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Protamines  are  a special group of nuclear  proteins.  They are d is t inguishedby a high content of r e s i -  
dues of basic amino acids, mainly arginine, and by the absence of aromat ic  amino-acid res idues .  Another 
feature of the pro,amines  is their  heterogeneity.  Some of the protamines suppress the growth of various 
pathogenic microbes  and cause an inhibition of the growth of individual types of tumors [1-4]. Of this group 
of proteins,  those that have been studied in most  detail are salmine, clupeine, and iridine, the p r ima ry  
s t ructure  of which is known [5, 6]. The least-s tudied protamines are those of the true s turgeons.  The 
amino-acid composit ions and terminal  amino acids of two of them - stelline [7] and total sturine [8, 9] - 
have been determined.  

Together with workers  of the Central  Order  of Lenin Institute for the Fur ther  Training of Doctors,  
we have isolated protamines  f rom the gonads of the true sturgeons of the Caspian Sea (common sturgeon, 
Aeipenser  sturio L., the Caspian sturgeon, A. stellatus Pallas,  and "ship," A..... nudiventris~ Lov.) [10]. A 
pre l iminary  study of their  chemical  composit ions has shown that they are all heterogeneous and contain 
arginine, lysine, histidine, glycine, alanine, proline, serine,  threonine, leucine, and glutamic acid. 

Sturine, isolated f rom the gonads of Acipenser  gtlldenst~dti (sturgeon) and stelline f rom Acipenser  
stellatus (Caspian sturgeon) cause 60-80% inhibition of the growth of solid and ascit ic tumors in mice.  The 
protamine from the gonads of Acipenser  nudiventris ("ship") is less active. 

To obtain individual protons, we used severa l  methods of fractionation: gel fi l tration on Sephadex 
G-25 and G-50 and on Bio-Gels P-4, P-6, and P-10, chromatography on CM-eellulose and carboxymethyl -  
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Fig. 1. Separation of sturine on c a r -  
boxymethyl-Sephadex C-25. 

Sephadex C-25 at various pH values and with a gradient of NaC1 
concentrat ions.  The most  effective separat ion was observed on 
CM-Sephadex. 

In the present  paper  we descr ibe  in detail the fractionation 
of sturine on CM-Sephadex C-25 and the results  of a study of the 
amino-acid composit ion of the proteins isolated. Sturine sulfate, 
obtained f rom the nucleoprotamine by Ando's method [11] was 
fract ionated.  

In a p re l iminary  experiment  we determined the conditions 
for  the adsorption of protamine at various pH values of buffer so-  
lutions. The best  results  were obtained in 0.02 M phosphate buf- 
fer  mixture with pH 7. At higher pH values, the protein was not 
adsorbed completely on the support,  and at pH values below 7, 
converse ly ,  it was bound to the Sephadex too f irmly.  

The protein was eluted f rom the CM-Sephadex with 0.02 M 
phosphate buffer mixture (pH 7) containing sodium chloride in 
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TABLE 1. Amino-Acid  Composi t ion  of the Sturines 
f rom A c i p e n s e r  g~ldenstadt i  

Amino acids 

Ly~ ne 
Histidfne 
Arginine 
Threonine 
Sefine 

Glt~amic acid 
praline 
Glycine 
Alanine 
Leucine 

initial 

Sturine 
A B 

--INo. of ~ N o .  of 
~'nole/m~msidues ~mole-/m ] ~ residues 

5,6l 
3,58 

15,46 
0,96 
2,19 

2,22 
1,0 

0,61 
0,59 
2,51 
0,12 
0,31 

0.07 
0,06 
0,23 
0.29 
0,10 

059 
3,98 

o~2 
0,18 
0.18 
0,37 
0,17 

0,65 
0,39 
1,79 
0,11 
0,25 

o~is 
2,26 
0,12 

1.04 
22.2 

1,79 

1,00 
1,00 
2,05 
0,95 

var ious  concen t ra t ions .  Elution began when the concent ra t ion  of sodium chlor ide  in the elut ing buffer was 
not l e s s  than 1 M. F o r  the p r e l i m i n a r y  s epa ra t i on  of the heterogeneous  mix ture  of s tu r ines ,  we pe r fo rmed  
the adsorpt ion  of the total pro te in  on CM-Sephadex f rom 0.02 M buffer  mix ture  (pH 7), and for  elut ion we 
used the same buffer  mixture  with a g rad ien t  of sodium chlor ide  concent ra t ions  f rom 1 to 1.9 M. Under 
such f rae t iona t ion  condit ions,  two components  of s tur ine  were  i so la ted ,  which we have ca l led  s tu r ines  A 
and B (Fig° 1). Sturine A di f fers  cons ide rab ly  f rom s tur ine  B (Table 1). Sturine B contains about 75% of 
arginine and a s m a l l  group of neut ra l  amino ac ids .  These include se r ine ,  prol ine ,  glycine,  and alanine and, 
of the amino acids  r a r e l y  found in p ro tamines ,  his t idine and glutamic acid.  

