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Properties of enzymatically cleaved inhibitors of trypsin 

The  incubat ion  of several  t ryps in  lnhibl tors  wi th  t ryps in  in acidic solut ion can 
resul t  in proteolytzc cleavage of the  inhibi tor ,  wi th  l i t t le  effect on inh ib i to ry  ac t iv i ty  i-a 
In  the  case of chicken ovomucoid  and soybean  t ryps in  inhibi tor ,  subsequent  remova l  
of the  new C-terminal  residue with  ca rboxypep t ldase  B results  in a lmost  comple te  
loss of inhib1tory ac t iw ty .  This has been ci ted as indica t ing  t ha t  the  t r y p s l n - m h l b l t o r y  
reac t ion  consists of a cleavage of one especial ly sensit ive bond  in the  Inhib i tor  b y  
t ryps in  and of subsequent  format ion  of a covalent  bond  between t ryps in  and the  
m h l b l t o r 2 ,  4 F I N K E N S T A D T  A N D  L A S K O W S K I  5 have also made  the novel  observa t ion  
t ha t  the  pa r t i cu la r  pep t lde  bond  which as hydro lyzed  b y  t ryps in  is resynthes lzed b y  
the t ryps in  We have  therefore  reasoned tha t  modif icat ion of the new a-amino  group 
migh t  resul t  in loss of inh ib i to ry  ac t iv i ty  To test  this hypothesis ,  soybean t ryps in  
i nh ib i to r  and  chicken ovomucoid  were t r ea t ed  wi th  t ryps in  in acidic solut ion and the  
amino  groups then  reac ted  with  t r in l t robenzenesulfonic  acid (TNBS) 

The enzymes,  TNBS,  and anhlbltors were p repara t ions  s imilar  to those recen t ly  
employeda,6, 7 E t h y l  ace t imida te  was synthes ized s Amldlnatzon was done b y  incu- 
ba t i ng  the pro te in  (5 mg/ml) in an aqueous solut ion conta in ing o 5 M e thyl  ace t lmlda te ,  
o I M borate ,  and o oI  M e thy lened lammete t r aace t l c  acid, at  p H  9-5 for 5 h at  4 ° 
D e t e r m m a t l o n  of free amino groups, t ime-course modlf icatmns with  TNBS,  and 
assays  for inh ib i to ry  ac t iv i ty  were done as descr ibed previous ly  7 E n z y m a t i c  t r ea t -  
men t s  wi th  t ryps in  in acid solut ion and ca rboxypep t ldase  B at  neu t r a l i t y  were 
carr ied out  according to the  me thod  of FINKENSTADT AND LASKOWSKI (refs_ 5 and 2, 
respect ively)  

T A B L E  I 

EFFECTS OF TREATMENTS OF NATIVE AND AMIDINATED INHIBITORS WITH TRYPSIN AND CARBOXY- 
PEPTIDASE g 

T r e a t m e n t s  w i t h  t r y p s i n  w e r e  In ac id i c  s o l u t i o n  a n d  a m i d l n a t l o n s  w e r e  w i t h  e t h y l  a c e t l m i d a t e  
as  d e s c r i b e d  in  t e x t  

Inh*bztor IVzthout am~d*natwn IVtth prwr amzd*natwn 

A m*no Inhibitory act,vdy (%) * Amino [nh~bztory act*wty (%)" 
groups groups 
per mole Before After per mole Before .4fter 

carbox_v- carboxy- carboxy- carboxy- 
pept2dase pept~dase pept~dase pept~dase 

C h i c k e n  o v o m u c o l d  °* 15 3 i o o  96 o 25 i o o  97 
C h i c k e n  o v o m u c o l d ,  

t r y p s i n  t r e a t e d  17 o 58 18 I 69 72 17 
S o y b e a n  t r y p s i n  Inh ib i t o r**  I I 8 IOO 98 o 9o IOO lO2 
S o y b e a n  t r y p s i n  I n h i b i t o r ,  

t r y p s i n  t r e a t e d  13 o i o i  22 i 73 99 15 

* All  a c t i v i t i e s  c o m p a r e d  t o  n a t i v e  I n h i b i t o r ,  w h i c h  w a s  s e t  a t  IOO% 
"* T h e s e  s a m p l e s  w e r e  c o n t r o l s  in  t h e  s ense  t h a t  t h e y  w e r e  n o t  t r e a t e d  w i t h  t r y p s i n ,  b u t  

o t h e r w i s e  r e c e i v e d  i d e n t i c a l  t r e a t m e n t s ,  l n c l u d m g  t r e a t m e n t s  w i t h  c a r b o × y p e p t l d a s e  B 

