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

s p e c t r o m e t r y  

K e n - i c h i  Y o s h i n o  t .  T o s h i f u m i  T a k a o  2. Y a s u t s u g u  S h i m o n i s h i  2 a n d  N o r i o  S u z u k i '  

' N o t o  M a r i n e  L a b o r a t o r y ,  Kana .Tawa  Un ive r s i t y ,  Ogi ,  Uchiura ,  l s h i k a w a  927-05 .  J a p a n  a n d  : I n s t i t u t e  f o r  Prot~,in R e s e a r c h .  
O s a k a  U n i v e r s i t y ,  Y a m a d a o k a ,  Su i t a ,  O s o k a  5 6 5 ,  J a p a n  

R o ~ e i v e d  23  S e p t e m b e r  1 9 9 !  

A s p e r m - a c t i v a t i n g  p e p t i d e  ( S A P )  w a s  i so l a t ed  f r o m  t h e  e g g  je l ly  o f  t h e  s e a  u r c h i n  Slomopneusres variotaris. T h e  p r e s e n c e  o f  a n  i n t r a m o l e c u l a r  
disu'~fide l i n k a g e  in t h e  p e p t i d e  w a s  d e m o n s t r a t e d  by  fas t  a t o m  b o m b a r d m e n t  ( F A B )  m a s s  s p e c t r o m e t r y  wi th  t h e  i n t ac t  a n d  r e d u c e d  pep t ides .  T h e  
a m i n o  ac id  s e q u e n c e  o f  t h e  r e d u o e d  p e p t i d e  w a s  d e t e r m i n e d  to  be  L y s - P h e - C y s - P r o - G l u - G l y - L y s - C y s - V a l  b~ t a n d e m  m a s s  spectrometry_ f r o m  the  
spec ,  r u m  p r o d u c e d  b y  a c o l l i s i o n - i n d u c e d  d e c o m p o s i t i o n  m e t h o d .  F u r t h e r m o r e .  it w a s  a l so  d e m o n s t r a t e d  t h a t  S A P s  o b t a i n e d  f r o m  sea  u r c h i n s  

Arhacia pu~t'tulottJ a n d  GIvplocidaris crenuluris a r e  cycl ic  p e p t i d e s  c o n t a i n i n g  o n e  c y s t i n e  r e s idue  by  F A B  m a s s  s p o c t r o m c t r y .  

S p e r m - a c t i v a t i n g  Deptide;  C y s t i n e - c o n t a i n i n g ;  T a n d e m  m a s s  s p e c t r o m e t r y :  C o l l i s i o n - i n d u c e d  d e c o m p o s i t i o n  

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

S p e r m - a c t i v a t i n g  p e p t i d e s  ( S A P s )  i s o l a t e d  f r o m  t h e  
e g g - c o n d i t i o n e d  m e d i a  ( e g g  j e l l y )  o f  s e a  u r c h i n s  h a v e  
s e v e r a l  e f f e c t s  o n  s e a  u r c h i n  s p e r m a t o z o a .  S A P s  c a u s e  
s t i m u l a t i o n  o f  s p e r m  r e s p i r a t i o n  a n d  m o t i l i t y  t h r o u g h  
i n t r a c e l l u l a r  a l k a l i n i z a t i o n ,  t r a n s i e n t  e l e v a t i o n s  o f  
c A M P ,  c C i M P  a n d  C a  2+ l e v e l s  i n  s p e r m  c e l l s ,  a n d  
t r a n s i e n t  a c t i v a t i o n  a n d  s u b s e q u e n t  i n a c t i v a t i o n  o f  t h e  
m e m b r a n e  f o r m  o f  g u a n y l a t e  c y d a s e  [ I , 2 ] .  A s p e c i f i c  
r e c e p t o r  f o r  S A P - I I A  ( r e s a c t ) ,  C y s - V a i - T h r - G l y - A l a -  
P r o - G l y - C y s - V a l = G i y - G l y - G l y - A r g - L e u - N H 2 ,  i s  t h e  
m e m b r a n e  f o r m  o f  g u a n y l a t e  c y c l a s e  a n d  t h e  s a m e  a s  
n a t r i u r e t i c  p e p t i d e  r e c e p t o r s  a n d  a h e a t - s t a b l e  e n t e r o -  
t . o x i n  r e c e p t o r  [ 3 - 5 ] .  I t  i s  r e p o r t e d  t h a t  a r e c e p t o r  f o r  
S A P - I  ( s p e r a c t ) ,  G l y - P h e - A s p - L e u - A s n - G l y - ( ~ l y - G l y -  
V a l - G l y ,  p o s s e s s e s  s e v e r a l  c y s t e i n e - r i c h  d o m a i n s  w h i c h  
a r e  a n a l o g o u s  t o  t h a t  o f  t h e  t y p e  I m a c r o p h a g e  s c a -  
v e n g e r  r e c e p t o r  [6 ] .  

