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t h a t  ha s  been  d e m o n s t r a t e d  in t he  pep t ide  isolated f rom c h y m o t r y p s i n - D P S - L  A l t h o u g h  t h e  
pos i t ion  of t he  ace ty l  g roup  h a s  no t  been  inves t iga t ed  it  s eems  m o s t  l ikely t h a t  it  is assoc ia ted  in 
es te r  l inkage  wi th  t h e  ser ine hyd roxy l .  Pa r t i cu la r ly  t h e  compos i t ion  of t h e  smal l  ace ty lpep t ide  E 
(Table II) h a r d l y  leaves  r o o m  for o the r  possibil i t ies.  

The  p r e sen t  resu l t s  p rov ide  s t r ong  evidence  t h a t ,  in t he  course  of t h e  hydro lys i s  b y  c h y m o -  
t r y p s i n  of i ts  subs t r a t e ,  t h e  h y d r o x y l  g roup  of t h e  s ame  serine res idue  is i nvo lved  as h a s  been found  
to  reac t  wi th  D F P .  Th i s  pep t ide  s t r u c t u r e  or a t  leas t  p a r t  of it  m u s t  there fore  pa r t i c ipa t e  in t h e  
enzymica l ly -ac t ive  si te  of c h y m o t r y p s i n .  
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On the enzymic reduction of folic acid by a purified hydrogenase* 
The  ac t iva t ion  of folic acid assoc ia ted  wi th  t he  cofactor  func t ions  of th is  v i t a m i n  involves  hyd ro -  
gena t ion  of PGA**,  p r e s u m a b l y  to  t he  t e t r a - h y d r o  fo rm 1 and  s u b s e q u e n t  formylationZ,8, 4 or  
hydroxymethylationS, e. The  h y d r o x y m e t h y l  c o m p o u n d  can  be oxidized to t h e  cor respond ing  
fo rmyl  derivative% 8. I n  t he  p r e sen t  inves t iga t ion ,  folic acid h y d r o g e n a s e  wh ich  ca ta lyzes  t h e  
r educ t ion  of P G A  was  p repa red  f rom an  ace tone  powder  of chicken liver. The  e n z y m e  was  purif ied 
8-fold b y  r e m o v a l  of p ro te in  a t  pH-5~5-a t~dpH-4 .  5 fol iowed-~bT-fr~t ional  p rec ip i ta t ion  of t he  
e n z v m e  wi th  cold acetone.  The  f rac t ions  be tween  41% and  60% ace tone  con ta ined  m o s t  of t h e  
ac t iv i ty .  B y  th i s  p rocedure  folic acid h y d r o g e n a s e  was  s epa ra t ed  f rom e n z y m e s  wh ich  conve r t  
P G A H  4 to i ts  f o rmy la t ed  der iva t ives .  T he  specific r e q u i r e m e n t  for T P N H  in t he  r educ t ion  of 
PGA could be shown,  s u b s t a n t i a t i n g  earlier observationsX, 9. The  pur i f icat ion of t he  e n z y m e  was  
sufficient  to pe rmi t  s t u d y  of t he  s to ich iomet r ic  re la t ionship  be tween  t he  r educ t ion  of P G A  and  
t he  ox ida t ion  of T P N H .  Direct  ev idence  is p resen ted  t h a t  P G A H  4 r a the r  t h a n  P G A H  2 is t he  
p roduc t  of t he  enzymic  react ion.  

The  m e t h o d  for t he  d e t e r m i n a t i o n  of P G A H  i was  based  on t he  non -enzymic  decompos i t ion  
of P G A H  4 w h e n  exposed  to airZ°, ix y ie lding P A B G A  q u a n t i t a t i v e l y l ;  t h i s  p roduc t  was  de t e rmined  
b y  t he  BRATTON-MARSHALL reac t ion  12. The  m a x i m u m  convers ion  of P G A  to  P G A H  4 was  ob ta ined  
a t  p H  4.7 in ace t a t e  buffer  and  p H  5.2 in p h o s p h a t e  buffer.  As shown  in Table  I, D P N H  was  
on ly  20% as ac t ive  as T P N H  in th i s  react ion.  D p N +  and  T P N  + were inact ive .  The  revers ib i l i ty  
of  t he  reac t ion  could no t  be d e m o n s t r a t e d  ; however ,  t h e  add i t ion  of T P N  + du r ing  t h e  i ncuba t ion  
inh ib i ted  t he  fu r t he r  convers ion  of P G A  to P G A H  4. The  fo rma t ion  of diazot izable  amine  was  
cor re la ted  wi th  t he  ox ida t ion  of T P N H  in t he  e x p e r i m e n t  shown  in Table  II .  The  d a t a  ind ica te  
t h a t  two moles  of T P N H  are  oxidized for each  mole of P A B G A  formed,  in accord wi th  t h e  
e q u a t i o n s  : 

P G A  + 2 T P N H  + 2 H  + ~ P G A H  4 + 2 T P N +  

P G A H  4 non-enzymic ~ P te r id ine  + PA13GA 

A m e t h o p t e r i n  ( 4 - a m i n o - i o - m e t h y l  PGA) comple te ly  inh ib i ted  t he  ac t iv i ty  of folic acid hydro -  
genase  a t  a concen t r a t ion  of 4 . 2 - I o - S M  in t he  presence  of 4.4" Io -SM PGA;  a t  a c o n c e n t r a t i o n  
of 4.2. i o - g M  A m e t h o p t e r i n ,  on ly  io  % inhib i t ion  was  observed.  

