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'CHROMATOGRAPHIC ANALYSIS OF 
S U B E R I M I D A T E - C R O S S L I N K E D  L Y S I N E "  

Osamu O h a r a  a n d  S h o  T a k a h a s h i  

U j i ,  K y o t o ,  6 1 1  J a p a n  
I n s t i t u t e  f o r  C h e m i c a l  R e s e a r c h ,  K y o t o  U n i v e r s i t y  

A B S T R A C T  

m o n o l y s y l s u b e r a m i d i n i c  a c i d ,  w h i c h  a r e  o b t a i n e d  b y  a n  
a c i d  h y d r o l y s i s  o f  p r o t e i n  c r o s s - l i n k e d  w i t h  d i m e t h y l  
s u b e r i m i d a t e ,  o n  a n  a m i n o  a c i d  a n a l y z e r  a r e  d e s c r i b e d .  
B o t h  o f  n i n h y d r i n  a n d  f l u o r o m e t r i c  d e t e c t i o n  w i t h  
o - p h t h a l a l d e h y d e  were a p p l i e d  a n d  l e s s  t h a n  50 p m o l  o f  
c r o s s - l i n k e d  l y s i n e  was a n a l y z e d  i n  t h e  l a t t e r  c a s e .  
T h e  f i r s t - o r d e r  r a t e  c o n s t a n t  f o r  h y d r o l y s i s  o f  a m i d i n e  
b o n d  u n d e r  s t a n d a r d  c o n d i t i o n s  o f  a c i d  h y d r o l y s i s  o f  
p r o t e i n  was f o u n d  t o  b e  3 .4  x 1 0 - 3 h - 1 .  

Q u a n t i t a t i v e  a n a l y s i s  o f  b i s l y s y l s u b e r a m i d i n e  a n d  

I N T R O D U C T I O N  

D u r i n g  t h e  l a s t  d e c a d e ,  a n  a p p l i c a t i o n  o f  c r o s s -  
l i n k i n g  r e a c t i o n s  t o  p r o t e i n  h a s  b e c o m e  o n e  o f  t h e  most 

p o p u l a r  t o o l s  i n  t h e  f i e l d  o f  p r o t e i n  b i o c h e m i s t r y .  T h e  

a p p l i c a t i o n  i s  n o t  o n l y  r e s t r i c t e d  t o  t o p o l o g i c a l  a n a l y -  

s i s  o f  p r o t e i n  a s s e m b l y :  r e c e n t  s t u d i e s  s h o w  f u r t h e r  

p o s s i b i l i t i e s  o f  t h e  r e a c t i o n ,  s u c h  a s  t h e  f i x a t i o n  o f  

a c o n f o r m a t i o n  o r  a f u n c t i o n a l  s t a t e  o f  p r o t e i n  b y  a n  

a r t i f i c i a l l y  i n t r o d u c e d  c r o s s - l i n k s ( 1 , Z ) .  

* )  T h i s  w o r k  was s u p p o r t e d  i n  p a r t  b y  a g r a n t - i n - a i d  
f r o m  t h e  M i n i s t r y  o f  E d u c a t i o n ,  S c i e n c e ,  a n d  C u l t u r e  
o f  3 a p a n .  
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1666 OHARA AND TAKAHASHI 

N e v e r t h e l e s s ,  a g a i n s t  s o  many i n c r e a s i n g  n u m b e r  

o f  t h e  r e p o r t s  o n  t h e  u s e  o f  t h e  r e a c t i o n ,  t h e r e  h a s  

b e e n  n o  m e t h o d  For q u a n t i t a t i v e  a n a l y s i s  o f  c r o s s - l i n k e d  

a m i n o  a c i d  r e p o r t e d ,  e x c e p t  t h o s e  o f  t h e  r e a c t i o n  p r o -  

d u c t s  o f  l y s i n e  a n d  d i m e t h y l a d i p i m i d a t e ( 3 )  a n d  r a d i o -  

i s o t o p i c  a n a l y s i s  o f  s u b e r i m i d a t e - t r e a t e d  l y s i n e ( 4 ) .  

