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A NEW SYNTHETIC ANTIBIOTIC 

 ANALOG OF GRAMICIDIN S, 

 [2,2'-L-SERINE]-GRAMICIDIN S

Sir: 

  In studies of relationship between structure 
and antibacterial activity of gramicidin S, vari-
ous analogs have been synthesized. From these 

studies, it has been recognized that the basic 
amino groups of ornithine residues in gramicidin 

S are necessary for the activity. For example, 
acylation of the amino groups in ornithine resi-

dues caused drastic decrease in the activity1). 

On the other hand, changing the length of the 
side chain in the ornithine residues2,3) and con-
version of the amino groups into strongly basic 

guanidino groups does not alter the activity". 
Recently, [His2,2']-GS, in which the ornithine 

residues are replaced by histidine residues, was 
synthesized and shown to be 1/8 or 1/16 times 

as active as gramicidin S5). 
 In order to investigate the biological role of 

8-amino groups in ornithine residues, we syn-

thesized the gramicidin analog, [Ser2,2']-GS, in 

which these are replaced by serine residues 

(Fig. 1). 
  The compound was synthesized by convention-
al methods. Boc-Val-Ser hydrazide and Leu-

D-Phe-Pro-OBzl, synthesized by DCC coupl-
ing using 1-hydroxybenztriazole, were joined to 
form Boc-Val-Ser-Leu-D-Phe-Pro-OBzl, which 

in part was converted to the Boc-pentapeptide

hydrazide*,**'. Coupling of Boc-pentapeptide 

hydrazide and peptapeptide ester derived from 
the protected ester afforded Boc-(Val-Ser-Leu-

D-Phe-Pro)2-OBzl. This ester was converted 
into the corresponding hydrazide, and then 

cyclized by azide method using pyridine. The 
cyclodecapeptide, [Ser2'2']-GS, was obtained in 

60% yield. The homogeneity of [Ser2,2']-GS 
was confirmed by means of thin-layer chro-

matography, amino acid analysis, and elemental 
analysis. 

  The antibacterial activity toward several 
microorganisms was examined, and the results 
are shown in Table 1. This analog has antibac-

terial activity against some Gram-positive micro-
organisms, in spite of the absence of the orni-

thine amino groups. However, its activity is 
less by about one order than that of natural 

gramicidin S. 
 The ORD and CD spectra of this analog were 
measured in ethanol. Its ORD spectrum shape 

resembled that of gramicidin S, and a trough was 

observed at 234 nm like that of gramicidin S. 
In the CD spectrum was also observed a curve 

similar to that of gramicidin S, and the two 
troughs at 209 nm and 217 nm were slightly 
shallower than those of gramicidin S. The re-

sults of these spectra indicate that the confor-
mation of the analog is similar to that of gram-
icidin S. 

 For the mode of action of gramicidin S, it has 
been reported by S. N. SEMENOV et al.6) that the

Fig. 1

Gramicidin S (GS)*

[Ser2,2']-GS

Table 1. Antibacterial activity of GS and its analog.

       Strain 

Staph. aureus ATCC 
 6538P 

Strept. pyogenes N.Y.5 

Micrococcus flavus 
 ATCC 10240 

Corynebact. diphtheriae 
 P.W.8 

Bac. subtilis ATCC 6633 

E. coli NIHJ-JC2

Minimum inhibitory 
  concentration, 

      ,ug/ml

 GS 

    6.3 

    1.6 

     1.6 

    0.8 

    1.6 

>100

[Ser2,2']-
 GS 

> 100 

 25 

  12.5 

    6.3 

> 100 

>100

   * Abbreviations with no prefix show L-amino 

acid residue. 
  ** The following are from J. Biol. Chem. 247:

977-983, 1972: Boc-, t-butoxycarbonyl; DCC, 

dicyclohexylcarbodiimide.
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most significant role for the gramicidin S mem-

brane activity is played by the "pleated sheet" 

conformation, while free amino groups of 

ornithine residues are involved only in the forma-

tion of amino group-lipid complexes. In the 

present study, it is noteworthy that the activity 

of this synthetic analog might simulate not 

gramicidin S proper, but its active complex 

directly.
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