T a n d e m  m a s s  s p e c t r o m e t r y  ( M S / M S )  h a s  b e e n  
s u o c e s s l u l l y  a p p l i e d  t o  s e q u e n c e  a n a l y s i s  o f  a l i n e a r  p e p -  
t i d e  [7 ] .  D e s p e y r o u x  e t  a l .  h a v e  d e v e l o p e d  a m e t h o d  
u s i n g  M S / M S  t o  d e t e r m i n e  t h e  a m i n o  a c i d  s e q u e n c e  o f  
a c y c l i c  p e p t i d e  c o n t a i n i n g  c y s t i n e  [8 ] .  I n  t h e  p r e s e n t  
s t u d y ,  w e  i s o l a t e d  a n e w  S A P  w h i c h  h a s  t w o  h a l f - ~ y s t i n e  
r e s i d u e s  f r o m  t h e  e g g  j e l l y  o f  t h e  s e a  u r c h i n  S r o -  
m o p n e u s t e s  v a r i o l a r i s ,  a n d  a p p l i e d  t h e  m e t h o d  f o r  d e -  
t e r m i n a t i o n  o t  t h e  a m i n o  a c i d  s e q u e n c e  o f  t h e  p e p t i d e .  

¢27orrcspondem¢~ address: N.  S u z u k i .  Noto M a r i n e  L a b o r a t o r y ,  K a -  
n a z a w a  U n i v e r s i t y ,  Og i ,  U c h i u r a .  l s h i k a w a  927-05 .  J a p a n .  F a x :  (81) 
(768)  74 1644. 

i n  a d d i t i o n ,  u s i n g  a m a s s  s p e c t r o m e t r i c  m e t h o d  w e  
f o u n d  t h a t  S A P - l l A  f r o m  A r b a c i a  p u n c t u l a t a  a n d  S A P -  
l i B  a n d  i t s  f i v e  d e r i v a t i v e s  f r o m  G l y p t o c i d a r i s  c r e n u l a r i s  
c o n t a i n  a n  i n t r a m o l e c u l a r  d i s u l f i d e  l i n k a g e .  

2 .  E X P E R I M E N T A L  

2.1. Isolation o r S .  v a r i o l a r i s  S A P  
S A P  w a s  i so l a t ed  f r o m  66% e t h a n o l  e x t r a c t  o f  t h e  e g g  jel ly  o f  the  

s e a  u r c h i n  S. variolari, v a~ d e s c r i b e d  in [9]. 

2.2. High-performamce Ifquid chro, natography ( H P L C  ) 
H P L C  w a s  c a r r i e d  o u t  u s i n g  Cs  c o l u m n s  a s  desc r ibed  in [9]. 

P r o g r a m s  !, II 8 n d  III d e s c r i b e d  in 191 were  u s e d  fo r  i so l a t i on  o f  S A P .  

