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led to comple t e  d e a c e t y l a t i o n  2. P a p e r  c h r o m a t o g r a p h y  of the  h y d r o l y s a t e  showed  
one spot  h a v i n g  the  s ame  Rgtm,ose as ga l ac tosamine .  F u r t h e r m o r e .  when  t h e  h e x o s a m i n e  
o b t a i n e d  b y  d e a c e t y l a t i o n  of t h e  free suga r  was  t r e a t e d  w i t h  n i n h y d r i n  la, t h e  corre-  
spond ing  pentose ,  lyxose  was  ob ta ined .  A f t e r  acid hydro lys i s ,  U D P  a n d  U M P  were  
the  o n l y  nucleot ides  obse rved  b y  p a p e r  c h r o m a t o g r a p h y  in the  acidic a n d  n e u t r a l  
e t h a n o l - a m m o n i u m  xce ta te  solvents .  Tltese o b s e r v a t i o n s  i nd i ca t e  t h a t  t h e  m i x t u r e  
of U D P ~ a c e t y i g i u c o s a m i n e  a n d  U D P - a c e t y l g a l a c t o s a m i n e  p re sen t  in D a h l i a  t u b e r s  
is s imi la r  to  t he  one i so la ted  f rom l iver  ~ 
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A possible route  of  acetate  ox idat ion  in Rhodof)seudomonas spheroides 
ELSDEN AND ORMEROD 1 h a v e  shown  t h a t  f l uo roace t a t e  s t i o n g l y  inhi~:its o x i d a t i o n  of  
a c e t a t e  in Rhodospiri l lum rubrum b o t h  u n d e r  da rk -ae rob i c  a n d  l igh t -anae rob ic  con- 
di t ions.  In  th i s  l a b o r a t o r y ,  w h e n  [14C]acetate was  m e t a b o l i z e d  b y  th i s  o rgan ism,  
14COs f o r m a t i o n  was  i n h i b i t e d  nea r ly  c o m p l e t e l y  b y  I .  Io  -4 M f luo roace t a t e  u n d e r  
e i the r  of these  cond i t ions  s. S imi la r  resu l t s  were  o b t a i n e d  w i t h  Rhodopseudomonas 
spheroides u n d e r  da rk -ae rob ic  condi t ions .  W i t h  t he  l a t t e r  o rgan ism,  however ,  u n d e r  
l igh t -anae rob ic  cond i t ions  f luoroace ta t e  i n h i b i t e d  14COs f o r m a t i o n  o n l y  to  t he  e x t e n t  
of 4o -5  ° % (refs. z, 5)- Th i s  i n d i c a t e d  t he  pos s ib i l i t y  t h a t  a p a t h w a y  of a c e t a t e  
ox ida t i on  o the r  t h a n  t h e  citric acid  cycle ope ra t e s  in R.  spheroides ra ider  t h e s e  
p a r t i c u l a r  condi t ions .  To  e luc ida te  i ts  n a t u r e ,  t h e  R. spheroides cells were  e x p o s e d  
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to [ 2 J a C ] a c e t a t e  a n a e r o b i c a l l y  in  t h e  f ight  for  r e ~ f i ~ e ~  - : -h~ ' t  pe r iods  a n d  ra tes  of 
i n c o r p o r a t i o n  of  x~C in to  v m i o u s  i n t e r m e d i a t e s  were  c c m ~ r e d _  