I n  t h e  p r e s e n t  ] p a p e r ,  we w i l l  d e s c r i b e  t h e  c h r o m a t o -  

g r a p h i c  a n a l y s i s  o f  t h e  l y s i n e  d e r i v a t i v e s  o f  d i m e t h y l -  

s u b e r i m i d a t e ,  w h i c h  i s  g e n e r a l l y  s e l e c t e d  a s  t h e  b e s t  

c h o i c e  a m o n g  t h e  b i f u n c t i o n a l  i m i d o e s t e r s ,  t o g e t h e r  

~ i t h  t h e  b e h a v i o u r  o f  t h e  c o m p o u n d s  u n d e r  t h e  c o n d i t i o n s  

o f  t o t a l  a c i d  h y d r o l y s i s  of t h e  m o d i f i e d  p r o t e i n .  

MATERIALS A N D  IIETHODS 

P r e p a r a t i o n  o f  B i s l y s y l s u b e r a m i d i n e  ( I )  a n d  M o n o l y s y l -  

s u b e r a m i d i n i c  a c i d  ( 1 1 ) .  D i m e t h y l s u b e r i m i d a t e  

d i h y d r o c h l o r i d e  w a s  p r e p a r e d  f r o m  s u b e r o n i t r i l e  b y  t h e  

m e t h o d  o f  I l c E l v a i n  a n d  S c h r o e d e r  ( 5 ) .  

c a r b o n y l l y s i n e  ( a - Z - L y s )  was p r e p a r e d  a c c o r d i n g  t o  t h e  

m e t h o d  o f  Bezas  a n d  Z e r v a s ( 6 ) .  a - Z - L y s  ( 2  g / 1 0 O  m l  o f  

0 . 4  I1 Na2C03,  pH 1 0 . 0 )  was t r e a t e d  w i t h  d i m e t h y l s u b e r -  

i m i d a t e  d i h y d r o c h l o r i d e  ( 1 . 8  g ) ,  w h i c h  w a s  a d d e d  a s  a 

s o l i d  i n  t h r e e  t imes w i t h  30 m i n - i n t e r v a l s .  A f t e r  t h e  

l a s t  a d d i t i o n  o f  t h e  r e a g e n t ,  t h e  r e a c t i o n  m i x t u r e  w a s  

g e n t l y  s t i r r e d  f o r  2 h a t  room t e m p e r a t u r e .  T h e  r e a c t i o n  

was q u e n c h e d  b y  t h e  a d d i t i o n  o f  c o n c e n t r a t e d  H C 1  t o  6 N ,  

a n d  t h e n  t h e  r e a c t i o n  m i x t u r e  was r e f l u x e d  o v e r n i g h t  

f o r  t h e  r e m o v a l  o f  t h e  b e n z y l o x y c a r b o n y l  g r o u p  f r o m  

l y s y l  m o i e t y .  A f t e r  t h e  r e f l u x ,  t h e  r e a c t i o n  m i x t u r e  

was e x t r a c t e d  w i t h  e t h e r  a n d  t h e  a q u e o u s  l a y e r  w a s  

e v a p o r a t e d  t o  l e a v e  a r e s i d u e  c o n t a i n i n g  s u b e r i m i d a t e -  

m o d i f i e d  l y s i n e s  a n d  s a l t s .  T h e  l y s i n e  d e r i v a t i v e s  

were e x t r a c t e d  f r o m  t h e  r e s i d u e  w i t h  m e t h a n o l  a n d  

N ' - b e n z y l o x y -  
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SUBERIMIDATE-CROSSLINKED LYSINE 1667 

c h r o m a t o g r a p h e d  o n  Dowex 5 0 x 2  ( 1 . 3  x 50 c m )  w i t h  p y r i -  

d i n e - a c e t a t e  b u f f e r ,  pH 5 . 5 ,  u n d e r  a l i n e a r  g r a d i e n t  

o f  p y r i d i n e  c o n c e n t r a t i o n  f r o m  1 i l  t o  2 I1 ( t o t a l ,  
2 , 0 0 0  r n l ) .  P u r e  b i s l y s y l s u b e r a m i d i n e  ( I )  was o b t a i n e d  

b y  t h e  c h r o m a t o g r a p h y .  T h e  n i n h y d r i n - p o s i t i v e  m a t e r i a l  

w h i c h  was e l u t e d  b e t w e e n  l y s i n e  a n d  ( I )  o n  t h e  c h r o m a t o -  

g r a p h y  was t r e a t e d  w i t h  6 N H C l  f o r  3 h a t  r o o m  t e m p e r a -  

t u r e  t o  g i v e  t h e  m o n o l y s y l  d e r i v a t i v e  ( 1 1 ) .  

