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Non- enzymic reactions of acyl adenylate and imidazole 
Mixed a n h y d r i d e s  of adenyl ic  a n d  carboxyl ic  acids (acyl AMP) have  r ecen t ly  been shown to 
behave  like i n t e rmed ia t e s  in t he  enzymi c  ac t iva t ion  of carboxyl ic  acids, b u t  h a v e  no t  been 
de tec ted  as reac t ion  p roduc t s  in such  s y s t e m s  1, 2. Dur i ng  s tudies  on a f a t t y  acid ac t iva t ing  e n z y m e  3 
it  was  observed  t h a t  these  c o m p o u n d s  t rans fe r  thei r  acyl  group non-enzymica l ly  to imidazole.  
The  d e m o n s t r a t i o n  t h a t  acyl  imidazole is easily fo rmed  f rom these  anhydr ides  indica tes  t h a t  
they are  more  "ene rgy - r i ch"  t h a n  h a d  been ant ic ipa ted ,  and  provides  a par t i a l  exp lana t ion  for 
the i r  fai lure to a c c u m u l a t e  in enzymic  react ions.  Fu r the rmore ,  imidazole a t  low concen t r a t ions  
ac t s  as a ca t a ly s t  for t he  t r ans fe r  of acyl  g roups  f rom acyl  A M P  to mercap tans ,  phospha te ,  
a r s e n a t e  and  sugars ,  p r e s u m a b l y  v ia  t he  h igh ly  react ive  acyl  imidazole 4. 

I n c u b a t i o n  of 9 o %  pure  ace ty l  AM1 ~ wi th  imidazole resul ts  in the  fo rmat ion  of ace ty l  
imidazole,  identif ied by  i ts  difference s p e c t r u m  (~max 247 m#) and  its ra te  of spon t aneous  hydro ly -  
sis 4, as well as in the  fo rma t ion  of A M P  (identified b y  paper  electrophoresis)  and  acid (measured  
by  t i t r a t i on  wi th  NaOH) .  An  u n e x p e c t e d  p roduc t  of the  reac t ion  is r ibose ace ty la ted  AMP.  Th i s  
c o m p o u n d  was  identif ied b y  i ts  e lec t rophoret ic  mobi l i ty  on paper ,  which  was  identical  to t h a t  
of A M P  in ace ta te  and  c i t ra te  buffers b u t  slower t h a n  AMP in bora te  buffer, by  i ts  nega t ive  
per ioda te  react ion,  and  b y  its ha l f - t ime  for h y d r o x a m i c  acid fo rma t ion  in i . I  M h y d r o x y l a m i n e  
a t  37 ° C of 5 min ,  compa red  to  0.6 rain for acetyl  AMP; In  the  absence  of imidazole  the  dis- 
appea rance  of acetyl  A M P  and  t he  fo rma t ion  of ribose ace ty la ted  A M P  are negligible du r ing  
shor t  i ncuba t ion  periods.  

Ace ty l  t r ans fe r  f rom acety l  A M P  to imidazole proceeds readi ly  even  in the  presence  of an  
a p p r o x i m a t e l y  equ imola r  a m o u n t  of added  acetyl  imidazole (Fig. i) .  If  N a O H  is added  du r ing  
t he  reac t ion  to m a i n t a i n  the  p H  above  7 the  reac t ion  proceeds a t  least  90 % to complet ion.  The  
reverse  reac t ion  occurs  on ly  to a ve ry  smal l  e x t e n t  a t  neu t ra l  pH.  At  p H  5.8-6.2,  a lO-2O% 
yield of ace ty l  A M P  was  ob ta ined  f rom acety l  imidazole,  e s t ima t ed  by  pape r  electrophoresis  of  
the  reac t ion  p roduc t s  in p H  6.58 c i t ra te  buffer  a t  o ° and  e lu t ion of 260 m #  absorb ing  mater ia l .  
Al though ,  owing to hydro lys i s  of ace ty l  imidazole and  the  fo rmat ion  of r ibose ace ty la ted  AMP,  
an  accura te  equi l ib r ium c o n s t a n t  for the  reac t ion  could no t  be obta ined ,  these  resul ts  indicate  
t h a t  a t  some  po in t  be tween  p H  6 and  7 t he  group potent ia l  of acetyl  A M P  is a t  least  as g rea t  
as t h a t  of acetyl  imidazole.  Since ace ty l  imidazole is some 5,ooo calories more  energy-r ich  t h a n  
aee ty l  g lu t a th ione  or acetyl  coenzyme  A (CoA) 4, which are, in tu rn ,  a p p r o x i m a t e l y  equ iva len t  
to  t he  p y r o p h o s p h a t e  l ink of ATPe, 7, ace ty l  A M P  m u s t  be rough ly  5,ooo calories above  ATP.  
If a l lowance is m a d e  for t he  effect of p H  on the  equi l ib r ium and  on t he  concen t ra t ion  of r eac t an t s  s 
th i s  difference rises to 7-8,000 calories a t  a p H  nea r  8. W i t h  such  an  energy  barrier,  a n y  a c c u m u -  
la t ion of acy l  A M P  in the  enzymic  react ion of A T P  and  carboxyl ic  acid would  be expected  to  
be exceedingly  small .  

