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Bovine f ibr inopeptide B, fo rmed  f rom fibrinogen by the action of thrombin  on it [1], p o s s e s s e s  a 
p r e s s o r  action [2]. Fibr inopept ide B differs  f rom other  vasoac t ive  peptides such as angiotensin by a 
weaker  but prolonged effect .  Thus,  in ra ts  f ibrinopeptide B in doses ten t imes  l a r g e r  (4 • 10 -4 ~mole) than 
angiotensin II p o s s e s s e d  approx imate ly  33~ of the act ivi ty of the l a t t e r  and acted for more  than 15 min.  

The p r i m a r y  s t r u c t u r e  of f ibrinopeptide B contains a f r agment  with the amino acid sequence Asp 12- 
Arg t3 -  P r o  14-, the s t ruc tu r a l  e lements  of which a re  f requent ly  found in other  l ow-molecu la r -we igh t  peptide 
hormones  ("common"  f r agmen t s ) .  It has been shown prev ious ly  that peptides containing a common f r ag -  
ment  have the s a m e  s t r u c t u r a l  organizat ion [3] (in all  cases ,  this f r agment  is located immedia te ly  adjacent  
or  c lose  to the "act ive  cen te r"  - the s m a l l e s t  amino acid sequence s t i l l  possess ing  the specif ic  action of 
the na tura l  hormone) and that the "common"  f ragments  make a cons iderable  contribution in the format ion 
of the s econda ry  s ignal  at  the level  of the r ecep to r  - the r emova l  or  addition of the common f ragment  is 
connected with a change in the specif ic  biological  action of the hormones  averag ing  three  o rde r s  of magni -  
tude. In view of this ,  the synthes is  of the p r e s u m e d  specif ic  act ive cen te r  of f ibr inopeptide B and the in- 
ves t igat ion of the potentiat ion of its biological  act ivi ty  af ter  the addition of the common f ragment  a re  m a t -  
t e r s  of i n t e re s t .  A p r io r i ,  on the basis  of a model  of the s t ruc tu ra l - func t iona l  organizat ion of s e v e r a l  
groups of peptides [4], it may  be a s sumed  that  the specif ic  act ivi ty of f ibrinopeptide B is de te rmined  m a i n -  
ly by the C end of the heptapeptide with the amino acid sequence 15-21 located adjacent  to the common 
f r agmen t  (12-14). The N - t e r m i n a l  amino acid sequence of the peptide mainly  contains polar  acidic amino 
ac ids .  In this r e spec t ,  the molecule  of f ibrinopeptide B is somewhat  s i m i l a r  to that of gas t r in  [5]. The C-  
t e rmina l  hexa- ,  hep ta - ,  and nonapeptides of f ibrinopeptide B have been descr ibed  by Suzuki [6]. The s t r u c -  
tu ra l  e lements  of the l a t t e r  r e s e m b l e  bradykinin in some  r e s p e c t s ,  but the nonapeptide, jus t  like the hep ta -  
peptide,  p o s s e s s e s  only one-thousandth of the act ivi ty of bradykinin,  and the hexapeptide is inactive [6]. 

In the p r e sen t  communica t ion  are  desc r ibed  the resu l t s  of the synthes is  and biological  test ing of 
f r agments  of f ibr inopeptide B with the amino acid sequences  15-21 (presumed act ive center)  and 12-21  

(common f ragment  with the added act ive cen te r ) .  The synthesis  of the heptapeptide 15-21 was p e r f o r m e d  
by the mixed-anhydr ide  method (see scheme) .  After  the addition of the t r ipept ide 12-14 [7] by the dicyclo-  
hexylcarbodimide  method with the addition of N-hydroxysuccinimide ,  a pro tec ted  decapeptide was obtained. 
The pro tec t ive  groups were  e l iminated by catalyt ic  hydrogenolysis ,  and the f ree  decapeptide was purif ied 
on a column of ca rboxymethy lce l lu lose  in a l inear  concentrat ion gradient  of ammonium aceta te  solution.  

