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~taphyloeoccus aureus s t r a i n  V8  p r o t e a s e  is a s e r ine  e n d o p e p l i d a s e  w h i c h  c l eaves  p e p t i d e  b o n d s  a t  t h e  c a r b o x y i  s ide  o f  G l u  a n d  Asp .  Specific c l eavage  
a t  G l u  h a s  p r e v i o u s l y  been  a c h i e v e d  in a m m o n i u m  b i c a r b o n a t e  w h e r e a s  ~n s o d i u m  p h o s p h a t e  c l e a v a g e  at  b o t h  G I n  a n d  A~p was  o b ~ r v e d .  H o w e v e r ,  
it is s h o w n  h e r e  Iha!  b i c a r b o n a t e  d o e s  n o t  res t r ic t  t he  speci f ic i ty  to  G l u - X  b o n d s ,  il s i m p l y  inh~bi ts  t he  e n z y m e .  T h e  d e g r a d a t i o n  o f  a m i x t u r e  o f  

ox id i zed  in su l in  a n d  g l u c a g o n  p r o c e e d s  s imi l a r ly  in t h e  t w o  bu f fe r s ,  a l t h o u g h  | a s t e r  in p h o s p h a t e .  

Sla l~v lococcus  aurcu.~; P r o t e a s e ;  ScriBe endo l~ep t idase :  Specif ic i ty;  A m i n o  ac id  s e q u e n c e  a n a l y s i s  

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

A s e r i n e  e n d o p e p t i d a s e  f r o m  S t a p h y l o c o c c u s  a u r e u s  
s t r a i n  V 8 ,  f i r s t  i s o l a t e d  b y  G . R .  D r a p e a u  [ ! ]  i s  w i d e l y  
u s e d  f o r  f r a g m e n t a t i o n  o f  p r o t e i n s ,  p r i o r  t o  a m i n o  a c i d  
s e q u e n c e  d e t e r m i n a t i o n s ,  d u e  t o  i t s  s p e c i f i c i t y  f o r  G I u - X  
a n d  A s p - X  p e p t i d e  b o n d s  [ 2 - 4 ] .  E a r l i e r  i n v e s t i g a t i o n s  
[ 2 , 3 ]  h a v e  i n d i c a t e d  t h a t  t h e  s p e c i f i c i t y  o f  t h i s  e n d o p e l >  
t i d a s e  i s  d e p e n d e n t  o n  t h e  b u f f e r :  i n  a m m o n i u m  b i c a r -  
b o n a t e  ( p H  7 . 8 )  o r  i n  a m m o n i u m  a c e t a t e  ( p H  4 . 0 )  o n l y  
G l u - X  b o n d s  w e r e  c l e a v e d  w h i l e  i n  s o c l i u m  p h o s p h a t e  
( p H  7 , 8 )  G I u - X  a s  w e l l  a s  A s p - X  b o n d s  w ~ r e  h y d r o l y -  
z e d .  F u r t h e r m o r e ,  m o n o v a l e n ' ,  a n i o n s  h a v e  b e e n  s h o w n  
t o  i n h i b i t  t h e  S .  a u r e u s  s t r a i n  V 8  p r o t e a s e  [5 ] .  

I n  t h e  p r e s e n t  c o m m u n i c a t i o n ,  i t  i s  s h o w n  t h a t  t h e  
e n z y m e  c l e a v e s  a p p r o x i m a t e l y  3 0 0 0 - f o l d  f a s t e r  a t  G I n  
a s  c o m p a r e d  t o  A s p  i n  o t h e r w i s e  i d e n t i c a l  s y t ~ : h e f i c  
s u b s t r a t e s ,  e s s e n t i a l l y  i n d e p e n d e n t  o f  t h e  b u f f e r .  T h e  
e f f e c t  o f  a m m o n i u m  b i c a r b o n a t e  a n d  a c e t a t e  i s  o n l y  
i n h i b H o r y .  

