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Nudiventrin and s tur in  have been f ract ionated and it  has been shown that each of them consis ts  
of two components ,  A and B, the i r  ra t io  in s tur in  being 10 : 1. The amino acid sequences of these  
pro te ins  have been de te rmined  and it  has been shown that they have the same p r i m a r y  s t ruc ture .  

Nudiventrin A and s tur in  A a r e  pro tamines  forming consti tuents of the nucleoprotein complexes  of the 
gonads of the s turgeons Acipenser  nudiventr is  and A. s tur io ,  respec t ive ly .  It appeared of  in te res t  to compare  
the amino acid sequence of  the p ro tamines  isolated f rom fish of one and the same family.  The resu l t s  of this 
investigation a r e  given in the p resen t  paper .  

Sturins A and B were  separa ted  as desc r ibed  previous ly  [1] with a sl ight change in the conditions of f r a c -  
t ionation, using a s tepwise gradient  of NaC1 (1.55 and 1.62 M). Under these condit ions,  s tur in  A issued f rom the 
column at  a lower  concentra t ion of sodium chlor ide  than previous ly  [1] (Fig. 1). 

Like the major i ty  of p ro tamines  [2], nudiventrin is he terogeneous .  When an a t tempt  was made to separa te  
it  under the conditions for  the fract ionat ion of the total s tur in ,  two f rac t ions  were  obtained, each of which was 
enr iched with one of the components .  Obviously, incomplete  separat ion of component A f rom component B took 
place  under these  conditions. To obtain pure  component A we used a s tepwise-exponent lal  concentrat ion of s o -  
dium chlor ide  (1.4 M ~ 1.6 M; 1.6M) (Hg. 1). It was found that the amount of component A in nudiventrin was 
ten t imes  g r e a t e r  than the amount in B, while in s tur in  this rat io is 2 : 1. 

In the desalt ing of  the prote in  solut ions,  for  be t t e r  sorption on the ion-exchange res in  dilution was c a r r i e d  
out with sodium aceta te  buffer .  

~ne rechromatography  of the desal ted  s tur in  A and nudiventrin A on CM-Sephadex C-25, the i r  gel f i l t r a -  
tion on Bio-Gel P-10 ,  the p r e s e n c e  of single N- terminal  amino acids (dinitrophenylation and dansylation methods) 
and individual C- te rmina l  amino acids (CPB [carboxypeptidase B] and the dansylation method), and also a d e t e r -  
mination of the N- terminal  sequences  of these  pro te ins  by the automatic Edman method [ 3, 4] pe rmi t t ed  the con-  
clusion that the prote ins  isolated were  homogeneous.  

The  amino acid composi t ions and N- and C- te rmina l  amino acids of the prote ins  investigated a r e  given 
below. 

Amino acid Nudiventrin A Sturin A 

~isinc 6.3 (6) 5.4 (5--6) 
stidine 3.2 (3) 3. I (3) 

A rginine 14.0 (14) 12.82 (13) 
Ttireonin¢ 0.9 (1) 0,95 (I) 
Serine 1,91 (2) 1,94 (2) 
Glycine 1,1 (I) 1,0(I) 
Alanine 2.0 (2} 2.02 (2) 
Leucine 1.0 (1) 1.0 (1) 
N-amino acid Ala Ala 
G-terminal amino acid Lys Ly, 

Th,,.q, the pro tamtnes  studied d i f fer  by thei r  lys ine  and arginine contents.  To establish the i r  p r i m a r y  s t r u c -  
t u r e s ,  t h e p r o t e i n s  were  subjected to hydrolys is  with the rmolys in ,  which does not  c l ea r  the bonds formed by 
res idues  of basic amino ac ids ,  and the peptides obtained were  analyzed; in addition, the N- te rmina l  sequences 
of nudiventrin A and s tur in  A were  studied by the automatic Edman method and the C- te rminal  sequence with 
CPB [3, 4]. 

The separat ion of the peptides of  thermolys in  hydrolyzates  of the prote ins  investigated gave twelve f r a c -  
tions in each ca se  (Thl -Thl2)  (Fig. 2). The elution curves  of the peptides obtained in the hydrolys is  of nudiven- 
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Fig. 1. Fract ionat ion of s tur in  (1) 070 rag) and of 
nudiventrin (2) (170 rag) on CM-Sephadex C-25 (column 
2.5 x 50 cm) in 0 .05  M sodium aceta te  buffer  OH 
5.7); f ract ion volume 3 ml ,  r a t e  of elution 30 m~/h. 

t r in  A and s tur in  A coincided complete ly .  It is l ikely that the action of thermolys in  on the molecules  of these  
pro te ins  fo rmed  the same f ragments .  

