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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. 
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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,  
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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  
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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 .  
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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 .  
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