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mix tu res ,  when v a l u e s  ()f l .~  al l l l  2.51 .%vedbergs respec t ive ly  were fOUIld,  i t  was also lound 
t h a t  the  va lue  of Ne0,~ in solut ions  con t a in ing  g lyc ine  buffer or sodium chlor ide was d e p e n d e n t  
on the  concen t r a t ion  o[ S gl iadin  d()wll t() the leas t  observab le  levels. In o ther  s( ,h 'ents h()wever, 
Ne0.. c was i n d e p e n d e n t  of pr~tein c (mcent ra t ion  below ~ o,. 

I . \  I~I.A~2 l 

VALUES OF "b"g0,1~' AT ZERO ( 'ONCENTRATION F()R ~-GLIAI) IN IN S(ILVFNTN CI)NTA1NING ALCOHOl, 

Nolvcnl l$ul/er salts ptl ~,.,a 

7o}'£) e thano l -wa te r  o.o 3 =l/ HCI 2.o5 -'.3 
7o°% e t h a n o P w a t e r  o.o3 M acet ic  acid 4.5 2.35 
7o o/{) e t h a n o l - w a t e r  o.o33 M NaCI 5.o 2.2 
70% e t h a n o l - w a t e r  o.ol  M acet ic  acid and 

0.02 ~[ sod ium ace t a t e  ~,. I i.S 
7o(}~, e thano l -wa te r  o.o[ 3l  Na~HI?O 4 and 

o.oo5 31 ci tr ic  acid 0.35 2.51 
7 ° ° o e thano l -wa te r  o.o 15 3 l  g lye ine  and 

o . o l 5 M  N a C l a n d  o .o~83/  Na ( ) l l  0.15 2. '5 
7 ° ~}o e t h a n o l - w a t e r  o.oo 5 3I NaHCO a (~.75 2.33 

0 o/ ,.o e t h a n o l - w a t e r  o.ol .11 NaHCO a (~.S 2.2G 
7O0o e thano l -wa te r  o.o-, 31 NaHCO:~ q.(~ 2.35 
7o°o e thano l -wa te r  None 7.2() 2.35 
6o ~); e t hano l -wa te r  None 7.15 2.2 I 
5 ° % e t h a n o l - w a t e r  None I).() 5 2. I 5 

A l though  i t  is not  clear  from these resul ts  whe the r  S-gliadin is a homogeneous  pro te in  
d e r i v a t i v e  i t  would  appea r  t h a t  a f rac t iona t ion  of the  na t i ve  prote in  has been achieved and 
fu r the r  s tud ies  are be ing  pursued.  

Specia l ly  mi l led  samples  of flour were p rov ided  for these inxes t iga t ions  by Dr. "1". MORAN 
and  Dr. D. \V. KE.'~T-JOXFS. and  m a n y  of the  u l t r acen t r i f uga l  e x p e r i m e n t s  were made  by Miss 
A N N E  D O U G H T Y .  
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The exchange of Hz4COOH with the carboxyl group of pyruvate by 
Clostridium butylicum and Micrococcus lactilyticus 

t'2schericbia col[ decomposes  p y r u v a t e  t h rough  a phosphoroc las t i c  react ion leading  to acetyl -  
p h o s p h a t e  and  formic acid accord ing  to  equa t ion  (l) 1. 

CHaCOCOOH t Hal ' ( ) [  ~Cl l aCOl ' ( )4 f f ,~  i HCOOt l  i1! 

