
600 PREL[I~IIN,kRY ~OTES VOL. 34 (I959) 

P e p t i d e s  o b t a i n e d  by  t r y p t i c  d i g e s t i o n  o f  d u p e i n e  

Pept ides  in a t ryp t i c  digest of clupeine* have been separa ted  quan t i t a t i ve ly  b y  
elution analysis on an Amberl i te  IR,.'7.50 (XE-64) column, in the manne r  similar to  
tha t  repor ted  previously a. The  elution diagram in Fig. I shows tha t  this digest was 
f rae t iona ted  into abou t  16 chromatograph ic  peaks. Al though some peaks were still 
mixtures  of 2 to 4 peptides,  they  could be successfully separa ted  as the D N P  deriva-  
t ives by  paper  c h r o m a t o g r a p h y  or  paper  eleetrophoresis.  The  s t ruc ture  of the  isolated 
pept ides  was examined  b y  means of the D N P  method  and ca rboxypep t idase -R  
digestion. 1.eucine aminopept idase  digestion and hydrazinolysis  were also used to 
ascertain tht" amino acid sequences of rrtther complicated hexapept ides  (4d and 7, 
Table 1). The na ture  and the  amoun t  of almost  all of the f ragments  in the  digest 
were thus determined.  The results summar ized  in Table  I give near ly  comple te  in- 
format ion on the sequences in which the monoamino-monocarboxyl ie  acid residues 
(including proline) of cJupeine par t ic ipate ,  I t  is of considerable interest  t ha t  m a n y  
common sequences can be found be tween the pept ides  in Table  I and those ob ta ined  
by MO.N'IEI{ AND JUTISZ from part ial  hydro lysa tes  of salmine ~, in spite of a con- 
siderable difference in mon0amino  acid composi t ion between bo th  protamines .  
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Fig .  t .  C h r o m a t o g r a p h i c  s e p a r a t i o n  o f  a t r y p t i c  d i g e s t  o f  c l u p e i n e .  60  m g  c l u p e i n e  s u l f a t e  in  3 . 0  m l  
0.o(>7 , t i  p h o s p h a t e ,  p H  7 .81 ,  xvet-e i n c u b a t e d  w i t h  0 .34  t a g  t r y p s i n  ( N u t r i t i o n a l  g i o c h e m .  Co . ,  
t w i c e  c* ;  ~ t a l t i z ed )  f t , r  20  h a t  3 o~'. a n d  t h e n  t h e  w h o l e  d i g e s t  w a s  c h r o m a t o g r a p h e d  a t  3 ° 0  o n  
~.o × 5~ c m  c o l u m n  p a c k e d  w i t h  A m b e r h t e  ] R C - 5 o  [ X E - 6 4 )  in  e q u i l i b r i u m  w i t h  t h e  s t a r t i n g  
e l u e n t . . ' - ; i x  e l u e n t s  of  p r o g r e s s i v e l y  i n c r e a s i n g  c o n c e n t r a t i o n s  o i  N a  + w e r e  u s e d .  F i n a l l y ,  a l l  t h e  
p e p t i d e s  r e m a i n i n g  in t h e  c o l u m n  w e r e  e l u t e d  b y  o . t  N H C I  a s  a s i n g l e  p e a k  (No .  16), a l t e r  t h e  
c O l t l m n  w a s  w a s h e d  w i t h  o. 2 N a c e t i c  a c i d  to  r e m o v e  N a  ~. T h e  e f f l u e n t  w a s  c o l l e c t e d  i n  3 . [ - m l  
f r a c t i o n s  w i t h  a f low r a t e  o f  a b o u t  4 m l ] h .  A l i q u o t s  ( o , 2 - o , ]  m l )  wert~ r e m o v e d  fo r  a n a l y s i s  1)3" 

t h e  S a k a g u c h i  c o l o r i m e t r y ,  

I t  has been well-known since KOSSEL's days  tha t  bo th  p ro tamines  conta in  
arginine (A) and monoamino  acids (M) in tile molar  ra t io  of app rox ima te ly  2 to  x. 
For  this reason, a repeat ing s t ruc tu re  with a uni t  of MAz has been proposed b y  
KoSm.:L a and  \V.\LDSCHMII)T-LEITZ el al." for clupeine, and one with it uni t  of MaAa bsz 
FELIX el aL 6. On the o ther  hand,  a mixed formula containing two ,tnits, MzA m and  
MAn, has been suggested by  MONtER el ttl. 3 for the s t ruc tu re  of :.. . . . .  ;,ae. No quant i -  
t a t ive  studies, however,  have been pe r fo rmed  to  decide the ratio of *he two units. 

