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The p r o t a m i n e s  of the s turgeons  a r e  among the leas t  studied compounds of th is  c l a s s  of p ro te ins .  Only s tur in  
f rom Acipens~?r s tu r io  has been studied in some deta i l ,  by Kosse l  and Staudt in 1927 [1] and by Fe l ix  in the f i f t ies  [2]. 
Sturgeon p r o t a m i n e s  belong to the c l a s s  of t r i p r o t a m i n e s  because  they contain a l l  t h r ee  d ibas ic  amino ac ids .  

This  p a p e r  gives the r e s u l t s  of the i so la t ion  and study of a p ro tamine  f rom the s p e r m  of Ac ipense r  s teUatus .  
Using the nomenc la tu re  for  p ro t amines  in t roduced by Kosse l ,  we have adopted for  it the name of s te l l in .  This 
p ro tamine  was obtained p rev ious ly  by Kuraev  [3] and a lso  by L i s i t syn  and Aleksandrovskaya  [4], but they c h a r a c t e r i z e d  
it only by i t s  e l e m e n t a r y  composi t ion .  

Like a l l  the p ro t e in  studied h i ther to ,  s t e l l in  cons i s t s  of a he terogeneous  mix ture  of pep t ides .  On pape r  
e l e c t r o p h o r e s i s  under  va r ious  condit ions (phosphate buffer ,  pH 5.8, 6.5 and 6.7 at  500 and 1000 V) it g ives  a broad  
diffuse band without apprec iab le  separa t ion .  The UV spe c t r a  of s te l l in  (Fig.  1) conf i rm the absence  f rom it of t y ros ine  
and nucleic  ac ids ,  s ince  they give the absorp t ion  curve  without a maximum in the 260-280 m~ region  that is  
nonspecif ic  fo r  p ro t e in s .  Its amino acid  composi t ion  is c h a r a c t e r i s t i c  fo r  the p ro t a mine s  (Table 1). It mus t  be 
mentioned that th is  composi t ion  v a r i e s  somewhat  for  d i f ferent  p r e p a r a t i o n s .  This  p robab ly  depends on the di f ferent  
s ta te  of r i p e n e s s  of the spe rm.  Neve r the l e s s ,  a cons ide rab le  s i m i l a r i t y  can be seen between the composi t ion  of 
s te l l in ,  p a r t i c u l a r l y  in the b a s i c  amino acid f rac t ion ,  and the composi t ion  of s tu r in  (Table 2). A s i m i l a r i t y  a lso  
appea r s  in r e s p e c t  of the t e r m i n a l  amino ac ids :  at  the N-end of s t e l l in  we have found only a lanine,  while in s tu r in  
F e l i x  showed the p r e s e n c e  of a lanine and a s m a l l  amount of g lutamic  acid.  Thus,  the s turgeon p ro t amines  have 
c h a r a c t e r i s t i c  d i f fe rences  f rom the p r o t a m i n e s  of the bony f i shes  (Salmonidae,  h e r r i n g s ) ,  in which p ro l ine  
p r e domina t e s  at  the N-end.  
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Fig .  1. UV s p e c t r a  of s t e l l in  a f te r  
s epa ra t i on  on Sephadex G-25: I) Main 
f rac t ion ,  s t e l l in -1 ;  II) aux i l i a ry  f r ac t ion  
desorbed  f rom the column with 0.005 N 
HC1 ( spec t ra  of 0.1% solut ions of s t e l l in  

in water ) .  

The mean  m o l e c u l a r  weight of s te l l in  ca lcu la t ed  f rom the amount  of N - t e r m i n a l  alanine was 5300. It is  l ike ly  
that  th is  f igure  is  somewhat  high because  of the usual  i ncomple teness  of the d in i t rophenyla t ion  reac t ion .  A 
c o l o r i m e t r i c  de te rmina t ion  with ninhydrin  before  and a f t e r  hyd ro lys i s  showed that the m o l e c u l a r  weights  of the 
f rac t ions  (1-5)  i so la ted  by ch romatography  on CM-ce l lu lose  a r e  d i f ferent ,  those  of the las t  th ree  f rac t ions  (3-5)  
being c lose  to the m o l e c u l a r  weight of s t e l l in  while the f i r s t  two f rac t ions  contain s h o r t e r  pept ides .  
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T h u s ,  the  h e t e r o g e n e i t y  of s t e l l i n  i s  c a u s e d  bo th  by  d i f f e r e n c e s  in  the  l e n g t h s  of the  p e p t i d e s  c o m p o s i n g  i t  and  
a l s o  by  t h e i r  d i f f e r e n t  a m i n o a c i d  c o m p o s i t i o n s  ( s e e  T a b l e  1). 