In  add i t ion ,  anae rob ica l ly  grown cells possess the  enzyme  sys tem,  formic hydrogen lyase ,  which 
ca t a lyzes  the  b r e a k d o w n  of formate  to H 2 and CO 2. Cer ta in  s t r ic t  anaerobes,  l ike ('/. butylicttm 
and 31. laclilylicus f e rment  p y r u v a t e  to  acetyl  phosphate ,  CO u and H a, accordil~g to equa t ion  (e) '-'.a 

C H a C O C O O H  ~ f l a P O  ~ > C [ - { a C O D O 4 H  2 C O  2 } H e 121 

The s imi l a r i t y  in the  end p roduc t s  of p y r u v a t e  b r e a k d o w n  in these  two groups  ()1 micr , )organisms 
suggested t h a t  the CO 2 and t-I 2 in the  Clos t r id ia l  f e rmen ta t i on  m a y  arise from h,rmate.  However.  
KOEPSELL AND JOHNSON 4 us ing  cell-free e x t r a c t s  of Cl. bulylicuta, which fermented  p y r u v a t e  
accord ing  to  equa t ion  (2), d e m o n s t r a t e d  the  i nab i l i t y  of such e x t r a c t s  to fe rment  formate.  This  
obse rva t ion  was conf i rmed by  \Vii.soN el al. "5 who also d e m o n s t r a t e d  a comple te  and rap id  equi- 
l ib ra t ion  of l a co2  wi th  the  c a r b o x y l  group  of p y r u v a t e  in th is  sys tem.  [ :nder  ident ica l  condi t ions  
HlaCOOH failed to exh ib i t  a n y  measu rab l e  exchange  w i t h  p y r u v a t e .  Because  of these obser- 
va t ions ,  i t  has  been assumed  6 t h a t  p y r n v a t e  is f e rmented  by  Cl. b*~ly[icum by di rect  decarboxy-  
l a t ion  to an a c e t a l d e h y d e  complex  a nd  COo. The hydrogen  gas is then  assumed to arise from 
the  o x i d a t i o n  of the  h y p o t h e t i c a l  a l d e h y d e  complex  to  ace ty l  phospha te .  

Dur ing  a s t u d y  of the  exchange  of H14COOH wi th  p y r u v a t e  ca rboxy l  by e x t r a c t s  of 
E. coli v,s,9, i t  was observed t h a t  the  exchange  reac t ion  requi red  the  pa r t i c ipa t ion  of a t  least  two 
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enzymes 1°. One of these enzymes could be obtained from another  source, namely, certain strict 
anaerobes such as C1. butylicum, Cl. pasteranium and 3I. lactilyticus. Studies on the lat ter  prepa- 
ra t ions  unexpectedly disclosed tha t  extracts  of Cl. butylicum and 3i. lactilyticus prepared by 
grinding with alumina, were alone capable of rapidly exchanging fornlate with the carboxyl  group 
of py ruva te  (Table I). 

TABLE I * 

I:ORMATE-PYRUVATE E X C H A N G E  B Y  D I F F E R E N T  

EXTRACTS OF Cl. bulylicu41~ 

E rtract ~rein Pyruvate 
(c.p.m. pM) 

Glass ground cells 2.3 
Alumina ground cells 1518 

Conditions : IOO/AM PO 4 buffer p H  8.0 ; 50 t*M 
K pyruvate ,  5 ° /~M K formate  14C (411o 
c.p.m./i,2]4 ) 20 units  CoA, 12.5 pg  cocarboxyl- 
ase, 20/zM dili thium acetylphosphate,  0.05 l ,M 
MnC12, 5 I *M fl-mercaptoethanol and o.i ml of 
each extract  in a final volume of i.o ml. Incu- 
bated for 2o' at  37 °. 

See ref. 9 for methods  of analysis. 

TABLE I I  

E F F E C T  OF p n  ON T H E  E X C H A N G E  OF 1 4 C O  2 

A N D  H 1 4 C O O H  W I T H  P Y R U V A T E  C A R B O X Y L  

31. lactilyticus pH Pyruvate 
additions ( c.p.m. 7~ M ) 

CI. 

