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Enzymic cleayage of phosphoramidic acid 

The chemical hydrolysis of phosphoramidate has been thoroughly investigated by 
RATHIA..'V AND ROSENBERG*. Their results indicate that  at pH values above 4 the ,'ate 
of hydrolysis is proportional to the concentration of the anion. Phosphoramidate has 
been suggested as a metabolic intermediate both by R A T H L E V  AND ROSEN'BERG 1 and 
b y  S P E C K  •, bllt no evidence for itz participation in metabolic sequences has been 
presented. In view of its chemical reactlvity s and the recent evidence for metabolic 
activity of adenylic-5'-phosphoramidate ~, a reinvestigation of possible enzymic re- 
actions of phosphoramidate was undertaken.  

Sonic extracts  prepared from Esohevidda ¢oli (Crookes strain), grown on a 
mineral-salts medium with succinate as the sole carbon SOllrce, catalyzed a rapid 
evolution of NH3 from phosphoramidatc. Boiled extracts were without catalytic 
activity. Treatment  of the E. colt' extracts  with protamine sulfate followed by fraction- 
ation with (NH,)~SO, and rigorons dialysis of the fraction~ revealed at least two 
separate enzyme systems capable of catalyzing the release of NH a from phosphor- 
amidate. Fraction I, which was precipitated by (NH4)2SO4 below o. 5 saturation, was 
shown to require a divalent metal (Mg ++ or Mn ++) and a sulfhydryl compound 
{eysteine or glutathione) to achieve a maximum rate  of NH a release {Table I). The 
opt immn pH for activi ty of Fraction i was 7.4. Paper chromatography of a reaction 
r:fixture containing Fraction I, phosphoramidate, cysteine and Mg ++ with n-propanol-  
NH~OH-H20 (6:3:I)  as a developing solvent revealed inorganic phosphate and 
phosphoramidate as the only phosphate-containing compounds present. It  is assumed 
from these results that  the reaction catalyzed by Fraction I is the cleavage of phos- 
phoramidate to phosphate and NH a. Even with the mildest conditions phosphate 
an4 phgsphoramidate ca.uuot be differentiated colorimetrically since mo!ybdate 
catalyzes a very rapid hydrolysis of the latter x. 

Another E. oeli fraction, Fraction III,  precipitated between o.58 and 0, 9 satu- 
ration with (NH0,SOa, was also shown to catalyze a rapid evolution of NH 3 from 
phosphoramidate, while the intermediate fraction (o.5 to 0,58 saturation) was low 
in catalytic activity. The rate of NH~ release catalyzed by  Fraction 11! was maximal 
at pH 5. i and was not stimulated by the addition of either divalent metals or reducing 



VOL. 34 (~959) PRE L I MI N A RY NOTES 

T A B L E  I 
P H O S P H O R A M I D A T E  C L E A V A G F ,  B Y  ~ ,  Coli t - .NZ.YMES 

.Syste~n 
lonol¢~ NHa ]o rmed in z o m il*'* * 

tTeactiatt 1" Fractiem I l i**  
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t .  C o m p l e t e  5.5 ° 3.46 
2, M i n u s  p h o s p h o r a m i d a t o  0 .90  0.25 
3- M i n u s  ~ i g  ++ 3.25 3.4 ° 
4. M i n u s  C y s t e i n e  5.20 3 .45 
5- M i n u s  (Mg++ a n d  Cys t e ine )  2.25 3.40 
6 . . M i n u s  E n z y m e  0 .70 0.80 
7" C o m p l e t 0  p h m  F -  (3 t ~m°los)  4-7 ° x.95 
8. C o m p l e t e  p l u s  t 2-  ( t o  ~mole-~.) i .50 t .oo  

T h e  c o m p l e t e  s y s t e m  c o n t a i n e d  :,n o.5 t e l :  t r i s ( h y d r o x y m e t h y l ) a r t ~ n o m e t h a n e = H C I  buf fe r ,  
p H  7,4,  t o o  t t m o l e s :  p h o s p h o r a m i d a t e ,  t o / t m o ! e s :  MgCI~, ~ o / ,moIe .~ ;  cyscc~ne, 5 t t rno les ;  e n z y m e ,  
a b o u t  o. 9 m g  p r o t e i n  ( E .  c o l i ,  (NH~)~S(; .  t f r a c t i o n  p r e c i p i t a t e d , b e l o w  o.50 s a tn . ) ,  i n c u b a t i o n  ,~t 3 7 ' -  