T h e  d e s i r e d  p r o d u c t s ,  ( I )  a n d  (111, were o b t a i n e d  

a s  a n  o i l  a n d  were f o u n d  t o  b e  p u r e  i n  terms o f  N t l R  

s p e c t r a  a n d  a m i n o  a c i d  a n a l y s i s ,  e x c e p t  f o r  t h e  p r e s e n c e  

o f  a s m a l l  a m o u n t  of  a m m o n i a .  P r o t o n  N M R  s p e c t r a  were 

o b t a i n e d  w i t h  3EOL FTlOO i n  D20 a n d  t h e  p r o t o n  c h e m i c a l  

s h i f t s  f o r  ( I )  a n d  ( 1 1 1 ,  w h i c h  were r e p r e s e n t e d  i n  ppm 

f r o m  t h e  m e t h y l  s i g n a l  of 3-(trimethylsilyl)-propane- 

s u l f o n i c  a c i d  s o d i u m  s a l t ,  a r e  a s  f o l l o w s :  f o r  (I); 
3.70  (Ca-H o f  l y s i n e ) ,  3 . 2 6  (C - H  of  l y s i n e ) ,  2 . 4 4  

( C a - H  of  s u b e r a m i d i n e ) ,  1 . 2 - 1 . 8  ( 2 0  p r o t o n s ) .  

4 .08  (Ccl-H of  l y s i n e ) ,  3 . 2 8  (CE-H o f  l y s i n e ) ,  2 . 4 7  

( C  - H  o f  s u b e r a m i d i n i c  a c i d ) ,  2 . 3 8  ( C  - H  o f  s u b e r a m i d i n i c  

a c i d ) ,  1 . 2 - 1 . 8  ( 1 4  p r o t o n s ) .  
Amino A c i d  A n a l y s i s .  Amino a c i d  a n a l y s i s  was c a r r i e d  

o u t  w i t h  a 15-cm ( i . d .  = 0 . 5  crn, p a c k e d  w i t h  3EQL L C R - 1  

r e s i n )  o r  a 5 - c r n ( i . d .  = 0 .3  cm, S h o d e x  HC095 r e s i n )  

c o l u m n .  A 30-cm c o l u m n  ( i . d .  = 0 . 3  cm, S h o d e x  HC095 

r e s i n )  was u s e d  f o r  t h e  a n a l y s i s  o f  ( 1 1 )  u n d e r  t h e  c o n -  

d i t i o n s  o f  s i n g l e  c o l u m n  m e t h o d o l o g y .  A N a B H 4 - n i n h y d r i n  

s y s t e m ( 7 )  o r  o - p h t h a l a l d e h y d e  s o l u t i o n ( 8 )  was u s e d  t o  
d e t e c t  a m i n o  a c i d s .  
O t h e r  P r o c e d u r e s .  A c i d  h y d r o l y s i s  was c a r r i e d  o u t  

w i t h  c o n s t a n t - b o i l i n g  H C 1  a t  l l O ° C  i n  a s e a l e d  a n d  

e v a c u a t e d  t u b e .  D e a m i d i n a t i o n  w a s  p e r f o r m e d  w i t h  

m e t h y l a m i n e - f o r m a t e  b u f f e r  ( 3 . 3  i 4 ,  pH 1 1 . 5 )  a s  d e s c r i b e d  

b y  D u b o i s  e t  a l .  ( 9 ) .  