The p r e s s o r  act ivi ty  of the f ragments  synthes ized  was invest igated on intact  ra t s  under  urethane 
anes thes ia .  As c o m p a r e d  with (1-asparag ine .  5-val ine)angiotens inII ,  the decapeptide (VI) in 100- t imes  
l a r g e r  doses (1.5 • 10 -4 g /kg)  p o s s e s s e d  a 25~ act ivi ty,  and the heptapeptide (VII) had 10~c of the act ivi ty 
of the decapeptide in the s a m e  tes t .  No prolonged action, as compa red  with (1-asparagine ,  5-val ine)angio-  
tens i n I I  was obse rved  in e i ther  case .  Evidently the N- t e rmina l  pa r t  of the peptide is respons ib le  for  this 
effect .  

Thus,  in this case  the addition of the common f r agmen t  potent iates  the action of the heptapeptide by 
one o rde r  of magni tude.  The poor potentiat ing effect  can apparent ly  be explained by the fact  that a f ter  the 
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Scheme of the synthesis of the f ragment  of bovine fibrinopeptide B with the 
amino acid sequence 12-21. Notes. Z - Benzyloxycarbonyl;  Boc - t -but -  
oxycarbonyl;  O N B -  p-ni trobenzyl;  O B z l - f l - b e n z y l .  

addition of the common fragment, the s t ruc ture  of the whole hormone is not produced.  A s imi la r  phenom- 
enon has been observed in the case of eledoisin on passing from the hexapeptide 6-11 to the nonapeptide 3-11 
[8]. When the addition of the common fragment  leads to the s t ruc ture  of the whole hormone,  the activity 
increases  more  considerably.  Thus, the activity r i ses  104-fold in the case of angiotensin II (fragment 4-8 
as compared with the hormone 1-8) [9], [8-arginine]vasopressin (fragment 1-6, hormone 1-9) [10], and brady-  
kinin (fragment 5-9, kinin 1-9) [11], etc. 

At the present  time it is not possible to make pharmacological  tests of fibrinopeptide B and its f rag-  
ments under s imi la r  conditions. However, the available information shows that the decapeptide possesses  
approximately 10% of the activity of whole fibrinopeptide B, which consists  of 21 amino acids.  

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

The experiments were per formed with amino acids of the L ser ies  with the exception of glycine. The 
melting points were determined in open capil laries and the optical rotations on a Pe rk in -E lmer  141 spec -  
t ropola r imeter  at 20°C. The peptides obtained were charac te r ized  by th in- layer  chromatography on Silufol 
plates in the c h l o r o f o r m - m e t h a n o l  (9:1) sys tem (1), by paper chromatography (Fil trak FN-15) in the 
b u t a n - l - o l - a c e t i c  a c i d - w a t e r  5 : 1 : 2  (2) and the sec-butanol -3% aqueous ammonia (8:2) (3) sys tems,  and 
by paper e lectrophoresis  (Filtrak FN-16) in 1 N acetic acid solution at 20 V / c m  for 30 min. In the isola-  
tion of the protected peptides, solutions of them in organic solvents were washed success ive ly  with 0.5 N 
hydrochloric  acid, water,  1 N bicarbonate solution, and water  again. The results  of the analyses of all the 
compounds corresponded to the calculated f igures.  

p-Nitrobenzyl  Es te r  of Benzyloxycarbonylalanylnitroarginine (I). To a solution of 4.9 g (22 mmoles) 
of benzyloxycarbonylalanine in 15 ml of chloroform were added 3.0 ml (22 mmoles) of t r iethylamine and, 
at -15°C, 2.8 ml (22 moles) of n-butyl ehloroformate .  The mixture was s t i r r ed  at -5°C for 20 min, and a 
solution of 9.6 g (22 moles) of the hydrobromide of the p-ni t robenzyl  es ter  of nitroarginine [12] in P0 ml 
of chloroform was added at such a ra te  that the temperature  of the react ion mixture did not r ise  above 
-5°C. After being s t i r r ed  for another 4 h at the same temperature ,  the chloroform solution was washed 
and was dried with sodium sulfate, and the solvent was evaporated off in vacuum. After crysta l l izat ion 
f rom ethanol with the addition of ether, the yield of the dipeptide (I) was 8.5 g (69~c), mp 153-154°C, 
[~ ]~ -16 .6  ° (c 1.0; acetic acid), R f  0.37 (1), C24H29N~) s. 

