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w o r k  do n o t  s h o w  a n y  s t i m u l a t i o n  u p o n  t i l e  a d d i t i o n  of :XG or  r e l a t e d  c o m p o u n d s .  I t  a p p e a r s  t h e n  
log ica l  to  a s s u m e  b y  a n a l o g y  t h a t  t he  b a c t e r i a l  e n z y m e  m i g h t  possess  an  a c t i v e  c e n t e r  w i t h  a s t r u c t u r e  
s i m i l a r  to  a c e t y l  g l u t a m a t e  or r e l a t e d  c o m p o u n d s .  If  t h i s  is  t i le  case  t w o  poss i l ) i l i t i c s  a re  open ,  
e i t h e r  t h a t  c a r b a m y l  p h o s p h a t e  r e m a i n s  a t t a c h e d  to  t h e  e n z y m e  u n t i l  r e a c t i o n  w i t h  o r n i t h i n e  or  
o t h e r  a c c e p t o r ,  or t h a t  c a r b a m y l  p h o s p h a t e  is sp l i t  off f rom t h e  e n z y m e  s i t e  lmfore  f u r t h e r  regwtion.  
: \ s  s h o w n  in T a b l e  1l t h e  s econd  p o s s i b i l i t y  s e e m s  to  be t rue .  

St i l l  to  be i n x e s t i g a t e d  is w h e t h e r  or n o t  ( : omt )ound  X is sp l i t  to  free c a r l m m y l  p h ~ s l ) h a t e  
be fo re  r e a c t i n g  w i t h  o r n i t h i n e  or o t h e r  a c c e p t o r  a n d  xxhether  t h i s  s p l i t t i n g  is e n z y m i c  or non-  
e u z v n l i c  3 . 

.\  f u r t h e r  s u b j e c t  for i n \ e s t i g a t i < m  wi l l  be to  d e / e r m i n e  t he  poss i l ) le  e x i s t e n c e  of a " c ; i r h a m y l  
or a c e t y [  a c t i v e  Cel l ter"  ill t h e  " l l ; I t i v e "  lllHl/lluitli~ln e l l zv ine  w h i ( h  nl~ly be m a s k e d  or  denat lAred 
d u r i n g  t he  i s o l a t i o n  ~)1 t i l e  e n z y m e  a. 
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R e c e i v e d  A p r i l  13th, 1955 

• T h e  f o l l o w i n g  a b b r e v i a t i o n s  are  u s e d  t h r o u g h o u t  t h i s  p a p e r  : AG, a c e t y l  g l u t a i n a t e  ; CP, c a r b a i n y l  
p h o s p h a t e l ;  C o m p o u n d  X, t h e  a c t i v e  c a r b a m y l  p h o s p h a t e  i n t e r n m d i a t e  f o r m e d  f rom : \ ( ;  or r e l a t e d  
c o m p o u n d s " ;  ATP,  a d e n o s i n e t r i t ) h o s p h a t e .  2\11 a n a l y t i c a l  m e t h o d s  a n d  p r o c e d u r e s  h a v e  b e e n  de-  
s c r i b e d  in p r e c e d i n g  papersa ,  a. 

• * ' l ' h i s  w o r k  was  done  d u r i n g  the  t e n u r e  of an  l '2s taMished l n v e s t i g a t o r s h i  t) of t i l e  A m e r i c a n  
t l e a r t  A s s o c i a t i o n .  

• ** I 'os t  1 )oc to ru te  I :e l low of t i le  N a t i o n a l  l l e a r t  I n s t i t u t e ,  N a t i o n a l  I n s t i t u t e s  of t l e a l t h .  

a-L-Formamidinoglutaric acid as a formylatin 9 agent* 

The  i s o l a t i o n  of a 4 : f o r n m m i d i n o g l u t a r i c  ac id  (I, ':\G) 1,u,a,4 f rom i n c u b a t i o n  m i x t u r e s  of h i s t i d i n e  
or t l roca l l i c  a c i d  w i t h  m a m m a l i a n  l i ve r  p r e p a r a t i o n s  s u g g e s t e d  t h a t  FAG n l i g h t  be  an  i n t e r m e d i a t e  
in t h e  p a t h w a y  of t h e  m e t a b o l i s n l  of h i s t i d i n e  as  a d o n o r  of t h e  one  c a r b o n  u n i t .  S ince  in  t he se  
e n z y m i c  d i g e s t s  F A G  a c c u m u l a t e d  and  no  f u r t h e r  d e g r a d a t i o n  w a s  o b s e r v e d ,  i t  w a s  a s s u m e d  t h a t  
a s u i t a b l e  f o r m y l  a c c e p t o r  w a s  a b s e n t  in t h e s e  e x t r a c t s  1, a l t h o u g h  t h e  p o s s i b i l i t y  cou ld  n o t  be  e x c l u d e d  
t h a t  a c t i v a t i o n  of h i s t i d i n e  as  f o r m y l  d o n o r  fo l l owed  a p a t h w a y  o t h e r  t h a n  t h a t  t h r o u g h  u r o c a n i c  
ac id  a n d  F A ( ;  s. 