A b b r e v i a t i o n  : I.)N P,  d i n i t r o p h e n y l .  
* T h e  l e s s  s o l u b l e  s p e c i m e n  p r e p a r e d  f r o m  m a t u r e  m i l t s  o |  J a p a n e s e  h e r r i n g  (Clupea pallasiil x. 
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T A B I _ E  I 

PEI~TII)I~;- '~ o B r r ' ~ t l N E I )  F R O M  "% 2 I ) - H  ' r r t v f ,  r tL:  D I G E S T  O F  11o m g  ( A P P R O X .  t I sI¢M(ALP2S) 

• C L U P E I N E  S U L F . % T E  

.,':1 ~ls:'l ~ n /  .-I 1;'Io ~01~ 
Frt~gtiotl ND'IcCIto ¢. ,OriOleS Fr~tcl iott .b'~ rtlct lit*' lOlloles 

= T h r . T h r .  A r g  2. 4 8 A r g  28 .6  
{ ~  V a l - S e r - A r g  7-7 ~ ~ A r g - ( V a I , S e r ) . A r g  " -4  

r h r -  A r g  4-5 9 { ~b V a l -  Ser"  A r g ,  A r g  o.2  
3 ( +  3") Pr , ,  V a I . A r g  ~',I I c A r g - T h r - T l a r - A r g  o. I  

d P r o -  l i e n -  A r g  o ~ Io A r g -  Y'ra A r g  6 .o  
a A 1 R . G t y - A r g  1.9 I a A r g .  A l a - A r g  o 3 
b A l a - S e r - A r g  e , o  t r I b A r g - T h r .  Arg  o.z 

4 e S e r -  A r g  2.5  j a A l a '  A r g - A r g  i .3 
L d S e r -  S e r  - A r g -  - t a. I h P ro"  A r g -  A r g  o . 6  

P r ~ -  l l e u  • A r g  i -7 t 3 Arg"  A r g  4 e. i 
5 A l a -  A r g  t o . 9  ~ 4 Arg -  A r g -  P r o -  A r g  z .8 

I ' r o .  A r g  5-5 ~ 5 A r g .  A r g -  A r g  t .3 
7 { +  7") A t a .  S e r .  A r g - -  

Pro"  Vat .  A r g  5 ,o 
D 

The  resul t s  in Tab le  I show t h a t  a fo rmula  s imilar  to  t h a t  of MONtER at al. seems 
m o r e  a d e q u a t e  for c lupeine  also. Ana ly t i ca l  d a t a  fu r the r  ind ica te  t h a t  two- th i rds*  
of the monoamino acid residues in the molecule exist in the form of -AMMA-,  and 
the rest in the forms of - A M A -  and MA- (N-terminus). tt is also worth noticing that 
a peculiar sequence*' ,  -AMMAMMA-,  was Ioend for the first time in protamines 
(see 4d and 7, Table I). Such a sequence shows distinctly th e presence of an arginine 
residue separated singly by monoamino acids, while pep,ides Nos. 13. 14 and I5 
suggest the occurrence of considerable amount of poly(tri- or more)-argininc se- 
quences in clupeine. 
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" T h e s e  f i g u r e s  s h o u l d  h e  r e g a r d e d  a s  a v e r a g e  v a l u e s ,  b e c a u s e  e J u p e i n e  h a s  a n  in t r inMe~t l ly  
h e t e r o g e n e o u s  n a t u r e .  T h e  p r e s e n t  s p e c i m e n  of  c l u p e i n e  is on  a p p r o x ,  e q u i m o l a r  m i x t u r e  o f  
m o l e c u l e s  w i t h  N - t e r m i n a i  s e q u e n c e s  o f  A l a .  Arg . . -keg -  a n d  P r a .  A r g -  A r g -  r e s p e c t i v e l y  ¢. 
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