p-Nitrobenzyl  Es t e r  of Benzyloxycarbonylleucylglycylalanylnitroarginine,  Chloroform Solvate (II). 
To a solution of 5.0 g (9.0 mmoles) of the protected dipeptide (I) in 10 ml of acetic acid was added 30 ml 
of a 3.8 N solution of hydrogen bromide in glacial acetic acid. The mixture was left at room tempera ture  
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for  1 h, and then 300 ml  of e ther  was added. The oil that  p rec ip i ta ted  was t r i tu ra ted  with e ther  and was 
kept  in a vacuum over  po ta s s ium hydroxide.  The solidif ied res idue ,  containing 3.5 m e q / g  of hydrogen 
b romide  (Volhard determinat ion) ,  was dissolved in 15 ml  of d imethy l fo rmamide ,  the solution was brought  
to a weakly alkaline reac t ion  with t r i e thy lamine ,  and at  -10°C it was added to a solution of the mixed an- 
hydr ide  obtained f rom 2.9 g (9.0 mmoles )  of benzyloxycarbonyl leucylglycine  [13], 1.24 ml  of t r ie thylamine ,  
and 1.14 ml  of n-butyl  ch lo ro fo rma te .  The mix tu re  was kept at  0°C for  24 h, the prec ip i ta te  was f i l te red  
off, and the solvent  was evapora ted  off in vacuum.  The res idue  was t r i tu ra ted  with pe t ro leum ether  and 
was prec ip i ta ted  f rom ch lo ro fo rm with ca rbon  t e t r ach lo r ide .  The yield of the te t rapept ide  (II) was 4.2 g 
(55%), mp 80°C (decomp.),  [a]~ -21 .0  ° (c 1.0; ethanol), R f  0.25 (1), C32H43NgOll " CHC13. 

p -Ni t robenzy l  E s t e r  of Benzyloxycarbonylvaly lg lycyl leucylglycyla lanylni t roargin ine ,  Ch lo roform 
Solvate (III). To a solution of 2.5 g (3.0 mmoles)  of the p ro tec ted  te t rapept ide  (II) in 5 ml  of acetic acid 
was added 16 ml  of a 3.8 N solution of hydrogen bromide  in glacia l  acet ic  acid.  The mix ture  was left  at 
r oom t e m p e r a t u r e  for  l h ,  andthen 300 ml  of e ther  was added. The res idua l  oil was t r i tu ra ted  with e ther  
and kept in vacuum over  po ta s s ium hydroxide.  The solidifying res idue  was dissolved in 7 ml  of d imethy l -  
f o r m a m i d e  and the solution was made feebly alkaline with t r i e thy lamine  and was added at -10°C to a so lu -  
tion of the mixed anhydride p r e p a r e d  f rom 0.92 g (3.0 mmoles)  of benzoxycarbonylvalylglycine  [14], 0.41 
ml  of t r i e thy lamine  and 0.38 ml  of n-butyl  ch lo ro fo rma te .  The mix ture  was kept at 0°C for  24 h, the p r e -  
c ipi ta te  of t r i e thy lamine  hydrobromide  was f i l te red  off, and the solvent  was evapora ted  in vacuum. The 
res idue  was dissolved in ethyl acetate ,  the solution was washed and was dr ied with sodium sulfate,  the 
ethyl aceta te  was evapora ted  off to sma l l  volume,  and the pe t ro leum ether  was added. After  r e p r e c i p i t a -  
tion of the resu l t ing  prec ip i ta te  f rom ch lo ro fo rm with ca rbon  te t rach lor ide ,  the yield of the hexapeptide 
(III) was 1.6 g (53%), mp l l0°C (decomp.),  [ a ] ~ - 9 . 4  ° (c 1.0; d imethyl formamide) ,  R f  0.20 (1), 
C39H55NIIOt3 • C HC 13 . 

