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dation de la cr6atinine. En effet, on pouvait  admettre  que le CAP provient exclusive- 
merit d'une synth~se de novo k partir de C02 et de NH 3 (produits finaux de la fermen- 
tation de la cr6atinine) par l 'action de la CAP-synth6tase. Pour montrer  qu'il est 
6galement un interm6diaire nous avons effectu6 une exp6rience dans laquelle la 
E2A4C~cr6atinine a 6t6 incub6e avec CAP en absence de CO s ou en pr6sence de CO 2 
en exc~s, dans les conditions indiqu6es dans le Tableau I I  (en absence de nucl60tides). 
Ce Tableau montre qu'une partie de la radioactivit6 est retrouv6e dans le CAP 
isol6 du m6lange r6actionnel. Le fait que la pr6sence d'un exc6s de CO s dans la 
r6action ne change pratiquement pas la radioactivit6 incorpor6e dans le CAP (Tableau 
II ,  Expt.  B) prouve que cette incorporation n'est pas due k un 6change entre le 
CO s provenant de la cr6atinine et le CAP ajout6. Un tel 6change aurait pfi 6tre 
catalys6 par des traces d 'ATP prdsentes dans l 'extrait. Le Tableau I I  montre 6gale- 
ment  que la radioactivit6 du CAP se retrouve, apr6s sa d6composition chimique, 
dans le CO s qui en r6sulte. La diminution de la radioactivit6 observ6e dans le CO s 
ainsi obtenu est sans doute due k la d6composition partielle, au cours des multiples 
op6rations, du CAP, compos6 d'une stabilit6 relative. 

Ces r6sultats permettent  de conclure que le CAP est un interm6diaire dans la 
d6gradation de la cr6atinine, telle qu'elle est catalys6e par des extraits acellulaires 
d'Eubact, sarcosinogenum Ls. Ces extraits peuvent, par aiUeurs, catalyser, en pr6sence 
de creatinine et d 'ATP (Tableau I), la synth~se de novo de CAP et son transfert sur 
diff6rents accepteurs. Le m6canisme enzymatique de la formation du CAP, ainsi 
que son r61e dans le m~tabolisme de la cr~atinine, seront d6crits ult~rieurement. 

Ce travail a b6n6fici6 d'une subvention de "National Institutes of Health, 
Public Health Service, U.S.A." 
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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. I t  is assumed that  the drug competes 
with the flavin for the apo-enzyme. 

I t  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, trisrhydroxymethyl)amino- 
methane. 

Biochim. Biophys. Acta, 44 (196o) 175-177 



176 SHORT COMMUNICATIONS 

which has already been pointed out by others 1, 3, that  Atebrin is not a specific inhi- 
bitor of flavoproteins. I t  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 34 ° mF, since Atebrin 
absorbs strongly at this wavelength. This difficulty was overcome by precipitating 
the Atebrin at various times by adding NaOH to pH IO. The absorbancy at 340 m/~ 
was then measured on the clear supernatant.  Recovery tests showed that  no loss of 
T P N H  occurred in this procedure. Fig. I shows that  5 m M  Atebrin caused con- 
siderable inhibition of this enzyme. 

Ali-esterase was studied either as a rat-liver microsomal preparation (fraction 
between 15,ooo × g for IO min and lO5,OOO × 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 0.25 M Tris-HC1 buffer, pH 7-75 (cf. 
ref. 3). The enzyme activity was determined manometricaUy in NaHCO3-H2CO 3 
buffer. The degree of inhibition of the enzyme in microsomes at various concentrations 
ot Atebrin is shown in Fig. 2. 50 % inhibition was obtained with 5 m M  Atebrip, 
which is similar to the concentration giving 50 % inhibition of succinic oxidase in 
L6w's  experiments 4. The soluble ali-esterase was also inhibited to the same extent. 

The ali-esterase was not inhibited by 2 Fg/ml antimycin, 4 m M  2,4-dinitrophenol, 
5 m M  aureomycin, 5 m M  chloropromazine, or 5 m M  methylene blue. Chloram- 
phenicol (5 mM) was slightly inhibitory. Pentachlorophenol inhibited quite strongly 
(50 % inhibition by 1. 3 mM, ioo % by 5.2 raM). 
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Fig.  I. Inh ib i t i on  of glucose 6 -phospha t e  de- 
hyd rogenase  by  Atebr in .  E a c h  reac t ion  vessel  
con ta ined :  o.o5 M Tr is -HC1 buffer,  p H  7.75, 
o.o2 M MgCI~, O.Ol 5 M glucose 6 -phospha te ,  
0.0002 M TPN,  o.2 ml  glucose 6 -phospha t e  
dehydrogenase  p repara t ion ,  0.0o5 M Atebr in  
(when present) ,  wa te r  to a final vo l ume  of 
2. 5 ml .  The  r eac t ion  was  s topped  b y  add ing  
N a O H  to  p H  IO and  s u b s e q u e n t  boiling. The  
a b s o r b a n c y  found in a zero- t ime control  was  

s u b t r a c t e d  f rom the  e x p e r i m e n t a l  va lues .  

Concentr'olion of Atebr'in (raM) 

Fig. 2. Inh ib i t ion  of a l ies terase ,  m ic rosome-  
b o u n d  or soluble,  by  Atebr in .  The  ac t iv i ty  was  
m e a s u r e d  in  W a r b u r g  m a n o m e t e r s ,  each  vessel  
con ta in ing  in t h e  m a i n  c o m p a r t m e n t :  o.I ml  
e n z y m e  p repara t ion ,  v a r y i n g  a m o u n t s  of Ate-  
brin,  0.o25 M N a H C O  3, wa t e r  to a final v o l u m e  
of 2.9 ml .  Af ter  t e m p e r a t u r e  equi l ibra t ion,  t he  
subs t r a t e ,  o. i  ml  io % t r ibu ty r in ,  was  t ipped  in 
f rom the  side a rm .  Gas phase  N~-COz (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 o.5 % 
bovine serum albumin, pH 7.3 or NaHCO~-H,CO 3 buffer, pH 7.4. 

T A B L E  I 

R E V E R S A L  B Y  FMN oF A T E B R I N  I N H I B I T I O N  O F  A L I E S T E R A S E  

Atebrin (mM) 5 o 5 5 
FMN (mM) o 5 5 IO 
Inhibi t ion  (%) 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, ieacted together to form a red-coloured complex. The difference 
spectrum of the complex is shown in Fig. 3. YAGI5 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 spec t rum:  (5 m M  Atebrin + 5 m M  FMN) minus 5 m M  Atebrin minus 5 m M  
FMN, in Tris-HC1 buffer, p H  7.75. 

These experiments strongly support HELLERMAN'S view 1 that Atebrin is a rela- 
tively non-specific enzyme inhibitor, acting by binding with proteins in general. 
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