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T H E  ROLE OF C2-DERIVATIVES IN T H E  DECOMPOSITION OF FORMATE 

by  

S. S. B A R K U L I S  AND H O W A R D  G E S T  

Deparlment o/Microbiology, School o/Medicine, Western Reserve University, 
Cleveland, Ol~io (U.S.:I.) 

F o r m a t e  is conver ted  to equ imola r  quan t i t i e s  of H 2 and  CO 2 by  Escherichia coli and  re la t ed  
o rgan i sms  t h r o u g h  the  " fo rmic  h y d r o g e n l y a s e "  e n z y m e  sys t em.  The  h y d r o g e n l y a s e  ac t i v i t y  of  
concen t ra t ed  cell-free ex t r ac t s  f rom anaerob ica l ly -grown E. coli is lost upon  m o d e r a t e  d i lu t ion  or 
dialysis  1. However ,  if Clostridium butylicum ex t rac t ,  which  does no t  metabol ize  fo rmate  2, is added  
to t he  di lute  E. coli e n z y m e  p repa ra t ion  t oge t he r  wi th  low levels of p y r u v a t e  or d iacetyl ,  f o rma te  
decompos i t ion  is observed  3. P y r u v a t e  and  diacetyl  s imilar ly  ac t iva t e  t h e  h y d r o g e n l y a s e  reac t ion  in 
dialyzed E. coli prepa ra t ions  ]. These  obse rva t ions  sugges t  t h a t  a c o m m o n  metabol ic  p roduc t  der ived  
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Fig. i .  Ac t iva t ion  of formic hyd rogen -  
lyase  in t he  di lute  E. coli e n z y m e  
p repa ra t ion  by  Cl. butylicum ex t r ac t  
and  p y r u v a t e  or diacetyl .  T he  vessels  
con ta ined  0.05 ml  of E. coli e x t r a c t  1 
and  o.I ml  of C1. butylicum ex t r ac t  z in 
o. i  M p o t a s s i u m  p h o s p h a t e  buffer  p H  
6.2 (final fluid volume,  1.2 ml). At  zero 
t ime,  15 # M  of sod ium fo rma t e  and  
sod ium p y r u v a t e  (0.20 itM, i I~M, or 
2/~M) or d iacetyl  (0. 5/~M) were added  
f rom t h e  side a rms .  Gas phase ,  he l ium.  
T e m p e r a t u r e ,  3 °0 C. T h e  ar rows indi- 
ca te  t he  to ta l  a m o u n t  of CO s + H~ 
expec ted  f rom comple te  decompos i t ion  
of t h e  added  p y r u v a t e  t h r o u g h  t he  
phosphoroc las t i c  react ion.  In  t h e  ab-  
sence of p y r u v a t e  or d iace ty l  t he r e  
was  no gas  p roduc t ion  f rom fo rma te  
by  e i ther  e n z y m e  p repa ra t i on  alone or 

by  t h e  combined  ex t r ac t s .  

f rom p y r u v a t e  and  diacetyl  is required for fo rmate  con- 
vers ion to H 2 and  COz. F u r t h e r  s t u d y  ha s  disclosed t h a t  
ca ta ly t ic  a m o u n t s  of acetyl  p h o s p h a t e " s p a r k "  t he  react ion 
in t he  di lute  and  dialyzed p repara t ions .  

Ac t iva t ion  of fo rma te  decompos i t ion  in t he  di lu te  
p repa ra t ion  by  addi t ion  of C1. butylicum ex t r ac t  and  
p y r u v a t e  or diacetyl  is i l lus t ra ted  in Fig. i .  I t  is ev iden t  
t ha t ,  wi th in  l imits ,  t h e  ac t iva t ion  showed a dependence  on 
t he  q u a n t i t y  of p y r u v a t e  metabol ized  by  C1, butylicurn 
ex t rac t .  In  con t r a s t  to the  resul ts  wi th  py ruva t e ,  " s p a r k i n g "  
of the  reac t ion  b y  diacetyl  was  charac te r ized  by  a shor t  
induc t ion  period. Acetyl  p h o s p h a t e  in ca ta ly t ic  concen- 
t r a t ions  ha s  also been observed  to ac t iva te  in a s imilar  
m a n n e r  (short  induc t ion  period).  