2.3. Fast a tom bombardn,.~nt ( F A B ]  mass spectronlctr y 
F A B  m a s s  s p e c t r a  were  o b t a i n e d  wi th  a J E O L  J M S - H X  I00  d o u b l e -  

f o c u s i n g  m a s s  s p e c t r o m e t e r  o r  a J E O L  J M S - H X !  10/! IO f o u r - s e c t o r  
t a n d e m  m a s s  s p e c t r o m e t e r  e q u i p p e d  w i th  a n  F A B  ion s o u r c e  a n d  a 
J E O L  J M A - D A T 0 0 0  d a t a  a c q u i s i t i o n  s y s t e m ,  a s  d e s c r i b e d  in  [lO]. in  
M S / M S  m o d e .  t h e  p r e c u r s o r  ion  w a s  se lec ted  by  t he  first m a s s  s p e c t r o -  
m e t e r  a n d  d e c o m p o s e d  in a co l l i s ion  ce l l  T h e  a m o u n t  o f  t h e  co l l i s ion  
ga s  ( l i e )  i n t r o d u c e d  in to  t h e  cell w a s  a d j u s t e d  to  r educe  t h e  i n t ens i t y  
o f  t he  p r e c u r s o r  ion  by  h a l f  o f  i ts ini t ial  va lue .  T h e  d a u g h t e r  ion  
s p e c t r u m  w a s  o b t a i n e d  by  c o l l i s i o n - i n d u c e d  d e c o m p o s i t i o n  ( C I D )  o f  
p r e c u r s o r  i on  in a B / E - l i n k e d  s c a n  m o d e ,  w h e r e  t h e  r a t i o  o f  t h e  m a g n e -  
tic field a n d  e lec t r ic  field o f  s e c o n d  m a s s  s p e c t r o m e t e r  w a s  kep t  c o n -  
s t a r t .  

2.4. Peptide syntl~esis 
A pept ideo L y s - P h e - C y s - P r o - G l u - G l y o L y s - C y s - V a l .  w a s  s y n t h e s i z e d  

u s i n g  a so l id-p~tase  m e t h o d  w i th  u s e  o f  a MilliC~en 9 0 3 0  P e p S y n t h e -  
sizer .  M e t h y l l ~ n z h y d r y l a m i n e  p o l y s t y r e n e  res in  c o n t a i n i n g  9 - f luore -  
, t y l m e t h y l o x y c a r b o n y l  ( F m o c ) - L - V a l  ( F m o c - L - V a l  P A C  S u p p o r t )  
(0.3 m e q / g )  w a s  u s e d  a s  s t a r t i n g  m a t e r i a l .  T h e  f o l l o w i n g  a m i n o  ac id  
ac t ive  e s t e r s  were  u s e d  fo r  t h e  syn the s i s :  F m o c - L - G l u  7 - t - b u t y l  e s te r  
e t - p g n t a f l u o r o p h e n y i  e s t e r  ( -OPfp) .  F m o c - L - P r o - O P f p ,  F m o c - G l y -  
O P f p ,  F m o c - S - t r i t y l - L - C y s - O P f p .  F m o c - L - P h e - O P f p .  a n d  N ' - F m c c -  
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Fig, i .  F A g / M S / M S  C I D  .~pectrum o f  t l-e [~vl+H]" ion (rru'z = 1010.4) observed in the spect rum o f  the reduced pept id¢ SV- I ,  T h e  insert  shows 
an in te rp re ta t ion  o! the C I D  spectrum. The  nomenc la tu re  used is based o n  that  used in [7,12], 

N'-t-butyloxycarbonyI-L-Lys-OPf['. The  resin with prora ted  peptide 
was treated with m-cresol. 1,2-ethanedithiot and thioanisole in tri- 
fluoroacetic acid (TFA) at 0°C for 2 h. After removal of  TFA, the 
resulting peptide was extracted with I M acetic acid. washed with ethyl 
ether, and air-oxidized in dilute solution at pH 7.5 for 4 h. 

Synthetic SAP-i lA was a generous gift from Dr. H. Shimomura. 
Synthetic SAP-lIB was previously synthesized in o u r  laboratory by a 
liquid-phase method II II. 

