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Carbamyl vhosphate (CP) is the common donor of the carbamyl group for the
biosynthesis of arginine and the pyrimidines, In this line, the enzymic stu-
dies (Jones et al., 1956; Cohen, 1962) are in agreement with the occurrence
in bacteria of single mutations resulting in a double auxotrophy for arginine
and uracil (Roepke et al., 19u4k; Davis, 1962).

Three types of reactions yielding CP have been described :

1.~ The irreversible formation of CP from 002, N"Hh+ and 2 ATP catalyzed by
carbamyl phosphate synthetase. The enzyme requires MgiH and an "activator"
such as acetyl-glutamate (Cohen, 1962).

2.~ The reversible phosphorylation by ATP of carbamate resulting from the

chemical condensation of CO2 and NH_. This reaction, catalyzed by carbamyl

3
phosphokinase (CPKinase), has been found in meny microorganisms where it is
generally considered as responsible for the synthesis of CP (Jones et al., 19~
56). As recently pointed out (Beckwith et al., 1962; Thorne and Jones, 1963},
this opinion cannot be accepted without reservation. To satisfy the thermodyna-
mic and kinetic needs of the forward reaction, the substrates concentrations
and the pH have to be almost unphysiological., Moreover, contrarily to what
should be expected, there is little correlation between the double auxotrophy

for arginine and uracil and the sbsence of CPKinase (Kanazir et al., 1959;

Schwartz, 1959; Beckwith et al., 1962; Thorne and Jones, 1963).
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3.~ A third reaction has been recently discovered in Agaricus bisporus

(Levenberg, 1962), In this reaction, the carbamyl nitrogen donor is glutamine;
COZ, ATP and Mg++ are required and the optimal pH is 7.5. No reversibility is
observed. This reaction does not raise the kinetic and thermodynamic difficul=
ties of the reaction catalyzed by CPKinase.

We present data in favour of the role of the third reaction as the system

supplying CP for the biosynthesis of arginine and the pyrimidines in E. coli :

The occurrence of Levenberg's reaction in E. coli (table I).

Cell free extracts of 23—5522-512 strain PUX catalyze the synthesis of citrul-
line in the presence of glutamine, bicarbonate, ATP, Mg++ and ornithine. Maxi-
mm activity can be reached only after treatment of the extract on Sephadex,

suggesting the presence of an inhibitor in the crude extract. Ornithine is es=-
sential for the ultimate transformation of the carbamyl group into eitrulline.
A concentration of NHM+ equivalent to that of glutamine shows a hardly signi-

ficant activity.

The K for glutamine in the coli system is h.lo-hM, a value which is close
to that of the mushroom system. This Km fits better the normal physiological
conditions than the high Km (.05 to .2 M) measured for carbamate with CPKinase

(Beckwith et al., 1962; Thorne and Jones, 1963).

E. coli PULX grows on a rich medium free of arginine and uracil (AUF medium)
with a generation time of 40 min. We calculate from this that the specific acti-
vity for CP synthesis must be sbout 1 unit. A specific activity for the gluta-—
mine dependent reaction of 0.8 unit has been measured. This value is thus rough-
ly sufficient to sccount for growth at the observed rate, This was to be expect-
ed since Novick and Maas (1961) have shown that, during the growth of E. coli

on a rich arginine free medium (AF medium), CP formation is rate-=limiting.

Preliminary observations in this laboratory have shown the presence of the
glutamine dependent reaction in Saccharomyces cerevisige. Ory et al. (1954)

found indirect evidence for a participation of glutamine in arginine synthesis
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in Lactobacillus arabinosus. Such results suggest that the reaction could be

widely distributed among microorganisms.

Table I
REQUIREMENTS FOR CARBAMYL PHOSPHATE SYNTHESIS FROM GLUTAMINE BY AN

o
EXTRACT OF E. COLI PLX GROWN IN AUF MEDIUM

Activities (uMoles citrulline

Ne Incubated mixture =Y -1
mg proteins — hour )

1 Complete 0.72

2 n® 1 without glutamine 0.02

3 n® 1 without KHCO, 0.17

i n° 1 without ATP 0.04

5 n® 1 without Mg ' .0

6 n°® 1 without ornithine .0

7 n® 1 without extract 0,01

8 n® 2 plus 12 uMoles NH, C1 0,03

Cells are grown sercbically at 36°C in an AUF (n°® 421) medium. This medium
is similar to the AF medium of Novick and Maas (1961), but uracil and cytosine
are omitted., Growth in this medium, which contains vitamins, nucleic bases and
amino acids, reduces the cellular pool of arginine and the pyrimidines and re-
sults in a derepression of the corresponding biosynthetic pathways.

Cells are collected at the end of the exponential growth phase. Cells,
corresponding to sbout 100 mg of proteins, are suspended in 10 ml of 0.05 M
phosphate (K) buffer, pH 7.5 and sonically disrupted for 5 min. (Raytheon 10 Kc).
After centrifugation at 10,000 x g for 15 min., the supernatant is passed througt
a column of Sephadex G 25.