2. M A T E R I A L S  A N D  M E ' [ H O D S  

2.1. Materials  
Staphylococcus aureus s t r a i n  V8  p g o t e a s e  w a s  f r o m  I C N  B i o m e d i -  

A b b r e v ~ l ~ o n s :  AIBz. o - a r n i n o b e n z o y l  ( a n t ~ r a n i l o y l ) ;  C A P S ,  3-<cyclo- 
hexylamino)propan~sulpbo~nic ac id ;  C H E S .  2 - ( cy¢ lohexy la -  
m i ~ o k t h a n e s u l p h o n i c  a~-id: T F A .  t r i f Iuo roace t i c  ac id .  

Correspondence address: K .  B r e d d a m .  C a r l s b e r g  L a b o r a t o r y ,  ID~parl- 
m e a t  o f  C h e m i s t r y ,  4:]1. Car lgbeTg Vej  10. D K - 2 3 0 0  C o p e n h a g e n  
Va lby .  D e n m a r k .  F a x ;  (4~)  3121 1366. 

ca l s  Inc . ,  I l l inois ,  U S A .  T h e  i n t e rna l l y  q u e n c h e d  f luo rescen t  s u b s t r a t e s  
A B z - A I a - P h e - A l a - P h e - X - V a l - P h e - T y r ( N O 2 ) - A s p - O H  w h e r e  X = A s p  
o r  G l u  w a s  a gif t  f r o m  Dr .  M o r t e n  M c l d a l ,  C a r l s b e r g  L a b o r a t o r y .  
P o r c i n e  g l u c a g o n  a n d  insu l in  w a s  a gif t  f r o m  N O V O  N O R D I S K .  
D e n m a r k .  I n s u l i n  w a s  ox id ized  by  pe r fo r rn i e  ac id  a s  d e sc r i b ed  by  H i t s  
[6], l y o p h i l i z ~ !  a n d  t h e  m i x t u r e  u s e d  d i rec t ly  fo r  t h e  d i g e s t i o n  s tud ies .  

2.2 En?yme oyiy;a.vs 
E n z y m a t i c  h y d r o l y s i s  o f  t he  i n t r a m o l e c u l a r l y  q u e n c h e d  s u b s t r a t e s  

w a s  p e r f o r m e d  a s  p r e v i o u s l y  d e s c r i b e d  [7]. T h e  s u b s t r a t e s  were  d i sso l -  
v e d  in d i m e t h y l f o r m a m i d ¢  a n d  5 0 / z l  w a s  a d d e d  to  2450  /J |  b u f f e r  
s o l u t i o n ,  a n d  t h e  ini t ial  f l uo re scence  m e a s u r e d ,  V8  p r o t e a s e ,  d i s so lved  
in wa te r ,  w a s  a d d e d .  T h e  e m i s s i o n  at  420  n m  u p o n  e x c i t a t i o n  a t  320 
n m  w a s  fo l lowed  w i th  t ime  unt i l  hydro lys i~  w a s  c o m p l e t e ,  k ~ l / K ,  w a s  
d e l e r m i n e d  f r o m  init ial  r a tes  u s i n g  t h e  r e l a t ion  k~,/K, ,  = Vd(S.E. , )  
w h i c h  is  va l id  a t  , t  o < <  Kin. T h e  v a l u e  l is ted is aB a v e r a g e  of : ,  m i n i m u m  
o f  two  v a l u e s  v a r y i n g  less  t h a n  5 ~ ,  o b t a i n e d  at tw o  s u b s t r a t c  c o n c e n -  
t r a t i o n s ,  typ ica l ly  a r o u n d  0.1 p M  a n d  0.2  ~ M ~  to  e n s u r e  t h e  va l id i ty  
o f  ~he e q u a l i o l , .  T h e  iDflu¢~ee o f  ~mions o n  t he  ac t iv i ty  o f  V8  p r o t e a s e  
w a s  fo l l owed  u s i n g  t h e  s y n t h e t i c  s u b s t r a t e s  in 50 ml~,i H E P E S  a n d  
d i f f e r en t  c o n c e n t r a t i o n s  o f  a n i o n s ,  p H  7.8. T h e  p H - d e p e n d ~ n c ~  ~,-; t h e  
activi_ty w a s  s imi l a r ly  i n v e s t i g a t e d  u s i n g  20 m M  buf fe r ,  0.1 M N a C L  
T h e  f o l l o w i n g  bu f f e r s  were  used :  f o r m i c  ac id  p t l  3.4--4.2; ace t ic  ac id ,  
p H  4.2-5~5: M E S ,  p H  5.5-~5.8; HELVES, p H  6 .~ -7 .7 ;  I $ ICINE,  p H  
7 .7 -g .7 ;  C H E S ,  p H  8 .7 -9 .4 ;  C A P S ,  p H  9 .4 -10 .5 .  

