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The interaction of chymotrypsin with an insoluble substrate* 

This  pape r  descr ibes  an  a t t e m p t  to  develop a p rocedure  for the  isolat ion and  puri f icat ion of 
e n z y m e s  by  explo i t ing  t he  h igh ly  specific n a t u r e  of e n z y m e - s u b s t r a t e  in terac t ions .  The  approach  
is based  upon  t he  hypo the s i s  t h a t  an  e n z y m e  will be select ively adsorbed  by  s u b s t r a t e s  or com- 
pe t i t ive  inhib i tors  wh ich  are  insoluble  in aqueous  solut ions,  i .e. ,  by  syn the t i c  s u b s t a n c e s  possess ing  
hyd rophob ic  g roups  in add i t ion  to  t he  s t r uc t u r a l  fea tures  found  to be necessa ry  for funct ion  as 
a subs t r a t e  or  compe t i t ive  inhibi tor**.  T he  in te rac t ion  of t he  pro teo ly t ic  e n z y m e  c h y m o t r y p s i n  
wi th  N-carbobenzy loxy-L- leucy l -D-pheny la lan ine  benzyl  es te r  (CLPB}*** is descr ibed here.  
C L P B  possesses  t he  general  s t r uc t u r e  R .  CO" N H .  CH.  (CH~' C~H~). CO. OR' ,  wi th  t he  pheny l -  
a lan ine  res idue h a v i n g  t he  D configurat ion.  It ,  therefore,  mee t s  t he  s t r uc tu r a l  r e q u i r e m e n t s  for 
a compe t i t ive  inhib i tor  of c h y m o t r y p s i n  1 and,  in addi t ion,  is insoluble in water .  

The  e x p e r i m e n t a l  procedure,  descr ibed in detai l  in Table  I, yielded resu l t s  which  can  be 
s u m m a r i z e d  as follows: 

(a) C L P B  is capable  of adsorb ing  va r ious  quan t i t i e s  of all of t he  p ro te ins  l is ted in Table  I. 
(b) C L P B  shows  t he  g rea tes t  aff ini ty for c h y m o t r y p s i n o g e n ,  c h y m o t r y p s i n  and  pepsin ,  

adsorb ing  as m u c h  as 85 % of t he  dissolved prote in .  
(c) The  adso rp t ion  of t r y p s i n  and  t r y p s i n o g e n  was  s o m e w h a t  g rea te r  t h a n  t h a t  of the  o the r  

prote ins ,  exc lud ing  those  l is ted in (b). 
(d) CLPB,  w h e n  exposed  to a m i x t u r e  of equal  a m o u n t s  of t r yps in  and  c h y m o t r y p s i n ,  

adso rbed  all of the  c h y m o t r y p s i n  bu t  less t h a n  20 % of t he  t ryps in .  
(e) Inac t iva t i on  of t ryps in  and  c h y m o t r y p s i n  by  w a r m i n g  to 560 for 15 rain m a r k e d l y  reduced  

the i r  aff ini ty for CLPB.  
(f) D E P - c h y m o t r y p s i n §  was  adsorbed  to t he  s ame  e x t e n t  as c h y m o t r y p s i n ,  b u t  w a r m i n g  

to 56o for 15 m i n  did no t  affect  t h e  in te rac t ion .  
I t  was  also found  t h a t  adso rbed  c h y m o t r y p s i n  could be e lu ted  in 80 % yield f rom C L P B  

by  a cold 7 M urea  solut ion in o . o 5 M  Tris  buffer, p H  7.8, con ta in ing  2 % NaC1. (Rapid  d e n a t u -  
ra t ion  occurs  in t he  absence  of NaC1.) 

The  above  f indings sugges t  t h a t  adso rp t ion  on C L P B  or o the r  insoluble  s u b s t r a t e s  m i g h t  
be a feasible p rocedure  for the  isolat ion a n d  pur i f icat ion of c h y m o t r y p s i n  and  t h a t  th i s  pr inciple  
m a y  be appl icable  to t he  isolat ion of m a n y  o ther  enzymes .  

