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A new cofactor in the conversion of serine to glycine 

Cell-free ex t r ac t s  of an  unident i f ied  Clostridium, s t ra in  H F  1, ca ta lyze  t he  n e t  p roduc t ion  of 
glycine f rom serine. The  fate of t he  f l -carbon of serine ha s  no t  ye t  been  de te rmined .  U p o n  ex t ens ive  
dia lys is  of the  ex t rac t s ,  glycine p roduc t ion  shows  a clear dependence  on D P N ,  Mn ++ and  py r idoxa l  
p h o s p h a t e  (see E x p e r i m e n t  I). Fol lowing t r e a t m e n t  wi th  Dowex  i HC1 a n d  s u b s e q u e n t  ove rn igh t  
dialysis ,  t h e  s y s t e m  can  no longer  be r eac t i va t ed  by  these  th ree  cofactors .  A fou r th  factor  ob ta ined  
f rom boiled ex t r ac t s  of Clostridium cylindrosporum is requi red  in add i t ion ;  it  shal l  be referred to 
as Co C. E x p e r i m e n t  I I  d e m o n s t r a t e s  t h a t  Co C is essent ial ,  and  t h a t  i ts  presence  does no t  abol ish 
the  r e q u i r e m e n t s  for D P N ,  Mn ++ and  py r idoxa l  p h o s p h a t e .  

Co C is no t  ident ica l  w i th  a n y  of t he  folic acid der iva t ives  found  ac t ive  in t he  s y s t e m s  of SAKA~tI z 
a n d  BLAKLEY s. E x p e r i m e n t  II  d e m o n s t r a t e s  t h a t  in th i s  s y s t e m  folic acid a n d  a n h y d r o l e u c o v e r i n  
are inert ,  b u t  t h a t  c i t r o v o r u m  factor  (C F) and  t e t r ahydrofo l i c  acid (th]) h a v e  an  effect. I n  con t r a s t  
to Co C, wh ich  is ac t ive  a t  ca t a ly t i c  levels*, good ac t i v i t y  is ob ta ined  wi th  C F and  th[ only  a t  
s u b s t r a t e  concen t ra t ions .  F u r t h e r m o r e ,  D P N  is no t  requi red  when  these  c o m p o u n d s  are used,  
( inhibi t ion by  D P N  is u sua l ly  observed)  whereas  D P N  is requi red  for ac t iv i ty  wi th  Co C. A n o t h e r  
basis  for d i s t i ngu i sh ing  Co C f rom C F and  th[ is t h a t  s a t u r a t i o n  curves  reveal  t h a t  C F can  neve r  
give as good ac t iv i ty  as Co C, and  t h a t  th[ can  a t  s u b s t r a t e  concen t r a t i ons  give be t t e r  a c t i v i t y  (perhaps  
as a s to ich iomet r ic  acceptor  for the  one ca rbon  piece). Co C is no t  a t t a c k e d  by  p o t a t o  nucleot ide  
p y r o p h o s p h a t a s e .  I t  is abso rbed  a t  low p H  on Nori te ,  and  can  be r e m o v e d  b y  a m m o n i a c a l  E T O H ;  
it  is s table  to  boi l ing in di lute  alkali  (o o 5 N) a n d  is des t royed  u n d e r  s imi lar  condi t ions  in di lute  acid. 
Co C can  be d i s t ingu i shed  c h r o m a t o g r a p h i c a l l y  f rom folic acid, C F, anhydro leucove r in ,  and  th]; 
it  h a s  r epea t ed ly  been recovered f rom a f luorescent  spo t  on pape r  c h r o m a t o g r a m s  in va r ious  so lven t  
sy s t ems .  