E 
F o r  ( T I ) ;  

a 5 

.-- 

-- 
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1668 OHARA AND TAKAHASHI 

RESULTS A N D  DISCUSSION 

A n a l y s i s  o f  ( I )  a n d  ( 1 1 ) .  I n  t h i s  s t u d y ,  we p r e p a r e d  

t h e  a u t h e n t i c  s a m p l e s  o f  ( I )  a n d  (11) b y  t h e  r e a c t i o n  

o f  a - Z - L y s  w i t h  d i m e t h y l s u b e r i m i d a t e .  Af te r  t h e  r e m o v a l  

o f  t h e  b l o c k i n g  g r o u p ,  t h e  r e a c t i o n  p r o d u c t s  were 

c h r o m a t o g r a p h e d  o n  Dowex 50 w i t h  a v o l a t i l e  b u f f e r  

s y s t e m .  I n  t h e  p r e s e n t  p r e p a r a t i o n ,  t h e  c o m p o u n d  ( 1 1 )  

was i s o l a t e d  a s  i t s  m e t h y l e s t e r  (NfIR, C O O C H 3  - a t  3.70 

p p m ) ,  w h i c h  was o b t a i n e d  a s  t h e  r e s u l t  o f  a m e t h a n o l  

t r e a t m e n t  o f  d e b l o c k e d  p r o d u c t s  ( s e e  "IIATERIALS A N D  

METHODS"), a n d  i t  was n e c e s s a r y  t o  t r e a t  w i t h  a n  a c i d  

t o  c o n v e r t  i t  i n t o  f r e e  a c i d  (11). T h e  e s t e r i f i c a t i o n  

o f  ( 1 1 1 ,  w h i c h  was n o t  e x p e c t e d  i n i t i a l l y ,  f a c i l i t a t e d  

t h e  p u r i f i c a t i o n  o n  Dowex 50 d u e  t o  t h e  l o s s  o f  a n e g a -  

t i v e  c h a r g e  o n  a c a r b o x y l  g r o u p :  ( 1 1 )  i t s e l f  was c o -  
e l u t e d  w i t h  l y s i n e  r e m a i n i n g  i n  t h e  r e a c t i o n  m i x t u r e ,  

b u t  ( 1 1 ) - m e t h y l e s t e r  was e l u t e d  b e t w e e n  l y s i n e  a n d  ( I )  
o n  Dowex 50 c h r o m a t o g r a p h y .  

C h r o m a t o g r a p h i c  d a t a  o f  ( I )  a n d  ( 1 1 )  o n  a n  a m i n o  

a c i d  a n a l y z e r  a r e  s u m m a r i z e d  i n  T a b l e  1. ( I )  was a n a -  

l y z e d  o n  a 5-cm c o l u m n  w i t h  c i t r a t e  b u f f e r  ( N a + = 1 . 4  14, 

p!i  6 . 0 ,  f o r  n i n h y d r i n  a n a l y s i s )  o r  b o r a t e  b u f f e r  ( N a f =  

0.35M, P H  9 . 5 ,  f o r  f l u o r e s c e n c e  d e t e c t i o n )  t o  a p p e a r  

a s  a s h a r p  p e a k  w i t h  a t o l e r a b l e  r e t e n t i o n  t i m e  f o r  a 

r o u t i n e  w o r k .  A 5-cm c o l u m n  a n a l y s i s  c o u l d  b e  a l s o  
a p p l i e d  t o  t h e  a n a l y s i s  o f  b i s l y s y l a d i p a m i d i n e ,  w h i c h  

was e l u t e d  a s  a s h a r p e r  p e a k  t h a n  t h a t  o b s e r v e d  o n  a 

15-cm c o l u m n  a n a l y s i s ( 3 ) .  F u r t h e r m o r e ,  a t r i s l y s y l  

d e r i v a t i v e s  o f  a d i p a m i d i n e ,  w h i c h  was  t e n t a t i v e l y  

a s s i g n e d  a n d  a p p e a r e d  w i t h  a r e t e n t i o n  t ime o f  2 1 0  m i n  

o n  a 15-cm c o l u m n  a n a l y s i s  u s i n g  t h e  c i t r a t e  b u f f e r ,  

was e l u t e d  a t  40 m i n .  T h e  a n a l y s i s  o f  (11) was p e r -  

f o r m e d  o n  a 30-cm c o l u m n  u n d e r  t h e  s i p . j . l e  c o l u m n  
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SWERIMIDATE-CROSSLINKED LYSINE 1669 

( I )  B i s l y s y l s u b e r a m i d i n e  (N,Nt-bis(5-amino-5-carboxy- 
p e n t y 1 ) s u b e r a m i d i n e ) .  

