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Synthetic polypeptides and eopolymers  containing the basic amino acids ornithine and lysine are  
powerfal ant imicrobia l  agents.  The influence of this type of compounds on such organisms as Escher ich ia  
coli and Staphylococcus aureus  apparent ly depends on their  sur face-ac t ive  p roper t i es .  In this respec t ,  
thei r  biological act ivi ty may  be compared  with the act ivi ty of the natural  antibiotics gramicidin  C and 
tyrocidine [1]. The bacter ic idal  p roper t i e s  of po lymers  with regular  and i r r egu l a r  sequences of ornithine 
and leucine res idues  have been repor ted  previous ly  [2] (Table 11. At a concentrat ion of 5-10 mg /ml ,  these 
po lymers  exhibited a bacter ic idal  action on a cul ture  of Staphylococcus aureus.  The rep lacement  of the 
ornithine res idues  in the regula r  polymer  H ( L - L e u - L - O r n - L - L e u ) - O H  by arginine res idues  by means  of 
guanidination did not lead to a change in the biological p roper t i es  of the polymer .  However,  this does not 
pe rmi t  the conclusion that the arginine po lymers  a re  identical in thei r  antibacterial  p roper t i e s  with the 
ornithine po lymers ,  since the guanidination of the polymer  descr ibed  took place to the extent  of only 75%. 

We have obtained m e r e  fundamental resul t s  by test ing arginine-containing polypeptides synthesized 
biologically. The polypeptides have regular  s t ruc tu res  with the following amino acid sequences ( - G l y - L -  
A l a - L - A r g - }  (D, ( - L - L y s - L - A r g - L - A l a - ~  (ID, ( - L - L y s - L - A r g - G l y , }  (In3. 

Biological tes t s  showed that polypeptide (D exhibits bacter ic idal  action on a cul ture  of Staphylococcus 
aureus  at a minimum concentrat ion of 2 mg /ml ,  while polypeptides (H) and (III) did not possess  bacter icidal  
p roper t i e s  at this concentrat ion.  On this basis,  i t  may be assumed that the bacter ic idal  p roper t i e s  of the 
polypeptides a re  apparent ly c lose ly  connected with the nature  of the amino acids of which they a re  com-  
posed and the i r  sequence (see Table 11. 

The polypeptide ( - G l y - L - A l a - L - A r g - )  was obtained by the polycondensation of the hydrobromide 
of the 2 ,4 ,5- t r iehlorophenyl  e s t e r  of the tr ipeptide in dimethylformamide (DMFA) with 2.5 equivalents of 

* Deceased.  

TABLE 1. Inhibition of Size of Staphylococcus 
aureus  Culture by Polypeptides of Regular  Structure  

Minimum 
Polypeptide • inhibitor 

conch., mg/ml 

L-leucyl, L-ornithyl* 
Poly (L-Leu-L-Orn-L-Leu)* 
Poly (L-Leu-L-Arg-L-Leul* 
Poly (Oly-L-Ala-L-Atg-) 
Poly (L-Lys-L-Arg-L-Ata) 
Poly (L-Lys-L-Arg-Oly) 

100 000 
10000 
4000 

10000 
5.312 
7000 

5--10 
5--10 
5--10 

2 
,~10 Not active 
<-!0 Not active 

*See [21. 
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N(C~Hs)3. The hydrobrornide of the t r ipept ide was synthesized by the carbodi imide  method in the follow- 
ing way: 

Z-GIy-L-AIa-OH +HBr'NG -NO~-L-Arg - OPhCi~Z_Gly.L.Ala" NG. 

-NO=-L-Arg-OPhCI3 HBrtCHaCOOH -> HBr.GIy.L.AIa.N o . NO2.L.Arg_OPhCla" 

The r emova l  of the protect ive  group (NG-NO 2-  in the case  of arginine) f rom the polypeptide was effected 
over  Pd for 20 h. Polypept ides  with the sequences  ( - L - L y s - L - A r g - L - A l a )  and ( - L - L y s - L - A r g - G l y )  
were  fo rmed  in the polycondensation of the hydrochlor ides  of the cor responding  t r ipept ides ,  the hydro-  
chlor ides  having been obtained by the mixed-anhydr ide  method. 

I~-BOC-N-Z-L- Lys- N ° -NO2-L-Arg-OH +Hgr.X-OPhCI, ' a ' * ,-N-BOC-N- 

-Z-L-Lys-N ° -NO2-L-Arg-X-OPhCI a HCItC.HaOH *- HCI .I~I-L-Lys- 

-N ° -NOa-L-Arg-X-OPhCI3, 

where  X r e p r e s e n t s  L -Ala  or Gly; Z r e p r e s e n t s  a benzyloxycarbonyl  group; BOC r e p r e s e n t s  a t e r t i a r y -  
butyloxycarbonyl  group; and - O P h C I  3 r e p r e s e n t s  a t r ichlorophenyl  e ther  group. 

The pro tec t ive  groups ( N e - Z  in the case  of lysine and N G - N o  2 in the case  of arginine) were  e l im i -  
nated f rom the peptides by success ive  hydrobrorninolysis  (45 ra in )and  hydrogenation over  Pd (7-10 h). 
Sephadex G-25 (medium) was used for f ree ing  the polypeptides f rom low-molecu la r -we igh t  impur i t i es .  

