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The formation of carbamyl-P is the initial step for the bio-
synthesis of arginine and pyrimidines. ILivers of various ureotelic
animals are known to contain high activity of a carbamyl-P synthe-
tase which utilizes ammonia but not glutamine as a nitrogen donor
and requires N-acetyl-L-glutamate as essential activator (Cohen,
1962). On the other hand, it has been demonstrated recently that
rapidly proliferating non-ureotelic tissues, such as hematopoietic
mouse spleen (Tatibana and Ito, 1967a), rat fetal liver (Hager and
Jones, 1967a), and Bhrlich ascites carcinoma (Hager and Jones,

1967b), contain a different type of carbamyl-P synthetase. The
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newly detected engymes utilize either L-glutamine or ammonia as the
nitrogen donor, have no requirement for acetylglutamate, and are
thought to provide carbamyl-P for pyrimidine biosynthesis in these
tigsues. These observations suggest that the glutamine-utilizing
enzyme ray exist, along with the ammonia-dependent enzyme, in mam-—
malian adult liver, particularly in regenerating liver which is not
only ureotelic but also proliferating. Although in past studies
(Cohen, 1962) most of the ammonia-dependent enzyme has been recov-
ered in the mitochondrial fraction, some activity has invariably
appeared in the supernatant fluid and has then hampered a clear de-
monstration of the glutamine-utilizing enzyme supposed to occur
mainly in the soluble fraction.

This communication deals with the presence of the glutamine-
utilizing carbamyl-P synthetase in the high-speed supernatant of
homogenates of normal and regenerating rat liver. The enzyme was
separated from the ammonia-acetylglutamate-dependent carbamyl-P
synthetase on a hydroxylapatite column and was partially character-
ized. Immunological evidence is presented that these two enzymes

are discrete proteins.

Methods and Materials - The procedures for enzyme purifica-
tion and assay were similar to those developed for the glutamine-
utiligzing carbamyl-P synthetase from hematopoietic mouse spleen
(Tatibana et al., in preparation), and are modifications of the
methods described previously (Tatibana and Ito, 1967a). In place
of glycerol alone, a mixture of DMSQO and glycerol is employed as
enzyme stabilizer. Evaluation of the effects of these solvents
as a stabilizer will be published elsewhere. The standard assay
system contained the following constituents in a final volume of
0.6 ml: 30 uymoles of potassium N-2-hydroxyethyl-piperazine-N'-
ethanesulfonate buffer, pH 7.0; 6 umoles of ATP; 9 umoles of
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MgClZ; 0.3 umole of L-ornithine; 18 umoles of KCl; 10 pg of puri-
fied ornithine transcarbamylase* from beef or frog liver; enzyme
to be assayed; 0.045 wl of DMSO; 7.5 mg of glycerol; 0.075 umole
of Na-EDTA; 10 pmoles of 131{14co3 (5 ¥ 10° c.p.m.); 2 umoles of I~
glutamine or 6 umoles of ammonium acetate as nitrogen donor; and,
where indicated, 3 pmoles of N-acetyl-L-glutamate. The incubation
was for 15 minutes at 37°. Subsequent procedures were essentially
as described previously (Tatibana and Ito, 1967a).

The ammonia-dependent carbamyl-P synthetase from mammalian
liver is so unstable that a homogeneous preparation is not availa-
ble at present. Therefore, the same type of carbamyl-P synthetase
was purified from frog liver (Marshall et al., 1958), and rabbit
antisera against the enzyme, which can cross-react with the enzyme
from rat liver, were prepared as described by Marshall et al.
(1961). The antibody obtained by us formed a precipitin line with
the rat liver enzyme, when examined by the agar diffusion tech-
nigue (Ouchterlony, 1949) and by the immunocelectrophoresis tech-
nique (Graber and Williams, 1955). 72-Globulin fractions of the
antisera were prepared by the procedure of Nichol and Deutsch
(1948).

Three female Wistar strain rats were subjected to partial
hepatectomy. Regenerating liver, removed 22 hours later, was homo-
genized with 5 volumes of ice-cold 30% (w/v) glycerol solution con-
taining 0.05 M potassium phosphate, pH 7.0, 10 mM MgClZ, 1 mM Na-
EDTA, 1 mM dithiothreitol, and 1.44 mM L-glutamine. The homogen-
ate was centrifuged for 40 minutes at 105,000 g and the superna-

tant was fractionated with ammonium sulfate (0% - 39%). The pre-

* This amount of ornithine transcarbamylase was sufficient for
the conversion of 40 umoles of carbamyl-P into L-citrulline in 1
minute under optimal conditions.
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cipitate was chromatographed on a hydroxylapatite column. Step-
wise elution was carried out with increasing concentrations of po-
tassium phosphate from 0.03 ¥ to 0.25 M in a 30% (v/v) DMSO solu-
tion containing 5% (w/v) glycerol, 0.1 M KCl, 1 mM dithiothreitol
and 0.5 mM Na-EDTA. The solution had a final pH of 7.6 (Elution
A). Elution was continued with a different solvent system which
contained 10% (w/v) glycerol, in place of 30% DMSO and 5% glycerol
and had a final pH of 6.8. Phosphate concentrations ranged from
0.10 M to 0.20 M (Elution B). In spite of the lower salt concen-
tration, the latter system had a stronger eluting power than the
former. Eluted enzyme was concentrated through the use of a small

column of hydroxylapatite.

