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des diff6rences s t r uc tu r a l e s  p ro Iondes  de ces ca rbures ,  les 
ph6nom~nes  s u i v a n t s  : 

1 ° L a  s u b s t a n c e  es t  solubit is6e d a n s  l ' eau  e t  son spec t re  
es t  n e t t e m e n t  lisible duns  I 'UV.  sous l ' 6pa i sseur  de 0,1 m m ;  
la f o r m a t i o n  d ' u n  complexe  h y d r o s o l u b l e  h i s t a m i n e -  
s u b s t a n c e  es t  raise en  6vidence.  

2 ° Tou te s  les b a n d e s  s o n t  d~celables :  la  f i xa t ion  se fa i r  
donc  p a r  moMcules  ent i~res,  h y p o t h ~ s e  d6j~t e n t r e v u e  p a r  
ta th6or ie  m a t h 6 m a t i q u e  t° e t  l ' e x p 6 r i m e n t a t i o n  biolo-  
g ique  ~x. 

3 ° Ces bandes ,  compar6es  /t leur  pos i t ion  lorsque  la  
s u b s t a n c e  es t  observ6e  d u n s  l ' e au  ou  d a n s  l 'a lcool ,  s o n t  
d6plac6es vers  le visible.  L ' e f f e t  b a t h o c h r o m e  t r a d u i t  
une  a c t i v a t i o n  de la mol6cule.  

Les s u b s t a n c e s  n o n  canc6rig~nes de s t r u c t u r e  ana logue  
celle du  b e n z o p y r ~ n e  (p~ryl6ne et  pen tac~ne)  ne  f o r m e n t  

le complexe  qu ' k  l ' 6 t a t  de t r aces  d i f f ic i lement  d6celables.  
Les courbes  c i - jo in tes  i l l u s t r e n t  les r6su l t a t s  acquis .  

Le 3 , 4 - b e n z o - p h 6 n a n t h r ~ n e  n ' e s t  pus  excep t6  du  cho ix  
de l ' h i s t amine .  

Les  s u b s t a n c e s  s t i lb6n iques  6tudi6es s o n t :  le 4 -amino-  
s t i lb6ne  e t  le p -d im6 thy l - amino - s t i t b~ne ,  s u b s t a n c e s  t r~s  
canc~rigbnes.  El les  c o n d u i s e n t  ~ des r~su l t a t s  ana logues .  

L ' 6 t u d e  des s u b s t a n c e s  azo iques  p r6sen te  une  diff icul t6  
du  fair  que  le g r o u p e m e n t  azo ique  e t  que  la fonc t ion  a m i n e  
s o n t  d6jk suscep t ib les  g eux  seuls & a s s u r e r  avee  des  
a m i n e s  la I o r m a t i o n  de  complexes .  Aussi ,  a f in  de  m e t t r e  
en 6v idence  des  pa r t i cu l a r i t~ s  d ' a c t i o n  de  l ' h i s t a m i n e  su r  
les s u b s t a n c e s  canc6r ig~nes ,  l ' o b s e r v a t i o n  es t  c o n d u i t e  

la lois sur  d ' a u t r e s  a m i n e s  e t  su r  d ' a u t r e s  s u b s t a n c e s  
non  canc6r ig6nes  qu i  p r ~ s e n t e n t  avec  les corps  cancdr i -  
g~nes azo iques  une  p a r e n t 6  s t r uc t u r a l e .  

Les s u b s t a n c e s  azo~ques 6tudi6es  s o n t :  l ' a zobenz6ne ,  
s u b s t a n c e  n o n  canc6r igbne,  le m 6 t h o x y - 3 - a z o b e n z b n e ,  
s u b s t a n c e  n o n  canc6r igbne,  le p - amino -azobenzSne ,  subs-  
t ance  peu canc~rig~ne,  le d imSthy l -3 ,  2 ' - amino -4 -azoben -  
z~ne, s u b s t a n c e  tr~s canc6rig&ne, le 3 ' -m6 thy l -4 -d im6 thy l -  
aminoazobenz~ne ,  s u b s t a n c e  tr~s canc6rig~ne.  On  obse rve  
que  l 'e f fe t  b a t h o c h r o m e  s ' accuse  dbs que  le ca rac tg re  
canc~rig~ne a p p a r a i t  e t  ce c o m p o r t e m e n t  semble  sp6cial  

l ' h i s t a m i n e  qui ,  d a n s  le cas actuel ,  a 6t6 com pa r6  
l ' imidazol  et  ~ l ' 6 t h y l a m i n e .  