+ + + + 
7H3 if H Z  ilH2 7H3 

C H - ( C H , ) ~ - N H - C - ( C H , ) ~ - C - N H - ( C H  1 - C H  
1 2 4 1  
co2-  co2- 

(11) M o n o l y s y l s u b e r a m i d i n i c  a c i d  (N-(5-arn ino-5-carboxy-  

p e n t y 1 ) s u b e r a m i d i n i c  a c i d ) .  
+ + 

M H2 - OC-(CH2)6-C-NH-(CH2)4-CH-C02- 2 

A n a l y t i c a l  R e t e n t i o n  T i m e  ( r n i n )  

c o n d i t i o n s  a )  ( I )  (11) K W K b )  L y s  N H ,  Arg  

a )  A :  5-cm column;  65OC; Na+=1.4 M ,  0.35  I.1 c i t r a t e ,  
pH 6 .0 .  ( F o r  n i n h y d r i ?  a n a l y s i s )  

pH 9 .5 .  ( F o r  f l u o r e s c e T c e  d e t e c t i o n )  

pH 5 .6 .  

c i t r a t e ,  pH 3.22 ( 0 - 1 2  m i n ) ;  s econd  b u f f e r ,  Na = 
0.2 14, 0.067 M c i t r a t e ,  pH 4.25 (12-32  r n i n ) ;  
t h i r d  b u f f e r ,  Na = 1 . 6  14, 0.2 M c i t r a t e ,  pH 5 .00;  
45OC ( 0 - 5 7  m i n ) ,  55OC ( a f t e r w a r d ) .  

8 :  5-cm column;  65OC; Na =0 .35  14, 0 . 1  M b o r a t e ,  

C :  15-cm column;  65OC: Na =0.35  14, 0 .12  M c i t r a t e ,  

D: 30-cm column;  f i r s t  b u f f e r ,  Na+=0.2 f4, 0.067 E4+ 

B u f f e r  f l o w  r a t e :  30 m l / h  f o r  A, B ,  and C ;  1 2  m l / h  
f o r  D.  

b )  KWK = b i s l y s y l a d i p a m i d i n e .  
c )  a p p e a r s  a t  t h e  v o i d .  
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1670 OHARA AND TAKAHASHI 

m e t h o d o l o g y .  ( 1 1 )  w a s  e l u t e d  l a t - :  t h a n  a r g i n i n e  a n d  

t h e  r e t e n t i o n  t i m e  o f  ( 1 1 )  wr's s i m i l a r  t o  t h a t  o f  

t r y p t o p h a q  u n d e r  t h e  c h r o m a t o g r a p h i c  c o n d i t i o n s  e m p l o y e d .  

S i n c e  t r y p t o p h a n  i s  a l m o s t  c o m p l e t e l y  d e s t r o y e d  u n d e r  

t h e  s t a n d a r d  c o n d i t i o n s  o f  t h e  t o t a l  a c i d  h y d r o l y s i s ,  

t h e  q u a n t i t a t i v e  a n a l y s i s  of ( 1 1 )  was n o t  i n t e r f e r e d  

b y  t h e  p r e s e n c e  o f  t r y p t o p h a n  r e s i d u e ( s )  i n  p r o t e i n .  

B h e n  t h e  a n a l y s i s  of  ( 1 1 )  was c a r r i e d  o u t  o n  a 15-cm 

c o l u m n  a t  6 O o C ,  ( 1 1 )  a n d  l y s i n e  were e l u t e d  s e p a r a t e l y  

b u t  t h e  p e a k  o f  h i s t i d i n e  o v e r l a p p e d  \vi:h t h a t  of  ( 1 1 ) .  