2.5. Amino acid nnolysL~ 
Amino ae ' J  analysis was performed using a Hitachi L-8500 amino 

acid analyzer after hydrolysis for 20 h in constant-boiling HCI (5.7 IN) 
at 110°C in vacuo. 

2.6. Determinaaion o f  sperm respiration roles 
Sperm respiration rates we.-e determined as described in [I I]. 

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

3. ! .  P u r i f i c a t i o n  o f  a n  e g g  j e l l y  p e p t i d e  
T h e  e t h a n o l  e x t r a c t  o f  S. var io lar is  e g g  j e l l y  o b t a i n e d  

f r o m  10 i n d i v i d u a l s  w a s  c o n c e n t r a t e d ,  d e l i p i d a t e d ,  a n d  
t h e n  s u b j e c t e d  t o  H P L C  u s i n g  P r o g r a m  1. A n  a c t i v e  
f r a c t i o n  w a s  p u r i f i e d  f u r t h e r  b y  H P L C  u s i n g  P r o g r a m  
I I I  a n d  t h e n  P r o g r a m  I! .  A n  a c t i v e  p e p t i d e  ( S V - I )  w a s  
p u r i f i e d  in a f ina l  a m o u n t  o f  i 3 .0  n m o l .  T h e  a m i n o  a c i d  
c o m p o s i t i o n  w a s  d e t e r m i n e d  t o  be  Glue.s4 ( ! ) ;  Prot.z7 ( I ); 
G l y ,  o~ ( ! ) ;  I /2Cys, .6~ (2);  V a l ,  oo ( l  j ;  Phet.o2 (1) ;  Lys2.o, 
(2 )  ( m o i / m o i  o f  V a I L  

3.2. P r i m a r y  s t r u c t u r e  o f  S. v a r i o l a r i s  S A P  
F A B  m a s s  s p e c t r u m  o f  t h e  S A P  g a v e  a p r o t o n a t e d  

m o l e c u l a r  i o n  a t  m / z  = 1008 .5  w h i c h  w a s  i d e n t i c a l  w i t h  
t h e  t h e o r e t i c a l  v a l u e  c a l c u l a t e d  f r o m  t h e  a m i n o  a c i d  
c o m p o s i t i o n  w i t h  t w o  h a l f - c y s t i n e s .  I n  a d d i t i o n ,  i n t e n s e  
s e q u e n c e  i o n s  ( m / z  = 9 0 8 . 2 ,  880 .4 ,  864 .3 ,  733 .3  a n d  
7 1 7 . 2 )  w e r e  c l e a r l y  o b s e r v e d ,  s u g g e s t i n g  t h a t  t h e  N -  
t e r m i n a l  N q u e n c =  is L y s - P h e -  a n d  t h a t  t h e  C - t e r m i n u s  
is Va t .  T o  c o n f i r m  t h e  p r e s e n c e  o f  a n  i n t r a m o l e c u l a r  
d i s u l f i d e  l i n k a g e ,  t h e  s o l u t i o n  o f  t h e  p e p t ; d e  ( I  r a M )  in  
a r e d u c i n g  b u f f e r  (191~ N I - 1 4 H C O  3, p H  6 .8 )  w a s  p r e p -  
a r e d ,  t o  w h i c h  w a s  a d d e d  a n  e q u a l  v o l u m e  o f  a r e d u c -  

t i r e  m a t r i x  ( d i t h i o t h r e i t o l / d i t h i o e r y t h r i t o l ,  5:1 w / w ) .  I n  
t h e  F A B  m a s s  s p e c t r u m  t h e  r e d u c e d  p e p t i d e  g a v e  a 
s i g n a l  a t  m / z  = 1010 .4  w h i c h  w a s  n e a r l y  i d e n t i c a l  t o  t h e  
t h e o r e t i c a l  m a s s  v a l u e  ( 1 0 1 0 . 5 )  o f  a p e p t i d e  c o n t a i n i n g  
t w o  c y s t e i n e s  i n s t e a d  o f  t w o  h a l f - c y s t i n e s .  

