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Biosynthetic and structural relationships of Compound X 
and carbamyl phosphate* 

The similar behavior  of carbamyl  phospha te  and Compound X* has been shown with manimal ian  
and bacterial prepara t ions  ~. In  spite of the evidencea, ~ indicating Compound X to be a discrete 
chemical entity,  JONES et al. 1 appear  to believe Compound X and carbamyl  phospha te  to be the 
same compound.  In addition to the evidence already presented it is shown in this paper  (Table I) 
tha t  dur ing spontaneous  decomposi t ion carbamyl  phospha te  is broken down to a ca rbamate  and 
inorganic phosphate,  and tha t  after the release of inorganic phosphate  the carbamate  is split to 
CO 2 and NH s. 

TABLE I 

S P O N T A N E O U S  D E C O M P O S I T I O N  O F  C A R B A M Y L  P H O S P H A T E  

Incubat ion C itrulline P 0  4= A mmoni:~ CO., 
t ime synthesis  release reh,ase release 

min 1,~1t tt31 / tAI  /t:ll 
o 8 . 0 0  o . o  o . o  o , o  

3 ° 5.00 3.20 2.00 1.98 
60 2.74 5-4 ° 3-3 ° 3.30 
9 ° 1.7 ° 6.40 4.26 4.3 ° 
I2o 1-14 7 . lo 4.94 5 .o0 

CP l i thium salt 1 was dissolved, adjusted to p H  5.0 wi th  cold acetic acid and made o.~6 M. 
This solution was diluted to o.oo 4 M with o.o 5 31 acetate buffer p H  5.o before using. Incuba t ion  
at 38°. Samples were analyzed for CP as previously described for Compound X a since in this test  
Compound X and earbamyl  phospha te  react in the same manner  ~. Inorganic phosphate  was nleasured 
by the method of LowRY AND LOPEZ 6, carbon dioxide was measured manometrically,  and ammonia  
using a final volume of 1o ml and 3 ml of Nessler 's  reagentL 

TABLE I I  

C A R B A M Y L  P H O S P H A T E  S Y N T H E S I S  I N  B A C T E R I A L  E X T R A C T S  

T i m e  in minu tes  o i .  2,) 

1t31 CP Found  o ~'.3 2.9 

Final subs t ra te  concentrat ions in micromoles per 2 ml: MgSO4, I5; ATP, 3; (NH4)2CO3, 80; 
3-D-potassium phosphoglycerate,  5o; tr is  (hydroxymethyl)  aminomethane  buffer p H  8.5, 8o; 
bacterial extract,  o.66 nag protein  per tube, of a supe rna tan t  fluid (2o,ooo x g for 20 minutes) of 
an ul t rasonic- treated streptococcus strainS; 2 mg of muscle prepara t ion  a per tube, (this supplemen- 
ta t ion  is necessary for m a x i m u m  activity, since the bacterial prepara t ion shows little 3-D-phospho- 
glyceric nlutase and enolaseS). Incuba t ion  at 3 o°. Under  these conditions this sys tem when supple- 
mented wi th  ornithine showed lO.8 and 2o. 5 micromoles of citrulline in io and 2o minutes  respectively. 
Citrulline synthesis  is not  affected in this sys tem by the addition of AG up to Io micromoles per ml. 
CP accumulat ion was measured essentially as previously described for Compound X, except tha t  
the p H  was 6. 5 during the enzymic test  a. At tempts  to remove co-factors by  acetone fract ionat ion 
or passing the enzyme through Dowex t and 2 columns resulted in part ial  loss of act ivi ty which 
was not  react ivated by the addition of heated crude prepara t ions  or by  the addition of Dowex 
eluates. 

As previously shown 4, Compound X under  equal condit ions liberates first inorganic phospha te  
which is followed by a slow release of CO 2 and by  a very delayed split of N H  a. 

In  spite of the similari ty between the carbamyl  kinase of bacteria and of ma mmal s  5, it is clear 
tha t  the mechanisms of biosynthesis  of reactive carbamyl  groups are not  entirely equal since the 
mammal i an  sys tem requires AG or related compounds,  whereas the bacterial  ext racts  used in this 

* Suppor ted  by  Grant  @ H-I925, National  Hear t  Inst i tute ,  National  Ins t i tu tes  of Health, and 
@ 67, The Helen Hay  Whi tney  Foundat ion.  
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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. 