E n z y m a t i c  h y d r o l y s i s  o f g l u c a g o n  a n d  ox:~dized i n su l i n  w a s  fo l lowed  
hy  H P L C .  T h e  p e p l i d c s  were  d i s so lved  in 6 M u r e a  a n d  d i l u t ed  to  2 
M u r e a  w i t h  b u f f e r  t o  f inal  s u b s t r a t ¢  c o n c ~ n t n t t i o n s  o f  0 .4  m M  each .  
T h e  b u f f e r  w a s  e i t h e r  s o d i u m  p h o s p h a t e  o r  a m m o n i u m  b i c a r b o n a t e ,  
c o ~ t a i n i n g  E D T A .  E n z y m e ,  d i s s o l v e d  in w a t e r ,  w a s  a d d e d  a t  c o n c e n -  
t r a t i o n s  o f  0.001 m g / m i  o r  0 .2  m g / m L  T h e  b u f f e ~  wege e i the r  30 m M  
s o d i u m  p h o s p h a t e .  1.2 M u rea .  2 ml~l  E D T A ,  p H  7 .g  o r  60  m M  
a m m o n i u T n  b i t : a rbop~te ,  ! .:2 M u rea .  2 m l ~  E D T A ,  p H  7.8. D i c t i o n  
w a s  f o l l o w e d  w i t h  t i m e  a n d  tBe h y d r o l y s i s  p r o d u c t s  s e p a r a t e d  o n  a 
r eve r se  p h a s e  C , , - c o l u m n  f r o m  V y d a c  e m p l o y i n g  a 50 ra in  a ~ t o n i t r i l c  
g r a d i e n t  f r o m  5 to  4 5 %  in 0 . 1 ~  T F A .  C l e a v a g e  I ~ o d u c t s  were  ident i -  
fied by  a m i n o  ac id  a n a l y s i s  a f t e r  h y d r o l y s i s  in 6 N HC!  o r  N - t e r m i n a l  
a m i n o  ac id  s e q u e n c e  d e t e r m i n ,  t ions .  

Publ£~hed b.v ~lsevber Science Puldisltets B.V.  1 9 5  
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Fig.  I. p H - d e l x ' n d c n c e  o f  xhc h y d r o l y s i s  o f  A B z - A l a - P h ¢ - A l a - P h c -  
G l u - V a l - P h c - T y r i N O : ) - A s p - O t |  by S. a u r a , u s  s t ra in  V8 protca~c+ I :or  

f u r t h e r  del: , i ls  see  soz l ion  2.2. 

3. R E S U L T S  A N D  D I S C U S S I O N  

T h e  p H - d e p e n d e n c e  o f  t he  h y d r o l y s i s  o f  A B z - A l a -  
P h e - A l a - P h e - G l u - V a l - P h e - T y r ( N O ~ ) - A s p - O H  b y  A'. au -  
r e u s  s t r a i n  V8 p r o t e a s c  w a s  b e l l - s h a p e d  w i t h  an o p t i -  
m u m  at  p H  7.2 (F ig .  I),  a p p a r e n t l y  d e p e n d e n t  o n  t w o  
i o n i z a b l e  g r o u p s  in t h e  e n z y m e  wi th  p K ,  v a l u e s  o f  5.8 
a n d  8.4. Th i s  is in c o n t r a s t  to  e a r l i e r  i n v e s t i g a t i o n s  wi th  
h e m o g l o b i n  as  s u b s t r a t e :  t w o  p H - o p t i m a  a t  p H  4 .0  a n d  
p H  7.8 [ i ]  were  f o u n d  a n d  th i s  c o u l d  be d u e  t o  a n  e f fec t  
o f  p H  o n  the  h e m o g l o b i n  s u b s t r a t e .  F o r  the  s u b s e q u e n t  
studie,~ a p H  o f  7.8 w a s  c h o s e n  t o  a l l o w  c o m p a r i s o n s  
w i th  e a r l i e r  i n v e s t i g a t i o n s  in Ih¢ l i t e r a t u r e .  