HliCOOH 8.0 142o 
14COe 8.0 1239 
H14COOH 6.5 706 
14CO2 6.5 2618 

butvlicum 
H14COOH 8.o 579 
14CO2 8.0 2455 
H14COOH 6.5 247 
14CO 2 6. 5 2271 

Conditions: ioo i t3 l  PO 4 buffer; 5 ° # M  K 
pyruvate ,  5 ° I ,M K formate (295 ° c.p.m./#21I) 

or 5o #M HI~CO2 K (7560 c.p.m.//tM) 0. 3 ml extract  in a final volume of 1.o ml. Incubated  
for 3 o' at  37~- 

Since previous investigators 5 could not  find evidence for this reaction in C1. butylicum extracts, 
the characteristics of the exchange in the present  prepara t ions  were carefully examined. 

The effect of pH on the exchange of both  H14COOH and 14CO 2 with pyruva te  carboxyl  
by extracts  of Cl. butylicum and M. laclilyticus revealed pronounced effects, part icularly on the 
fo rma te  exchange reaction. 

I t  can be seen (Table II) tha t  with extracts  of M. lactilyticus the incorporation of H14COOH 
into py ruva t e  is about  2 t imes more effective at p H  8.0 than  at p H  6.5, while the reverse picture 
is seen with aaco2. In  general, the data  with Cl. butylicum extract  are similar except tha t  the 
effect of pH on the incorporation of 14CO 2 is not  evident. This may  well be due to a quant i ta t ive  
ra ther  than  a qual i ta t ive difference between the extracts,  since Cl. butylicum carries out  a more 
vigorous exchange of 14COv than  does M. lactilyticus. Since the previous invest igators had utilized 
glass-ground extracts  and had worked at p H  6.0 to 6.5 (where pyruva te  fermentat ion is optimal), 
it is now evident why the formate  exchange in these sys tems is not  detected. 

The enzyme sys tem responsible for the formate  exchange reaction in extracts  of Cl. butylicum 
and M. lactilyticus shares a num ber  of propert ies in common with  the formate  exchange sys tem 
in extracts  of E. coll. The most  significant of these is its extreme lability. Like the E. cell system, 
the present  extracts  exhibit  pronounced dilution effects s , n  and are inactivated by such procedures 
as ammon ium sulfate fractionation, dialysis, isoelectric precipitat ion and t r ea tment  with Dowex-l .  
The formate exchange sys tem in these extracts,  as in E. coli s, appears  to require the presence 
of phosphate ,  since the reaction is strongly inhibited when Tris buffer is subs t i tu ted  for phospha te  
and the inhibition is gradually overcome by the addition of increasing concentrat ions of phosphate .  
The reaction is s t rongly inhibited by  oxygen, by  2 / ,m/ml  each of diacetyl, versene and sodium 
hypophosphi te ,  all of which likewise inhibit the E. coli exchange systeml2,13. In  contras t  with 
the E. coil sys tem which is s t rongly inhibited by IO i ,M/ml  of t r iphenyltetrazolium, the present  
preparat ions  are only inhibited about  io % by this compound.  The rate of the formate  exchange 
appears  to be independent  of the net breakdown of pyruvate ,  tha t  is, formate  exchange occurs 
rapidly in extracts  which are no longer capable of carrying out  the forward reaction of equat ion 2. 
This has been observed with the formate exchange sys tem in the E. cell sys tem by CHANTRENNE 
AND LIPMANN 9 and for the CO~ exchange sys tem in Cl. butylicum by WOLFE AND O'KANE 14. 

The finding tha t  Cl. butylicum and 3¢. lactilyticus are able to exchange formate, as well as 
carbon dioxide, with the carboxyl  group of pyruvate ,  raises the question of the s tate  of oxidation 
of the two-carbon moiety which part icipates in the exchange. This finding also raises the quest ion 
of the mechanism of fermentat ion of pyruva te  by these extracts  and the relationship of the 
formate  exchange system to the fermentat ion reaction. I t  would appear  tha t  in order to exchange 
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(i)  
( 'H : ,COC() ( ) I I  ~ ! ( ' t t aC( )  

~che i nc  i 

x l l ~  ('()2 

l 1~(e! 
i l 1 ( ' ( ) ( )  