\Ve wish  to  r e p o r t  t w o  l ines  of e v i d e n c e  w h i c h  s t r o n g l y  s u g g e s t  t h a t  F A G  or a c o m p o u n d  in  
e q u i l i l / r i m n  w i t h  i t  is a n  o b l i g a t o r y  i n t e r m e d i a t e  in  r e a c t i o n s  in  w h i c h  h i s t i d i n e  a c t s  as  a f o r m y l a t i n g  
a g e n t .  W h e n  I ; A ( ;  (5 pAJ) w a s  i n c u b a t e d  with_ fol ic  ac id  (0.25 [13I) a n d  0. 5 Inl  of a so lub l e  e n z y m e  
e x t r a c t  f rom r a t  l i v e r  ( s u p e r n a t a n t  of 1 : l l i v e r  h o m o g e n a t e  w i t h  o.o 5 M p h o s p h a t e  buffer ,  p i t  7.2, 
c e n t r i f u g e d  a t  14o,ooo >(, g a t  o 4 for 2 hours )  in  a t o t a l  w / l u m e  of o.8 ml ,  a s k y - b l u e - f l u o r e s c i n g  
c o m p o u n d  w a s  f o r m e d  w h i c h  b e h a v e d  i d e n t i c a l l y  w i t h  s y n t h e t i c  I o - f o r m y l f o l i c  ac id  6 u p o n  p a p e r  
c h r o m a t o g r a t ) h y  w i t h  s ix  s o l v e n t s  and  i onophore s i s .  U n d e r  t h e s e  c o n d i t i o n s  t o t a l  c o n v e r s i o n  of lo l ic  
ac id  to  " f o r i n y l - f o l i c  a c i d "  was  o b t a i n e d  w i t h i n  an  i n c u l ) a t i o u  t i m e  of 3 h o u r s  a t  37" in t h e  darlc. 
T h e  e n z y m e  e x t r a c t  w a s  i n a c t i v a t e d  b y  t r e a t m e n t  w i t h  D o w e x - 2 4 ; l  or  p r o l o n g e d  d i a l y s i s  a u d  cou ld  
be r e a c t i v a t e d  to  a v a r y i n g  d e g r e e  by  t h e  a d d i t i o n  of o.2 ml  of bo i led  (2 rain,  I o o ' )  e n z y m e  e x t r a c t .  
The  ef f icacy of t i l e  bo i l ed  e n z y m e  was  a b o l i s h e d  b y  t r e a t m e n t  w i t h  l )owex-2-C1 or  c h a r c o a l .  T h e  
a c t i v i t y  of t i l e  i n a c t i v a t e d  e n z y m e  cou ld  a lso  be  r e s t o r e d  b y  folic ac id  w h i c h  h a d  been  r e d u c e d  
e i t h e r  w i t h  A d a m s '  c a t a l y s t  i l l  OA N NaOI-U or  w i t h  NaBH. t .  The  e n z y m i c  f o r m a t i o n  of " f o r m y l f o l i c  