The composi t ion  of s tur ine  A includes threonine,  se r ine ,  glycine,  alanine,  and leucine.  In addit ion to 
arginine,  s tu r ine  A contains his t idine and lys ine .  These amino acids  have also been found in o ther  p r o t a -  
mines  i so la ted  f rom the roe of the true s turgeons  - in the total  s tu r ine  f rom A c i p e n s e r  s tu r io  [8] and in the 
f rac t ions  of s te l l ine  obtained f rom CM-ce l lu lose  under var ious  condit ions of elut ion [7, 12]. The p re sence  
of lysine and his t idine is p robably  c h a r a c t e r i s t i c  for  individual r e p r e s e n t a t i v e s  of this type of p ro t amines .  

The homogenei ty of s tur ine  B was conf i rmed by means  of a s e r i e s  of methods supplement ing one an- 
other:  ch romatography  on ca rboxymethy l -Sephadex  ( rechromatography) ,  gel f i l t r a t ion  on Bio-Gel  P-10, 
pape r  e l e c t r o p h o r e s i s ,  and disc  e l e c t r o p h o r e s i s  in p o l y a c r y l a m i d e  gel.  

The elution curves  f rom CM-Sephadex and f rom Bio-Gel  P-10 show a s ingle s y m m e t r i c a l  peak. On 
p a p e r  e l e c t r o p h o r e s i s  in 30% acet ic  acid and in formic  acid - acet ic  acid - w a t e r  ( 28 : 20 : 52 )  only one spot, 
r evea led  by means  of the Sakagush reagent  was found. On disc  e l e c t r o p h o r e s i s  of solution of the pro te in  
with a concent ra t ion  of 30-607 in 15% po lyae ry l amide  gel (pH 4.0) with subsequent  m e a s u r e m e n t  of the 
dens i ty  of co lora t ion  in an ERJ-10 m i c r o d e n s i t o m e t e r  (Italy), s y m m e t r i c a l  peaks were  found which showed 
that they contained 86-88% prote in .  The r e su l t s  p resen ted  show t h e f a i r l y h i g h  homogeneity of s tur ine  B. 

Af ter  r e c h r o m a t o g r a p h y  on CM-Sephadex,  s tu r ine  B had the following composi t ion:  Arg22 , Hisl,  Ser2, 
Glx I, P ro  1, Gly 2, AlaÂ. The N- t e rmina l  acid was de te rmined  by Sanger ' s  method [13]. The C - t e r m i n a l  
acid was de te rmined  with the aid of ca rboxypep t idase  B. The N - t e r m i na l  posi t ion in s tu r ine  B is occupied 
by alanine and in the C - t e r m i n a l  sec t ion  there  is a pro te in  cons i s t ing  of four  arginine re s idues  (3.95 pmole 
of arginine p e r  umole of protein) .  

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

As the s t a r t i ng  m a t e r i a l  we used the f r e s h  roe of s turgeon t rapped in the mouth of the R. Kura on 
Apr i l  17, 1968. The roe was f rozen  with d ry  ice. 

The nuc leopro tamines  were  isola ted by Ando 's  method [ l l ]  at 0-4°C. The comminuted roe was 
s t i r r e d  with a threefold  volume of Ringer  solut ion (0.65% of NaCl, 0.014% of KC1, 0.012% of CaCl2, 0o012% of 
NaHCO3, 0.001% of NaH2PO4) and was passed  through c lose -woven  fabr ic .  The suspens ion  were  centr i fuged 
at 10,000 rpm, and the p rec ip i t a t e  was washed with Ringer  solution containing 0.2% of sodium c i t r a t e ,  and 
with ethanol,  acetone, and e ther ,  and was dr ied  in the a i r .  F r o m  4350 g of f rozen  roe 680 g of nuc leopro-  
tamines  was obtained. 
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Sturine was isolated from the nucleoprotamine by Ando's method [11] at 0-4°C. ]'he nucleoprotamine 
(10 g) was stirred with 600 ml of a 2 M solution of sodium chloride, and the viscous solution formed was 
treated with 100 ml of a saturated solution of copper sulfate. The precipitate was separated off by centri- 
fuging and was washed with cold water. To the combined filtrate was added an8 M solution of sodium pic- 
rate and the mixture was left overnight in the refrigerator. Then the precipitate was separated by centri- 
fuging and was carefully washed with sodium picrate solution and cold water. The picrate was dissolved 
in 67% (by weight) aqueous acetone, and 2 N sulfuric acid to a pH of 3 and a threefold volume of ethanol 
were added. ]'he protamine sulfate was filtered off and purified by four repreeipitations from aqueous so- 
lution with ethanol. ]?his gave 1.25 g of sturine sulfate. 