p-Nitrobenzyl Ester of t-Butoxycarbonyl-£ -benzyloxycarbonyllysylvalylglycylleucylglycylalanyl- 
nitroarginine (IV). To a solution of 1.0 g (1.0 mmole) of the protected hexapeptide (III) in 2.5 ml of acetic 
acid was added 7.5 ml  of a 3.8 N solution of hydrogen bromide  in glacial  acet ic  acid.  The mix ture  was 
left  at room t e m p e r a t u r e  for  1 h, and then 100 ml  of e ther  was added and the oil that  s epa ra t ed  out was 
t r i tu ra ted  with e ther  and was kept  in vacuum over  po tass ium hydroxide .  The solidifying res idue  was d i s -  
solved in 4 ml  of d ime thy l fo rmamide ,  and the resul t ing  solution was brought  to a weakly alkaline reac t ion  
with t r i e thy lamine ,  and 0 A 6 g (1.2 mmole)  of t -butyloxycarbonyl-E -benzyloxycarbonyl lys  ine, 0.28 g (2.4 
mmoles)  of N-hydroxysucc in imide  [15], and, at -5°C, 0.23 g (1.1 mmole)  of d icyclohexylcarbodi imide  were  
added. The mix tu re  was kept at 0°C for  18 h and at  room t e m p e r a t u r e  for  6 h. The prec ip i ta te  was 
f i l te red  off, the f i l t ra te  was evapora ted  in vacuum to sma l l  volume,  the res idue  was d isso lved  in 10 ml  of 
ethyl ace ta te ,  the solution was washed (with acid at 0°C) and was dr ied  with sodium sulfate ,  the ethyl 
aceta te  was evapora ted  off, and the res idue  was t r i tu ra ted  with pe t ro leum e the r .  After  reprec ip i ta t ion  
f rom methanol  with e ther ,  the yield of the heptapeptide (IV) was 0.78 g (70%), mp 160-165°C (decomp.),  
[ a ] ~ - 2 7 . 8  ° (c 0.9; ethanol), R f  0.23 (1), C50H75N13016. L i t e r a tu re  data: mp 175°C [6]. 

p -Ni t robenzyl  E s t e r  of Benzyloxycarbonyl ( f l -COO-benzylaspar ty l )n i t roarg iny lpro ly l (e -benzyloxy-  
carbonyl lysy l )va ly lg lycyl leucylg lycyla lanyln i t roarg in ine  (V). A solution of 0.50 g (0.45 mmole)  of the p r o -  
tected heptapeptide (W) in 1.5 ml  of acetic acid was t r ea t ed  with 10 ml  of a 1 N solution of hydrogen chlo-  
r ide  in g lac ia l  acet ic  acid.  The mix tu re  was left  at room t e m p e r a t u r e  for  1 h, and 100 ml  of e ther  was 
added. The prec ip i ta te  that deposi ted was f i l te red  off, washed with e ther ,  and kept in vacuum over  po tas -  
s ium hydroxide .  The res idue  was d isso lved  in 4 ml  of d imethy l fo rmamide ,  the solution was brought  to an 
alkaline reac t ion  with t r i e thy lamine ,  and 0.36 g (0.55 mmole)  of benzyloxycarbonyl(fi  -COO-benzy la spa r ty l ) -  
n i t roarg iny lpro l ine  [7], 0.10 g (0.9 mmole)  of N-hydroxysuccinimide,  and, at -5°C, 0.10 g (0.49 mmole)  of 
d icyc lohexylcarbodi imide  were  added. The mix tu re  was kept  at .0°C for 48 h and at room t e m p e r a t u r e  for  
12 h. The prec ip i ta te  was f i l te red  off, and the f i l t ra te  was evapora ted  in vacuum (40°C). The res idue  was 
dissolved in 6 ml  of a mix tu re  of b u t a n - l - o l  and ch lo ro fo rm (1 : 1), the solution was washed, dr ied with 
sodium sulfate ,  and evapora ted  in vacuum, and the res idue  was t r i tu ra ted  with e ther .  After  r e p r e c i p i t a -  
tion f rom ethanol with e ther ,  the yield of pro tec ted  decapeptide (V) was 0.40 g (54%), mp 180°C (decomp.),  
[ a ] ~ - 2 1 . 4  ° (c 0.4; d imethy l fo rmamide) ,  R f  0,44 (1), C75HI02N20023. 

