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The effect of pora-substitution on the 
rates of enzymic hydrolysis of phenyl acetates* 

Several  a t t e m p t s  h a v e  been  m a d e  to  corre la te  t he  influence of s u b s t i t u e n t  g roups  in s u b s t r a t e  
molecules  w i th  the i r  effects on t h e  ra tes  of enzymic  react ions .  I n  con t r a s t  to  t h e  success  t h a t  
phys ico-organ ic  theor ies  h a v e  h a d  in p red ic t ing  t he  course  of n o n - e n z y m i c  react ions ,  l i t t le uni -  
f o rmi ty  h a s  been  found  wi th  biological sys t ems .  T he  difficulty m a y  be t h a t  s t e r eochemis t ry  ha s  
such  a m a r k e d  inf luence on enzymi c  ra tes  ; however ,  t he  lack of knowledge  of t h e  phys i ca l  fac tors  
involved  in t he  fo rma t ion  of an  e n z y m e - s u b s t r a t e  complex  canno t  be min imized .  

Chol ines te rases  and  o the r  es te rases  are 
capable  of hydro lyz ing  a n u m b e r  of s u b s t i t u t e d  15C 

p h e n y l  es ters  b u t  t h e  observed  ra tes  do no t  appea r  ~_o 
to  be p ropor t iona l  to t he  HAMMETT s u b s t i t u e n t  
cons t an t s ,  which  are val id  for the  non -enzymi c  0 
hrdroiysisofthesesubstancesl. Recently, ithas : L~ 
been found  possible  to sepa ra te  t he  influence of ~, 
s u b s t i t u e n t s  in to  induct ive ,  r e sonance  and  ster ic  o8 50! 
con t r i bu t ions  z and  it  was  of in t e res t  to compare  ~, 
t hese  ind iv idua l  fac tors  to t he  ra tes  of enzymic  ~ tB~ 
hydro lyses ,  v I 

para-Substituted p h e n y l  ace ta t e s  were used ~ -0.2 
as s u b s t r a t e s  for h u m a n  e ry th rocy te ,  and  p l a sma  
chol inesterases ,  cobra  v e n o m  chol ines terase  and  0 
h u m a n  e r y t h r o c y t e  a roma t i c  es terase  s, The  ra tes  ~, 150 J: 
of hydro lys i s  of o.1 M suspens ions  of es te rs  were 
d e t e r m i n e d  m a n o m e t r i c a l l y  a t  37 ° and  p H  7.4 
by  t he  m e t h o d  of AMMON 4, t h e  ra te  of hydro lys i s  ~ 1(> 
of pheny l  ace t a t e  being t a k e n  as a s t anda rd .  All " 
d e t e r m i n a t i o n s  were corrected for non -enzymic  .~ 
hydrolys is .  W h e n  t he  re la t ive  ra tes  were p lo t t ed  ~ 50{ 
aga ins t  the  s u b s t i t u e n t  cons tan t ,  a r a n d o m  dis- o~ tB~ 
t r ibu t ion  of po in t s  was  ob ta ined :  when  t he  reso- 
nance  con t r i bu t i on  is  neglec ted  and  t h e  r a t e s  I 
a re  p lo t t ed  a g a i n s t  t he  i nduc t ive  cons tan t ,  it is -0.2 
found  t h a t  t h e  p o i n t s  lie u p o n  cu rves  wh ich  are 
s imi la r  for each of t h e  four  e n z y m e s  s tud ied  (Fig. 
1). I t  is p robable  t h a t  t he  v e r y  i m p o r t a n t  effects 
of g roup  size, wh ich  h a v e  been ex tens ive ly  s t ud i ed  
in earl ier  work  5, are  largely responsib le  for t h e  
depa r tu r e  of t h e  observed  resu l t s  f rom l inear i ty .  

T h e  ava i lab le  d a t a  do no t  suffice to  es- 
t ab l i sh  w h e t h e r  t he se  obse rva t ions  are  of genera l  
s ignificance,  b u t  f u r t h e r  i nves t iga t ions  are  ill 
progress .  Recen t ly ,  KOSHLAND 6 h a s  po in ted  o u t  
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Fig. i .  T h e  effect of induc t ive  s u b s t i t u e n t  
c o n s t a n t s  (ai ; va lues  of TAFT ~) on ra tes  of en-  
zymic  hyd ro ly s i s  of para-substituted p h e n y l  
ace ta tes .  Curve  i : l~uman e r y t h r o c y t e  choline- 
s terase .  Curve  2 : cobra  v e n o m  chol ines terase .  
Curve  3 : h u m a n  e r y t h r o c y t e  a romat i c  es ter-  
ase. Curve  4: h u m a n  p l a s m a  chol ines terase .  
R a t e  of hyd ro ly s i s  of p h e n y l  ace ta te  = lOO%. 

t h a t  t h e  t e m p l a t e  t h e o r y  of e n z y m e - s u b s t r a t e  in te rac t ion  will no t  suffice to  expla in  t h e  p h e n o m e n a  
of e n z y m e  specifici ty.  He  sugges t s  t h a t  in m a n y  cases  a cons iderable  c h a n g e  in s t r uc tu r e  occurs  
a t  t h e  ac t ive  s i te  of an  e n z y m e  on add i t ion  of t h e  s u b s t r a t e  w h i c h  fo rms  a complex .  Th i s  would 
be compa t ib l e  w i t h  a large a l t e ra t ion  in r e sonance  con t r i bu t i on  f rom t h e  original  s t r uc tu r e s  of 
t h e  s u b s t r a t e  molecules  bu t  w i t h  r e t en t ion  of t h e  induc t ive  effect of s u b s t i t u e n t s .  Low t e m p e r a t u r e  
spec t roscopic  s tud ies  of e n z y m e s  us ing  a range  of s u b s t r a t e s  and  compe t i t i ve  inh ib i to rs  m i g h t  
be of va lue  in s t u d y i n g  t h i s  p roblem.  
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