Experiment I 

The  a s s a y  m i x t u r e  con ta ins  the  following s u b s t a n c e s  in a t o t a l  v o l u m e  of o.6 ml  : 2o.o/~M DL-serine* *, 
o.o2 /zM DPN,  2.o ktM MnS04,  o.o2 # M  pyr idoxa l  p h o s p h a t e ,  o.o 4 ml  M K - p h o s p h a t e  buffer  p H  6. 5, 
and  o.2 ml  of an  e n z y m e  p repa ra t i on  (2o m g  pro te in /ml)  which  was  d ia lyzed  43 hou r s  aga ins t  o .oi  M 
p h o s p h a t e  buffer  p H  7.2. T he  samples  were i n c u b a t e d  2 hou r s  a t  28 ° C. The  cont ro l  va lue  in the  

absence  of serine ( =  o.o46/~M) is s u b t r a c t e d  f rom each  e x p e r i m e n t a l  va lue  given.  

Sample Omitted ]rom assay mix l~M glycine ]ormedt 

I - -  o.314 
2 D P N  0.078 
3 Mn++ O.lO8 
4 py r idoxa l  p h o s p h a t e  o. 134 

* The  m o s t  h igh ly  purif ied p r epa ra t i on  of Co C ob ta ined  t h u s  far  by  charcoa l  a n d  pape r  c h r o m a t o -  
g r a p h y  ha s  a n  abso rp t ion  peak  a t  275-28o m~.  A s s u m i n g  t h a t  t he  molecu la r  ex t inc t ion  coefficient 
is t he  s ame  as t h a t  for the  folic acid der iva t ives  (e28o(max) = I8,OOO-26,ooo) U V  abso rp t ion  a t  28o m/~ 
indica tes  t h a t  Co C is ac t ive  a t  less t h a n  o.oi  the  concen t r a t i on  of t he  glycine formed.  
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Experiment I I  

The assay mixture  contains the following substances  in a total  volume of o. 4 ml: 6.0/~M DL-serine* *~ 
0.o2 ,uM DPN,  2 .o /zM MnSOa, 0.o2 ,uM pyridoxal  phosphate ,  o.o 4 ml M K-phospha te  buffer p H  6.5, 
and 6 units  of enzyme. One enzynle unit  yields o.I /~M glycine at  sa tura t ion  levels of Co C affei 
two hours '  incubat ion at 38o C. A unit  of Co C is an am o un t  ( <  o.ooi /zM) ~ yielding o.I #/~I glycine 
in the presence of one unit  enzyme. The control value in the absence of serine ( =  o.o12 #M) is 

subt rac ted  from each exper imenta l  value given. 

Omitted/rom assay mi~ Special addition tz3[ gl~cine [orrned~ Sample 

t - - -  o.o16 
2 ca. 6.0 units  Co C 0.600 
3 DPN ca. 6.0 units  Co C 0.202 
4 Mn ++ ca. 6.0 units  Co C o.268tt 
5 pyridoxal  phospha te  ca. 6.0 units  Co C o.4o9 
6 0.02 # M  folic o.o32 
7 0.05 # M  

anhydroleucoverin  o.oo 4 
8 - -  0.006/2M C F 0.080 
9 o .02/zM C F o.18o 

t o  - -  o . I o / z M  C F 0.280 
I I  DPN o . I o / z M  C F 0.324 
12 Mn ++ o . i o / * M  C F 0.o88 
13 pyridoxaI  pt losphate o . io  # M  C F o.312 
14 - -  0.006 i~M th[ 0.068 
15 - -  0.06 tzM th[ o.12o 
16 - -  0.60 I~M th[ 0.350 
17 D P N  0.60 tzM th] o.412 
18 Mn ++ o.60 IzM th] o.o66 
19 pyridoxal  phospha te  0.60 I~M th] o.288 

** For  dialyzed preparat ions ,  the o p t i m u m  serine concentrat ion is 2o.o itM, as opposed to 6.o # M  
for Dowex- t rea ted  enzyme. This difference is p robab ly  due to fewer side reactions involving serine 
in the presence of Dowex- t rea ted  enzyme. 

* The glycine is assayed by  chemical methods  4. 
t t  Some Mg++ was added wi th  the Co C due to the method of purification. Since Mg++ can replace 

the Mn++ requi rement  to some extent ,  this value is unusual ly  high. 
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