R.  spheroides w a s  g r o w n  a n a e r o b i c a l l y  in  t h e  l i g h t  in  m e d i m  S of LASCELLES*. 
T h e  cel ls  were  h a r v e s t e d  b y  c e n t r i f u g a t i o n ,  :vashe~  w i t h  o.o2 =~ p h o s p h a t e  b u f f e r  
(pH 6.8) a n d  s u s p e n d e d  in  o.o33 M p h o s p h a t e  b ~ e v  ~]H[ 6.$). T h e  s u s p e n s i o n  w a s  
p l a c e d  in  a sp, c i a l ly  d e v i s e d  vesse l  w h i c h  w a s  e s se~L~Uy  a ~ t o r y  f u n n e l  w i t h  
o n e  or t w o  sit,., a r m s  a n d  a e r a t e d  w i t h  Nz for  z5 ~ n -  T h e  r e a c t i o n  w a s  i n i t i a t e d  
b y  a d d i n g  [2-~*C]acetate to t h e  s u s p e n s i o n  a n d  r u n  m ~ e ~  ~ m ~ a f i o n .  A n a e r o b i o s i s  
a n d  m i x i n g  were  e n s u r e d  b y  s t r e a m i n g  N = con*Anu~mtsi~" ~ o ~  t h e  zeac t ion  m i x t u r e .  
A t  t i m e s  i n d i c a t e d ,  a p o r t i o n  of t he  r e a c t i o n  tr~xtmre w a s  w ~ ~ w n  for a n a l y s i s  of  
~*C i n c o r p o r a t i o n .  F r a c t i o n a t i o n ,  p a p e r - c h r o m a t ~ r a p h / ~  s e p m ' a t i e n  a n d  taC a n a l y s i s  
of  v a r i o u s  c a r b o x y i i c  ac id s  were  p e r f o r m e d  a s  ~ - b e ~  pre~fiou~I56. D in i t r o -  
p h e n y l a t i o n  fo l lowed  b y  p a p e r - c b x o m a t o g r a p I M c  ~ t ~ m  b y  t h e  m e t h o d  of K o c h  
AND WEIDEL 6 w a s  u t i l i z e d  for  x*C a n a l y s i s  of a m i n o  a ~ .  E a c h  i n t e r m e d i a t e  w a s  
l o c a t e d  on  t h e  p a p e r  w i t h  t h e  a i d  of c a r r i e r  a n d  t h e  f ~ ~ g  c o m p o u n d s  were  
e x a m i n e d :  g l y o x y l a t e ,  g lyco la t e ,  p y r u v a t e ,  m a l a t e ,  s a u t e ,  ~ - k e t o g l u t a r a t e ,  c i t r a t e s )  
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Fig. I. Variation with t ime of the percentage distributi~a of =~C ffrcmm ~---t*C'acetate in various 
intermediates, A, 30 ml of the suspension of R. sp.h~roid2s ~ !(2~a~ mg ~-~" wt.) were incubated 
anaerobically in the light with x.8 ml of o.o5 .nd [ 2 - t t C ] a ~ e ~  i(o.~ mlS~mm¢~). At times indicated, 
6-ml portions of the reaction mixture were withdra-~a, b y  ~ ~ ~ o ~ o c k  of the flask, 
into a glass tube in which t ml of 6 N H=~)  4 haxl been ~ .  ~ acidic mixture was then 
analyzed for 1,(; incorporation. B, the suspension was ~ with ~.8 mt of o.o5 M non- 
labeled acetate for 4 rain. Then, the reaction was initiated ] ~ f ~  L$ mi  O[O-OS 3d [z-t4C~acetate 
{ x.o mC/mmole). Other conditions were similar to those ~ A e:m~=qp¢ lUixat the t ic analysis of 

amino acids was o m~t~ 
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glycine, serine, alanine, aspartate and glutamate.  The total laC act ivi ty  incorporated 
increased linearly with time for at least the initial 5 min. 

As shown in Fig. IA, after incubation for 3o sec, as much as 35 % of the total  
x4C incorporated were found in C-z compounds. However, the percentage declined 
sharply reaching the value of 5 % after  5 rain. On the contrary, x4C in C-5 compounds 
increased steadily and after 5 rain nearly 7o% of the total  x4C was loca.ted in this 
fraction. Comparison of the rates of x4C incorporation of the citric acid cycle inter- 
mediates (Fig. IB) further revealed that  malate was one of the earliest products of 
14C incorporation. Glyoxylate and glycolate also acquired 14C at a very rapid rate. 
The presence of 5" Io-4 M fluoroacetate did not affect much the rapid appearance of 
14C in these compounds. On the other hand, incorporation of t4C into ~-ketoglutarate 
and succinate was always slow. These results strongly suggest tha t  a mechanism of 
malate formation frown acetate other than the citric acid cycle functions in R. sphero- 
ides under light-anaerobic conditions. 

The mechanism for the early appearance of 14C in glyoxylate and glycolate has 
not yet been elucidated. In agreement with KORNBERG AND LASCELLES 7, no act ivi ty 
of isocitrate lyase (EC 4.I.3.1) could be detected in R. spheroides. Thus formation of 
glyoxylate from isocitrate is very improbable. Malate-cleavage enzyme found in this 
organism 8 also does not seem responsible unless any C- 4 dicarboxylic acid were formed 
prior to the appearance of glyoxylate. Participation of Thumberg  condensation is 
unlikely on account of the relatively slow rate of x4C incorporation into succinate. 
Acetate migKt be con: 'erted into glyoxylate by  a rather  direct way. If so ,  the route 
would enable the continuous generation of malate  from acetate through the action 
of malate synthase  (EC 4.1.3.2) which has been demonstrated repeatedly in R. sphero- 
idesS, ~. Subsequent  oxidation of malate to pyruvate ,  the route prevailing under  light- 
anaerobic conditions in this organism for the oxidation of C- 4 dicarboxylic acids s, 
would become a site of acetate oxidation which does not pass through the stage of 
citrate and thus is not inhibited by fluoroacetate. In Chromatium ° and in R. rubrum ~°, 
a pa thway is said to be working to a significant extent  which transforms acetate 
into citramalate and possibly into glutamate.  In our experiments,  al though citra- 
malate appeared to acquire x4C to a considerable extent  under tko conditions de- 
scribed above, the rate of incorporation was slow. Significaxtt part icipation of this 
route in the acetate oxidation in question in R. spheroides is unlikely. 
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