I1 d e v e n a i t  i m p o r t a n t  de m o n t r e r  que  de te ls  complexes  
p o u v a i e n t  se fo rmer  in  vivo a u x  d6pens  de l ' h i s t a m i n e  des  
nerfs.  Cet te  2 e pa r t i e  a 6t6 fa i te  avec  le concours  de  
CHAMPY. 

Nous  avons  uti l is6 la r6ac t ion  h i s to log ique  de l ' h i s t a -  
mine  raise au  p o i n t  avec  le n i t r i t e  m e r c u r e u x  e t  l ' ac ide  
osmique  1~, qu i  p e r m e t  une  b o n n e  e t  f ine co lo ra t ion  des  
fi lets n e r v e u x  n o t a m m e n t  des  f ibres  s y m p a t h i q u e s  d o n t  
l ' ac t ion  p a r a i t  essent iel le  d a n s  les p h 6 n o m ~ n e s  neu ro -  
t roph iques .  

Nous  a v o n s  employ6  la  m 6 t h o d e  s u i v a n t e :  u n  peu  de 
s u b s t a n c e  h 6p rouve r  es t  po r t6e  au  c o n t a c t  d ' u n e  g l a n d e  
et,  apr~s u n  t e m p s  tel  que  la p 6 n 6 t r a t i o n  de  l a d i t e  subs-  
t ance  g6n6ra lement  assez l en te  ~ cause  de  son  insolubi l i t~  
a f t  pu  se faire, nous  a v o n s  fa i t  des  p r 6 p a r a t i o n s  au  n i t r i t e  
mercureux-ac ide  osmique .  Nous  a v o n s  n a t u r e l l e m e n t  
compar6  uvec  des s u b s t a n c e s  n o n  canc6r iggnes  qui ,  i n  
vitro, ne se c o m p l e x e n t  pas  avec  l ' h i s t a m i n e  ~. 

Avec t o u s l e s  corps canc6rig~nes 6tudi6s,  nous  a v o n s  vu  
que la r6ac t ion  m a n q u a i t  k une  ce r t a ine  p r o f o n d e u r  au  
n iveau  des po in t s  off on  a v a i t  app l iqu6  la  s u b s t a n c e  sous 

n F. BERGMANN, Cancer Res. 2, 660 (1942). 
x2 S. HATEM, C. R. Aead. Sci. 240, 2354 (1955). 
x3 C. CHAMeV et S. HATE~, C. R. Acad. Sci. 246, 859 (1958). 

une  6paisseur  de 5 ~ 10 acini ,  oh  il ne res te  de co lorable  
que  de  rares  gros t ron~ons  de f i l a m e n t s  n e r v e u x ,  ce qu i  
m o n t r e  que  la r6ac t ion  s ' e s t  b i en  faite.  ElM es t  d ' a i l l eu r s  
t r~s  r6guli~re sur  l ' ob j e t  consid6r6.  Nous  a v o n s  obse rv6  
t r~s  n e t t e m e n t  ee p h 6 n o m g n e  avec  le benzopy r~ne ,  le 
3, 4 - b e n z o - p h 6 n a n t h r ~ n e ,  le 4 -amino-s t i lb~ne ,  le d i m 6 t h y l -  
3, 2 ' - amino-4-azobenz~ne .  

Le  3, 4 -benzo -ph~nan th r~ne ,  s u b s t a n c e  peu  canc6rig~ne,  
s emble  d6 t ru i re  les ner fs  mo ins  p r o f o n d 6 m e n t .  

L a  mSme exp6r ience  fa i te  avec  des  corps  vois ins  n o n  
canc6r ig~nes :  le p6ryl~ne,  l ' azobenz~ne ,  l ' a n t h r a c ~ n e ,  le 
p h ~ n a n t h r ~ n e ,  le pen tac~ne ,  p e r m e t  une  co lo ra t ion  h i s t a -  
m i n i q u e  des  nerfs  d~s la  sur face  c o m m e  duns  les t i ssus  
n o r m a u x .  

