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B-LACTONES AS REAGENTS IN PROTEIN CHEMISTRY. 

THE INACTIVATION OF PEPSIN WITH 6-PROPIOLACTONE 

Treatment of pepsin w i t h  6-propiolactone re su l t s  in the alkylat ion of 

1-2 methionine residues and the e s t e r i f i ca t ion  of an aspar ta te  residue. 

The modified enzyme i s  characterized by a marked (20-fold) decrease in 

c a t a l y t i c  eff iciency toward benzyloxycarbonyl-his t idyl-pni t rophenyl-  

alanyl-phenylalanyl methyl e s t e r .  The re su l t s  suggest tha t  the aspar ta te  

alkylated i s  i n  the ac t ive  s i t e .  



The unusual r e a c t i v i t y  o f  B-prop io lactone (oxetan-2-one) has r e c e n t l y  

l e d  t o  i t s  use as a  meth ion ine s p e c i f i c  p r o t e i n  modi fy ing reagent  ( 1 ) .  

However, i t s  l i m i t e d  use has l e f t  t h e  p o t e n t i a l  of B- lactones as enzyme 

probes l a r g e l y  unexplored. React ion of t h e  oxetane r i n g  w i t h  n u c l e o p h i l e s  can 

occur  w i t h  f i s s i o n  o f  e i t h e r  the  a l k y l  o r  acy l  oxygen bond. The mode o f  

r i n g  opening i s  dependent on s o l u t i o n  c o n d i t i o n s  and t h e  type of nucleo- 

p h i l e  ( 2 ) .  The a b i l i t y  of 5- lac tones t o  a c y l a t e  o r  a l k y l a t e  nuc leoph i les  

suggests an unusual v e r s a t i l i t y  f o r  t h e  m o d i f i c a t i o n  o f  p r o t e i n s .  

The cho ice  o f  t h e  a c i d  p r o t e i n a s e  pepsin as t h e  s u b j e c t  f o r  i n i t i a l  

s t u d i e s  was based on two f a c t s .  F i r s t ,  t h e  meth ion ine res idues  of peps in  

have been r e p o r t e d  t o  be r e s i s t a n t  t o  a l k y l a t i o n  by iodoace ta te  o r  i odo-  

acetamide a t  pH 2.2 ( 3 )  w h i l e  they  a re  p a r t i a l l y  a l k y l a t e d  a t  pH 4.6 ( 4 ) .  

B-Prop io lactone (BPL) o f f e r s  an a l t e r n a t i v e  t o  t h e  h a l o  ace ta tes  i n  t h i s  

respec t .  

Second, t h e  a c t i v e  s i t e  o f  peps in  con ta ins  e s s e n t i a l  a s p a r t a t e  res idues 

which m igh t  be a l k y l a t e d  by 5- lac tones y i e l d i n g  an e s t e r i f i e d  a s p a r t a t e  w i t h  

concomitant format ion of a  new carboxy la te  mo ie ty  a t  t h e  a c t i v e  s i t e .  

Porc ine peps in  (Wor th ington L o t  PM 36C867) 100 mg i n  10 ml 0.1 M 

c i t r a t e  (pH 3.0) was t r e a t e d  a t  25°C w i t h  50 v1 p o r t i o n s  o f  BPL a t  30 min 

i n t e r v a l s  f o r  2 h r .  The m i x t u r e  was s t i r r e d  f o r  an a d d i t i o n a l  3  h r  a t  

25'C. The s o l u t i o n  was d i v i d e d  i n t o  two equal p o r t i o n s .  Excess reagent  

was removed f rom one p o r t i o n  by g e l  f i l t r a t i o n  on Sephadex 6-25 e l u t i n g  

w i t h  40 mM - sodium c i t r a t e  (pH 4.0). Th is  m a t e r i a l  was used d i r e c t l y  f o r  

k i n e t i c  a n a l y s i s .  The second p o r t i o n  was p u r i f i e d  on a Sephadex 6-25 

column e q u i l i b r a t e d  w i t h  water  f o l l o w e d  by l y o p h i l i z a t i o n .  A c o n t r o l  

sample was t r e a t e d  i n  a  manner i d e n t i c a l  t o  t h e  above i n  the  absence o f  

BPL. 
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The BPL m o d i f i e d  peps in  was i n a c t i v e  t o  t h e  e x t e n t  o f  50% when assayed 

a g a i n s t  hemoglobin (5) .  Th is  decrease i n  a c t i v i t y  i s  l a r g e  when compared 

t o  p r e v i o u s l y  r e p o r t e d  e f f e c t s  o f  meth ion ine m o d i f i c a t i o n  by iodoace ta te  (4)  

and hydrogen perox ide  (6) .  

The s y n t h e t i c  pep t ide  s u b s t r a t e  Cbz-His-Phe(N02)-Phe-OMe ( 7 )  was used 

t o  assess i n  more d e t a i l  t he  e f f e c t  o f  BPL m o d i f i c a t i o n  on c a t a l y t i c  a c t i v i t y .  