A b b r e v i a t i o n  T N B S ,  t r m l t r o b e n z e n e s u l f o n l c  ac id  
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Numbers  of free amino groups and the t ryps in - inh ib i to ry  act ivi t ies  in the  var ious  
p repa ra t ions  are given in Table  I The amino groups in chicken ovomucoid  and soybean  
t ryps in  Inhibi tor  increased by  I 7 and 1.2 per molecule, respect ively,  af ter  t r e a tmen t  
wi th  t ryps in  at  acidic pH_ The inh ib i to ry  ac t iv i ty  of soybean t ryps in  Inhibi tor  was 
unaffected,  bu t  chicken ovomucold  lost approx  4 ° % of its ac t iv i ty .  When  the  t ryps in -  
t r ea ted  lnhIbl tors  were subsequent ly  t r ea ted  with  ca rboxypep t ldase  B, their  act ivi t ies  
were reduced to about  20% tha t  of the  na t ive  inhibi tors ,  In confi rmat ion of previous  

reports~, 4 
The losses in inh ib i to ry  act ivi t ies  given in F ig  I were ob ta ined  when the  t ryps in-  

t r ea t ed  lnhibi tors  were reac ted  with  TNBS in a t ime-course  modif icat ion The r a p i d  
loss of inh ib i to ry  ac t iv i ty  in soybean t ryps in  inhib i tor  was most  l ikely due to modi-  
fication of the  new a -amino  group since modif icat ion of amino groups in the  na t i ve  
inhib i tor  has no effect v,9 On the other  hand,  modif icat ion of t r yps in - t r ea t ed  chicken 
ovomucoid  with TNBS gave only a very  slow loss of inh ib i tory  ac t iv i ty  which could 
not  be corre la ted  to the mo&ficat ion  of an a -amino  group To confirm tha t  losses in 
ac t iv i ty  were not  due to the  cumula t ive  effect of modi fy ing  the e-amino groups wi th  

i~ 100 

- -  ken Ovomucold 

~ 60 

~'~ 20 ~ ×  Soybean Trypsin InhJhdor 

x-..~ %× 

° 1'0 ' i ~ ~ , 20 30 120 
REACTION TIME (MINUTES) 

Fig I Effect of  t r e a t m e n t  w i th  T N B S  on the tryps in  inhibi tory  act iv i ty  of  tryps in- treated  
mhlbffors  The inhibi tory  actzvltles of  the  chicken o v o m u c o l d  and soybean  t r y p s m  Inhibitor 
after t r y p s m  t r e a t m e n t  were 58 % and ioo  %, respectively,  of  the  actxwt~es of  the  nat ive  proteins  

TNBS,  the  above series of react ions  was also imposed on amld lna t ed  lnhibl tors  
Amldina t Ion  had  l i t t le  effect on the  number  of new amino groups appear ing  or on the 
inh ib i to ry  act ivi t ies  after  t ryps in  t r ea tmen t  (Table I). Reac t ion  of the  t r yps in - t r e a t e d  
amld ina t ed  inhlbl tors  wi th  TNBS in a t ime-course modif icat ion gave losses of ac t iv i t ies  
very  similar  to those shown in Fig. I .  

F rom the results  of this  and  other  studies 2'5,t°,n, i t  is now evident  t ha t  na tu ra l ly  
occurring lnhlbi tors  of pro teoly t ic  enzymes m a y  differ In m a n y  ways  E i the r  an arglnyl  
or lysyl  residue is appa ren t l y  required for the  inh ib i to ry  ac t iv i ty  agains t  t ryps in  7,1°, 
bu t  these residues m a y  only serve as combining sites in some inhlbl tors ,  because some 
inhlbi tors  form compet i t ive  complexes wi th  ca ta ly t i ca l ly  inact ive  der iva t ives  of the  
enzymes  n.  The in t ac t  bond  of soybean t ryps in  inhib i tor  is not  essential  for ac t iv i ty ,  
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bu t  e i ther  modif icat ion of the  new N- te rmina l  amino acid or removal  of the  new C- 
t e rmina l  amino acid of t r yps in - t r ea t ed  soybean t ryps in  mhib l to r  results  in a lmost  
comple te  loss of mh lb l t o ry  ac t iv i ty  This IS consis tent  wi th  the  hypothes is  t ha t  the  
bond  cleaved b y  t ryps in  is a t  the  react ive  site of the  inhib i tor  W i t h  chicken ovomucold,  
however,  modif icat ion of the  new amino groups In the  t r yps in - t r ea t ed  prote in  does 
not  cause inac t iva t ion  This shows t ha t  the  resynthesls  of a pep t lde  bond  is not  requi red  
for inh ib i to ry  ac t i v i t y  Nevertheless ,  the  covalent  bond  pos tu la t ed  b y  FINKENSTADT 
AND LASKOWSKI 2 could stil l  be formed from the free ca rboxyl  group of the  arg inyl  
residue,  a l though the amino group of the  other  residue from the  original  pep t lde  b o n d  
was modif ied wi th  TNBS The results  could stil l  be in terpre ted ,  however,  on the  basis 
of a non-covalen t  combina t ion  of the  enzyme with  the  guan ldmo side chains of argInme. 
We are p lanning  to character ize  the  residues modif ied with  the  TNBS in soybean  
t ryps in  inhib i tor  and chicken ovomucold  and to use this  approach  to iden t i fy  the  
o ther  amino acids in the  reac t ive  site 
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