 477 (1970).

6.  Hirsch, M., C. R. Acad. Sci., 267, 1511 (1968).

C.  RNA and Protein Metabolism.

1.  Studies on RNA Polymerases.

DNA-dependent RNA polymerase is considered to be a key

enzyme in the control of differentiation and development in
eukaryotic organisms.  Work in this laboratory on the role

of RNA polymerase during amphibian metamorphosis supports
this view.  Complete assay conditions have been determined

along with measurements of changes in enzyme activity in
liver nuclei after thyroxine treatment of premetamorphic

tadpoles. It has been found that both RNA polymerase I

(located in the nucleolus and synthesizing GC-rich RNA) and
RNA polymerase II (located in the nucleoplasm and synthe izing
AU-rich RNA) increase approximately 2.5 fold in activity
within 80 hours after thyroxine injection.' Smaller increases

-

-/
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in activity are detectable within 12 hours after injection.
RNA polymerase I and II can be assayed in the same system

by the use of a-amanitin, a compound which inhibits enzyme II
activity 100% and has no effect on enzyme I (1,2).  It has
also been shown that the responses of amphibian RNA polymergses
I and II to varying concentrations of Mn4+, Mg++ and NH4+,
assayed in situ, are nearly identical to published values for
isolated'enzyme from other sources (3).

The striking effect of thyroxine on the polymerase system
has led to experiments currently underway to determine the

mechanism(s) involved in invoking the increases in the enzyme
activity.  The use of an in vitro system of liver cubes and
various isotope studies will be used to determine the manner
in which thyroxine and other factors affect the enzyme.  Since
thyroxine has no effect when added to the isolated nuclei,
some intermediate mechanism must be involved.

A factor which inhibits RNA polymerase II in rat liver
nuclei has been found to be present in the tadpole nucleus.
Its effect on tadpole RNA polymerase has not been determined

yet because it has not been possible to separate it completely
from the enzyme.  This factor is degraded by pronase, has a
molecular weight of less than 10,000 daltons, is dialyzable to

some extent and is extremely labile.  Further work on this
inhibitory substance may elucidate its role in metamorphosis.
The search for other factors which may be present in various
cell fractions add which serve as effectors for RNA polymerase
is underway.  Preliminary results indicate the presence of a
stimulatory factor in the cell supernatant.

The polymerase product of RNA is currently being charac-
terized.  Nearest neighbor and base analyses indicate that
the product of the assay system is indeed RNA. Gel electro-
phoresis and autoradiography are being utilized to identify
the RNA product from both the in vitro incubation and the in
vivo systems.  An analysis of the type of nuclear RNA synthe-
sized before and after thyroxine treatment should prove valuable
in determining the role of RNA synthesis in the biochemical
changes associated with metamorphosis. (In collaboration with
Dr. M. Griswold).

1.  Novello, F., and Stirpe, F., FEBS Letters, 8, 57 (1970).

2.  Fuime, L., and Wieland, Th., FEBS Letters, 8, 1 (1970).

3.  Roeder, R. G., and Rutter, W. J.., Nature, 224, 234  
(1969).
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2.  Studies on Nuclear Proteins.

To gain insight into the biological role of nuclear pro-
teins, the fractionation and purification of these compounds
from the liver of Rana catesbeiana tadpoles and frogs was

initiated.  Our efforts during the current year have been
directed toward preparative techniques to permit a thorough

study of such compounds.  Modifications of the preparative
methods described by other investigators (1-6) have yielded
large quantities of both basic (histones) and acidic nuclear
proteins.  The purity of these protein fractions has been

demonstrated by the acid-urea polyacrylamide gel system of
Panyim and Chalkley (7) and by a modification of the sodium
dodecyl sulfate (SDS) polyacrylamide gel system of Weber and
Osborn (8).

A study of the histones isolated from the livers of
tadpoles at different stages of development is currently in

progress. The preliminary results indicate that there is no
qualitative difference, as determined by the electrophoretic
separation currently being used, in the histones at the
different stages of development. However, more definitive
experiments on the individual histone fractions now in progress
with respect to their acetylation (9) and/or phosphorylation
(10) using isotopic techniques should permit a detection of

microheterogeneity in the individual fractions.  An additionhl
parameter under study is the turnover rates of the individual
fractions at different·stages of development.  The acidic
nuclear proteins which have been isolated are currently being
subjected to further characterization using SDS-polyacrylamide

gel electrophoresis and chromatographic techniques.  Other
planned studies are described in the accompanying Research
Proposal. (In collaboration with Dr. Mark S. Fischer).

1.  Johns, E. W., Biochm. J., 92, 55 (1964).

2.  Klunsmith, L. J., Allfrey, V. G., and Mirsky, A. E., Proc.
Natl. Acad.  Sci.,  55,  1182  (1966).

3.  Gilmour, R. S., and Paul, J., J. Mol. Biol., 40, 137 (1969).

4.  Hohmann, P., and Cole, R. D., Nature, 223, 1064 (1969).

5.  Shih, T. Y., and Bonner, J., Biochim. Biophys. Acta, 182,
30 (1969).

l
6.  Elgin, S. C. R., and Bonner, J., Biochemist.ry, 9, 22 (1970).

7.  Panyim, S., and Chalkley, R., Arch. Biochem. Biophys.,
130, 337 (1969).

1



.