,, (3) 
I I ( 'OOH 

Io r lna te ,  t he  t w o  c a r b o n  n lo ie ty  \v~tlld ] lnve to lie ~*ll 
t h e  s a m e  o x i d a t i o n  leve l  as  a c e t a t e .  If t he  e x c h a n g e  
r e a c t i o n  can  be  a s s u m e d  to re t tect  an in i t i a l  s t e p  in 
t he  f e r m e n t a t i o n  ol  p y r u v a t e ,  t h e n  t h e s e  ~ r g a n i s n , s  
m a y  be c a p a b l e  ~t c l e a v i n g  p y r u v a t e  by  a react i~m 
s i m i l a r  to the  phos t~horoc las t ic  reaet i~m in t'/. c,,[l. 
If t h i s  were  t h e  c~lse, C() 2 \v~mhl p r e s u m a l f l y  be 

r e d u c e d  to  t he  f o r m a t e  level  ~f o x i d a t i o n  pri(~r t¢, 
e x c h a n g e  w i t h  p y r u v a t e  c a r b o x y l .  These  i deas  a re  d i a g r a m a t i c a l l y p r e s e n t e d  in S c h e m e  i. 

W e  v i s u a l i z e  in s t e p  1 a c l c a w l g e  of p y r u v a t e  to  a o_-carbon f r a g m e n t  a t  the  ,~xidati , ,n level  ~1 
a c e t a t e  a n d  a one  c a r b o n  f r a g m e n t  a t  t i l e  o x i d a t i o n  leve l  of fo rma te .  The  b r a c k e t s  a re  i n t e n d e d  
to  s i g n i f y  t h a t  t h e s e  a r e  n o t  free c o m p o u n d s ,  b u t  p ~ s s i b l y  e x i s t  in s o m e  b o u n d  form. T h e  e x c h a n g e  
c~f CO 2 w i t h  p y r u v a t e  c a r b o x y l  w o u l d  r e q u i r e  c o n v e r s i o n  to  t he  fo rmvI  m o i e t y  th r~mgh aH 
o x i d a t i o n  r e d u c t i o n  r e a c t i o n  w i t h  s o m e  u n k n o w n  c a r r i e r  (x) (s tep  2). In  s u p p o r t  of t h i s  s u g g e s t i o n  
a re  t h e  f o l l o w i n g  ~)bserwl t ions :  (I) The  e x c h a n g e  of C() 2 a n d  p y r u v a t e  in t h e s e  s y s t e m s ,  which  
posses s  s t r o n g  r e d u c i n g  p o w e r  in t h e  form of a p o w e r f u l  h y d r o g e n a s e  s y s t e m ,  is e x t r e m e l y  r a p i d  
a n d  goes  t o  c o m p l e t i o n ;  w h e r e a s  s i m i l a r  CO 2 e x c h a n g e s  w i t h  a n i m a l  is a n d  m i c r o b i a l  1<~: p r e p a -  
r a t i o n s ,  l a c k i n g  a p o t e n t i a l l y  p o w e r f u l  r e d u c i n g  s y s t e m ,  a re  s l o u  mM p roceed  to t he  e x t e n t  ot 
o n l y  a few p e r  cen t .  I t  woul/1 a p p e a r  t h e n  t h a t  t h e  r a p i d i t y  a n d  c o m p l e t e n e s s  of the  r e a c t i o n  
c a n  be  c o r r e l a t e d  w i t h  r e d u c i n g  a b i l i t y  a n d  t he  r e d u c i n g  a b i l i t y  m a y  con t ro l  t he  r a t e  ~1 s t e p  _, 
in S c h e m e  ~. (2) C e r t a i n  d y e s  w h i c h  c a n  ac t  as  e l e c t r o n  a c c e p t o r s  h a v e  been  r e p o r t e d  t,, i n h i b i t  
CO 2 e x c h a n g e  in Cl. butylicum H. T h i s  o b s e r v a t i o n  c o u l d  be i n t e r p r e t e d  to  i n d i ( a t e  t h a t  t h e  d y e s  
i n h i b i t  t h e  a v a i l a b i l i t y  of e l e c t r o n s  for t i l e  r e d u c t i / m  of CO,>. (3) I t  is well  k n o w n  t h a t  h y d r o g e n  
p r o d u c t i o n  b y  t h e s e  a n a e r o b e s  d e c r e a s e s  w i t h  i n c r e a s i n g  p H  ts and  t h a t  h y d r o g e n a s e  f u n c t i o n s  
v e r y  p o o r l y  a t  an  a l k a l i n e  r e a c t i o n  19. T h u s  t i l e  d e c r e a s e d  a b i l i t y  of 31. laclilvlicus t~, e x e h a n R e  
( 'O 2 a t  an  a l k a l i n e  r e a c t i o n  w o u l d  a l so  be  c o n s i s t e n t  w i t h  .qcheme J. C o n v e r s e l y ,  if the  a b i l i t ~  
t~* u t i l i z e  t i l e  f o r m y l  c o m p o u n d  t h r o u g h  t he  h y d r o g e n  e v o l v i n g  s y s t e n l  {step -'1 d e c r e a s e s  as the  
p i t  inc reases ,  one  w o u l d  e x p e c t  an  i n c r e a s i n g  f o r m a t i o n  ~l' f o r m a t e  (s tep  3) as wel l  as i n c r e a s e d  
e x c h a n g e  w i t h  free  f o r m a t e  as  t h e  p H  b e c o m e s  more  a l k a l i n e .  The  f a c t  (Tab le  I l l  t h a t  f o r m a t e  
e x c h a n g e  is c o n s i d e r a b l y  b e t t e r  a t  t h e  a l k a l i n e  p H  is c o n s i s t e n t  w i t h  t h i s  idea.  In  t h i s  connect i~m.  
i t  i s  i n t e r e s t i n g  to  n o t e  t h a t  OSBURN ct aL so r e p o r t e d  a g r a d u a l l y  i n c r e a s i n g  a c c u m u l a t i o n  ,~1 
f o r m a t e  d u r i n g  g lucose  f e r m e n t a t i o n  b y  (7. b u l v l i c u m  as  t he  p t t  was  sh i f t ed  f rom pH t.5 t~ 7.5 
w i t h  b i c a r b o n a t e .  