I1 se p r o d u i t  donc  i n  vivo c o m m e  in  vitro une  f ixa t ion  
de l ' h i s t a m i n e  p a r  les s u b s t a n c e s  canc6rig~nes.  

On  p e u t  r a p p r o c h e r  l ' en semble  de ces r6su l t a t s  du  fa i t  
que  l ' h i s t a m i n e  est  a b s e n t e  ou tr~s d iminu6c  duns  les 
t u m e u r s  mal ignes  14a6 e t  de ce t  a u t r e  fa i t  que,  sous l ' ac -  
t ion  du  48/80, compos6  qui  d6place  l ' h i s t a m i n e  de ses 
loca l i sa t ions  no rma le s  e t  la fa i t  d i spa ra i t r e  de la p e a u ,  on  
a u g m e n t e  la  t umorogen~se  ~a-~9 

SIMONE HATEM 

Laboratoire du  C . N . R . S . ,  Facultd de Mddecine de Par is ,  
le 19 ddcembre 1958. 

S u m m a r y  

H i s t a m i n e ,  w h i c h  is a c o n s t i t u e n t  o1 n e u r o n s  shows  a 
p a r t i c u l a r  a f f in i ty  for  c a n c e r - p r o d u c i n g  s u b s t a n c e s  b u t  
n o t  for  t h e  n o n - c a n c e r - p r o d u c i n g  i somers  of  such  sub-  
s tances .  

14 S. :Y[. ROSENTHAL, J. nat. Cancer Inst. 10, 89 (1949). 
15 W. FELDBER6 et A. LOESER, J. Physiol, 126, 286 (1954). 
x6 p. O. B. MONTGOMERY, T. DILLON et A. GOTH, Texas Rep. Biol. 

Mcd. I4, 432 (1956). 
t7 I. MOTA, W.T. BERALDO et L. lJ. C. JvsQvEiRA, Proc. Soc. 

exp. Biol. N. Y. 83, 455 (1953). 
18 j .  F. R*LEV et G. B. WEST, J. Physiol. 120, 5~8 (1953). 
10 D. W. FAWCETT, J. exp. Med. 100, 217 (1954). 

L o c a l i z a t i o n  o f  S u c c i n i c  O x i d a s e  i n  

V i b r i o  cholerae 

I n  v iew of conf l i c t ing  ev idence  on  t he  n a t u r e  a n d  func-  
t i on  of va r i ous  cell inc lus ions  in  b a c t e r i a  1 a n d  t h e  im-  
p o r t a n c e  of ' p a r t i c u l a t e  f r ac t ions '  in  t h e i r  i m m u n o l o g y  
a n d  c h e m o t h e r a p y ,  i so la t ion  a n d  b i o c h e m i c a l  cha r ac t e r i -  
z a t i o n  of d i f f e ren t  cell c o m p o n e n t s  wou ld  be  of p a r t i c u l a r  
i n t e r e s t  in  p a t h o g e n i c  o rgan i sms  z,3. S tud ies  h a v e ,  t h e r e -  
fore, b e e n  u n d e r t a k e n  on  V. cholerae to  localise va r ious  
e n z y m e s  a n d  o t h e r  i m p o r t a n t  b iochemica l  m a t e r i a l s  in  t h e  
cell. T h e  p r e s e n t  no t e  descr ibes  some p r e l i m i n a r y  re su l t s  
o n  t he  d i s t r i b u t i o n  of ' succ in ic  ox idase '  in  d i f f e ren t  i n t r a -  
ce l lu lar  f r ac t ions  o b t a i n e d  f rom d i s r u p t e d  V. cholerae cells 
b y  d i f f e ren t i a l  c en t r i fuga t ion .  

18-20 h g r o w t h  of V. cholerae on  m e a t - p a p a i n - d i g e s t -  
a g a r  was  h a r v e s t e d  w i t h  n o r m a l  sal ine a n d  w a s h e d  once 
b y  r ecen t r i fuga t ion .  T h e  cells were d i s r u p t e d  e i t h e r  b y  

1 j .  BRACHET, Biochemical Cytology (Acad. Press Inc., New York 
1957), p. 59. 