E a r l i e r  r e p o r t s  [2,5] h a v e  i n d i c a t e d  t h a t  S. a u r e u . s "  

s t r a in  V8 p r o t e a s e  is i n h i b i t e d  b y  m o n o v a l e n t  a n i o n s .  
T h i s  i n h i b i t i o n  by  c h l o r i d e ,  a c e t a t e  a n d  n i t r a t e  w a s  c o n -  
f i r m e d  us ing  A B z - A l a - P h e - A l a - P h e - G l u - V a l - P h e -  
T y r ( N O ~ ) - A s p - O H  as s u b s t r a t e  a n d  i n c r e a s i n g  c o n c e n -  
I r a ! i o n s  o f  a n i o n s  (F ig .  2B). P r e s u m a b l y ,  t he  i n h i b i t i o n  
is p a r t i a l l y  d u e  t o  i on i c  i n t e r a c t i o n s  b e i n g  i m p o r t a n t  fo r  
t he  i n t e r a c t i o n  b e t w e e n  e n z y m e  a n d  s u b s t r a t e  a n d  such  
i n t e r a c t i o n s  a r e  a d v e r s e l y  a f f ec t ed  b y  i n c r e a s i n g  ion ic  
s t r e n g t h .  H o w e v e r ,  in a d d i t i o n  it w a s  f o u n d  t h a t  p h o s -  
p h a t e  a n d  su l f a t e  h a d  a n  a c t i v a t i n g  e f fec t  o n  the  e n z y m e  
( F i g .  2 A )  w h i c h  m a y  be  a s c r i b e d  t o  t he  t e t r a h e d r a l  c o n -  
f i g u r a t i o n  o f  t h e s e  a n i o n s  a s  c o m p a r e d  t o  t he  p l a n a r  
c o n f i g u r a t i o n  o f  t h e  i n h i b i t o r y  a c e t a t e ,  b o r a t e ,  n i t r a t e  
a n d  b i c a r b o n a t e .  A speci f ic  i n t e r a c t i o n  o f  p h o s p h a t e  
a n d  su l f a t e  w i t h  t he  e n z y m e  is i n d i c a t e d .  

T h e  h y d r o l y s i s  o f  A B z - A l a - P h e - A l a - P h e - X - V a l - P h e -  
T y r ( N O z ) - A s p - O H  ( X  = G i u  o r  A s p )  in d i f f e r e n t  b u f f e r s  
r e v e a l e d  ( T a b l e  i )  t h a t  t he  s u b s t r a t e  w i th  X -- G l u  is 
hydro lyamd 3 0 0 0 - 5 0 0 0 - t i m e s  f a s t e r  t h a n  t h a t  w i th  X = 
A s p  w i th  o n l y  l i t t le  d e p e n d e n c e  o f  th is  r a t i o  o n  the  
n a t u r e  o f  the  b u f f e r .  
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Fig.  2, T h e  inPhtcncc o f  a n i o n s  o n  t h e  h y d r o l y s i s  o f  A Btz-Ala-Phe-Ala+ 
P h e - G l u - V a l - P h e - T y r ( N O z ) - A s p - O H  b y  S. a u r e a u s  s t r a i n  V8 p r o t e a s e  
a t  p H  7.8. ( A )  A c t i v a t i o n  by  s o d i u m  p h o s p h a t e  ( , )  a n d  Na~SO+ (<o). 
(B)  I n h i b i t i o n  by  N a C l  (I lL N H , C !  ( , ) ,  , sod ium at,'~qittc (~ !), b o r a t e  (,:~), 
N a N O ,  (o) ,  N H 4 H C O ~  (dig) and NaHC'O~ (Q). F o r  f u r t h e r  deta i ls  see 

, ~ t  ion 2.2. 