T h e  a m i n o  a c i d  s e q u e n c e  o f  t h e  r e s u l t i n g  l i n e a r  p e p -  
t i d e  w a s  t h e n  d e t e r m i n e d  b y  M S / M S  f r o m  t h e  s p e c t r u m  
p r o d u c e d  b y  t h e  C I D  o f  t h e  [ M + H ]  + i o n  o f  t h e  p e p t i d e  
[8]. A s  s h o w n  in  F i g .  ! ,  m a n y  s e q u e n c e  i o n s  ( t y p e s  a , ,  
b . ,  d , ,  Y"n, a n d  w , )  w e r e  o b s e r v e d  g i v i n g  s e q u e n c e  in -  
f o r m a t i o n  t o  b e  e s t a b l i s h e d  as  L y s - P h e - C y s - P r o - G l u -  
G l y - L y s - C y s - V a l .  F u r t h e r m o r e ,  f i v e  i n t e r n a l  s e q u e n c e  
i o n s  a t  m / z  - 4 1 2 . 3  ( P E G K ) ,  2 8 4 . 2  ( P E G ) ,  2 2 7 . 3  ( P E ) ,  
186 .3  ( G K )  a n d  129.3  ( K )  w e r e  o b s e r v e d  in  t h e  
s p e c t r u m .  

T o  c o n f i r m  t h e  proposed  s t r u c t u r e ,  a p e p t i d e  w a s  
s y n t h e s i z e d  a c c o r d i n g  t o  t h i s  s e q u e n c e .  T h e  o x i d i z e d  
a n d  r e d u c e d  s y n t h e t i c  p e p t i d e s  w e r e  e l u t e d  s e p a r a t e l y  
f r o m  e a c h  o t h e r  b y  H P L C ,  a n d  t h e  s y n t h e t i c  o x i d i z e d  

~. v ~ r i ~ , ~ _  S p e r m a t o z o a  
i 

I ~ 6 .6  A S W  

\ " ~ I  C S A P - I .  S A P - h i  
P - I V  

.~_. v~rK)karJ~_ e g g  jeilly pmpt ide o A P - - I I B  
0 

2 rnin 
Fig.  2. Resp l ra t i on -s t imu la t i ng  ef fect  o f p e p t i d e  SV- !  o n  S. varkdaH.t  
spc'nTmtozoa (10 m g  wet  wei~Jht/ml a r t i f i c ia l  sea water ) .  A r r o w s  (a, b 
and c) indicate the points at which S. ~ i o / a r ~  elM![ jelly peptid~ (0.5 
/aM), SAP-lIB (I ,uM) and other SAPs (SAP-I, SAP-Il l  and SAP-IV) 

( I / u M )  were added.  

1 8 0  
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Tab le  ! 

Obs~rxted mass  valttes and  a m i n o  acid sequences of  sperm-ac t iva t ing  pept ides  ob ta ined  from the  egg ~e||y of  sea urchins  ,4 p~m'tuhHu and  G 
crenulari.¢ 

A P- I G C -  I G C - 2  G C - 3  G C - 4  G ( ' -  .5 ( ;4 [ ' -6  

[M+HI"  o f  intact  i~p t ide  

[ M + H F  of  r e d u c e d  pept ide  

1243.4 1046.2 888.2 760.1 I ! 36.2 902.2 774.0 
( ! 243.6) (1046.5) (888.4) (760.3) ( I 136.5) (902.4) (774.3) 

! 245.3 1048.4 890. I 762.1 I 1384  904. I 776.2 
(1245.6) (1048.5) (890.4) (762.3) (I 138.5) (904.4) (776.3) 

A P - I :  
G C - I :  
GC-2:  
GC-3:  
t IC-4 :  
GC-5:  
GC-6:  