** T h e  c o m p l e t e  s y s t e m  c o n t a i n e d  in  o.5 mi ,  a c e t a t e  buf fe r ,  p H  5.5, t oo  # m o l e s ;  p h o s p h o r -  
a m i d a t e ,  t o / t m o l e s ;  MgCL~, ~o l t m o l c s ;  c y s t e i n e ,  .5 l t m o l e s ;  e n z y m e ,  a b o u t  0.3 m g  p r o t e i n  (E. o dl 
(NHa),SO a f r a c t i o n  p r e c i p i t a t e d  b e t w e e n  0.58 a n d  o .9  s a tn . ) .  I n c u b a t i o n  a t  37 ~. 

Re~.c t ions  w e r e  s t o p p e d  b v t h e  a d d i t i o n  of  0.5 m l  of  a b s o l u t e  a l c o h o l  ar id  a n  aliquo~: c,f 
t h e  r e a c t i o n  m i x t u r e  w a s  p l a c e d  ill a C o n , ~ a y  m i c r o - d i f f u s i o n  d i sh  : a f t e r  s c a l i n g  t h e  C o n w a y  d i sh  
t h e  s a m p l e  ~ n d  T m l  4 .~d/ K a C O  a ,veto m i x e d  i n  t h e  o u t e r  c h a m b e r .  N H  3 w a s  d i s t i l l ed  i n t o  i m]  
0 .05 iV H z S O  ~ in  t h e  i n n e r  c h a m b e r  a t  5 o=. A f t e r  ~ t - h  d i s t i l l a t i o n  pe r i od ,  N H  z xv,~s d e t e r m i n e d  
by lqesslerization of an aliquot taken from the H2SO 4 trap. 

substances (Table I). Furthermore,  dialysis of this fraction against 0.02 M ethylene- 
diamlnetetraacetate  at pH 7-5 followed by dialysis against o.o2 M potassium phos- 
phate (pH 7-5) neither inactivated the enzyme nor rendered it dependent  on divalent 
metals. The hydrolysis of phosphoramidate catalyzed by both fractions was markedly 
inhibited by  flue'ride at low concentrations (Table [). Chelating agents were without 
effect on the rate of NH a release catalyzed by Fraction III  at either pH fi.t or 7-4. 
Paper  chromatography of a leaction mixture containing Fraction I l l ,  phosphor- 
amidatc and acetate buffer (pH 5.5) revealed again phosphate mad phosphoramidate 
as the only phosphate-containing compounds present. 

Prel iminary results indicate tha t  the phosphoramidate hydrolase activity of 
Fraction I I I  can be purified by diethylaminoethyl-celtulose chromatography about 
7e-fold. In this more purified state the hydrolase preparation does not catalyze the 
hydrolysis of pyrophosphate,  glucose-6-phosphate, phosphoserine, ~-glycerophos- 
ph~te, glutamine, asparagine or adenylic-5'-phosphoramidate. Fur ther  purification of 
Fraction I has not  yet  been achieved. 

Extracts  of several micro-organisms including E. cell, Acetobacter peroxydaJ, s, 
F,,sarlum monili]orme and baker's yeast as well as beef-kidney, rabbit-muscle, and 
pea-seedling extracts  h.a.ve tbeen shown to calalyze a rapid release of NHa from 
phosphoramidate.  In view of the wide occurrence of phosphoramidate-cleavage 
enzymes, it seems likely that  other metabolic functions of this compound may  be 
revealed only after removal of these enzymes. 

This investigation was supported it. part by a grant from the Williams Waterman 
Fund  of the Research Corporation. 
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Direct enzymic conversion of malonic semialdehyde 
to acetyl-coenzyme A 

An onzyrn.e obta ined from a s train of P s e l t d o m o ~ m s  f l ~ o r e s c e n s  has been reported 1 to 
catalyze the hydra t iou  of ace ty lenemonocarboxyl ic  acid with the format ion  ,of 
malonic semialdehyde.  The present  communica t ion  is p rompted  by  the discovery of 
a novel reaction for the fur tber  ut i l izat ion of malonic semialdehyde.  This involves 
a CoASH- and DPN-]inked conversion to form acetyl-SCoA. The sys tem is experi- 
lnental ly  irreversible : 

O H C C H g C O O H  + D P N  + + C o A S H  # CHaCOSCoA + CO a + DPNI-[  + H + (I)  

If the reaction proceeds by  w a y  of a CoASH-l inked a ldehyde  dehydrogenase  2 followed 
b y  decarbo,xylatlon 3, malonyl-SCoA would be the expected first product .  The  sys t em 
described is unique in t h a t  malonyl-SCoA has been ruled out  as a free in termedia te .  