T o  e x t e n d  t h e s e  i n v e s t i g a t i o n s  to  l a r g e r  s u b s t r a t e s ,  
t he  in i t i a l  c l e a v a g e  o f  t h e  B - c h a i n  o f  o x i d i z e d  in su l in  
( G l u ~ - A l a  ~4) in p h o s p h a t e  a n d  b i c a r b o n a t e  bu f f e r ,  re-  
s p e c t i v e l y ,  w a s  f o l l o w e d  b y  H P L C  a t  l o w  e n z y m e  c o n -  
c e n t r a t i o n  (0.001 m g / m l ) ,  F r o m  the  p e a k  a r e a  o f  the  
B - c h a i n  the  a m o u n t  c l e a v e d  p e r  m i n u t e  w a s  c a l c u l a t e d  
a n d  it w a s  I o u n d  t h a t  the  r a t e  o f  c l e a v a g e  w a s  a p p r o x i -  

T a b l e  I 

H y d r o | y s i s  o f  A B z - A l a - P h e - A ! a - P h e - X - V a I - P h e - T y ~ ( N O z F A s p - O H  
where X : G l u  o r  Asp  by  S. aureus st ra in  V 8  pro tease in d i f fe ren t  

b u f f e r s  

~luffcr k ~ , / K ,  f o r  subst ra te  where  X = 
G i u  

k, . . , /K,  fo r  s u b s t r a t e  w h e r e  X = 
A s p  

50 m M  HEi+ES, p H  7.8 3100 
50 m h |  HEPES,  2 M urea. p H  7.8 4100 
0.1 M sod ium phosphate,  p H  7.8 4300 
0.1 M a m m o n i u m  b icarbonate ,  5300 
p H  7.8 
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Fill. 3. Digestion of a mixture of oxidized porcine insulin and rK, rcine 
glucagon in sodium phosphate with enryrr,¢ concentrations of 0.00 ] 
mg/ml {A) and 0.2 mg/ml (C) or in ammonium bicarbonate with 
eni~ym¢ concentrations ofO.001 ml~jml tel) and 0,2 mg/ml (D). Clea- 
vage of (;lu:~-Ala '* (el-chain) (, 1. Glu::-Ar8 :~" (El-chain) (~,,). Glu ~'- 
As.n I~ (A-chain) (i !L AsPI'-Ser"(OL AsP:"Phe ~': (A) and Asp'-Tyr *¢~ 

(m). 

m a t e l y  t e n - t i m e s  f a s t e r  in p h o s p h a t e  (0 .030  r a M / r a i n )  as  
c o m p a r e d  to  b i c a r b o n a t e  (0 .0028  r a M / r a i n ) .  

T o  f u r t h e r  i n v e s t i g a t e  the  s e l e c t i v i t y  o f  S .  a u r e u s  

s t r a i n  V8 p r o t e a s e  fo r  G l u - X  b o n d s ,  pcr formi~ ,  a c i d  
o x i d i z e d  i n s u l i n  a n d  g l u c a g o n  w e r e  d i g e s t e d  in  p h o s -  
p h a t e  a n d  b i c a r b o n a t e  b u f f e r  a t  h i g h  a n d  l o w  e n z y m e  
c o n c e n t r a t i o n s .  I n s u l i n  c o n t a i n s  n o  Asl>-X b o n d s  b u t  
t h e  f o l l o w i n g  G I u - X  b o n d s :  G l u 4 - G l n  s a n d  Gluing-Ash Is 
in  t h e  A - c h a i n ,  G l u ' ~ - A l a  ~" a n d  Glu :~ t -Arg  22 in  t h e  B- 
c h a i n .  G l u e a g o n  c o n t a i n s  n o  G l u - X  b o n d s  b u t  t he  fo l lo -  
w i n g  A s p - X  b o n d s :  A s p * - T y r  t°, A s p l % S c r  t6 a n d  A s p  2'- 
P h e  22. I n  p h o s p h a t e ,  a t  l o w  e n z y m e  c o n c e n t r a t i o n  
(0.001 m g / m i ) ,  t he  G l u ' 3 - A i a  I* ( B - c h a i n )  b o n d  w a s  c lea -  
r o d  v e r y  q u i c k l y  (F ig .  3 A )  w h e r e a s  G l u * 7 - A s n  's CA- 
c h a i n )  a n d  G i u 2 ' - A r g  "~" ( B - c h a i n )  were  c l e a v e d  at  a 
m u c h  l o w e r  r a t e  (F ig .  3A) .  G lu ' - ( 2Hn  5 ( A - c h a i n )  a n d  
p e p t i d e  b o n d s  i n v o l v i n g  a s p a r t i c  a c i d  were  n o t  c l e a v e d  