2 p. D. COOPER, J. gen. Microbiol. 10, 236 (1954). 
3 I. MILLMAN and G. P. YOUMANS, J. Bact, 68, 411 (1954). 
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Table I 
Distribution of 'succinic oxidase' activity and nitrogen in different 
fractions obtained by ultrasonic treatment of Vibrio cholera cells 

I Total % .............. I T;t'ai 1 %  Specific 
Fractions Nitrogen Nitrogen . . .  activity activity in mg [ of C. E. [ activity ]of C. 1~. 

C .E .  697-7 
26.4p60 113.8 
92p120 76"8 
92s120 437"7 
Total  
recovery 

57420 
16.3 28170 49-1 
11.1 9456 16.8 
62.6 14758 25-7 

90.0 - -  91.6 

82-2 
247-4 
120-3 

33-3 

ul t rasonic t r e a t m e n t  or  gr inding wi th  acid-washed glass 
powder  in a chilled pest le and mor ta r .  A suspension of the 
d is rupted  cells in buffered lactose solut ion (8.5% lactose 
in M / 5 0  phospha te  buffer  p H  7.0) was centr i fuged a t  
4200 g (the 'g' values  refer  to the  centr i fugal  force a t  the  
b o t t o m  of the  tube) to set t le  down the  non-ruptured  cells 
and some of the  larger  cell debris. The  superua tan t  was 
des ignated  as ti le crude ex t r ac t  (C. E.). A known vo lume 
of this  was subjec ted  to different ial  centr i fugat ion,  and 
the  enzyme  act iv i t ies  were de termined  in par t icula te  
f ract ions  sed imented  up to a g rav i ta t iona l  force of 92,000 g 
and  in the  supe rna t an t  ob ta ined  a t  this speed (the la t te r  
has been referred to  as ' superna tan t ' ) .  

'Succinic  oxidase '  and cy tochrome oxidase were esti-  
m a t e d  b y  measu remen t  of oxygen  up take  by  convent iona l  
"vVarburg's manomet r i c  t echnique  (using succinic acid and 
p-phenyl ine  d iamine  as subst ra tes  respectively) 4,5 a t  
pFI 8.0 and  37°C. Direc t  de te rmina t ion  of succinic de- 
hydrogenase  was made  according to t he  m e t h o d  of 
SLATER e. A balance  shee t  of the to ta l  enzyme  act ivi t ies  
in d i f ferent  f ract ions was d rawn  according to the  sug- 
gestion of ALEXANDER and WILSON 4. 

In  case of crude ex t r ac t  ob ta ined  by ul t rasonic t rea t -  
ment ,  abou t  50% of 'succinic oxidase '  ac t iv i ty  was found 
to be associated wi th  re la t ive ly  opaque  sediment  obta ined 
a t  26400 g in 1 h (26.4p607). The  remaining  ac t iv i ty  was 
more or less equa l ly  shared by  the  more t r ansparen t  and 
red je l ly- l ike par t icu la te  mater iM 92p 120 and the  clear 
yel lowish supe rna t an t  92s120 (Table I). However ,  the  
specific a c t i v i t y  (ac t iv i ty  per  mg  nitrogen) of the  super- 
n a t a n t  was considerably  lower t h a n  t h a t  of the  par t icula te  
components .  Fur ther ,  the  specific a c t i v i t y  of 92p 120 was 
only abou t  half  t h a t  of the  26.4p60, thus  exhibi t ing a 
considerably  h igher  concen t ra t ion  of this enzyme sys tem 
in t he  fract ion t h a t  sediments  a t  re la t ive ly  low speeds. 