H o w e v e r ,  w h e n  t h e  c o l u m n  t e m p e r a t u r e  was 4 5 O C ,  t h e  

p e a k  of  ( 1 1 )  w a s  v e r y  b r o a d  a n d  o v e r l a p p e d  w i t h  t h o s e  

of l y s i n e  a n d  h i s t i d i n e .  We c o u l d  n o t  f i n d  t h e  a p p r o -  

p r i a t e  c o n d i t i o n s  u n d e r  w h i c h  ( 1 1 )  was a n a l y z e d  o n  a 

15-cm c o l u m n  w i t h o u t  a p e a k  o v e r l a p p i n g  w i t h  l y s i n e  a n d  

h i s t i d i n e .  N i n h y d r i n  c o l o r  v a l u e s  f o r  ( I )  a n d  ( 1 1 )  

were d e t e r m i n e d  a s  1 . 8  a n d  1 . 0  r e l a t i v e  t o  l y s i n e ,  

r e s p e c t i v e l y ,  f r o m  t h e  a l k a l i n e  h y d r o l y s i s  t e c h n i q u e ( 3 ) .  

O u r  most  w o r k  o n  c r o s s - l i n k e d  p r o t e i n  h y d r o l y z a t e s  h a s  

b e e n  a c c o m p l i s h e d  w i t h  f l u o r e s c e n c e  d e t e c t i o n  s y s t e m  

e m p l o y i n g  o - p h t h a l a l d e h y d e ( 8 ) .  A p p r o x i m a t e l y ,  0 .5 -1 .0  

n m o l  of  ( I )  was r o u t i n e l y  a n a l y z e d .  T h e  l o w e s t  l i m i t  

o f  d e t e c t i o n  may b e  b e l o w  50 p m o l  o f  ( I ) .  

D e c o m p o s i t i o n  o f  ( I )  a n d  ( 1 1 )  u n d e r  t h e  S t a n d a r d  C o n -  

d i t i o n s  of  A c i d  H y d r o l y s i s  of  P r o t e i n .  ( I )  a n d  ( 1 1 )  

were s u b j e c t e d  t o  a c i d  h y d r o l y s i s  ( 6  EJ H C 1 ,  a t  l l O ° C )  

f o r  v a r i o u s  p e r i o d s  u p  t o  340 h .  T h e  a c i d  h y d r o l y z a t e  

o f  ( I )  s h o w e d  t h e  p r e s e n c e  o f  ( I ) ,  ( I T ) ,  l y s i n e ,  a n d  

a m m o n i a ,  a n d  n o  o t h e r  n i n h y d r i n - p o s i t i v e  m a t e r i a l  was 

d e t e c t e d .  S i m i l a r l y ,  a c i d  h y d r o l y s i s  o f  ( 1 1 )  d i d  n o t  

p r o d u c e  a n y  n i n h y d r i n - p o s i t i v e  m a t e r i a l  e x c e p t  l y s i n e  

a n d  a m m o n i a  i n  h y d r o l y z a t e s .  A s e m i - l o q a r i t h m i c  p l o t  

o f  t h e  h y d r o l y s i s  o f  ( 1 1 )  y i e l d e d  a s t r a i g h t  l i n e ,  

- - ~ _ _ _  
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SUBERIMIDATE-CROSSLINKED LYSINE 1671 

w h i c h  g a v e  a f i r s t  o r d e r  r a t e  c o n s t a n t  K - 3 . 4  x 1 -  
h - '  f o r  t h e  h y d r o l y s i s  o f  t h e  a m i d i n e  b o n d .  

t h a t  ( I )  d e g r a d e d  t o  (11) w i t h  a r a t e  c o n s t a n t  6 . 8  x 

1 0 1 ~ h - l  , e x a c t l y  t w i c e  t h e  a b o v e  k l ,  i n d i c a t e s  t h a t  

two  a m i d i n e s  of ( I )  were h y d r o l y z e d  i n d e p e n d e n t l y  a t  

t h e  same r a t e ,  a s  p r e v i o u s l y  o b s e r v e d  f o r  b i s l y s y l -  

a d i p a m i d i n e ( 3 ) .  

D e a m i d i n a t i o n  o f  Suberimidate-crosslinked L y s i n e .  