Secondly,  t he  d a t a  in p a r a g r a p h s  (e) and  (f), t a k e n  together ,  lend suppo r t  to t he  h y p o t h e s i s  
t h a t  t h e  adsorp t ion  of c h y m o t r y p s i n  by  C L P B  is t he  resul t  of an  in te rac t ion  wi th  t he  " ac t i ve  
cen te r "  of t he  enzyme.  According  to VASLOW AND DOHERTY 2, th i s  site in c h y m o t r y p s i n  cons is t s  
of two pa r t s :  an  a t t r a c t i ve  cen te r  (responsible for s u b s t r a t e  specificity) and  an  ac t iva t ing  center .  
Since C L P B  is no t  hydro lyzed  by  c h y m o t r y p s i n ,  i t s  in t e rac t ion  would  be on ly  wi th  t he  a t t r a c t i v e  
center .  The  aff ini ty of t he  insoluble  s u b s t r a t e  for c h y m o t r y p s i n o g e n  indica tes  t h a t  th i s  cen te r  
a l r eady  exis ts  in t he  zymogen ,  r a t he r  t h a n  be ing  fo rmed  as pa r t  of t h e  process  of convers ion  
of z y m o g e n  to ac t ive  enzyme.  Th i s  is in a g r e e m e n t  wi th  t h e  f indings of YASLOW AND DOHERTY ~. 
The  adso rp t ion  of peps in  could have  been pred ic ted  on t he  basis  of the  s imi la r i ty  of i ts  specifici ty 
to t h a t  of c h y m o t r y p s i n .  

If  adso rp t ion  of c h y m o t r y p s i n  by  C L P B  is, indeed,  a resu l t  of an  in te rac t ion  wi th  t he  
a t t r ac t i ve  cen te r  of t he  enzyme,  a deta i led  s t u d y  of th i s  process  could provide  some  u n d e r s t a n d i n g  
of t he  m e c h a n i s m  of s u b s t r a t e  specificity. W i t h  th i s  in mind ,  t he  adsorp t ion  of c h y m o t r y p s i n  
by  C L P B  was  de t e rmined  a t  va r ious  hyd rogen - ion  concen t ra t ions .  W i t h i n  t he  p H  range  1.5-8.5, 
the  e x t e n t  of adsorp t ion  r ema i ned  c o n s t a n t  (about  5.5 m g  e n z y m e / g  CLPB)  b u t  decreased rap id ly  
be tween  p H  8. 5 and  lO.2, becoming  negligible a t  t he  l a t t e r  p H  and  r ema in ing  so in  t he  region 
of h igher  a lkal ini ty .  Since C L P B  is uncharged ,  it  follows t h a t  a change  occurred in c h y m o t r y p s i n  
be tween  p H  8.5 and  io, des t roy ing  i ts  aff ini ty for CLPB.  The  descending  po r t i on  of t he  curve  
resembles ,  in shape  and  p H  range,  t he  a lkal ine side of t h e  p H - a c t i v i t y  curve  for t he  c h y m o t r y p t i c  
hydro lys i s  of p ro te ins  and  cer ta in  s y n t h e t i c  subs t r a t e s .  I t  is sugges ted  t h a t  t he  enzymic  ac t iv i ty  
of c h y m o t r y p s i n  s t a r t s  to  decrease in the  p H  region 8-8.5 because  of an  a l t e ra t ion  in t he  charge  
of an  essent ia l  g roup  (or groups)  h a v i n g  a p K  of a p p r o x i m a t e l y  9.5 located in t h e  a t t r a c t i v e  
cen te r  of t he  enzyme.  The  ac t i va t i ng  cen te r  of t he  e n z y m e  m a y  r ema in  in t ac t  b u t  is ineffectual  

* This  work  is suppor t ed  by  t he  Office of Nava l  Research ,  u n d e r  Con t r ac t  N-onr-266(44).  
** The  t e r m  " insoluble  s u b s t r a t e "  will be used  to  descr ibe th i s  class of compounds .  This  t e r m  

will app ly  even  if the  s u b s t a n c e  is s t r u c t u r a l l y  re la ted  to  a compe t i t i ve  inhibi tor .  
*** The  p repa ra t i on  of C L P B  will be descr ibed in a la ter  paper .  I t  was  used as a crys ta l l ine  

mater ia l ,  no  a t t e m p t  being m a d e  to  g r ind  it  in to  a fine powder .  
§ D E P - c h y m o t r y p s i n  was  p repa red  by  t r e a t i ng  6o m g  crys ta l l ine  c h y m o t r y p s i n  (Wor th ing ton)  

wi th  ioo/~g t e t r a e t h y l  p y r o p h o s p h a t e  in 3 ml  0.05 M Tris  buffer, p H  8.o. No  c h y m o t r y p t i c  ac t iv i ty  
(with ace ty l -L- tyros ine  e thyl  ester) was de tec tab le  in io  rain. The  solut ion was  t h e n  dialyzed 

a n d  lyophilized. 
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TABLE I 