The  results  ob ta ined  by  d i s rup t ing  the  cells wi th  glass 
powder  fur ther  demons t ra t ed  associat ion of a lmost  entire 
'succinic oxidase '  a c t i v i t y  wi th  the  par t icu la te  mater ia l  
(Table II) .  Here  again  t he  specific ac t iv i t ies  of the  sedi- 
ments  7-5p30, 25p30,  and 92p75  were found to be in a 
decreasing order,  t hough  the  m a x i m u m  difference among  
these fract ions was no t  more  t h a n  25%. However ,  the i r  
specific ac t iv i t ies  were  45 to  60 t imes  those  of the  super- 
na tan t ,  which conta ined  mere ly  abou t  5% of the  to ta l  
ac t iv i ty  of the  crude ex t rac t ,  ou t  of a to ta l  recovery  of 
about  75%. Di rec t  de te rmina t ion  of the  'succinic de- 

Table I I  
Distribution of 'succinic oxidase' and its components in Vibrio 

cholerae disrupted by grinding with glass powder 

Fractions 

C. E. 
7 .5p30 
25p30 
92p75 
92s75 

Total  
recovery 

Total 
Nitro- 

gen 
mg 

181.2 
6"6 
8"5 

13.7 
149.8 

Succinic 
oxidase 

% of Specif. 
C.E. activ. 

17-8 
22-4 
27.4 

7.0 

74"6 

Succinic de- 
hydrogenase 

% of Specif. 
C.E. activ. 

59"3 - -  13-9 
290"2 25"5 100.1 
28i-2 30.5 90-1 
218.2 41-2 75.8 

5.1 3"3 0.56 

- -  100.5 - -  

Cytochrome 
oxidase 

% of I Specif. 
C.E. | activ. 

--- 127-7 
27 -3 998-5 
33-9 965-I 
17-2 304"3 
17"9 28'4 

96.3 • - -  

hydrogenase  and cy toch rome  oxidase '  in different  frac- 
t ions (obtained f rom glass d is rupted  cells) fur ther  con- 
f i rmed the  local izat ion of succinic oxidase sys tem pre- 
d o m i n a n t l y  in the  par t i cu la te  mater ia l .  Specific act ivi t ies  
of these  enzymes  were again  found to be re la t ive ly  low 
in case of par t ic les  ob ta ined  a t  h igher  speeds;  the  dif- 
ference being pa r t i cu la r ly  more marked  wi th  respect  to 
cy toch rome  oxidase  which also showed a re la t ive ly  h igher  
recovery  in the  superna tan t .  

Loca l iza t ion  of succinic oxidase,  as well as a n u m b e r  
of o the r  enzyme  act iv i t ies  associated wi th  the  mi to -  
chondr ia  of h igher  organisms e.g., ox ida t ion  of mal ic  
acid, D P N H  and cy toch rome  and also synthes is  of energy-  
r ich A T P  bonds  in the  par t i cu la te  mater ia l ,  has  been 
repor ted  in a n u m b e r  of o the r  bac te r ia  s. ALEXANDER 
observed  some of these ac t iv i t ies  ( including 'succinic  
oxidase ' )  in A .  v ine landi i  to  be much  more  concen t r a t ed  
in the  submicroscopic  (60p and  144p) par t ic les  t han  in 
the  larger  7p30  c o m p o n e n t  and therefore  suggested t h a t  
the  former  migh t  be func t ion ing  as the  mi tochondr i a  in 
bacter ia  4,s,~. The  resul ts  wi th  V. cholerae, a l though  
broadly  resembl ing the  observa t ions  in A .  v ine landi i  with  
regard to the  d i s t r ibu t ion  of n i t rogen  and cy toch rome  
oxidase and also as to physical  appearance  of di f ferent  
fractions,  do no t  show a h igher  concen t ra t ion  of succinic 
oxidase in the  smal ler  par t ic les;  in fact  the  concen t ra t ion  
appears  to  decrease w i t h  the  par t ic le  size. Observa t ions  
di f ferent  f rom those  of ALEXANDER and WILSON wi th  
regard to  concen t r a t ion  of succinie dehydrogenase  in 
larger and smal le r  par t ic les  have  also been repor ted  by  
DARTER and MILLMAN 1o in Mycobacter ium tuberculosis. 