R e c e n t l y  D u b o i s  e t  a l .  r e p o r t e d  t h a t  a c e t a m i d i n e  was  

r e a d i l y  d e a m i d i n a t e d  b y  t h e  t r e a t m e n t  w i t h  m e t h y l a m i n e  

b u f f e r  a n d  t h e  s i d e  r e a c t i o n s  s u c h  a s  n o n - s p e c i f i c  

c l e a v a g e  o f  p e p t i d e  b o n d s  were n o t  o b s e r v e d ( 9 ) .  We 

e x a m i n e d  t h e  d e a m i d i n a t i o n  o f  (I) w i t h  m e t h y l a m i n e -  

f o r m a t e  b u f f e r .  M e t h y l a m i n e  b u f f e r  was f o u n d  t o  i n d u c e  

t h e  r a p i d  c l e a v a g e  o f  t h e  s u b e r a m i d i n e  b o n d s ;  ( I )  com- 

p l e t e l y  d i s a p p e a r e d  a f t e r  t h e  i n c u b a t i o n  o f  ( I )  i n  t h e  

m e t h y l a m i n e - f o r m a t e  b u f f e r  f o r  1 h a t  3 7 O C  a n d  l y s i n e  

was r e g e n e r a t e d  q u a n t i t a t i v e l y .  

A p p l i c a t i o n  - t o  t h e  A n a l y s i s  o f  t h e  S u b e r i m i d a t e t r e a t e d  - 
A c t i n .  A c t i n ,  o n e  o f  m a j o r  m u s c l e  p r o t e i n s ,  was 

t r e a t e d  w i t h  dimethylsuberimidate(2). Amino a c i d  a n a -  

l y s i s  r e v e a l e d  t h a t  t h e  a c i d  h y d r o l y z a t e  o f  t h e  s u b e r -  

i m i d a t e - t r e a t e d  a c t i n  c o n t a i n e d  ( I )  a n d  (11) a n d  t h a t  

t h e  s u m  o f  l y s i n e ,  (I) a n d  (11) g a v e  t h e  o r i g i n a l  n u m b e r  

of l y s i n e  i n  i n t a c t  a c t i n .  T h e s e  r e s u l t s  i n d i c a t e  t h e  

v a l i d i t y  o f  t h e  a n a l y t i c a l  m e t h o d  d e s c r i b e d  h e r e .  A 

r e m o v a l  o f  s u b e r i m i d a t e - c r o s s l i n k  i n  t h e  m o d i f i e d  a c t i n  

w a s  a c c o m p l i s h e d  b y  u s i n g  t h e  m e t h y l a m i n e  b u f f e r .  

A f t e r  t h e  i n c u b a t i o n  o f  t h e  s u b e r i m i d a t e - t r e a t e d  a c t i n  

i n  m e t h y l a m i n e  b u f f e r  f o r  2 h a t  3 7 O C ,  (I) a n d  (11) 

c o m p l e t e l y  d i s a p p e a r e d  o n  a n  a m i n o  a c i d  a n a l y s i s  o f  t h e  

a c i d  h y d r o l y z a t e  o f  t h e  m o d i f i e d  p r o t e i n ,  a n d  t h e  p o l y -  

a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  i n  t h e  p r e s e n c e  o f  

T h e  r e s u l t  
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1672 OHARA AND TAKAHASHI 

s o d i u m  d o d e c y l s u l f a t e  i n d i c a t e d  t h a t  t h e  t r e a t m e n t  w i t h  

m e t h y l a m i n e  b u f f e r  d i d  n o t  i n d u c e  t h e  n o n - s p e c i f  i c  

c l e a v a g e  o f  t h e  p e p t i d e  b o n d s  i n  t h e  p r o t e i n .  
T h e r e f o r e ,  a s  d e m o n s t r a t e d ,  t h e  p r e s e n t  s t u d y  h a s  

e s t a b l i s h e d  t h e  b a s i s  t o  a n a l y z e  t h e  s u b e r i m i d a t e -  

i n d u c e d  c r o s s - l i n k s  q u a n t i t a t i v e l y ,  t h u s  e n a b l i n g  u s  
t o  i n v e s t i g a t e  t h e  l o c a t i o n  of  t h e  c r o s s - l i n k s ,  i n  a 

s t r i c t  s e n s e  o f  a p r i m a r y  s t r u c t u r e .  
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