SHORT COMMUNICATIONS 175

dation de la créatinine. En effet, on pouvait admettre que le CAP provient exclusive-
ment d’une synthése de novo a partir de CO, et de NH, (produits finaux de la fermen-
tation de la créatinine) par l'action de la CAP-synthétase. Pour montrer qu’il est
également un intermédiaire nous avons effectué une expérience dans laquelle la
[2-1%C]créatinine a été incubée avec CAP en absence de CO, ou en présence de CO,
en exces, dans les conditions indiquées dans le Tableau II (en absence de nucléotides).
Ce Tableau montre qu'une partie de la radioactivité est retrouvée dans le CAP
isolé du mélange réactionnel. Le fait que la présence d’un excés de CO, dans la
réaction ne change pratiquement pas la radioactivité incorporée dans le CAP (Tableau
II, Expt. B) prouve que cette incorporation n’est pas due a un échange entre le
CO, provenant de la créatinine et le CAP ajouté. Un tel échange aurait pl étre
catalysé par des traces d’ATP présentes dans ’extrait. Le Tableau II montre égale-
ment que la radioactivité du CAP se retrouve, aprés sa décomposition chimique,
dans le CO, qui en résulte. La diminution de la radioactivité observée dans le CO,
ainsi obtenu est sans doute due a la décomposition partielle, au cours des multiples
opérations, du CAP, composé d’une stabilité relative.

Ces résultats permettent de conclure que le CAP est un intermédiaire dans la
dégradation de la créatinine, telle qu’elle est catalysée par des extraits acellulaires
d’Eubact. sarcosinogenum Ls. Ces extraits peuvent, par ailleurs, catalyser, en présence
de creatinine et d’ATP (Tableau 1), la synthése de novo de CAP et son transfert sur
différents accepteurs. Le mécanisme enzymatique de la formation du CAP, ainsi
que son role dans le métabolisme de la créatinine, seront décrits ultérieurement.
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Inhibition of enzymes by Atebrin

Inhibition of an enzymic reaction by Atebrin is frequently interpreted in the bio-
chemical literature as a proof that a flavoprotein is involved in the reaction, especially
when the inhibition is reversed by FMN or FAD. It is assumed that the drug competes
with the flavin for the apo-enzyme.
It is the purpose of the present communication to draw attention to the fact,
Abbreviations: FMN, flavin mononucleotide; FAD, flavin-adenine dinucleotide; TPN,

TPNH, oxidized and reduced triphosphopyridine nucleotide; Tris, tristhydroxymethyl)amino-
methane.
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which has already been pointed out by others!:2, that Atebrin is not a specific inhi-
bitor of flavoproteins. It is shown that reversal of inhibition by FMN is not due to
competition between the flavine and Atebrin for the enzyme, but is due to the
formation of a compound between the Atebrin and the FMN.

Erythrocyte glucose 6-phosphate dehydrogenase and liver esterase, which are
almost certainly not flavoproteins, were found to be inhibited by Atebrin.

Glucose 6-phosphate dehydrogenase activity could not be measured in the
usual way, by following directly the reduction of TPN at 340 mp, since Atebrin
absorbs strongly at this wavelength. This difficulty was overcome by precipitating
the Atebrin at various times by adding NaOH to pH 10. The absorbancy at 340 mpu
was then measured on the clear supernatant. Recovery tests showed that no loss of
TPNH occurred in this procedure. Fig. 1 shows that 5 mM Atebrin caused con-
siderable inhibition of this enzyme.

Ali-esterase was studied either as a rat-liver microsomal preparation (fraction
between 15,000 X g for 10 min and 105,000 X g for 60 min), or as a soluble prepa-
ration obtained by treating an acetone powder of the microsomal pellets with butanol,
followed by extraction of the powder with o0.25 M Tris-HCI buffer, pH 7.75 (cf.
ref. 3). The enzyme activity was determined manometrically in NaHCO;-H,CO4
buffer. The degree of inhibition of the enzyme in microsomes at various concentrations
ot Atebrin is shown in Fig. 2. 509, inhibition was obtained with 5 mM Atebrin,
which is similar to the concentration giving 50 9, inhibition of succinic oxidase in
Léw’s experiments?. The soluble ali-esterase was also inhibited to the same extent.

The ali-esterase was not inhibited by 2 pg/ml antimycin, 4 mM 2,4-dinitrophenol,
5 mM aureomycin, 5 mM chloropromazine, or 5 mM methylene blue. Chloram-
phenicol (5 mM) was slightly inhibitory. Pentachlorophenol inhibited quite strongly
(50 % inhibition by 1.3 mM, 1009, by 5.2 mM).
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Fig. 1. Inhibition of glucose 6-phosphate de-
hydrogenase by Atebrin. Each reaction vessel
contained: o.05 M Tris—-HCl buffer, pH 7.75,
o.02 M MgCl,, 0.015 M glucose 6-phosphate,
0.0002 M TPN, 0.2 ml glucose 6-phosphate
dehydrogenase preparation, o.0o5 M Atebrin
(when present), water to a final volume of
2.5 ml. The reaction was stopped by adding
NaOH to pH 10 and subsequent boiling. The
absorbancy found in a zero-time control was
subtracted from the experimental values.

Fig. 2. Inhibition of aliesterase, microsome-
bound or soluble, by Atebrin. The activity was
measured in Warburg manometers, each vessel
containing in the main compartment: o.1 ml
enzyme preparation, varying amounts of Ate-
brin, 0.025 M NaHCO,, water to a final volume
of 2.9 ml. After temperature equilibration, the
substrate, 0.1 ml 10 %, tributyrin, was tipped in
from the side arm. Gas phase N,—CO, (95:5).
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The inhibition of the microsome-bound ali-esterase by Atebrin or pentachloro-
phenol was fully reversed by sedimenting the microsomes and washing with 0.5 %
bovine serum albumin, pH 4.3 or NaHCO,-H,CO, buffer, pH 7.4.

TABLE 1
REVERSAL BY FMN OF ATEBRIN INHIBITION OF ALIESTERASE

Atebrin (mM) 5 [ 5 5
FMN (mM) o 5 5 10
Inhibition (%) 55 o 37 24

Table I shows that inhibition by Atebrin was partly reversed by FMN. During
the course of these experiments it was observed that FMN and Atebrin, both of
which are yellow, reacted together to form a red-coloured complex. The difference
spectrum of the complex is shown in Fig. 3. YAGI® has shown that chloropromazine,
which is chemically related to Atebrine, as well as other aromatic compounds, forms

a complex with flavins.
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Fig. 3. Difference spectrum: (5 mM Atebrin 4 5 mM FMN) minus 5 mM Atebrin minus 5 mM
FMN, in Tris—-HCI buffer, pH 7.75.

These experiments strongly support HELLERMAN’s view! that Atebrin is a vela-
tively non-specific enzyme inhibitor, acting by binding with proteins in general.
The authors wish to thank Prof. E. C. SLATER for helpful criticism and advice.
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