* T h i s  w o r k  w a s  s u p p o r t e d  in  p a r t  b y  a g r a n t  f rom t i l e  N a t i o n a l  I n s t i t u t e  of N e u r o l o g i c a l  D i s e a s e  
a n d  l-~lindness ( ( ; r a n t  H-220) of t h e  N a t i o n a l  I n s t i t u t e s  of H e a l t h ,  l ' ub l i c  H e a l t h  Service .  T a k e n  
f n ) m  a d o c t o r a l  d i s s e r t a t i o n  to  t)e s u t m l i t t e d  b y  ALEXANDER MILLER. 
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a c i d "  w a s  n o t  i n h i b i t e d  b y  v e r s e n e  or b y  ae rob i c  c o n d i t i o n s  a n d  d id  n o t  r e q u i r e  a d e n o s i n e  t r i p h o s -  
p h a t e .  F o r m i c  ac id ,  formyl - i soglu tamine  1, - g l u t a m i n O  a n d  - g l u t a m i c  ac id  l were  i n a c t i v e ,  w h i l e  
u r o c a n i c  ac id  w a s  as a c t i v e  as  F A G  o n l y  a t  h i g h  c o n c e n t r a t i o n s  (5 1~3I) a n d  h i s t i d i n e  w a s  s t i l l  less  
a c t i v e * .  T h e  s u p e r i o r i t y  of F A G  to  u r o c a n i c  ac id  or h i s t i d i n e  as  t ' o rmyl  d o n o r  was  c l e a r l y  d e m o n -  
s t r a t e d  w h e n  fo rmic  a c i d - n C  (25 ii.,l'l) w a s  i n c u b a t e d  w i t h  p i g e o n  l i ve r  e x t r a c t s  n n d e r  t i le  c o n d i t i o n s  
u s e d  b y  {~()LIYFII\VAIT el al. s to r  t i l e  e n z y m i c  s y n t h e s i s  of f o r m y l g l y c i n a m i d e  r i b o t i d e .  Af t e r  r i g o r o u s  
r e m o v a l  of al l  v o l a t i l e  r a d i o a c t i v e  m a t e r i a l  14,'; c< ,unts /min ,  c o r r e s p o n d i n g  to  a u t i l i z a t i o n  of o. 5 lo l l  
of fo rn la te ,  were  found  in t i le  n o n v o l a t i l e  f r a c t i o n  in t i l e  p r e s e n c e  of formic  ac id  a lone,  lTl/on a d d i t i o n  
of I o t ~ l l  e a c h  of non la l ) e l ed  h i s t i d i n e ,  u r o c a n i c  ac id ,  FAG,  f o r n l y l i s o g l u t a n l i n e ,  f ( w m y l g h l t a m i n e ,  
i ' o r m y l g l u t a n l i c  m i d ,  f (~rmylglycine,  f o r m a m i d i n o a c e t i c  ac id  :l, a n d  ~ - l l enzy l  F . \ ( ;  a, 12o, St). 48, I35 , 
I -'~>, 137, 155 a n d  t_'5 cCmnts /min ,  r e s p e c t i v e l y ,  were  found  in t he  n o n v o l a t i l e  f r ac t ion .  The  i n c r e a s i n g  
i n h i b i t i o n  of i n c o r p o r a t i o n  of fo rmic  a c i d  i n t o  t h e  n o n v o l a t i l e  f r a c t i o n  as  one  p r o c e e d s  f rom h i s t i d i l w  
to  FAG as well  as  t he  l ack  of i n h i b i t i o n  b y  o t h e r  f o r m y l  d e r i v a t i v e s  g i v e s  s t r o n g  supp(wt  to  lilt" 
ro le  of FAG as sou rce  of t h e  f o r m y l  g roup .  The  e x t e n t  of i n h i b i t i o n  s h o w s  t h a t  1;:\(; does  n o t  a c t  
as  a f o r l n y l a t i n g  a g e n t  t h r o u g h  t h e  p r o d u c t i o n  of f o r m a t e .  T h e  s a m e  c l m c l u s i o n  w a s  r e a c h e d  w h e n  
l abe l ed  h is t id ine-- ' -zaC ** (e. 5 / ~ M )  w a s  i n c u b a t e d  u n d e r  t h e  a b o v e  c o n d i t i o n s  in t he  a b s e n c e  or 
p r e s e n c e  of a 4-fold excess  of n o n l a b e l e d  f o r m a t e .  A f t e r  d e p r o t e i n i z a t i o n ,  h i s t i d i n e  w a s  r e m o v e d  on 
al l ) o w e x - 2 - f o r n m t e  c o l u m n  a n d  t h e  e l u a t c  b r o u g h t  to  d r y n e s s  a n d  c o n n t e d .  [n t he  p r e s e n c e  ~)f 
f o r m a t e  an i n h i b i t i o n  of i n c o r p o r a t i o n  of u(- of o n l y  4o01, was  o b s e r v e d  in t h e  n o n v o l a t i l e ,  1t('1 
l ab i l e  s, f r ac t ion .  