Cy  s-VaI-Thr-Gly-Ala-Pro-Gly-Cys-Val~Oly-Gly.4~ly-ArgoLeu-N H:  (SAP-I IA)  
Ser -A |a -  Lys- Leu-Cys-Pro-Giy-Gly-Asn-Cys-Val  (Scr -Ala-SAP-I IB)  

Lys- Leu-Cys- Pro--Gly-Gly-Asn- Cys-Val (SAP- l IB)  
L¢ u -Cys-Pro~CHy-Gly -A sn-~Cys-Val (Des-Lys t -SAP-I IB)  

Ser- Phe-  Lys-Let t -Cys-Pro-Gly-Gly-GIn  -Cys-Val (Scr-Ph¢-[GInT]SA P-! I B ) 
Lys-Leu-Cys-Pro-Gly-Gly-GIn~Cys-Val  ([GInT]SAP-IIB) 

L¢u-Cys-Pro-Gly-Gly-GIn  -Cys-Vai (D~-Lys ' - [GInT]SAP-I  I B) 

T h e  mass  value  in paren theses  is shown  as the theoret ical  mass  value  o f  each  peptide.  The  a m i n o  ae~d sequences have  been de te rmined  by au tomat i c  
E d m a n  degrada t ion  [I 1.13]. ~,Vith regard  to S A P - H A ,  the exper iment  was p e ~ o r m e d  using a synthet ic  peplid¢ of  which re ten t ion  t ime on H P L C  

is identical  with  t ha t  o f  na tu ra l  S A P - i l A  1131 . 

p e p t i d e  s h o w e d  t h e  s a m e  r e t e n t i o n  t i m e  a s  t h a t  o f  t h e  
n a t u r a l  p e p t i d e .  ( A m i n o  a c i d  c o m p o s i t i o n  o f  t h e  s y n -  
t h e t i c  p e p t i d e :  G l u t . t o  ( I ) ;  P r o t , 4  ( I ) :  G i y z l ~  ( ! ) ;  1/  
2 C y s ,  7, ( 2 ) :  V a i l 0 0  ( ! ) :  P h e o 9 9  ( i ) ;  L y s z 0 s  ( 2 )  ( t o o l / t o o l  
o f  V a i l .  O b s e r v e d  m a s s  v a l u e s  ( [ M + H ] + ) :  1 0 0 8 . 4  ( o x i -  
d i z e d ) ;  1 0 1 0 . 4  ( r o d u c e d ) . )  

i n  c o n c l u s i o n ,  t h e  p r i m a r y  s t r u c t u r e  o f  p e p t i d e  S V - I  
w a s  e s t a b l i s h e d  t o  13¢ L y s - P h ¢ - ~ , y s - P r o - G l u - G l y - L y s - C t y s -  
V a l  b y  t h e  m a s s  s p e c t r o m e t r i c  m e t h o d  w i t h o u t  a l k y l a -  
l i o n  o f  p e p t i d e .  T h i s  s e q u e n c e  i s  s i m i l a r  t o  t h a t  o f  S A P -  
l i b  ( a i i o r e s a c t )  [ I  ! ] .  

3 . 3 .  E f f e c t s  o f  the  pep t i de  on s p e r m  resp ira t ion  
P e p t i d e  S V - !  w a s  a q u i t e  p o t e n t  s t i m u l a t o r  f o r  S .  

variolaris  s p e r m  r e s p i r a t i o n .  T h e  r e s p i r a t i o n  w a s  s t i m u -  
l a t e d  b y  t h e  p e p t i d e  a s  w e l l  a s  b y  S A P - l I B ,  b u t  n o t  b y  
S A P - I ,  S A P - I l l  a n d  S A P - I V  ( F i g .  2 ) .  T h e  p e p t i d e  s t i m u -  
l a t e d  G. crenular i s  s p e r m  r e s p i r a t i o n  w i t h  3 5 0  p M  o f  
E D s 0  v a l u e ,  w h i c h  i s  c o m p a r a b l e  t o  t h o s e  ( 5 0 0 - 1 0 0 0  
p M )  w i t h  S A P - l I B  a n d  i t s  f i v e  d e r i v a t i v e s  f r o m  G. cre- 
nular is  [10 ] .  T h i s  s u g g e s t s  t h a t  s u b s t i t u t i o n s  o f  L e u  2 b y  
P h e ,  G l y  s b y  G l u ,  a n d  A s n  ~ o r  G i n  7 b y  L y s  d o  n o t  a l t e r  
t h e  r e s p i r a t i o n - s t i m u l a t i n g  a c t i v i t y .  T h e s e  s u b s t i t u t i o n s  
c o u l d  o c c u r  b y  s i n g l e - p o i n t  m u t a t i o n  o n  a g e n e t i c  c o d e .  