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

The hydrobromide  of the 2,4,5 - t r ich lorophenyl  e s t e r  of G l y -  L - A I a -  N G - NO z -  L - A r g  (13 has been 
obtained prev ious ly  and is  descr ibed  in our prev ious  pape r  [3]. 

The HydrOchloride of the 2 ,4 ,5-Tr ichlorophenyl  E s t e r  of N ~ -  Z - L y s - N G - N O ~ - L - A r g - L - A l a  (HaL 
With s t i r r ing ,  0.29 rnl of N(CzI-Is) S and, a t - 1 5 ° C ,  0.3 rnl of isobutyl ch lo roformate  (IBCF) were  added to a 
solution of 1.3 g (0.002 mole) of N ~ - B O C - N e - Z - L - L y s - N G - N O 2 - A r g  in t e t rahydrofuran  (THF). The 
mix tu re  was s t i r r e d  for  another  20-25 rnin and then 1.3 g (0.003 mole) o fHBr  • Ala-OPhC13 in THF and 0.5 
ml  of N(C2Hs) 3 were  added. The mix tu re  was s t i r r e d  at -15°C for  1 h and a t  20°C for  2 h and was left  for  
12 h. The solvent  was dist i l led off and the res idue  was dissolved in CHC13 and was washed success ive ly  
with water ,  107o c i t r ic  acid, and 0.5 N NaHCO 3 and was dr ied over  MgSO 4. After  the dist i l lat ion of the 
CHC13, the product  was dr ied and t rea ted  with pe t ro leum ether .  The yield of the t r ipept ide  N ~ - B O C -  
N e - Z - L - L y s  - N G - N O 2 - L - A r g -  L-Ala-OPhC13 was 1.2 g (66%); C34H45NsO10C13, mp 94°C (decomp.}; 
Rf 0.37 [ sys tem 1: H~O-CH3COOH-n-C4H9OH (30 : 10: 100) on s i l ica  gel, chrornogenic agent  iodine]; Rf  
0.76 [ sys tem 2: sec-C4HgOH-3% NH4OH (100:44); chrornogenic agent  iodine]; [ (~]~-24 .4  ° (c 0.82; THF).  

To 1.2 g (0.0014 mole) of the product  obtained was added 5.4 ml  of 3 N HC]/CH~OH. The mix tu re  
was  kept at 20°C for  35 rnin, and a f te r  this the solvent was dist i l led off and the product  was prec ip i ta ted  
f rom methanol  with e ther .  Yield 1 g (99%); Rf  0.58 ( sys t em 2). 

The hydrochlor ide  of the 2 ,4 ,5- t r ichlorophenyl  e s t e r  of N C - Z - L - L y s - N G - N O 2 - A r g - G l y  was syn-  
thes ized  in the same  way as (IIa). Yield 0.8 g (90%), Rf 0.64 ( sys t em 2). 

Polycondensation.  A solution of 1 g (0.0013 mole) of (Ia) in 1.2 g of  absolute  DMFA was t r ea ted  with 
0.32 g of N(C~I-Is)3, and the mix tu re  was lef t  at  room t e m p e r a t u r e  for 5 days.  Then 6-7 ml  of absolute 
methanol  was added, and the prec ip i ta te  that deposited was f i l tered off and washed with e ther .  Yield 0.55 
g. After  the r emova l  of the pro tec t ive  groups by van Slyke 's  method, the molecu la r  weight of polypeptide 
(I) was 10,000 (n = 27). 

The polypeptides (H) with reel.  wt. 5312 (n = 14) and (III) with rnol. wt. 7000 (n = 20) were  obtained in 
the s ame  way. 

Invest igat ion of the Bacter ic ida l  Action of the Substances Synthesized. A weighed sample  of the poly-  
peptide under examinat ion (20 rag) was dissolved in 5 rnl of dist i l led water .  Then the following dilutions 
of the polypeptides with mea t -pep tone  broth to concentrat ions of 1, 0.5, 0.25 mg/ rn l ,  etc.  were  p repared .  
F r e s h  Staphylococcus au reus  with all the wel l -def ined s igns of pathogenicity was used as the s t ra in  to be 
inhibited. The exper imen t s  were  pe r fo r rnedwi than  agar  cul ture  incubated in the t h e r m o s t a t  for 18 h a t  
37~C. The mic rob ia l  suspension was diluted with physiological  solution to a concentra t ion of 20,000 m i -  
c rob ia l  cel ls  per  ml  and was added in 0 .2 -ml  por t ions  to the working solutions and a lso  to a control  cul-  
ture  (meat -pep tone  broth and the given concentrat ion of the culture).  
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The inoculates were incubated in the thermostat  at 3TC for 18 h, taking into account the growth of 
the culture being incubated. 

SUMMARY 

1. Polypeptides of regular structure with the amino acid sequences (-Gly-L-Ala-L-Arg-), (-L- 
Lys-L-Arg-L-Ala-), (-L-Lys-L-Arg-Gly) have been synthesized. 

2. It has been established that the polypeptide (-GIy-L-AIa-L-Arg) possesses a bactericidal ac- 
tion which exceeds that of the known polypeptide (- L-Leu-- L-Orn- Leu-). 

1° 
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