The  m e c h a n i s m  of t h e  m e t a b o l i c  u t i l i z a t i o n  of I~'AG as  f o r m y l  d()nor as  wel l  as t h e  de t a ih !d  
r e q u i r e l n e n t s  (if t i le  s()lul/le enzyBle  s y s t e m  fire n l l de r  s t u d y .  
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R e c e i v e d  A p r i l  1st, I955  

• \ \ : h i l e  t h i s  w o r k  w a s  in  p r o g r e s s  K.  SLAWK aND V. MATOULKOVA {Colleclicm ('zechoslov. Chem. 
(:,unmltn., I0 (1954) 1o32) r e p o r t e d  t he  f o r m a t i o n  of f o r m v l f o l i c  ac id ,  i d e n t i f i e d  b y  p a p e r  c h r o m a t o -  
g r a p h y ,  u p o n  i n c u b a t i o n  for  22 h o u r s  of c o n c e n t r a t e d  l i v e r  h o m o g e n a t e s  w i t h  folio ac id  a n d  h i s t i d i n e  
or  u r o c a n i c  ac id  or  an  i o n o p h o r e t i c a l l y  s e p a r a t e d  e n z y m i c  d e g r a d a t ; o n  p r o d u c t  of h i s t i d i n e  a s s u m e d  
to  be [ ; \ G .  In  s t i m u l a t i n g  t o r m y l f o l i c  ac id  f o r m a t i o n  t i le  F.XG p r e p a r a t i o n  p r o v e d  to  be s u p e r i o r  
to  h i s t i d i n e  or u r o c a n i c  a c i d  a n d  o t h e r  fo r lny l  c~ ,mpounds  w e r e  f o u n d  to  be  i n a c t i v e .  

• * \Ve wish  to  t h a n k  l)r.  I). SPRINSON for t i le  sn inp l e  of L-hist idine-- ' -14C u s e d  in t h i s  work .  

On the nature of the carbamyl group donor in citrulline biosynthesis* 

O t / t i m m n  c o n d i t i o n s  for t i l e  b i o s y n t h e s i s  of c i t r u l l i n e  f rom o r n i t h i n e ,  a m m o n i a ,  a n d  c a r b o n  
d i o x i d e  b y  so lub le  m a n m m l i a n  l i v e r  e n z y m e s  r e q u i r e  A T P *  *, n l ag l l e s iu l l l  lo l l s  a n d  c a t a l y t i c  a n l o u n t s  
of c e r t a i n  d e r i v a t i v e s  of g l u t a m i c  ac id  1. T h e  c a t a l y t i c  p r o p e r t i e s  of t h e  g l u t a m a t e  d e r i v a t i v e s  h a v e  
b e e n  a s c r i b e d  to  t h e  f o r m a t i o n  of an  u n s t a b l e  c a r b a m y l  i n t e r m e d i a t e  ( C o m p o u n d  X) c o n t a i n i n g  t he  
g l u t a n m t e  d e r i v a t i v e ,  a m m ( m i a ,  c a r b o n  d i o x i d e  a n d  p h o s p h a t e  in  a m o l e - t o - m o l e  r a t i o  1,2,a. T r a n s f e r  
of t he  c a r b a m y l  g r o u p  from C o n l p o u n d  X to o r n i t h i n e  to  fo rm c i t r u l l i n e  was  c o n s i d e r e d  to  r e s u l t  
in t i le  r e g e n e r a t i o n  of t l le  g l u t a m a t e  d e r i v a t i v e  a n d  t h e  r e l ea se  of i n o r g a n i c  p h o s p h a t 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  i n  p a r t  b y  a r e s e a r c h  g r a n t  f rom t h e  N a t i o n a l  I n s t i t u t e  of 
A r t h r i t i s  a n d  M e t a b o l i c  D i s e a s e s  of t h e  N a t i o n a l  I n s t i t u t e s  of H e a l t h ,  P u b l i c  H e a l t h  Serv ice ,  a n d  
t h e  \V i scons in  A l u n l n i  R e s e a r c h  l ; o u n d a t i o n .  

* * T h e  f o l l o w i n g  a b b r e v i a t i o i i s  a re  u s e d :  ATI ' ,  a d e n o s i n e  t r i p h o s p h a t e ;  AG, a c e t y l  g l u t a m a t e ;  
C(;,  c a r b a m y l  g l u t a m a t e ;  A G [  a n d  CGI,  i n t e r m e d i a t e s  f o r m e d  in t i l e  p r e s e n c e  of AG a n d  (i(_; re-  
s p e c t i v e l y .  


