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1. Introduction

The study of the regulation of the arginine biosyn-
thesis in Chlamydomonas [1, 2] is complicated by the
degradation of arginine. As we reported earlier [3], the
first enzyme of the catabolic pathway is arginine de-
iminase (L-arginine imino hydrolase, EC 3.5.3.6.). This
enzyme causes the breakdown of arginine to citrulline
and ammonia. Citrulline is then further degraded. Two
pathways for the degradation of citrulline have been re-
ported. This communication describes a third hitherto
unknown route in Chlamydomonas. The enzyme in-
volved in the reaction exhibits a pH optimum of 8.5,
needs no cofactors, and is inhibited by orthophosphate.
Formation of ornithine and ammonia are not observed,
thus excluding the possibility that this enzyme is iden-
tical with citrulline hydrolase. Thin-layer chromato-
graphy of radioactive reaction products shows the for-
mation of a product, lacking intact ureido and a-amino
groups, but still containing all the carbon atoms of citrul-
line.

2. Experimental procedures

The organism used throughout this study is Chlamy-
domonas reinhardi strain 137 C wild type, mating type
minus, kindly supplied by Dr. R.P.Levine. Conditions
of growth and the preparations of cell-free extract have
been described earlier [1]. Normally the cell cultures
contained 200 ug/ml arginine as sole nitrogen source
unless otherwise stated. The crude cell extracts were
dialyzed against 0.2 M tris buffer, pH 8.5, for 18 hr at
4°_ Citrulline was determined according to the method
of Archibald [6], ornithine according to Chinard [7],
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and ammonia according to Sigma Technical Bulletin
108. Phosphate was determined by the method of Chen
et al. [8], and protein by Lowry’s method [9]. Thin-
layer chromatography was performed on silica gel

plates with chloroform-methanol-17% NH,OH (2: 2 : 1).
Citrulline [14C-ureido] was obtained from the Radio-
chemical Centre, Amersham, while 3H-citrulline was
prepared from 3H-ornithine (uniformly labelled) and
unlabelled carbamyl-phosphate with the help of orni-
thine transcarbamylase (OTCase) from Chlamydomonas.
CO, was determined manometrically.

3. Results and discussion

Two types of reactions leading to degradation of
citrulline have hitherto been known:

1. citrulline + orthophosphate - ornithine + carba-
moylphosphate, catalyzed by a catabolic OTCase
[4],and

2. citrulline — ornithine + NH3 + CO,, catalyzed by
citrulline hydrolase [5].

Our first attempts to detect the breakdown of ci-
trulline were performed in a way that would reveal
degradation by either route. Citrulline (0.6 umoles)
was incubated in 0.2 M tris buffer, pH 8.5, in the pre-
sence of 2 mM phosphate, 5 mM MgCl,, and dialyzed
crude extract of wild type. The whole reaction mix-
ture (1 ml) was incubated for 1 hr at 37°, after which
the decrease of citrulline was determined. Under these
circumstances a typical experiment showed the disap-
pearance of 0.18 umoles citrulline. To ascertain whether
phosphate was needed for the reaction, the same ex-
periment was performed in the absence of phosphate.
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In these conditions the degradation of citrulline was
improved, and 0.47 umoles were found to have disap-
peared. In the latter case, the residual amount of phos-
phate was measured according to Chen et al. [8] ; it ap-
peared to be less than 0.05 umoles. These results show
clearly that cells grown on arginine as the sole source
of nitrogen possess an enzyme which is able to attack
citrulline. Almost no ur-m_ntv was found in cultures

grown on normal amounts of NH,C1 (400 mg/1), which
indicates that this enzyme is involved in the catabolic
pathway of arginine. Phosphate is not needed; on the
contrary, it causes inhibition. The enzyme preparations
can be stored at —20°, and the activity is destroyed by
heating. The degradation of citrulline can be achieved
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determined in tris; it showed an optimum at pH 8.5
(fig. ).

The observation that phosphate appears not to be
needed means that no catabolic OTCase is involved, but
that citrulline hydrolase may be present. Citruliine
hydrolase causes formation of ornithine, CO, and NH;.
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compounds in the reaction mixture (see experimental
procedures). Numerous experiments, in which some-
times more than 90% of the citrulline disappeared,
revealed that neither ornithine nor NH; was formed.
Moreover, Warburg experiments showed that no CO,
was formed. Experiments in which citrulline [14C-
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Fig. 1. pH Optimum of citrulline degrading enzyme. The reac-

tion mixture contained, in a final volume of 1 ml, 0.6 umoles

citrulline, § umoles MgCl3, 200 umoles tris buffer and cell ex-

tract. The mixture was incubated for 1 hr at 37° after which
citrulline was determined [6].

ureido] was used, showed also that in general no radio-
active CO, was liberated. However, in a few experi-
ments some CO, formation was observed, correspond-
ing at the most to 10% of the citrulline that disappeared.
When using enzyme preparations which had been sub-
jected to 10-foid purification by chromatography of

the dialyzed crude extracts on Sephadex G-200 (column
size 45 X 3, and 0.2 M tris (pH 8.5) as effluent) we
were never able to observe CO, formatlon. This makes
it likely that the residual formation of CO, is due to a
side or subsequent reaction. The absence of CO,, NH;
and ornithine is a strong indication that no citrulline
hydrolase is invoived, but that a hitherto unknown
enzyme is present. To identify the reaction products

we nead thinldaver chromataoranhvy af reantinn miv
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tures in which radioactive citrulline had been degraded.
With citrulline 14C-ureido one reaction product was
observed on silica gel plates with Rf 0.7, while the
Rp-value of citrulline was 0.6. In contrast to citrulline

this product did not show colour with ninhydrin. The use
of 3H-labelled citrulline, made from uniformly labelled

ornithine and nunlahallad carhamaoavinhoanhate and of
orninine and uniaoeuld Caroamdoyipnospiiail, andg of

14C.S 1abelled citrulline both resulted in the formation
of one product at R(0.7. This means that the C-skeleton
of citrulline remains intact. Since the reaction product
does not show colour formation either with diacetyl-
monoxime (as citrulline and other ureido compounds
do) or with ninhydrin, the free a-amino group as well
as ureido must have been modified. We therefore be-
lieve that ring formation or dimerization has occurred.
The same product is formed in the inhibited reaction
in the presence of phosphate, which means that both
in the presence and in the absence of phosphate the
same reaction proceeds, which does not require the
presence of phosphate. Since arginine-dependant
strains, which are unable to make ornithine from giu-
tamate, contain ornithine after growth on arginine [I,

2], and since moreover the catabolic enzyme ornithine
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transammase has been observed in Chlamydomonas
[10}, it is likely that the unknown product is a pre-
cursor of ornithine in the catabolic pathway. We there-
fore expect that another enzyme converts product Rf
0.7 into ormithine. We do not want to exclude the pos-
sibility that the enzyme described in this report is also

able to cause ornithine formation if the naht cofactors

are added. Under these circumstances the reaction
leading to product R, 0.7 would be a part reaction,
and the enzyme would differ extensively from the
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