~[~ne f rac t ions  cor responding  to the chromatographic  peaks Th8-Thl2  contained arginine  (~akagushi r e -  
action) [5]. They a r e  desal ted  by Ando's method [6]. Fract ions Th3-Th7 were  desal ted by Blok's method [7]. 

Solutions of the peptides were  tes ted  for  homogenei ty  by paper  e l ec t rophores i s ,  and also f rom the finding 
of  single N- and C- te rmina l  acids ~ydro lys i s  with CPB and CPA [carboxypeptidases B and A]). 

We found that the high arginine contents in the prote ins  studied and in the peptides Th9, Th l0 ,  T h l l ,  and 
Thl2  (Table 1 and 2) led to an i nc rea sed  e r r o r  of analysis .  The re fo r e ,  to calculate  the amino acid composi t ions 
of  these pro te ins  and peptides we introduced a co r r ec t ion  fac tor  for  arginine° Its value was de te rmined  f r o m  a 
cal ibrat ion curve  using s tandard solutions of arglnine with the following concentra t ions  ~M) :  0.15, 0.2,  0.5, 
0.7,  and 1. It was es tabl ished that Th9 and Thl0 each contained 5 arginine r e s idues ,  T h l l  and Thl2 ,  contained 
seven and nudiventr in A and s tur in  A each contained 12 arginine res idues .  

The amino acid sequences of Th2, II~n3, Th4, Th5, Thg, and Thl0 (Tables 1 and 2) unambiguously followed 
f rom the i r  amino acid composi t ions and the analysis  of the N- and C- te rmina l  amino acids of these peptides.  

The s t ruc tu re  of peptide Thl  (Tables 1 and 2) was establ ished on the bas i s  of the s t r uc tu r e s  of Th2, which 
is pa r t  of Thl  and is formed by the cleavage of the . . . .  Ser $ Thr- . .  bond to give N- te rmina l  Thr ,  there  being a 
single Thr  res idue  in the molecule  of each of  the prote ins  investigated.  

To r econs t ruc t  the c - t e r m i n a l  pa r t  of nudiventrin A (sturin A) we c a r r i e d  out the hydro lys i s  of Th7 with 
CPB. According to the r e su l t s  obtained,  the pro te ins  studied had the following sequence of amino acids in the 
C- te rmina l  sect ion:  - . . L y s - S e r - B i s - L y s .  

The hydro lys i s  of the pro tamines  with thermolys in  formed severa l  overlapping peptides:  T h l 0  ~and Th3, 
a t  His; Th l  and Th3, at  Ala; and Th12 and Th8 at  His. The resu l t s  obtained in the invest igat ion of the amino 
acid sequences of these  prote ins  by the automatic Edman method [3, 4] and of the peptides of thermolys in  h y -  
d ro lysa tes  of nudiventr in A and s tur in  A pe rmi t  us to s tate  that components A of the p ro tamines  studied have 
the same p r i m a r y  s t r uc tu r e ,  which coincides with the p r i m a r y  s t ruc tu re  of stell in A [8] and can be r ep resen ted  
as follows 

A~_A_A_A_A_A~HLS ~A~(I~ Ser-]Thr- Lys-~Leu-Lys-A~.H Ls ~G~y--Lys-Lys 7 Ser-ltL~- Lys. 
h ~ ' l  I I I I I I T g ~ .  Th3 ~! L :  Th2 _;~ T h l l  . . . . . .  Th.8 I 

Th t0 I I I Th l  ! Th 12 • { ' = =;-- ~ l .  ~ l .  Th7 _ 

I ! :  T h 5  I 3314 __ 

I_ Th6 .... - ! '  ' - 

~) sequence determined by means of a sequeuator; ~) by hydrolysis with CPB; A) argLnine; Th) peptides from 
thermolysin hydrolysates of st~zrin A and nudiventrin A. 
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Fig. 2. Frac t ionat ion  of the the rmolys in  pept ides  of s tur in  A 
(1) (20 0 rag) and of nudiventr in A (2) (200 mg) on C-25 CM- 
Sephadex (column 2.5 x 50 cm) in sodium ace ta t e  buffer  ~}I 
5.7). iY~xer 0.3 l i te r ;  f rac t ion  volume 3 ml; r a t e  of elution 
30 ml/h. 