I n i t i a l  r a t e s  (< I88  h y d r o l y s i s )  were fo l lowed spec t ropho tomet r ioa l l y  a t  310 nm 

a t  f o u r  s u b s t r a t e  concent ra t ions.  P l o t s  o f  [S] /V vs. [S ]  (8)  were employed 

t o  o b t a i n  t h e  k i n e t i c  parameters b, Vmax, and k c a t  F o r  mod i f i ed  peps in  

K+l remained e s s e n t i a l l y  unchanged w h i l e  kcat was s u b s t a n t i a l l y  decreased 

(Table 1 ) .  The 20- fo ld  decrease i n  c a t a l y t i c  e f f i c i e n c y  ( k c a t / & )  i s  due 

e n t i r e l y  t o  t h e  decreased kcat .  

The e x t e n t  o f  meth ion ine m o d i f i c a t i o n  was determined by per fo rm ic  

a c i d  o x i d a t i o n  (9) ,  a c i d  h y d r o l y s i s  and amino a c i d  a n a l y s i s  o f  t h e  modi f ied 

and l y o p h i l i z e d  pepsin.  The meth ion ine su l fon ium i o n  was recovered as 

meth ion ine w h i l e  unmodi f ied meth ion ine was found as meth ion ine su l fone .  

The a n a l y s i s  i n d i c a t e d  between 1 and 2 meth ion ine res idues were a l k y l a t e d  

by BPL (Table  2 ) .  A l l  o t h e r  amino ac ids  were found i n  t h e  c o r r e c t  r a t i o .  

Since p rev ious  work has i n d i c a t e d  t h a t  meth ion ine m o d i f i c a t i o n  has a t  

b e s t  o n l y  a  smal l  e f fec t  on peps in  a c t i v i t y  i t  seemed reasonable t o  p o s t u l a t e  

t h a t  e s t e r i f i c a t i o n  o f  t h e  a c t i v e  s i t e  by BPL had occurred.  Treatment o f  

t h e  BPL mod i f i ed  enzyme w i t h  1 M hydroxylamine a t  pH 9.0 (10) r e s u l t e d  i n  

t h e  i n c o r p o r a t i o n  of 0.29 moles hydroxamate per  mole o f  peps in  as determined 

by t h e  method o f  Bergmann and Segal (11). Treatment o f  t h e  hydroxamate 

enzyme w i t h  f l uo rod in i t robenzene  fo l lowed by t h e  Lossen rearrangement and 

a c i d  h y d r o l y s i s  as descr ibed by Gross and Morel1 (10) r e s u l t e d  i n  t h e  



formation of 0.35 moles 2,3-diaminopropionic acid per mole of pepsin. The 

control sample contained no detectable 2,3-diaminopropionate. 

The marked drop i n  kcat toward the peptide subs t ra te  and the trapping 

of an e s t e r i f i e d  aspar ta te  residue in BPL modified pepsin suggests t h a t  

alkylat ion of an ac t ive  s i t e  a spa r t a t e  occurred. I t  must be noted, however, 

t ha t  the modification of both methionine and aspar ta te  residues makes 

in terpre ta t ion  of the k inet ic  r e su l t s  d i f f i c u l t .  The demonstration tha t  

the e s t e r i f i e d  aspar ta te  i s  de f in i t e ly  associated w i t h  the ac t ive  s i t e  will 

have t o  await the  determination of i t s  location in  the  l i n e a r  sequence of 

the protein. 

We have recently found t h a t  4-(g-nitropheny1)-oxetan-2-one par t i a l ly  

inact iva tes  pepsin without modification of methionine residues. Also, 

an attempted alkylat ion of methionine 192 of chymotrypsin w i t h  the  same 

reagent resulted i n  the apparent acylation of the ac t ive  s i t e  ser ine  195. 1 

I t  therefore seems tha t  design and synthesis of ac t ive  s i t e  directed B- 

lactones may yie ld  new and ve r sa t i l e  reagents f o r  use in enzyme chemistry. 
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Table  1: H y d r o l y s i s  of Cbz-His-Phe(N02)-Phe-OMe 

by N a t i v e  and BPL-Modif ied Pepsin 

N a t i v e  a 0.46 0.29 0.63 

c o n t r o l  b 0.63 0.21 0.33 

M o d i f i e d  0.56 0.0095 0.017 

a Data ob ta ined  from re ference 7 .  Experiments were conducted a t  37.0°C 

i n  40 m ~ s o d i u m  c i t r a t e  buf fer  (pH 4.0) c o n t a i n i n g  3.2% DMSO. [S] = 0.1 

-0.5 my. [ E l  = 1.72 x  10-3 mB f o r  c o n t r o l  and 5.03 x  my f o r  m o d i f i e d  

enzyme. 



Table 2: Methionine and Methionine Sul fone Content 

of Control and Modified Pepsins Before and After 

Performic Acid Oxidation 

residues/mol e 

Pepsin Methionine Methionine sulfone Total 

Control 

Acid Hydrolysisa 3.96 

P A O ~  0.0 

Modified 

Acid Hydrolysis 3.83 

PA0 1.57' 

a 6 N H C 1 ,  105"C, 24 hrs. Performic acid oxidized folTowed by acid 

hydrolysis. Reflects methionine sulfonium ion content. 
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