Fractionation of Sturine Sulfate on Carboxymethyl-Sephadex C-25. The protein (350 mg) was dissolved 
in 10 ml of 0.02 M phosphate buffer mixture (pH 7) containing 0.5 M sodium chloride and was transferred to 
a column (50 x 2 cm) of carboxymethyl-Sephadex C-25 (capacity 4.5~:0.5 meq/g, 40-120 nm, Pharmacia) 
equilibrated with the same buffer mixture. Gradient elution was performed by increasing the concentration 
of sodium chloride in the solution from 1 to 1.9 M; the rate of elution was 16 ml/h. Fractions with a vol- 
ume of 4 ml were collected by means of a ZPK206_B automatic collector (Poland). Fraetionation was mon- 
itored by spectrophotometry at 225 nm on an SF-4 instrument. The fractions were combined and desalted 
on Amberlite IRS-50 ion-exchange resin in the H + form at 0-4°C by Ando's method [11]. The salts were 
washed first with 0.3 N acetic acid and then with water. 

The protamine was eluted with 0.10 N hydrochloric acid at 4°C. ]?he eluates were neutralized with 
Amberlite IliA-400 ion-exchange resin in the OH- form to pH 5.0. The solutions were freeze-dried, giving 
80 mg of sturine A and 50 mg of sturine B. 

]?he rechromatography of sturine B was performed on a column with dimensions of 1 x 40 cm as de- 
s c r i b e d  above.  

C h r o m a t o g r a p h y  of S tur ine  B on B io -Ge l  P -10 .  S tur ine  B (47 rag) was d i s so lved  in 5 ml  of 0.2 N ace -  
tic acid and t r a n s f e r r e d  to a c o l u m n  (3.5 x 50 cm) of B io -Ge l  P-10 e q u i l i b r a t e d  with 0.2 N acet ic  acid.  The 
p r o t a m i n e  was e lu ted  with the s a m e  acid at the ra te  of 20 m l / m i n .  

The d isc  e l e c t r o p h o r e s i s  of s t u r i n e  B was p e r f o r m e d  as d e s c r i b e d  by Debabov and Reben t i sh  [14] in 
15~ polyacrylamide gel (30-60 7 of sturine B per 0.6 x 10-cm tube, using a glycine buffer, pH 4.0, with a 
time of electrophoresis of 3 h at a current strength of 5 mA per tube). The electrophoregrams were 
stained with a 0.5~0 solution Coomassie Blue, the excess of dyestuff was washed out with 7% acetic acid, 
and the bands were densitometered in transmitted lightonanERJ-10 instrument. 

The complete hydrolysis of the sturines was performed with triple-distilled 5.7 N hydrochloric acid 
at I05-109°C for 24 h. 

]?he amino-acid composition of the sturin e was determined with a Hitachi KLA-3B automatic amino- 
acid analyzer. 

The dinitrophenylation of sturine B was performed by Sanger's method [13] (37°C, 48 h). The amount 
of the N-terminal amino acid was established by two-dimensional chromatography on silica gel G in sys- 
tems 1) chloroform-methanol-acetic acid (95 : 5 : 1) and 2) butan-l-ol-concentrated ammonia (80:20). 

The hydrolysis of sturine B was performed with Serva earboxypeptidase B (E.C. 3.4.2.2, peptidyl-L- 
lysine hydrolase) from porcine pancreatic gland treated with diisopropyl phosphorofluoridate. The sturine 
B (5 rag) was incubated in 3.8 ml of 2 M iris hydrochloride buffer, pH 8.1, with carboxypeptidase B (ratio 
of enzyme to substrate 1 : 1000) at 37°C for 16-h; the hydrolyzate was acidified and evaporated to dryness, 
and the residue was analyzed on the amino-acid analyzer. 

Members of the Institute of Physiology, Academy of Sciences of the Azerbaidzhan SSR, Prof. M. A. 
Mekhtiev and Student Scientific Worker E. G. Gauzer assisted in the collection of the material for investi- 
gation, and workers of the Department of Chromatography, Interfaculty Laboratory of Bioorganic Chem- 
istry of Moscow State University L. A. Baratova and L. P. Belyanova performed the analyses. 

SUMMARY 

I. A convenient method of fractionating the mixture of sturines from the ripe gonads of Acipenser 
g't~Idenstadti on carboxymethyl-Sephadex C-25 has been proposed. 
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2. The amino-acid  composi t ion of two s tur ines  - s tur ine A and s tur ine B -  and the te rmina l  amino 
acids in s tur ine B have been de termined.  
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