T h e s e  c o n s i d e r a t i o n s  s u g g e s t  t h a t  a b o u n d  f o r m  a f o r m a t e  m a y  be ~ln i n t e r m e d i a t e  in 
p y r u v a t e  f e r m e n t a t i o n  b y  ('1. hulylicum a n d  M. lactilyticus a n d  t h a t  i t s  fa te ,  i.e., c o n v e r s i o n  t(~ 
( ;02  a n d  It,~ or  p r o d u c t i o n  of free f o r m a t e ,  is r e g u l a t e d  a n l o n g  o t h e r  t h i n g s  b y  p H .  The  l )ound  
[ o r m a t e ,  r a t h e r  t h a n  an  a c e t a l d e h y d e  c o m p l e x ,  c o u l d  t h e n  be t i le  i m m e d i a t e  s o u r c e  of h y d r o g e n  
in t h e  f e r m e n t a t i o n .  \ V o r k  is n o w  in p r o g r e s s  t(~ a t t e m p t  to  i d e n t i f y  b o t h  t he  ('2 and  ('1 m o i e t i e s  
i n w f l v e d  in  t h i s  e x c h a n g e .  

T h i s  i n v e s t i g a t i o n  w a s  s u p p o r t e d  in p a r t  1)y a r e sea rch  gr~lnt (1:-253) fr(ml t i le  U. 5. I ' ub l i e  
H e a l t h  Se rv i ce  a n d  by, C o n t r a c t  NI~: t_,2 143 Office ~f N a v a l  R e s e a r c h .  
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