Results and Discussion - As shown in Fig. 1, carbamyl-P syn-
thetase was eluted from the hydroxylapatite column in two peaks
(Peak I and Peak II). Peak I was identified as the glutamine-uti-
lizing carbamyl-P synthetase and Peak 11 as the ammonia-acetylglu-
tamate-dependent enzyme. The enzyme in Peak I was indistinguish-
able from carbamyl-P synthetase isolated from hematopoietic mouse
spleen (Tatibana and Ito, 1967a) with regard to substrate specifi-
cities, requirements for activators, pH optima, and sensitivities
to pyrimidine nucleotides, particularly UTP.

When normal rat liver was subjected to the same fractionation
procedure, a similar chromatographic pattern was obtained. Some
variation in the enzyme levels during liver regeneration was ob-

served which offers an interesting problem for further investiga-

tion.
It is known that DMSO can change protein conformation as well
as the catalytic properties of certain enzymes (Hamaguchi, 1964;

Rammler, 1967). This raised the possibility that the appearance
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Figure 1. Separation of two types of carbamyl-P synthetase
on g hydroxylapatite column with a stepwise gradient of potassium
phosphate. For details see text. Enzyme activities were followed
in two different assay systems, with 3.3 mM L-glutamine as sole
nitrogen donor[:::%%EE%zwith 10 mM ammonium acetate plus 5 mM N-
acetyl-L-glutamate . Inorganic phosphate, contained in the
eluates, somewhat inhibited the enzyme activity but the values il-
lustrated here were not corrected. Protein (o——o0) was assayed by
the method of Lowry et al. (1951). One unit of carbamyl-P synthe-
tase is defined as the amount of enzyme which synthesizes 1 mumole
of carbamyl-P in 1 minute under the agsay conditions.

of the two activities was related to an effect of DMSO. Therefore,
the following experiment was undertaken. Mitochondria of normal
rat liver, prepared by the method of Hogeboom (1955), were dis-
rupted by sonication and centrifuged. The extract, which contained
a high activity of the ammonia-dependent enzyme, was subjected to
chromatography on a hydroxylapatite column. All buffers used here
contained 30% DMSO (v/v) and 5% glycerol (w/v). Only a single
peak of carbamyl-P synthetase appeared and it was identified as the
ammonia-acetylglutamate-dependent enzyme. No activity of the glu-
tamine-utilizing enzyme was detected. These observations indicate

that the glutamine-utilizing enzyme is not an artifact derived from
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the ammonia-dependent enzyme during the purification. It was also
shown that the glutamine-utilizing enzyme is not present in the
mitochondrial fraction.

The immunological relationship of the enzyme proteins of the
two types of carbamyl-P synthetase was studied and the results are

summarized in Fig. 2. )’2—Globulin, isolated from rabbit antisera

Enzyme Activity (c.p.m)
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Figure 2. Immunological digtinction of two types of carbamyl-
P gynthetage from rat liver. Vo-Globulin was isolated from rabbit
antisera against ammonia-dependent carbamyl-P synthetase of frog
liver. Varying amounts of ¥p-globulin were incubated for 5 minutes
at 37° with ammonia-dependent enzyme, 0.5 ug protein (& 4a), with
glutamine-utilizing enzyme, 80 ug protein (e——e), or with the
mixture of two types of carbamyl-P synthetase (o----0) in a volume
of 0.15 ml of 0.1% M Tris-HC1 buffer, (pH 7.5) containing 10% DMSO
(v/v), 1.7% glycerol (w/v), %3 mM KC1 and 100 mM NaCl. The tubes
were then kept at 0° for 30 minutes and the whole mixture of each
tube was assayed for carbamyl-P synthetase activity. The final con
centrations of the reaction components in the assay system were ad-
justed as close to those in the standard assay mixture as possible.
As nitrogen donor, the mixture of L-glutamine (2 umoles) and ammo-
nium acetate (6 umoles) plus N-acetyl-L-glutamate (3 umoles) was
used for all tubes.

against ammonia-dependent carbamyl-P synthetase from frog liver,
inhibited by more than 80% the same type of enzyme from rat liver,

even at a high dilution of the enzyme and in the presence of DMSO.
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On the other hand, the antibody did not affect the activity of
the glutamine-utilizing carbamyl-P synthetase. In addition, when
a mixture of the two types of enzyme was titrated with the anti-
body, the remaining activity was essentially equal to the sum of
the activities obtained by individual titrations. Yz—Globulin
from non-immunized rabbit sera did not affect either enzyme under
the same conditions.

The results presented above indicate that the glutamine-uti-
lizing carbamyl-P synthetase exists as a separate entity in rat
liver, together with the ammonia-acetylglutamate-dependent enzyme.
In view of wide distribution of the glutamine-utilizing enzyme in
proliferating tissues which are devoid of arginine synthesizing
activity {Tatibana et al., 1967b; Tatibana and Ito, in prepara-
tion), it may be assumed that in rat liver the glutamine~utilizing
enzyme functions primarily for pyrimidine synthesis, while the
ammonia~dependent enzyme serves for arginine synthesis. Distinc-
tions in subcellular localization of the two enzymes lend addi-
tional support to the hypothesis. A possibility remains, however,
that the two enzymes are localized in distinct cell groups, one

in parenchymatous cells and the other in interstitial cells.
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