STANIER 11, on the  basis of observat ions  of WEIBULL x2, 
suggested t h a t  t he  ent i re  cell m e m b r a n e  ( te rmed as the  
'ghost ' )  m i g h t  be ca r ry ing  ou t  the  mi tochondr ia l  funct ion  
in bac te r ia  and the  isolated par t ic les  (showing the  mi to -  
chondr ia t  enzyme  act ivi t ies)  migh t  mere ly  be the  resul t  
of mechan ica l  d i s in tegra t ion  of this  s t ruc ture .  This  sug- 
gest ion has  r ecen t ly  been suppor ted  by  the  enzyme  
studies  on the pur i f ied 'ghosts '  in B.  megaterium x~. I f  the  
part icles,  bear ing  'succinic oxidase '  ac t iv i ty ,  real ly  resul t  
f rom the  fragile cell  m e m b r a n e  due to mechanica l  rup tur -  
ing of  t he  cells, the i r  size m a y  depend on the  ex ten t  of 
d i s in tegra t ion ;  and the  differences be tween  the  smaller  
and larger  par t ic les  in this respect  m a y  be merely  ar te-  

4 M. ALEXANDER and P. W. WILSON, Proc. nat, Acad. Sci., Wash. 
41, 843 (1955). 

s I. MILL~IA~¢ and R. M. DARTEn, Proc. Soc. exp. Biol. Med. 91, 
571 (1956). 

E. C. SLATEE, Biochem. J. 45, I (1949}. 
Nomenclature suggested by ALEXANDER 8. 

a M. ALEXANDER, Bact. Rcv. 20, 67 (1956}. 

M. ALEXANDER and P. W. WILSON, J. Bact. 71, 255 (1956). 
lo R. M. DARTER and I. MILLMAN, Proc. Soc. exp. Biol. Med. 98, 

440 (1957). 
ll R. Y. STANIER, Celhdar Metabolism and In/ections (Acad. 

Press Inc., New York 1954}, p. 3. 
1~ C. WEIBULL, J. Baet. an, 688 (1953). 
la R. STORCX and J. T. WACttSMAN, J. Bact. 73, 784 (1957). 
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facts .  Thus ,  a smal l  p r o p o r t i o n  of t he  ' succinic  ox idase '  
a c t i v i t y  in the  s u p e r n a t a n t ,  a n d  t he  obse rved  decrease  in 
the  c o n c e n t r a t i o n  of th i s  e n z y m e  s y s t e m  in t he  smal l e r  
par t ic les ,  pa r t i cu l a r ly  in t h e  case of u l t r a son ic  t r e a t m e n t ,  
can  p r o b a b l y  be  exp l a ined  in  t e r m s  of d a m a g e  of t h e  
m e m b r a n e  s t r u c t u r e  ~4. 

The authors' grateful thanks are due to Dr. B. MUKERJI, Central 
Drug Research Institute, for his interest in this work and to Mr, 
SWARAN SXNGH for his technical assistance. 

P. SAGAR, S. C. AGARWALA, a n d  
D. L. SHRIVASTAVA 

Central Drug Research Institute, Lucknow (India), De- 
cember t8, 1958. 

Zusammen/assung 
Versch iedene  F r a k t i o n e n  des  m i t  Ul t r a scha l l ,  bzw. m i t  

m e c h a n i s c h e r  B e h a n d l u n g  f re igese tz ten  Ze l t inha l t es  y o n  
V. cholerae w u r d e n  auf  die B e r n s t e i n s g u r e d e h y d r o g e n a s e ,  
bzw. die Z y t o c h r o m o x y d a s e k o m p o n e n t e  des  B e r n s t e i n -  
s / i u r e o x y d a s e - E n z y m k o m p l e x e s  u n t e r s u c h t .  Der  t e tz te re  
is t  bei  V. cholerae a n  K 6 r n c h e n  m i t  ge~dssen Te i lchen-  
grSssen g e b u n d e n ,  d e r e n  V e r w a n d s c h a f t  m i t  M i t o c h o n -  
d r ien  b e s p r o c h e n  wird,  