Thus ,  the ch roma t in s  of  t h r ee  spec ies  of s tu rgeon  di f fer  only by  the ra t io  of the p r o t a m i n e s  p r e s e n t  in 
them:  in the ch romat in  of Ac ipense r  s tu r i a  the amour~ of component  A is twice that  of component  B, in A. s t e l -  
la tus  i t  is  t h ree  t imes  g r e a t e r  [9], and in A. nudiventr is  i t  is  ten t imes  g r e a t e r .  

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

Nudiventrin and s tur in  w e r e  i so la ted  by Ando's  method [6] f r o m  the mi l t  of A. nudivent r i s  and A. s tu r io ,  
caught  in the mouth of the R. Kara ,  r e spec t ive ly .  The following reagen t s  w e r e  used in the work :  t he rmolys in  
(E.C. 3.4.4), ca rboxypep t idase  A (E.C. 3.4.2.2.1), ca rboxypep t idase  B (E.C. 3.4.2.2), and dansyl  ch lor ine  (GFR). 

P a p e r  e l e c t r o p h o r e s i s  was c a r r i e d  out in a Dur rum ins t rumen t  in 1 N acet ic  acid.  

Chromatography  was p e r f o r m e d  in a thin l a y e r  of  s i l ica  gel using the following s y s t e m s :  1) a c e t o n e -  
i s o p r o p a n o l - 2 5 %  ammonia  (9 : 7 :0 .5) ;  2) a c e t o n e - i s o p r o p a n o l - 2 5 %  ammonia  (9 : 7 :0 .7) ;  and 3) c h l o r o f o r m -  
benzyl  alcohol - e t h y l  a c e t a t e - a c e t i c  acid {5 : 4 : 5 : 0.2). 

In all  the expe r imen t s  on f rac t ionat ion ,  gel  f i l t ra t ion,  and  desa l t ing ,  the c o a r s e  of  elution was followed 
f r o m  the absorp t ion  of s a m p l e s  a t  220 urn. 

The amino acid compos i t ions  of  s tur in  A, nudiventr in A, and the pept ides  w e r e  de t e rmined  on a Hi tachi  
model  KLA-3B amino acid ana lyze r  a f t e r  they had been hydro lyzed  in 5.7 N hydroch lo r i c  acid under  s tandard  
condit ions.  

The f rac t ionat ion of the p ro te ins  and pept ides  (Figs. 1 and 2) was p e r f o r m e d  on C-25 CM-Sephadex in 
0 .0  5 N sodium ace t a t e  buf fe r ,  pH 5.7 (buffer A). The total  s tur in  (or nudiventrin) was d isso lved  in buffer  A 
(12 ml) and deposi ted  on the column.  Elution was p e r f o r m e d  with a s tepwise  grad ien t  of NaC1. The f rac t ions  
co r respond ing  to component  A {or ]3) of  s tu r in  (or nudiventrin) w e r e  combined and desal ted .  

A mix tu r e  of the pept ides  of  s tur in  A {or nudiventr in A) was d isso lved  in 0.05 N sodium ace ta te  buffer ,  
pII 5.7 (15 ml) and was deposi ted on a column. Elution was p e r f o r m e d  with a s tepwise-exponent ia l  c o n c e n t r a -  

tion grad ien t  of NaC1. 

Desalt ing of the Pro te ins  and Pept ides .  Solutions of p ro te ins  we re  diluted with buffer  A to a 0.5 M con -  
cent ra t ion  of sodium chlor ide  and were  deposi ted a t  the ra te  of 18 m l / h  on a co lamn fil led with Amber l i t e  CG- 
50 in the I-I + f o r m  equi l ibra ted  with buffer  A. The sa l t s  we re  eluted with a 0.5 M solution of acet ic  acid.  Cold 
ethanol was added to the e luate  (1 :3 ) .  The s tur in  A (or nudiventrin A) sepa ra t ed  out in the f o r m  of  a white p r e -  
c ip i ta te ,  which was washed with cold ethanol to pH 5 and was reprec ip i t a ted .  