-10-

8.  Weber, K., and Osborn, M., J. Biol. Chem., 244, 4406
(1969).

9.  Marzluff, W. F., and McCarthy, K. S., J. Biol. Chem.,
245, 5635 (1970).

10. Sherod, D., Johnson, G., and Chalkley, R., Biochemistry,
1,  4611  (1970).

11.  Dahmus, M. E., and McConnell, D. J., Biochemistry, 8,
1524 (1969).

12.  Maurer, H. R., and Chalkley, G. R., J. Mol. Biol., 27,
431 (1967).

13.  Sluyser, M:, J. Mol. Biol., 22, 411 (1966).

3. #Studies on Glutamate Dehydrogenases.

As reported earlier (1,2), the crystalline glutamate

dehydrogenases isolated from tadpole liver and from adult
frog liver have different kinetic properties and substrate
specificities.  Efforts during the current year have been
directed towards modifications of the original method for the
isolation of the tadpole liver enzyme..  This was a necessity·
for the following reasons:  a) the number of tadpoles required
to obtain sufficient liver for crystallization was very large;

b) a relatively large amount of the homogeneous enzyme was
required for the physicochemical studies needed to get at the
structure-function relationsbips; and c) it was considered
critical and essential that identical conditions be employed
for the isolation and crystallization of the enzymes from
tadpole and frog liver if meaningful comparative studies were
to be carried out.

During the current year, an improved method of isolating
and crystallizing glutamate dehydrogenase from tadpole liver
has been developed.  The method is a modification of that
which was employed for the purification of the enzyme from
rat liver (3).  The yield of the tadpole enzyme by this method
is some 10 to 20 times that obtained by previous methods and
can  be  used to isolate· the enzyme  from frog liver  as  well.
Sufficient quantities of glutamate dehydrogenase from both
sources have been obtained to permit a comparison of their
various kinetic properties.     The  ef fect  o f several %purine    ,
nucleotides upon the activity of the two enzymes has been /
measured with NADH as the coenzyme. Substrate specificities
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+
have been compared with NAD  as the coenzyme.  Larger amounts
of both enzymes are currently being prepared to use for the

physicochemical studies outlined in the Research Proposal.
(In collaboration with Dr. K. King).

1.  Wiggert, B. 0., and Cohen, P. P., J. Biol. Chem., 241,
210 (1966).

2.  McKee, E. M., Ph.D. Thesis, University of Wisconsin
(1969).

3.  King, K. S., and Frieden, C., J. Biol. Chem., 245, 4391
(1970).

4.  Effects of Thyroxine on the Biosynthesis and Turnover of Urea
Cycle Enzymes.

The mechanisms by which the levels of activity of CPS-I
and glutamate dehydrogenase are regulated and the effects of
thyroxine on these enzymes have been discussed above.  Our
results in this area prompted an investigation of the other
enzymes of the urea-cycle to determine if all enzymes of the
cycle respond in a concerted fashion and/or if differences
exist between the mitochondrial (CPS-I and ornithine trans-
carbamylase) and cytoplasmic enzymes (argininosuccinate
synthetase, argininosuccinase, and argininase) of the cycle.

Data on the turnover (half-life) of CPS-I in liver cube
preparations have been reported (1) to be of the order of 60
hours.  Experiments of a similar type have now been completed
(Reddy and Cohen, to be published) for ornithine transcarbamylase
which has a turnover (half-life) value of the order of 80
hours. While these half-life values for the mitochondrial
enzymes of the ornithine cycles suggest that they are being
synthesized and degraded at different rates, it must be
recognized that ornithine transcarbamylase is present at a
higher concentration and specific activity than is CPS-I.  Thus
the somewhat slower rate of turnover of ornithine trans-
carbamylase may reflect ·the fact that regulation of the mito-
chondrial enzymes is directed toward the rate-limiting enzyme,
CPS-I.  Available data indicate that argininosuccinate
synthetase is the rate limiting enzyme of the extra-mitochondrial
enzymes involved in urea biosynthesis.  It thus becomes
important to determine the half-life of this enzyme under the
influence of thyroxine. This information will pelhnit  mak ng
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0
a decision as to whether·the overall rate of urea biosynthesis
under the influence of thyroxine represents a concerted

mechanism of induction of the enzymes concerned with urea bio-

synthesis.

Efforts during the current year have been directed
toward the refinement of assay conditions, i.e. increased
sensitivity,   and   to an examinat ion   of the possible   in   vivo
changes in liver of argininosuccinate synthetase, arginino-
succinase, and ornithine transcarbamylase, during natural and
thyroxine-induced metamorphosis. Studies of this type were
considered essential to gain further information prior to the
utilization of the in vitro cubed liver system; the latter will

be used for more definitive experiments in later studies.  The
assay system for argininosuccinate synthetase has been modified
and the sensitivity of the method increased greatly over that
used previously. In these studies, in which all of the above
enzymes were measured in the same preparations, it has been
found that, in addition to ornithine transcarbamylase,

argininosuccinate synthetase, argininosuccinase, and arginase
increase two to three-fold during both natural and thyroxine-

induced metamorphosis.  Studies are currently in progress on
the purification of argininosuccinate synthetase and arginino-
succinase to obtain preparations suitable for use as antigens
to be used in a study of the turnover of these enzymes in the
in vitro cubed liver system.  (In collaboration with Drs.

M. K. Reddy and R. L. Wixom).
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