T a b l e  1. A m i n o  Acid  C o m p o s i t i o n  of S t e l l i n  and I t s  F r a c t i o n s  

Stelliml Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction 5 
Ami . . . .  id a * - - ~  a - ~ - - ~ - - ~  ~ a - - ~  ~ b 

Arginine 
Histidine 
Lysine 

Aspar tic acid 
Threonine 
Serine 

Glutamic acid 
Proline 
Glycine 
Alanine 
Leucine 

Mean moI wt 

30.8 
9.6 

13.2 

0.3 
2.2, 
3.9 

16 
0.7 
3.2 
2.3 
l. 9 

<i 

395 43.1 
70 6.8 

103 11.25 
I 

2.9 1.06 
:20.8 8.16 
i 44.8 7.84 

I 12.5 2,66 

I 56.~ 10.4 
~33.1 8.6 

17.8 1.68 

300 i ~2 

276 
49.4 
87.8 

9.2 
55.5 0.5 
90.1 4.8 

20,6 4.5 
- -  4.6 

183.0 1.2 
I21.0 3.4 

1~-.9 1 9  

)00 ] 

! 
i5.4 142.9 
5.1 36.5 
7.7 50.1 

0.7 il 6.6 
[I 4.86 
i155.7 

fl35.2 
47.4 

il22.1 
t48.0 
!117.0 

400 

l 
51.6 334 46.4 1301 
9.3 66 12.51 9t 

/ 168 173 21.5 i 22.2 

4.5 0 9L 08 
,2, ,0.9 3 813 9 

i51  93 5. 6j 651 
1.09 8.45 0.22 2.8 
,).85 8.76 0.381 3.9 
13.83 67.2 2.65] 46.5 
it.61 22.6 4.07 57.3 
2.69 23.2 2.491 22.0 

~430U 1 ~5500 

7.2 430 
5.6 4t 
4.7 31 

0.6 5.2 
1.1~ 9.9 
6.2 71.3 

4.5 34.9 
2.9~ 38.8 
3.8" 67.7 
2.2 31.4 
0.8 7.2 

~5300 

a*) Percentage of the amino acid; b) number of residues per 100 000 g of stellin. 

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

To i s o l a t e  the  p r o t a m i n e  we u s e d  the  m e t h o d  of C a l l a n a n  et  a l .  [5], wh ich  p e r m i t s  the  p r o t a m i n e s  to be  
s e p a r a t e d  f r o m  t h e  n u c l e i c  a c i d s  u n d e r  v e r y  m i l d  c o n d i t i o n s .  Mi l t  of f r e s h - f r o z e n  s e v r u g a  was  c a r e f u l l y  f r e e d  f r o m  
fa t  and c o n n e c t i v e  t i s s u e ,  c o m m i n u t e d  in  a m i n c i n g  m a c h i n e ,  and  w a s h e d  a l t e r n a t e l y  f ive  t i m e s  w i th  w a t e r  and  0.1 N 
NaC1 in  the  cold ,  and i t  w as  t hen  t r e a t e d  t h r e e  t i m e s  w i th  50% e t h a n o l  and t w i c e  wi th  96% e t h a n o l ,  and f i n a l l y ,  w i th  
a m i x t u r e  of e t h e r  and  e t h a n o l  (1 : 1). T he  a i r - d r y  m a s s  of s p e r m  was  g r o u n d  in a b a l l  m i l l ,  and  t he  p o w d e r  was  
d e f a t t e d  in a Soxh le t  a p p a r a t u s .  To c l e a v e  the  n u c l e o p r o t a m i n e ,  the  d r y  m a s s  of s p e r m  w a s  t r e a t e d  wi th  1.5 v o l u m e s  
of 1.5 M NaCI in  50% e t h a n o l .  A f t e r  c a r e f u l  s t i r r i n g  in  a m i x e r ,  t he  m i x t u r e  was  c e n t r i f u g e d ,  and t he  r e s i d u e  w a s  
s u b j e c t e d  to  the  s a m e  t r e a t m e n t  f i ve  m o r e  t i m e s °  The  c o l l e c t e d  e x t r a c t s  w e r e  d i a l y z e d  a g a i n s t  d i s t i l l e d  w a t e r .  
C e l l o p h a n e  t h a t  had  b e e n  h e a t e d  at  105 ° C f o r  20 h r  to d e c r e a s e  i t s  p o r o s i t y  was u s e d  fo r  the  d i a l y s i s .  The  d i a l y z e d  
s o l u t i o n  w a s  f r e e z e - d r i e d .  B e c a u s e  of t h i s  d i a l y s i s  t h r o u g h  c o m p a c t e d  C e l l o p h a n e ,  i t  w a s  p o s s i b l e  to  r a i s e  t h e  y ie ld  
of s t e l l i n  f r o m  10 to 1 4 - 1 5  g p e r  100 g of t he  m a s s  of s p e r m .  
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Fig .  2. S e p a r a t i o n  of s t e l l i n  in to  f r a c t i o n s  d u r i n g  
g r a d i e n t  c h r o m a t o g r a p h y  on C M - c e l l u l o s e .  I - V )  
f r a c t i o n s  of s t e l l i n .  