Considerable  var ia t ion  ha s  been noted  in t he  response  
of di lute  E. coli ex t r ac t s  to t he  " s p a r k i n g "  subs t ances ;  th i s  
var ia t ion  appea r s  to be due to a n u m b e r  of factors,  mos t  
i m p o r t a n t  of which  are e x t e n t  of d i lu t ion of t he  ex t r ac t  
and  incuba t ion  t ime  in t he  absence  of formate .  In  ex- 
pe r i men t s  where  t he  empi r ica l ly -de te rmined  condi t ions  
required for d e m o n s t r a t i o n  of " s p a r k i n g "  h a v e  not  been 
sa t is factor i ly  met ,  fo rmate  decompos i t ion  f r equen t ly  begins  
a f te r  an  induc t ion  period of var iable  l eng th  and  proceeds 
wi th  kinet ics  which  resemble  those  of an  au toca t a ly t i c  
react ion.  U n d e r  t he  la t t e r  c i rcumstances ,  Cl. butylicum 
ex t r ac t  alone m a y  s igni f icant ly  reduce t he  l eng th  of t he  
induc t ion  phase .  I n  view of t he  exac t ing  e x p e r i m e n t a l  
r equ i remen t s ,  it is of i m p o r t a n c e  to s t ress  t h a t  t he  resu l t s  
descr ibed were ob ta ined  by  close adherence  to t h e  condi-  
t ions  no ted  in t he  legends  of Fig. i and  2. The  n a t u r e  
and  significance of these  e x p e r i m e n t a l  fac tors  will be 
fu r the r  detai led elsewhere.  

Us ing  t he  di lu te  sys t em,  nega t ive  resu l t s  were observed  
wi th  severa l  o the r  po ten t i a l  " s p a r k i n g "  subs t ances ,  viz., 
v iny lace ta te ,  ace toace ta t e  and  bu ty r a t e ,  in e x p e r i m e n t s  
in wh ich  p y r u v a t e  or d iacetyl  were effective.  Conversely ,  
t he re  was  also no ac t iva t ion  w h e n  C1. butylicum e x t r a c t  
was  replaced by  cer ta in  o ther  c rude  p repa ra t ions  which  
metabol ize  p y r u v a t e  such  as y e a s t  c a rboxy la se  and  A. 
aerogenes ex t r ac t s  which  p roduce  acetoin.  The  inabi l i ty  of 
reduc ing  a g e n t s  to r eac t i va t e  e i ther  t he  di lute  or d ia lyzed 
ex t r ac t s  indica tes  t h a t  t he  " s p a r k i n g "  s u b s t a n c e s  do not  
act  by  s i mp l y  m a i n t a i n i n g  an  essent ia l  coenzyme  or o ther  
cons t i t uen t  of t he  s y s t e m  in an  ac t ive  reduced  s ta te .  
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For  technica l  reasons  (noted above),  dia lyzed p repa ra t ions  have  proved  to be more  sui table 
t h a n  dilute ex t r ac t s  for ch)ser s t u d y  o[ t he  " s p a r k i n g "  effect. After  a.naerolfic dialysis  aga ins t  water ,  
free of dissolved oxygen,  the  ex t r ac t  is in- 
capable  of p roduc ing  gas  f rom fo rmate  or 
does so only  af ter  an  ex t ended  induc t ion  ~50- 
p h a s e .  F o r m a t e  is i m m e d i a t e l y  decomposed  
by  t he  dialyzed ex t rac t ,  however ,  in the  -~3oo 
presence of boiled p repa ra t ions  f rom E. coli, c~ 
CI. butvlicum, S. cerevisiae and  pigeon liver.  ~J ~50 

• D 
Diacetyl ,  p y r u v a t e  and  ace ty l  p h o s p h a t e  are  
also ind iv idua l ly  capable  of ac t iva t ing  t he  ~ 2oo. 
react ion ( induct ion period). Unl ike  t he  di lute  
prepara t ion ,  t he  concen t ra t ed  dia lyzed ex- o 15o 
t r a c t  can  a p p a r e n t l y  conver t  these  com- 
pounds  to the  ac tua l  " s p a r k i n g "  i n t e rmed ia t e  10o. 
in the  absence  of addi t iona l  e n z y m e  prepara-  
t ions.  Typica l  resu l t s  showing  t he  ac t iva t ion  50. 
by  p y r u v a t e  and  acetyl  p h o s p h a t e  are  s u m -  
mar ized  in Fig. 2. As indicated,  p y r u v a t e  is o 
general ly  more  effective t h a n  ace ty l  p h o s p h a t e  
bu t  in some  tr ials  equ iva len t  " s p a r k i n g "  was  
observed.  None  of t he  c o m m o n  coenzymes  
tes ted  t h u s  far  have  " s p a r k i n g "  ac t iv i ty  for 
the  dialyzed s y s t e m L  Acetyl  coenzyme  A 
(kindly suppl ied by  Drs.  G. D. NOVELLI and  
I. C. GUXSALUS) also was  incapable  of act iv-  
a t ing  t he  dia lyzed e x t r a c t  and  in fact  caused 
inhibi t ion  of t he  " s p a r M n g "  observed  wi th  
acetyl  phospha t e .  In  addi t ion,  it  h a s  no t  
been possible to d e m o n s t r a t e  a coenzyme  A 
r equ i r emen t  for h y d r o g e n l y a s e  ac t iv i ty .  