ADSORPTION OF VARIOUS PROTEINS BY CLPB 

2. I mg of protein were dissolved in 2. i ml o.o 5 M tris (hydroxymethyl)aminomethane (Tris) buffer, 
p H  7.8, con ta in ing  2 % NaC1. o.I m l  (o.i m g  protein)  of th i s  cold so lu t ion  was  added  to  I5 m g  
of pre-cooled C L P B  in a 15 ml  t ape r ed  cen t r i fuge  tube ,  wh ich  was  kep t  in a n  ice ba th .  The  m i x t u r e  
was  s t i l t ed  b y  h a n d  for 7 min ,  du r ing  wh ich  t i me  adsorbed  air was  r emoved ,  a n d  t h e  m i x t u r e  
deve loped  a pas te- l ike  cons is tency .  0.7 m l  of t h e  above  Tr is  buffer  (cold) was  added,  t he  m i x t u r e  

s t i r red  and  t h e n  cent r i fuged.  T he  s u p e r n a t a n t  was  assayed ,  as ind ica ted  below. 

Protein rag adsorbed mg adsorbed 
mg unadsoTbed 

C h y m o t r y p s i n  0.085 *' * *' * * * 5.66 
C h y m o t r y p s i n  (56°, 15 min) o.o~8"*'  *** 0.23 
D E P - c h y m o t r y p s i n  o.o8o*** 4.oo 
D E P - c h y m o t r y p s i n  (56°, 15 min) o.o75"** 3.oo 
C h y m o t r y p s i n o g e n  o.o8o*' * *' * * * 4.oo 
T r y p s i n  *' **' * ** 0.047*** 0.89 
T r y p s i n  (56°, 15 min)  O.Ol 7 o.21 
T r y p s i n o g e n  ** * * * o.o53 ' 1.12 
Peps in  o.o8o**, *** 4.0 
C h y m o t r y p s i n  (o.I mg) o . ioo  (Chym)* - -  

+ T r y p s i n  (o.i mg) o.o2o (Tryp)* 0.25 
RNAase§,  BSA§, f l- lactoglobulin,  HSA§ ~ o .o35"** < o.54 

* Assay  by  m e a n s  of a c t i v i t y  aga ins t  s u b s t r a t e :  Acety l -L- tyros ine  e thy l  es ter  for c h y m o t r y p s i n  ; 
benzoyl-L-arginine  m e t h y l  es te r  for t ryps in .  Me thod  of SCHWERT AND TAKENAKA 4. Chymo-  
t r y p s i n o g e n  was  first  a c t i va t ed  b y  t ryps in .  

** Assay  by  abso rp t ion  a t  278 m~ .  
*** Assay  b y  FOLIN-CIOCALTEU (micro) m e t h o d  ~. 

! R N A a s e ,  R ibonuc lease ;  BSA, Bovine  s e r u m  a i bumi n ;  HSA,  H u m a n  s e r u m  a lbumin .  

s ince no e n z y m e - s u b s t r a t e  complex  can  form. Th i s  s ame  m e c h a n i s m  m a y  app ly  to o ther  hyd ro ly t i c  
e n z y m e s  h a v i n g  s imi lar  p H - a c t i v i t y  curves .  

I t  shou ld  be no ted  in Table  I t h a t  all of t he  p ro te ins  t e s ted  in te rac ted  wi th  C L P B  to  some  
ex ten t .  One  could pos tu la te ,  therefore,  t h a t  pro te ins ,  in general ,  h a v e  some  abi l i ty  to b ind  a n y  
s u b s t a n c e  capable  of fo rming  h y d r o g e n  bonds  a n d  t h a t  t he  e n z y m e - s u b s t r a t e  in te rac t ion  is mere ly  
a special  case in two  respec ts :  (I) spa t ia l  cons ide ra t ions  insure  a closer "f i t" ,  al lowing shor t  r ange  
forces to  come  in to  play,  and  (2) an  ac t i va t i ng  si te  is p roper ly  located  in re la t ion to t he  b ind ing  
site. E n z y m o i d 3 - s u b s t r a t e  and ,  pe rhaps ,  a n t i g e n - a n t i b o d y  s y s t e m s  could be cons idered  to occupy  
a n  i n t e rmed ia t e  posi t ion,  s ince t h e y  possess  a t t r i b u t e  (i) b u t  lack (2). 
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