3 , 4 .  D e t e r m i n a t i o n  o f  a disul f ide l i nkage  in S A P s  f r o m  
A .  p u n c t u l a t a  a n d  G .  c r e n u l a r i s  

A l t h o u g h  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  S A P - I I A  
f r o m  A.  p u n c t u l a t a ,  S A P - l i B  a n d  f i v e  S A P - l I B  d e r i v a -  
t i v e s  f r o m  G. crenular i s  c o n t a i n  t w o  c y s t e i n e  r e s i d u e s ,  
t h e  p r e s e n o e  o f  a d i s u l f i d e  l i n k a g e  i n  t h e s e  p e p t i d e s  h a s  
n o t  y e t  b e e n  c o n f i r m e d .  T h e  o b s e r v e d  m a s s  v a l u e s  o f  
i n t a c t  p e p t i d e s  w e r e  n e a r l y  i d e n t i c a l  w i t h  t h e  t h e o r e t i c a l  
m a s s  v a l u e s  c a l c u l a t e d  f r o m  t h e  r e s p e c t i v e  a m i n o  a c i d  
s e q u e n c e  w i t h  t w o  h a l f - c 3 , s t i n e s .  T h e n ,  F A B  m a s s  s p e c -  

t r o m e t r y  s h o w e d  t h a t  r e d u c t i o n  o f  t h e s e  p e p t i d e s  b y  t h e  
r e d u c t i v e  m a t r i x  i n c r e a s e d  t h e  m a s s  o f  t h e s e  p e p t i d e s  b y  
2 a t o m i c  m a s s  u n i t s  ( T a b l e  i ) .  

T h e  n a t u r a l  S A P - I I B  w a s  f o u n d  t o  c o - e l u t e  w i t h  t h e  
o x i d i z e d  s y n t h e t i c  p e p t i d e  o n  H P L C  u s i n g  C a  c o l u m n .  
H o w e v e r ,  t h e  r e t e n t i o n  t i m e  o f  t h e  n a t u r a l  p e p t i d e  
d i f f e r e d  f r o m  t h a t  o f  t h e  r e d u c e d  s y n t h e t i c  p e p t i c l e  o n  
H P L C .  ( A m i n o  a c i d  c o m p o s i t i o n  o f  t h e  s y n t h e t i c  S A P -  
l i B :  A s p w . ~  ( 1 ) :  Prol_09 ( I ) :  G l y ~ l ~  ( 2 ) :  t / 2Cys , . .~ s  ( 2 ) :  
V a i l  o0 ( I ) ;  L e u l  ol ( I ) :  L y s o . ~  ( I )  ( t o o l / t o o l  o f  V a i l .  O b -  
s e r v e d  m a s s  v a l u e  ( [ M + H ] + ) :  8 8 8 . 3  ( o x i d i z e d ) ;  8 9 0 . 1  
( r e d u c e d ) . )  

F r o m  t h e s e  r e s u l t s ,  w e  c o n c l u d e d  t h a t  S A P - l l A ,  S A P -  
I I B  a n d  f i v e  S A P - I I B  d e r i v a t i v e s  a r e  a l s o  c y c l i c  p e p t i d e s  
c o n t a i n i n g  a n  i n t r a m o l e c u l a r  d i s u l f i d e  l i n k a g e .  
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