The  s t e l l i n  h y d r o c h l o r i d e  ob t a ined  had  t he  f o r m  of a w h i t e  h y g r o s c o p i c  p o w d e r .  I t s  e l e m e n t a r y  c o m p o s i t i o n  w a s ,  
%: C 37.65;  H 7 . ]2 ;  N 23.04;  P 0 .0023.  T h e  c o n t e n t  of p h o s p h o r u s  c a l c u l a t e d  a s  n u c l e i c  a c i d s  [6] showed  0 . 0 2 3 -  
0.026% of i m p u r i t y .  D e t e r m i n a t i o n  of the  n u c l e i c  a c i d s  by  S p i r i n ' s  m e t h o d  [7] g a v e  a s i m i l a r  r e s u l t ,  0 . 0 2 5 - 0 . 0 2 7 % .  

When a n  a q u e o u s  s o l u t i o n  of s t e l l i n  h y d r o c h l o r i d e  w a s  p a s s e d  t h r o u g h  a c o l u m n  of S e p h a d e x  G-25 ,  t h e  bu lk  of 
the  p r o t e i n  i s s u e d  in the  f o r m  of a s i n g l e  p e a k  ( s t e l l i n - I )  w i th  a y ie ld  of 93%, and a s m a l l  f r a c t i o n  ( s t e l l i n - I I )  w a s  
ob ta ined  by  s u b s e q u e n t  e l u t i o n  w i th  0.005 N HC1. T h e  a m i n o  ac id  c o m p o s i t i o n  of t h i s  s e c o n d  f r a c t i o n  d i f f e r e d  l i t t l e  
f r o m  t h a t  of t he  m a i n  f r a c t i o n .  N e v e r t h e l e s s ,  t he  f ac t  t h a t  t he  a b s o r p t i o n  in  the  2 6 0 - 2 8 0  m/~ r e g i o n  was  h i g h e r  t h a n  
t h a t  of s t e l l i n - I  showed  the  p r e s e n c e  of i m p u r i t i e s .  Only the  m a i n  f r a c t i o n  of s t e l l i n  was  i n v e s t i g a t e d  s u b s e q u e n t l y .  
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T a b l e  2. C o m p a r i s o n  of t he  A m i n o  Acid  C o m p o s i t i o n s  

of S t e l l i n  and  S t u r i n  ( N u m b e r  of R e s i d u e s  f o r  a m o l .  

w t .  of 5000) 

Amino acids Stell in Stur in  [ 2} 

Arginine 
Hist idine 
Lysine 
Aspart ic  acid 
Threonine 
Serine 
Glutarnic acid 
Proline 
Glycine 
Alanine 
Leucine 
N-Terminal amino acids 

Mean rnol. wt .  

2O 

Traces 
1 
2.2 
0.6 
0.4 
2.8 
1.6 
0.8 

Alanine 

5000 

19.5 
3.85 
5 
none 
0,55 
1.55 
0.55 
none 
1.1 
2.75 
1,2 

Alanine and traces 
o f  glutarnic acid 
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In the determinat ion of the N- te rmina l  amino acids by the dinitrophenyl method [8], the spot of 
dini t rophenylalanine was found on the two-dimensional  paper  chromatograms.  After the extract ion of the spot and its 
hydrolysis ,  alanine was found on a chromatogram.  There were no other N- t e rmina l  amino acids.  

Frac t ionat ion  of s te l l in- I .  As follows f rom Fig. 2, when s te l l in - I  was subjected to gradient  chromatography on 
a column of CM-cel lulose in the Na + form with an NaC1 gradient  f rom 0.72- to 1 .8-molar ,  the substance was 
separated into five Clearly heterogeneous peaks. Since separat ion into these f ract ions  was fa i r ly  sa t is factor i ly  
reproducible ,  we studied their  amino acid composit ion in somewhat more  detail  and determined the mean lengths of 
their  peptide chains. The amino acid analysis  was ca r r i ed  out on an automatic amino acid analyzer  (Czechoslovakia). 
The mean  chain lengths of s te l l in  and its f rac t ions  were calculated on the bas is  of chemical  analyses:  f rom the content 
of N- te rmina l  alanine after  dini trophenylat ion and f rom the increase  in the intensi ty  of the colorat ion with ninhydrin 
after  the acid hydrolysis  of the s te l l in  f rac t ions .  

CONCLUSIONS 

A protamine,  which has been named stel l in ,  has been isolated f rom the mass  of sperm of the sevruga 
(Acipenser stel latus) .  

Stellin is heterogeneous and consis ts  of a mixture  of peptides differing in amino acid composit ion and in chain 
length. There is great  s imi la r i ty  between s te l l in  and s tur in  both with respect  to amino acid composit ion and with 
respec t  to N- te rmina l  amino acids. 
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