Carbamyl phosphate synthesis is assayed by coupling the reaction with orni-
thine transcerbamylase (OTC). The complete reaction mixture contains (in uMoles)
for 2 ml of total volume : phosphate (K) pH 7.5, 175; glutamine, 12; KHCO,, 60;
ATP, 2b; MeCL,, 2l4; ornithine, 12; an excess of partially purified OTC £ram E.
coli and extract. This mixture is incubated at 37°C for 30 min. The reaction is
stopped by the addition of 2 ml of 2 N HC1 followed by 10 min. boiling. The pre=
cipitated proteins are removed and aliquots are assayed for citrulline by a mo=-
dification of the method of Archibald (19klL). Values given are corrected for
controls where the reaction is stopped at zero time.
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The regulation of the glutamine dependent CP synthesis.

Much work has been devoted to the study of the metabolic control of CPFKinase,
assuming a role as a common step for the biosynthesis of arginine and uracil.
The results are complex and difficult to sum up (Schwartz, 1959; Beckwith et
al., 1962; Thorne and Jones, 1963; Corini and Kalman, 1963).

In our hands (table II), the level of CPKinase in the strain PiX, proto-
troph for arginine and uracil, is not markedly influenced by the addition of
arginine and uracil to the AUF medium.

In contrast to this, a ten fold decrease of the glutamine dependent resc-
tion is observed in the same conditions. If the AUF medium is supplemented
with either arginine or uracil alone, this activity is reduced to asbout 50 %
of the original level.

The lack of the glutamine reaction in one-step mutants simultaneously

suxotroph for arginine and uracil.

Four different strains have been used in this part of the work. Strain P678
is prototroph for arginine and uracil. Its derivative, P678Bl, is a one-step
mutant simultaneously auxotroph for arginine and uracil. In another mutant
derived from P678, PAl066, a double auxotrophy has been cbtained by two sepa-
rate mutations (acetyl-glutamate synthetase is missing in the arginine path-
way and a second block exists in the pyrimidine sequence between ureidosuc-
cinate and uridine=-5'-phosphate). RC50, a mutant from an unrelated strain, is
similar to P6T8B1.

As shown in tsble II, the level of CFKinase is not altered in the double
auxotrophs (P678Bl and RC50), although some derevression of this enzyme occurs
after growth on limiting amounts of uracil.

In contrast to P4X, the glutamine dependent activity in all the mutants

examined here is repressed to a barely detectable level by addition of argi-
nine and uracil. However, the growth of PA1066 in chemostat on limiting
amounts of either arginine or uracil leads to a significant derepression of

the glutamine dependent synthesis of CP. No such derepression can be obser—
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ved for P6T8B1l, or RC50 after growth in the same conditions, a proof that

these mutants are lacking the glutamine dependent reaction.

The data presented in this paper support the opinion that glutamine is
the functional donor of carbamyl group for the arginine and pyrimidines bio=
synthetic pathways. The mechanism of the reaction(s) end of 1ts genetic deter-
minants deserve more extensive work. Particularly the cumulative effect of

the two corepressors is an interesting case of regulation.
Strains RC50 and PA1066 have been obtained from R. Lavallé.

This work has been supported by the "Institut pour 1l'Encouragement de la

Recherche Scientifique dans 1'Industrie et 1'Agriculture" (I.R.S.I.A.).

REFERENCES

Archibeld, R.M., J. Biol. Chem., 156, 121 (194k).

Beckwith, J.R., Pardee, A.B., Austrian, R. and Jacob, F., J. Mol. Biol.
5, 618 (1962). ’

Cohen, P.P., in "The Enzymes", Boyer, P.D., Lardy, H., Myrbéck, K., Eds.,
‘(Academlc Press, N.Y., 1962), vol. 6, p. 477.

Davis, B.D.,.unpublished observations, cited in "The Bacteria", Gumsalus, I.
C., Stanier, R.Y., Eds., (Academic Press, N.Y., 1962), vol. III, p. 191.

Gorini, L. and Kalman, S.M., Biochim. Biophys. Acta, 69, 355 (1963).

Jones, M.E., Spector, L. and Lipmann, F., Proc. 3rd Intern. Cong. Biochem.
Brussels, 1955 (1956), p. 278. ) ’

Kanazir, D., Barner, H.D., Flaks, J.G. and Cchen, S.S., Biochim. Biophys.
Acta, 34, 341 (1959). o

Levenberg, B., J. Biol. Chem., 237, 2590 (1962).

Novick, R.P. and Mass, W.K., J. Bact., 81, 236 (1961}.

Ory, R.L., Hood, D.W. and Iyman, C.M,, J. Biol. Chem., 207, 267 (1954).

Roepke, R.R., Libby, R.L. and Small, M.H., J. Bact., 48, LO1l (194k).

Schwartz, J.H., M.D, Dissertation, New York University, 1950.

Thorne, K.J.I. and Jones, M.E., J. Biol. Chem., 238, 2992 (1963).

81