F rom 170 mg of total  s tur in  we i so la ted  50 nag of s tur in  A and 25 rag  of s tur in  B, and f r o m  170 mg of total  
nudiventr in  we isola ted  70 mg  of nudiventrin A and 7 rag of nudiventr in B. 
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Peptides  Th3-Th7 [7] we re  desa l ted  in a column $ .9  × 6 cm) fil led with Dowex 50 ×5.  A s o l u t i o n o f a p e -  
t ide in 80% ethanol was deposi ted on the column a t  the r a t e  of 15 ml/h.  The column was eluted with 15 ml  of 
80% ammonia  solution in 80% ethanol ,  15 ml  of  80% ethanol,  15 ml  of wa te r ,  15 ml  of  a 4 N solution of a m m o n i a ,  
and water .  

Solutions of  peptide Th8-Th12 were  diluted t h r e e -  to sixf01d With wa te r  acidified to pH 3-4 ,  and deposi ted 
on a column (2 × 3 cm) filled with Amber l i t e  CG-50 (H + form) equi l ibra ted  with 0.01 N sodium ace ta te  buffer ,  
pH 5.7, at the r a t e  of 20 ml /h .  The sa l t s  were  eluted with a 0.5 N solution of acet ic  acid and with water  to pI-I 
5. The pept ides  we re  eluted with 0.1 N hydrochlor ic  acid.  The e luates  of the pept ides  were  t r ea t ed  with A m -  
ber l i t e  IRA-400 in the OH- f o r m  to pH 5-6.  

The gel f i l t ra t ion of s tur in  A (or nudiventrin A) was c a r r i e d  out on a column (1.5 x 130 cm) fil led with 
Bio-Gel  P-10 equi l ibra ted  with a 0.01 N solution of hydrochlor ic  acid.  A solution of 15 mg  of the prote in  in 
0.01 N hydrochlor ic  acid was deposi ted on the column at  the r a t e  of 15 ml /h .  Elution was effected with a 0.01 
N solution of hydrochlor ic  acid.  

The N- t e rmina l  amino acids  in s tur in  A, nudiventr in A, and the pept ides  we re  de te rmined  by G r a y ' s  m e t h -  
od [11]. The dansyl  (amino acid)s we re  identified by m i c r o  t h i n - l a y e r c h r o m a t o g r a p h y  [12] in s y s t e m s  1 and 2 
(direction I) and 3 (direction ID. 

C - T e r m i n a l  Amino Acids.  To al iquots of the pept ides  (Thl,  Th4, Th6, Th8, and THl l )  and the pro te ins  
was added t r i e t hy l ammon inm carbona te  buffer ,  pH 8.0, until the final concentrat ion was 0.5 M, and then CPB 
(E : S = 1 : 400) and a solution of benzylsulfonyl f luoride to a final concentra t ion of 5" 10-3 M. After  p r e d e t e r -  
mined  in te rva l s  of t ime  ~ ,  5, 15, 45, 9 0 , 1 2 0 ,  and 180 min) ,  s amples  were  taken f r o m  the reac t ion  mix tu re  and 
were  acidif ied with 0.5 M acet ic  acid to pH 3-4.  The amino acids  spl i t  out we re  analyzed in an amino acid ana l -  
y z e r .  In some  ca se s  they were  de t e rmined  by the dansylat ion method followed by the TLC of the dansyl  d e r i v a -  
t ives  of the  amino ac ids .  

Thermolys in  Hydro lys i s .  A solution of 200 mg of s tur in  A (or nudiventrin A) in 0.0 2 M t r i s -hyd roch lo r ide  
buffer ,  pit 8.0 5, a t  a concentra t ion of prote in  in the reac t ion  mix tu re  of 1 m o l e / m l  was t r ea t ed  with the rmolys in  
(E :S = 1 : 100) and incubation was c a r r i e d  out at  37°C for  4.5 h. Hydro lys i s  was stopped by the addition of 0.5 N 
ace t ic  acid to pH 3. The mix tu re  was evapora ted  in a r o t a r y  evapora to r .  

S U M M A R Y  

Nudiventrin and s tu r in  have  been f rac t ionated  and it has  been shown that each of these cons is t s  of two com-  
ponents ,  A and B, thei r  ra t io  in s tur in  being 2 : 1  and in nudiventr in 10 :1 .  

The amino acid sequences  of these  prote ins  have  been de te rmined  and it  has  been shown that they have  
the s a m e  p r i m a r y  s t ruc tu re .  
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