The  foregoing obse rva t ions  sugges t  t he  
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Fig. 2. Ac t iva t i on  of formic h y d r o g e n l y a s e  in t he  
dia lyzed E. coli e n z y m e  p repa ra t i on  by  p y r u v a t e  
or ace ty l  phospha t e .  The  vessels  con ta ined  o.2 ml  
of E. coli e x t r a c t  (dialyzed for 17 hours)  in 
o.o625 M sod ium p o t a s s i u m  p h o s p h a t e  buffer  
p H  6.1 (final fluid vo lume,  1.2 ml). At  zero t ime,  
15 l,tM of sod ium fo rma te  and  sod ium p y r u v a t e  
(2 I,M) or d i i i t h ium acety l  p h o s p h a t e  (o.6 t,M) 
were added  f rom the  side a rms .  Gas  phase ,  

he l ium.  T e m p e r a t u r e ,  3 °° C. 

par t ic ipa t ion  of C 2 der iva t ives  in t i le convers ion  of f o rma te  to H 2 and  CO v Two a l t e rna t ive  
m e c h a n i s m s  which  are compat ib le  wi th  t he  p r e sen t  resul ts  are ind ica ted  by  s chemes  A and  B below. 

Diaee ty l  
p y r u v a t e  or 
Ace ty l  p h o s p h a t e  

F o r m a t e  q- Acetvl  • X . . . . . .  0)  -~ !C a 

\ .  

\ 

"-, (m) (2) " \ \  

\ 

k - ~ ' -  --a-ITI (3) Ace ta ldehyde .  X 

H 2 

Scheme  A ~ Reac t ions  I, 2, 3 
Scheme B = Reac t ions  ia ,  3 

+ C O 2  

According to s cheme  A (i, 2, 3) an  i n t e r m e d i a t e  C 3 c o m p o u n d  is fo rmed  which  undergoes  
decarboxy la t ion  yielding CO 2 and  an  a c e t a l d e h y d e  complex .  The  l a t t e r  is t h e n  oxidized,  t h u s  re- 
genera t ing  acetyl .  X;  the  e lect rons  are  t r ans fe r r ed  to hyd rogenase  wi th  t he  u l t i m a t e  fo rmat ion  of H 2. 
In  t he  a l t e rna t ive  s c h e m e  B ( ia ,  3) fo rma te  is d e h y d r o g e n a t e d  (decarboxyla ted)  d i rect ly  wi th  

Z O  



308  SHORT COMMUNICATIONS, PRELIMINARY NO'IES VOL. 11  (1953) 

a c e t y l .  X se rv ing  as h y d r o g e n  acceptor .  Molecular  hyd rogen  is s u b s e q u e n t l y  formed and  acetyl .  X 
r egene ra t ed  as  in s cheme  A. I t  is sugges ted  t h a t  acceptors  o the r  t h a n  h y d r o g e n a s e  m a y  act  as ox idan t s  
for t he  ace t a ldehyde  der iva t ive  in wh ich  case molecu la r  h y d r o g e n  would no t  be produced.  The  ra te  
of CO~ evolu t ion  in t he  presence of such  ox i dan t s  could be cons t rued  as a m e a s u r e  of t he  " fo rmic  
d e h y d r o g e n a s e "  ac t iv i ty  which  is a lways  observed  in ac t ive  h y d r o g e n l y a s e  p repa ra t ions .  Bo th  
sequences  are  represen ted  in t e r m s  of fo rma te  decompos i t ion ;  for purposes  of c lar i ty ,  t he  reverse  
react ions ,  which  could accoun t  for t he  syn t he s i s  of fo rma te  f rom CO a and  H a are  no t  indicated.  