The  color imetr ic  m e t h o d  for t he  d e t e r m i n a t i o n  of P G A H  4 is l imi ted  to  those  ana logues  of 

* This  work  was  suppo r t ed  in pa r t  by  a resea rch  g r a n t  (CY-29o6) f rom the  Na t iona l  I n s t i t u t e s  
of Hea l th ,  U.S. Publ ic  Hea l t h  Service. 

** Abbrev ia t ions :  PGA,  p t e roy l g l u t ami c  acid;  PGAH~,  d ihyd rop t e roy lg lu t amic  acid;  PGAHI ,  
t e t r a h y d r o p t e r o y l g l u t a m i c  acid;  T P N  +, t r i phosphopy r i d ine  nucleot ide ;  DPN+,  d iphospho-  
pyr id ine  nucleot ide ;  TP2ffH, reduced  t r i phosphopy r i d i ne  nucleot ide ;  D P N H ,  reduced  d iphospho-  
pyr id ine  nucleot ide ;  PA13GA, p - a m i n o b e n z o y l g l u t a m i c  acid. 
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T A B L E  i 

COFACTOR REQUIREMENT OF FOLIC ACID HYDROGENASE 

The s y s t e m  con ta ined :  PGA, 6.54. io  -2/~mole; DPN*,  TPN +, D P N H  or T P N H ,  82.5- lo 2 [Lmolc : 
enzyme,  o.75 ml, in 1.5 ml  o.o 5 M p h o s p h a t e  buffer, pH  5.2 ; i ncuba ted  for 3 h under  hel ium a t  37 - 

PG A H 4 .tor~ ed* 
Co/actor l, mote 

none o 
D P N  + o 
T P N  + o 
D P N H  o.73. Jo 2 
T P N H  3.90' io  2 

* The  me thod  for the  d e t e r m i n a t i o n  of P G A H  4 is descr ibed in Table  I I .  

T A B L E  I I  

STOICHIOMETRY OF THE REACTION 

The s y s t e m  con ta ined :  PGA, o . i 3 o 8 # m o l e ;  T P N H ,  1.65 #moles ;  enzyme,  1.5 ml ;  in 3.o ml 
o:o5M p h o s p h a t e  buffer, p H  5.2. The i n c u b a t i o n  was  car r ied  out  a t  37 ° under  a s t r e a m  of he l ium 
in s toppe red  15 ml  suc t ion  flasks. E a c h  sample  was  dup l i ca ted  by  a cont ro l  flask to  which  PGA 

was  no t  added  un t i l  t he  i ncuba t ion  was  s topped  by  chi l l ing the  vessels  in ice. 

Ratio : 
Experiment Time o/ T P N H *  PGA ** T P N H  oxid. 

incubation oxidized reduced 
PGA red. min I~mole 

I 60 o.14o7 0.0744 1.89 
12o o-177o o.o933 1.91 

2 12o o.12oo o.o615 1.95 

* For  d e t e r m i n a t i o n  of T P N H ,  1. 5 ml  a l iquo t s  were m i x e d  w i t h  i .o  ml  ice-cold ace tone  and 
I.o ml  I . o M  N a 2 H P O  4 a nd  t h e n  centr i fuged.  The a m o u n t  of T P N H  oxid ized  was  ca lcu la ted  
from the  difference in  op t ica l  de ns i t y  a t  34 ° m~u be tw e e n  the  cont ro l  and  t he  cor responding  
sample  us ing  a mola r  e x t i n c t i o n  coefficient for T P N H  of 6.22. lO 3 13. 

** The d e t e r m i n a t i o n  of PGAH~ was  m a d e  on the  r e m a i n i n g  1. 5 ml ;  o. 5 ml  5 N HC1 and  1.2 ml 
ace tone  were added.  Af ter  cen t r i fuga t ion  for 20 rain, the  color was  developed  by  a modi f ica t ion  
of t he  BRATTON-MARSHALL me thod  12 a l lowing  m i n i m u m  d i lu t ion  of the  sample.  The abso rp t ion  
of t he  s amp le  was  read  a g a i n s t  the  cont ro l  a t  560 m~u. The  mola r  e q u i v a l e n t  of P G A H  4 was  
ca lcu la t ed  from a ca l ib ra t ion  curve  of PABGA.  

PGA which  can  yie ld  a p -aminobenzo ic  acid m o i e t y  w i t h  an  u n s u b s t i t u t e d  amino  group,  and  is, 
therefore ,  u n s u i t a b l e  for s t u d y i n g  the  s u b s t r a t e  specif ic i ty  of folic acid hydrogenase .  Such a s t u d y  
is now poss ible  us ing  the  purif ied enzyme  and  the  r a t e  of o x i d a t i o n  of T P N H  as a m e a s u r e m e n t  
of the  enzymic  ac t i v i t y .  
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Rece ived  N o v e m b e r  Is t ,  1957 
Addendum (added in proof  December  I l t h ,  1957) 

The degree of s p l i t t i n g  of the  enzyme  by  D P N H ,  bu t  no t  by  o-phenanthro l ine ,  has  been found 
to  be d e p e n d e n t  on t he  specific a c t i v i t y  of the  enzyme.  