Aspar ty la rg iny lpro ly l lysy lva ly lg lycyUeucylg lycy la lany la rg in ine ,  Diaceta te  (VI). A solution of 248 
mg (0.15 mmole)  of the p ro tec ted  decapeptide (V) in 10 ml  of a mix ture  of methanol ,  acet ic  acid, and water  
(6 : 1 : 1) was hydrogenated  in the p r e sence  of pal ladium black for 50 h. After  the ca t a lys t  had been f i l tered 
off, the solution was evapora ted  to d ryness  in vacuum and was kept ove r  po tass ium hydroxide.  The 
res idue  was purif ied on a column (2 x 20 cm) of ca rboxymethylce l lu lose  in a concentrat ion gradient  of a m -  
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monium acetate (300 ml of a 0.25 M solution of ammonium acetate in the r e s e r v o i r  and 300 ml of water  in 
the mixer ,  pH 6.5). The fract ion issuing at a concentration of ammonium acetate solution of about 0.21 M 
and containing all the expected amino acids, as shown by the hydrolysis  of a sample,  was evaporated in 
vacuum and f r e e z e - d r i e d  to constant  weight. The yield of the decapeptide (VI) was 62 rag, mp above 150°C, 
[ a ] ~ - 4 2 . 0  ° (c 0.5; water),  R f  0.11 (2), 0.12 (3), EArg 0.88 (ninhydrin, Sakaguchi, positive spot). Amino 
acid analysis:  alanine 0.96, aspar t ic  acid 0.85, arginine 2.10, valine 0.92, glycine 1.76, leucine 0.95, 
lysine 1.12, proline 0.77. 

Lysylvalylglycyl leucylglycylalanylarginine,  Diacetate (VII). A mixture  of 123 mg (0.11 mmole) of the 
protected heptapeptide (IV) and 5 ml of a 1 N solution of hydrogen chloride in glacial  acetic acid was 
evaporated in vacuum and the res idue  was hydrolyzed and purified in a s imi la r  manner  to compound (VI). 
The fract ion issuing f rom the column at a concentrat ion of ammonium acetate of about 0.15 M and contain- 
ing all the expected amino acids,  as shown by the hydrolysis  of a sample,  was evaporated in vacuum and 
f r eeze -d r i ed  to constant weight. The yield of the heptapeptide (VII) was 36 mg, decomp, pt .above 165°C, 
[ a ] ~ - 2 5 . 5  o (c 0.5; water),  R f  0.10 (2), 0.07 (3), EArg 0.91 (ninhydrin, Sakaguchi, positive spot).  Amino 
acid analysis ,  alanine 0.93, arginine 1.04; valine 0.94, glycine 1.98, leucine 1.06, lysine 1.09, L i te ra tu re  
data. [~ ]~ -26 .9  ° (c 0.5; water) [6]. 

SUMMARY 

I. The assumed specifically active fragment of bovine fibrinopeptide B with the amino acid sequence 
15-21 and the f ragment  12-21 containing the tr ipeptide res idue Aspl2-Argl3-Prol4 have been synthesized.  

2. Their  p r e s so r  activities on rats  have been determined,  and it has been shown that the addition of 
the tr ipeptide ra ises  the p r e s s o r  activity of the heptapeptide by one o rde r  of magnitude. 
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