( n o t  s h o w n ) .  In  b i c a r b o n a t e ,  at  low e n z y m e  c o n c e n t r a -  
t i on ,  the  s a m e  p e p l i d e  b o n d s  were  c l e a v e d  b u t  at  l ower  
r a t e s  (F ig ,  3B). 

A t  h igh  e n z y m e  c o n c e n t r a t i o n  (0.2 m s / r o l L  the  p e p -  
t i de  b o n d s  i n v o l v i n g  G l u  were  c l e a v e d  a l m o s t  i n s t a n t a -  
n e o u s l y  ext,'ept G l u t - G i n  -~ ( A - c h a i n )  w h i c h  w a s  c l e a v e d  
s l o w l y  ( d a t a  n o t  s h o w n ) .  T h e  A s p - X  b o n d s  w e r e  c l e a v e d  
at  m u c h  l o w e r  ra tes .  In  p h o s p h a t e  b u f f e r  in the  fo l lo -  
w i n g  d e c r e a s i n g  o r d e r  ( F i g .  3C):  Asp~S-Ser '~ > Asp-" -  
P h e : :  > A s p g - T y r  '°. I n  b i c a r b o n a t e  the  r a t e s  we re  e v e n  
l o w e r ,  b u t  t h e  p a t t e r n  w a s  the  s a m e  (F ig .  3D) .  T h u s ,  the  
AsI>-X b o n d s  a r e  a l s o  c l e a v e d  in  a m m o n i u m  b i c a r b o -  
n a t e  a l t h o u g h  a t  l o w e r  r a t e s  t h a n  in  s o d i u m  p h o s p h a t e ,  
b u t  t h i s  is a l s o  the  ca se  f o r  the  G l u - X  b o n d s .  C o n s e -  
q u e n t l y ,  the  p r e f e r e n c e  f o r  G l u  o v e r  A s p  is n o t  s igni f i -  
c a n t l y  a f f ec t ed  b y  t he  n a t u r e  o f  the  b u f f e r  as  p r e v i o u s l y  
s u g g e s t e d  [2,3]. T h e  bene f i c i a l  e f fec ts  p r e v i o u s l y  o b -  
s e r v e d  a r e  p r o b a b l y  d u e  to  the  e x t e n s i v e  i n h i b i t i o n  o f  
t h e  e n z y m e  b y  b i c a r b o n a t e  w h i c h  r e d u c e s  i ts  a c t i o n  to  
t h e  p r e f e r r e d  G h t - X  b o n d s .  

I n  c o n c l u s i o n ,  t he  p r o c e d u r e s  fo r  the  w i d e s p r e a d  use  
o f  the  S. a u r e u s  s t r a i n  V8 p r o t e a s e  for  g e n e r a t i n g  p e p -  
t ides  f r o m  l a rge  p r o t e i n s  fo r  a m i n o  ac id  s e q u e n c e  s tu -  
d i e s  s h o u l d  be  m o d i f i e d .  C l e a v a g e  in  a m m o n i u m  b i c a r -  
b o n a t e  a t  a h igh  e n z y m e - t o - s u b s t r a t e  r a t i o  (1 :30  w /w)  
s h o u l d  be  a b a n d o n e d  in  f a v o u r  o f  a m u c h  l o w e r  e n z y m e  
c o n c e n t r a t i o n  in p h o s p h a t e  bu f f e r .  
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