Tile product  of reaction (I) has  been shown to be a thiol  ester which was  identif ied 
as acetyl-SCoA b y  arsenolysis wi th  phosphot ransace ty lase  4, and  c h r o m a t o g r a p h y  o f  
the h y d r o x a m a t e  der ivat ive  formed from the  isolated thiolester ,  wi th  the  solvent  
sys tem of VAGELOS'. The last  me thod  defini t ively separates  a c e t y l h y d r o x a m a t e  
(Re, 0.62) from m a l o n y l m o n o h y d r o x a m a t e  (RF, o.I4). The enzyme has been purif ied 
2oo-foid 133" a combina t ion  of salt f ract ionat ion,  elution from calcium phospha te  gel 
and  ch roma tog raphy  on N,N-diethylaminocel lulose.  Combinat ion of eluate  f ract ions 
produced only  addi t ive  effects on ac t iv i ty ;  the  sys tem behaves as a single enzyme.  

The s to ich iometry  of the  reaction,  detai led in Table  I, is t h a t  expected  for 
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h l c u b a t i o n s  w e r e  ca r r i ed  o u t  in  t h e  p r e s e n c e  of t h e  ~ollowing,  e x p r e s s e d  as  j~mote~/ml;  K - p h o s -  
p h a t e ,  p H  7.o, 5 ° ; m e r c a p t o e t h a n o l .  5 ; a n  e x c e s s  of t h e  e n z y m e .  E x p t s .  t a a d  2 i n c l u d e d  C o A S H ,  
o .3:  m a !on i c  s e m i a l d e h y d e ,  o .4 ;  l i m i t i n g  q u a n t i t i e s  of DPlX-. X'~rhen t h e  r e a c t i o n  w a s  c o m p l e t e d  
as j u d g e d  b y  fo l lowing  t h e  f o r m a t i o n  of  I ) P N H  s p e e t r o p h o t o m e t r i c a l l y ,  a t i q u o t s  w e r e  r e m o v e d  
a n d  ass~tyed for  a l d e h y d n  a n d  t h i o e s t e r .  E x p t s .  3 a n d  4 w e r e  c o n d u c t e d  in  m a n o m e t r i c  v e s s e l s  
a t  3o ~ a n d  c o n t a i n e d  D P N ,  4 a n d  C o A S H ,  4. IXxpts. 3 a n d  4 i n c l u d e d  4.o a n d  4 . 2 / , m o l e s ,  r e -  
s p e c t i v e l y ,  of m a l o n i c  s e m i a l d e h y d e .  A f t e r  z o - m i n  i n c u b a t i o n ,  t h e  r e a c t i o n  w a s  t e r m i r ~ t e d  b y  
t h e  a d d i t i o n  of o. i  ni l  I ,V I t z S O  4 a n d  t h e  CO.- e v o l v e d  w a s  m e a s u r e d .  A l i q u o t s  were  t~Wx0rt fo r  

a l d e h y d e  a n d  h y d r ~ x a m a t e  d e t e r m i n a t i o n s .  All  r e su l t s  a r e  e x p r e s s e d  in  p m o l e s .  

~llalanie DP,~;H Thiol ester CO,  E.x pl. .~¢~iaidehyde 

1 - - o . o 9 6  + 0.089 + 0.08¢ 
2 - - o . t 5  o + o . I 6 z  + o.156 
3 - -  4.0 + 3.6 
4 + 3.5 + 3.8 

A h b r e v i a t i o n s :  C o A S H ,  coenzyme :  A;  DI-'N +. d i p h o s p h n p y r i d i n e  n u c l e o t i d e .  
* I- 'ersonal ~ ;ommunica t i on  f ro ln  Dr.  P.  i{. k'AGELOS. 