Ace ty l  A M P  also reac ts  wi th  glycine,  leucine, cysteine,  g lycyl  glycine,  and ,  a t  a slower rate ,  
a m m o n i a  and  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e .  The  p roduc t s  of  these  reac t ions  were identified 
as N-ace ty l  c o m p o u n d s  b y  h y d r o x a m i c  acid fo rma t ion  a t  IOO ° C 9 and ,  in t he  case of acetyl  g lycine  
and  leucine, by  c h r o m a t o g r a p h y  *. T he  d i sappearance  of ace ty l  A M P  in o.o2 M glyeine in p h o s p h a t e  
buffer, p H  6.8, a t  37 ° C, for example ,  follows first order  kinet ics  wi th  a ha l f - t ime  of 43 rain. 
A t  a p H  below the  p K a  of the  a m i n o  group  the  ra tes  of  reaction of these  compounds and  of 
imidazole  increase  wi th  pH,  sugges t ing  t h a t  the  free bases  are  t he  react ive  species. 

Acyl  A M P  reac t s  re la t ive ly  slowly wi th  g lu t a th ione  and  CoA to  form the  cor responding  
th ioes ters ,  which  can  be identif ied by  thei r  difference spectra .  The  ra te  of  acyl  t r ans fe r  f rom 
acyl  A M P  to  t he  su l fhydry l  group of CoA or g lu t a th ione  is g rea t ly  increased b y  low concen t ra t ions  
of imidazole (Fig. 2). Imidazole  also ca ta lyzes  an  ana logous  acyl  t r ans fe r  f rom acety l  p h o s p h a t e  
to  CoA, and  t he  phosphoro lys i s  a n d  arsenolys is  of acetyl  AMP,  which  occur  s lowly or no t  a t  all 
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Fig. i .  F o r m a t i o n  of ace ty l  imidazole  f rom 
ace ty l  A M P  and  imidazole.  T he  reac t ion  mix-  
tu re  con ta ined :  9.6 / ,moles  ace ty l  AMP,  2o 
#moles  imidazole,  i . i  # m o l e s  A M P  a n d  added  
ace ty l  imidazole  in t ubes  2 and  3 as shown,  in 
a v o l u m e  of i .o  ml.  I n c u b a t e d  a t  26 ° C. Acetyl  
imidazole  fo rma t ion  m e a s u r e d  a t  24o m~u in 
o.I ml  a l iquots  d i lu ted  to 5.I ml  aga ins t  a 
b l ank  con ta in ing  no imidazole.  Ace ty l  A M P  
d i sappea rance  a t  t he  end  of t he  reac t ion  was  
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Fig. 2. The  effect of imidazole  on the  acy la t ion  
of CoA by  acyl  AMP.  The  react ion m i x t u r e  
con ta ined :  i .o #mo le  h e x a n o y l  A M P  3, o.i  
#mo l e  CoA, 2 / ,moles  MaC1 v I .O/ ,mole e thylene-  
d i amine te t r aace t i c  acid, 2o / ,moles  t r i s (hy-  
d r o x y m e t h y l ) a m i n o m e t h a n e ,  p H  8.0, and  imi-  
dazole as ind ica ted  in a v o l u m e  of o.2 ml. 
I n c u b a t e d  15 min  a t  37 ° C. Ace ty la t ion  of CoA 

measu red  as d i sappearance  of CoA SH 7. 

e s t i m a t e d  a t  abou t  75 % in each  t u b e  b y  pape r  e lectrophoresis  and  elut ion of the  reac t ion  
p roduc t s .  F ina l  p H  6.67 i o.02. 

in the  absence  of imidazole.  The  ca ta lys is  of acyl  t r ans fe r  f rom acyl  A M P  to CoA m a y  be  compared  
to t h a t  carr ied ou t  b y  the  f a t t y  acid ac t i va t i ng  e n z y m e s  a n d  t he  cor responding  reac t ion  wi th  
ace ty l  p h o s p h a t e  and  CoA parallels  t h a t  ca ta lyzed  b y  t r ansace ty l a se  1°. 

Several  repor t s  h a v e  appea red  r ecen t ly  descr ib ing  t he  imidazole ca ta lyzed  hydro lys i s  of 
p -n i t ropheny l  aceta te ,  a reac t ion  which  appears  to  be s imilar  to those  described here,  excep t  
t h a t  wa te r  ac ts  as t he  acyl  acceptor  n , l~ .  
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