14 R. REeASgE, J. Bact. 68, 555 (1954). 

Formaldehyde and Formyl Group 
Intermediates of the Oxidation of Glyoxylate 

by Living Yeast and E. coli Cells 

I n  a p reced ing  series of expe r imen t s ,  i t  was  e s t ab l i sh ed  
t h a t  g lyoxy la t e  is a n  i n t e r m e d i a t e  of t he  d i rec t  o x i d a t i o n  
of ace t a t e  a n d  g lycola te  b y  y e a s t  cells L F u r t h e r  exper i -  
m e n t s  2,3 h a v e  exc luded  t h e  poss ib i l i ty  t h a t  g lyoxy la t e  
m i g h t  arise, i n s t e a d  of f rom a c e t a t e  or  glycolate ,  f r om 
m a l a t e  or i soc i t ra te  b y  t he  ac t ion  r e spec t ive ly  of t h e  
m a l a t e  s y n t h e t a s e  or  i soci t r i tase ,  as was  q u e s t i o n e d  b y  
AJL 4 a n d  UTTER 5. W e  h a v e  n o w  o b t a i n e d  new proofs  on  
the  p roper  pos i t ion  of g lyoxy la t e  in  t he  m o n o c a r b o x y l i c  
acid scheme (MAS) of ox ida t i on  of a c e t a t e  b y  s t u d y i n g  
the  ox ida t i on  of g lyoxy la t e  b y  yeas t  a n d  E. coli cells a n d  
isola t ing  i t s  d i r ec t  i n t e r m e d i a t e s .  I n  fact ,  f r om such  
e x p e r i m e n t s  we were able  to  i so la te  f o r m a l d e h y d e  a n d  
forrnyl  g roup  as was  to  be expec t ed  acco rd ing  to  t he  for- 
m u l a t i o n  of t he  M A S :  

ace t a t e  --~ ace ty l  --~ g lycola te  --~ g lyoxy la t e  - ~  
- ) - fo rma ldehyde  --~ fo rmyl  --N H 2 0  + CO2 

The  p r e sen t  p a p e r  will r e p o r t  t h e  resu l t s  of these  ex-  
pe r iments .  De ta i l s  of t h e  p rocedures  e m p l o y e d  for t h e  pre-  
p a r a t i o n  of yeas t  s a n d  E. coli 7 cells suspens ions  h a v e  b e e n  
descr ibed in p rev ious  papers .  F o r m a l d e h y d e  was  t r a p p e d  
b y  p h e n y l h y d r a z i n e  v,8 or  b y  t h e  s i m u l t a n e o u s  p resence  

1 V. BOLCATO, B. DE BERNARD, and G. LEGGIERO, Arch. Bio- 
chem. Biophys. 69, 872 (1957). 

V. BOLCATO and G. LEGGIERO, Ann. Chim. 48, 177 (1958). 
a V. BOLCATO, Ant. v. Leeuwenhock, in press (1959). 
4 S. J. AjL, Physiol. Rev. 38, 196 (1958}. 

M. F. UTTER, Annu. Rev. Biochem. 27, 274 (1958), 
6 V. BOLCATO, Farmaco, Ed. Sei. 11, 431 (1956). 
? V. BOLCATO, E. BOSCHETTI~ and E. MONTOYA~ Ant. v. Lceuwen- 

hock 22, 131 (1956). 
8 V. BOLCATO, M. FRASCHINI, and G. BONIPERTI, Ant, v, Leeu- 

wenhoek ~2, 419 (1956). 

The tubes for aeration contained: tube A, 1000 ml of a 30% (w.v.) 
ot starved baker's yeast cells suspension. Tube B, 1000 ml of a 12% 
(w.v,) of starved E, eoli cells suspension. In both tubes 200 mg of 
glyoxylic acid (Fluka) were added, while the addition of the phenyl- 

hydrazine oxalate (PO) occurred as indicated below. 

/ 

Time ] pH PO g]l Formaldehydemg/1 Formylmg/lgroup 

A: with yeast cells 
8 h 50 min 5.2 0.50 

10 h 00 min 5-2 0.20 
11 h 20 min 5.3 0-20 0-65 
14 h 25 rain 5.3 1.80 
18 h 00 min 5.4 0.20 11-40 

11 h 00 min 
12 h 30 rain 
14 h 15 min 
16 h 00 rain 
20 h 30 rain 

B:  with E. coli ceils 
6-1 0-40 
6"2 0-20 
6-3 0-20 1"30 
6-4 0.20 
6-4 0-00 6-60 

of  p h e n y l h y d r a z i n e  a n d  d i m e d o n e  9. T h e  f o r m y l  g roup  
was ident i f ied  as b e n z a l d e h y d e ,  wh ich  is t h e  r e su l t  of t h e  
I o r m y l a t i o n  of t h e  b e n z e n e  r ing  of t h e  p h e n y l h y d r a z i n e  
a d d e d  to  t h e  m e d i u m  ~,~. T h e  d a t a  of two  t y p i c a l  exper i -  
m e n t s  w i t h  y e a s t  a n d  E. coli cells a re  a s sembled  in the  
Table .  