Reac t ion  (3) is c o m m o n  to bo t h  s chemes  wh ich  e m p h a s i z e s  t h e  sugges ted  role of C a de r iva t ives  
as i n t e rmed ia t e  h y d r o g e n  carriers.  In  th i s  connect ion ,  it  is of in te res t  t h a t  t he  inference m a y  be 
d r a w n  f rom a recen t  repor t  by  PEEL AND BARKER 4 t h a t  t he  reduc t ion  of v iny l ace t a t e  by  H~, ca ta lyzed  
by  dr ied cell p r epa ra t i ons  of Cl. hluyveri, involves  acyl  de r iva t ives  in a s imilar  role. 

Accep tance  of Scheme A implies  t h a t  fo rma t ion  of H a and  COa f rom p y r u v a t e  by  E. coli and  
C1. butylicum occurs  t h r o u g h  a c o m m o n  p a t h w a y .  T h u s  bo th  o rgan i sms  would ac t iva t e  p y r u v a t e  to 
[C3] and  thence  t h r o u g h  reac t ions  (2) and  (3) to ace ta te ,  H a and  CO s. The  inabi l i ty  of Cl. butylicum 
to conve r t  f o rma te  to Hz and  CO a could be expla ined  as  due  to absence  of reac t ion  (i). Rever sa l  
of reac t ion  (i) would be visual ized as one of t he  init ial  s t ages  in t h e  classical  phosphoroc las t ic  split  
of p y r u v a t e  (to ace ta te  and  formate) ,  which  can  be  readi ly  d e m o n s t r a t e d  in E, coli w h e n  t he  o rgan i sm 
is g rown so as no t  to p roduce  Hz a n d  CO 2 f rom fo rma t e  or p y r u v a t e .  

The  n a t u r e  of t he  C 2 der iva t ives  in t h e  above  s chemes  is no t  specified. Conceivably,  a n y  of 
the  c u r r e n t l y  pos tu l a t ed  Cz-coenzyme c o m p o u n d s  (C a lipoic, Cz l ipo th iamide ,  or C 2 cocarboxylase)5,~, 7, 
m a y  be involved.  At  t he  p re sen t  t ime  the re  appea r s  to be no defini t ive evidence  which  excludes  
t he  poss ibi l i ty  t h a t  t hese  C 2 der iva t ives  can  be gene ra ted  w i thou t  i n t e rmed ia t i on  of ace ty l  co- 
e n z y m e  A s . 

The  work descr ibed here  can  accoun t  for t he  obse rva t ion  t h a t  t races  of f e rmen tab l e  carbo-  
h y d r a t e s  s t i m u l a t e  t he  hyd rogen l ya se  ac t iv i ty  of i n t ac t  cell p r epa ra t i ons  of E. coli 9. Our  resu l t s  
sugges t  t h a t  these  ac t iva t ions  m a y  have  been med i a t ed  t h r o u g h  fo rma t ion  of a C a der iva t ive .  

The  a u t h o r s  are  indeb ted  to Professor  L. O. KRAMPITZ for his  con t inued  ac t ive  in te res t  in th i s  
inves t iga t ion  wh ich  was  suppor t ed  by  a g r a n t  (Contract  No. AT(3o-1)-1o5o ) f rom the  Atomic  E n e r g y  
Commiss ion .  
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ON THE DISSIMILATION OF DL-ALANINE-I-I~C 

BY RAT BRAIN HOMOGENATES 

by  

F E L I X  F R I E D B E R G *  

Department o/Biochemistry, Howard University Medical School, 
Washington D.C. (U.S.A.) 

I n  a recen t  article, we repor ted  t h a t  bra in  t i ssue d iss imi la tes  DL-alanine-i-14C a t  a ra te  a b o u t  
one th i rd  of t h a t  exh ib i ted  by  the  k idney  1. This  in t e rp re t a t ion  was  based  on m e a s u r e m e n t s  of 14COz 
p roduced  f rom th is  a m i n o  acid by  homogena t e s .  I t  was  of in te res t  to learn  w h e t h e r  the re  is a prefer-  
ent ia l  u t i l iza t ion of one opt ical  i somer  since KREBS a ha s  shown  t h a t  m e m b e r s  of the  D-series a re  

* Aided by  a g r a n t  f rom the  Na t iona l  F o u n d a t i o n  for In fan t i l e  Para lys i s .  