T h e  f ind ings  of the  p reced ing  papers ,  a n d  those  re fe r red  
to  in t h i s  repor t ,  d e m o n s t r a t e  t h a t  g l y o x y l a t e  is a n  in te r -  
m e d i a t e  of t h e  d i rec t  o x i d a t i o n  of a c e t a t e  a n d  glycola te .  
I n  effect,  g lyoxy la t e  h a s  b e e n  i so la ted  f rom t h e  o x i d a t i o n  
of t h e  two  acids 1 a n d  i t  c a n n o t  ar ise  f rom m a l a t e  or  iso- 
c i t ra te ,  because  of t h e  i n a c t i v i t y ,  in  o u r  e x p e r i m e n t a l  
cond i t ions ,  of the  m a l a t e  s y n t h e t a s e  a n d  i soc i t r i t ase  2,3. 
I n  add i t ion ,  g lyoxy la t e  o x i d a t i o n  leads  to  t h e  s ame  in te r -  
m e d i a t e s  ( fo rma ldehyde  a n d  fo rmyl  group)  o b t a i n e d  f rom 
t h e  o x i d a t i o n  of a c e t a t e  a n d  glycola te ,  acco rd ing  to  t h e  
f o r m u l a t i o n  of t h e  MAS.  

I n  t h e  p r e s e n t  e x p e r i m e n t s ,  i t  is of i n t e r e s t  to  no te  t h a t  
g lyoxyl ic  acid, also in t h e  p resence  of p h e n y l h y d r a z i n e ,  was 
ox id ized  in  t h e  fo rm of i t s  p h e n y l h y d r a z o n e ,  as occur red  
also in  t h e  case of t h e  f o r m a l d e h y d e  p h e n y l h y d r a z o n e  ~,8. 
Th i s  fac t  exp la ins  t h e  imposs ib i l i t y  of t r a p p i n g  large 
a m o u n t s  of g lyoxy la t e  a n d  f o r m a l d e h y d e  d u r i n g  t h e  
r e s p i r a t i o n  of a c e t a t e  in  p resence  of p h e n y l h y d r a z i n e .  
P r o b a b l y  these  p h e n y l h y d r a z o n e s ,  in  d i lu te  so lu t ion ,  are 
in  t h e  a d d i t i o n  fo rm zo, a f o rm w h i c h  is c e r t a i n l y  labi le  an d  
eas i ly  ox id izab le  b y  s e p a r a t i o n  i n to  i t s  c o m p o n e n t s .  

V.  :BOLCATO 

Institute o/ Pharmaceutical Chemistry, University o/ 
Pavia, February 5, 7959. 

Riassunto 

Dal l ' o s s idaz ione  del gl iossi lato,  t a n t o  con  cellule i n t a t t e  
di l i ev i to  come  con  cellule di E. coli, sono s ta f f  isolat i  
l ' a lde ide  fo rmica  e il formile,  che  sono a n e h e  i n t e r m e d i  
de l l 'oss idaz ione  d e l l ' a c e t a t o  e del gl icolato.  I1 r i s u l t a t o  
cos t i tu i sce  u n a  n u o v a  p r o v a  che  il gl iossi la to 8, a sua  
vo l t a ,  u n  i n t e r m e d i o  de l l ' oss idaz ione  d e l l ' a c e t a t o  e del  
gl icolato,  da i  qua l i  e ra  a n c h e  s t a t o  i so la to  in  p recedenza .  

9 V. BOLCATO, F. GALLINA, and G. LEGGIERO, Naturwissen- 
schaften 43, 400 (1956). 

l o  p. KARRER, Organic Chemistry, 154 (New York 1947). 


