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          Methylated and acetylated derivatives of iturin A and mycosubtilin and methylated deri-
      vatives of bacillomycin L were prepared and their antibacterial activity on Micrococcus luteus 

      was compared with the activity of the original substance. The results obtained show the 
       importance of polar groups for the antibiotic activity of the substances of iturin group. 

   Iturin A, mycosubtilin and bacillomycin L are antibiotics which were isolated from strains of 

Bacillus subtiliis1,0,3> Their structures have been determined',',": these antibiotics are cyclic 

peptidolipids characterized by a lipid-soluble /3-aminoacid" linked to a peptide which contains D and 

t_-a-aminoacids (Figs. 1, 2, 3). These compounds have a strong antifungal activity and a restricted 

antibacterial activity against some Micrococcus and Sarcina strains'. Their action upon Micrococcus 

luteus has been recently reported',"'. We prepared various derivatives of iturin A, mycosubtilin and 

bacillomycin L and studied their antibacterial activity against M. luteus. The aim of this work was to 

determine the relation between the biological activity and the structure of these antibiotics.

Fig. 1. Structure of iturin A and derivatives.
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Fig. 2. Structure of mycosubtilin and derivatives.
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          Materials and Methods 

   Antibiotics. 

   Iturin A was prepared as described previ-

ously". Mycosubtilin was a gift of Dr. H. B. 
WOODRUFF, Merck Sharp & Dohme Research 

Laboratories, Rahway, New Jersey, U.S.A., and 

bacillomycin L was a gift of Dr. G. H. WARREN, 
Wyeth Institute of Applied Biochemistry, West 
Chester, Pennsylvania, U.S.A. 

   Preparation of Methyl Derivatives. 

   The phenolic group of tyrosine of iturin A 

and of mycosubtilin was methylated as follows: 
the antibiotic (20 mg) was dissolved in 2 ml of 

anhydrous methanol and gaseous diazomethane 
was bubbled in the solution, for 15 minutes at 

20°C. Then the excess of diazomethane was
blown out with a stream of nitrogen. I his methylation gave the derivative i trom iturin A and me 
derivative V from mycosubtilin. Three methyl derivatives were prepared from bacillomycin L as 
this antibiotic has two carboxylic groups and one phenolic group. Bacillomycin L (20 mg) was dis-
solved in 2 ml of anhydrous methanol and treated with gaseous diazomethane for 5 minutes at 20°C. 
This treatment gave a mixture of methyl diester derivative (IX) and of methyl diester 0-methyl tyrosine 
derivative (X). These derivatives were separated by thin-layer chromatography of the mixture on 
silica gel G 60 (Merck) with the solvent: chloroform - methanol - water (65: 25: 4, v/v/v). The 
0-methyl tyrosine derivative (XI) was obtained by saponification of the compound (X) with 0.1 N 
NaOH for 1 hour at 60'C. 

   Preparation of Acetyl Derivatives. 

   Iturin A and mycosubtilin have two hydroxyl groups, the phenolic group of tyrosine and the 
aliphatic hydroxyl group of serine. The 0-acetyl tyrosine derivative of iturin A (II) was prepared 
from 20 mg of antibiotic by a treatment with acetic anhydride - pyridine (1: 3, v/v), for 2 hours at 
room temperature. The esterification of the hydroxyl group of serine was very slow and the diacetyl 
derivative (IV) was obtained with acetic anhydride - pyridine (1: 1, v/v) in 14 days at room temperature. 
The diacetyl derivative of mycosubtilin (VIII) was prepared from 20 mg of antibiotic by acetic 
anhydride - pyridine (1: 3, v/v) for 1 hour at room temperature. The 0-acetyl serine derivatives of 
iturin A (III) and of mycosubtilin (VII) were prepared by mild saponification of the diacetyl derivatives 
(0.1 N NaOH for 2 hours at 60°C). The 0-acetyl tyrosine derivative of mycosubtilin (VI) was 
obtained by acetylation with acetic anhydride - pyridine (1 : 3, v/v) for 30 minutes at 0°C. 

   Purification of Derivatives. 

   All the derivatives were purified by preparative thin-layer chromatography on silica gel G 60 

(Merck) with the solvent A: chloroform - methanol - water (65: 25:4, v/v/v). The homogeneity of 
each compound was tested by TLC with the solvent A and with the solvent B: chloroform - dimethyl-
formamide - water (50: 44: 6, v/v/v). The revelations of the compounds were performed by spraying 
the plates with water and slow drying which gave white spots with peptidolipids11); with PAULY 
reagent, specific of the phenolic group of tyrosine or with H2SO4 50%. The substitution of the 

phenolic group of tyrosine was established by a negative reaction to PAULY reagent and by U.V. 
spectra. 

    Determination of the Antibiotic Activity. 

    Micrococcus luteus NTCC 2665 was grown at 35°C on a brain-heart medium (Bio-Merieux, 
France) 37 g/liter. After one hour (OD=0.6) the antibiotic was added to the medium and the growth 
was followed at 2 hours intervals during 10 hours by turbidimetry at 600 nm. The percentages of

Fig. 3. Structure of bacillomycin L and derivatives.
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   Table I. Rf of antibiotics and derivatives. 

Solvent A : chloroform - methanol - water 

        (65: 25: 4, v/v/v). 
Solvent B: chloroform - dimethylformamide -
         water (50: 44: 6, v/v/v).

Compound 

Iturin A 

I 

  II 

   III 

   1V 

Mycosubtilin 

V 

  VI 

   VII 

  VIII 

Bacillomy-in L 

  IX 

X 

  XI

Rf solvent A 

   0.35 

   0.50 

   0.50 

   0.52 

   0.68 

   0.26 

   0.38 

   0.38 

   0.44 

   0.61 

   0.16 

   0.58 

   0.73 

   0.22

Rf solvent B 

   0.45 

   0.62 

   0.59 

   0.79 

   0.91 

   0.45 

   0.52 

   0.55 

   0.59 

   0.73 

   0.38 

   0.78 

   0.88 

   0.43

Fig. 4. Ultraviolet spectra of iturin A and methyl 
 derivative (concentrations 250 /yg/ml).
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Table 2. Percent of growth inhibition, after 8 hours, 
 of Micrococcus luteus in liquid medium (deduced 
 from the growth curve determined with 5 % ac-
 curacy).

 Compound 

Iturin A 

I 

  11 

  III 

  IV 

Mycosubtilin 

V 

  VI 

  VII 

  VIII 

Bacillomycin L 

  Ix 

X 

  XI

Concentration of antibiotics

20 /cg/m 

  42 

  10 

3 

  25 

  12 

  55 

0 

6 

8 
  17 

 40 

  35 

8 

4

60 /.cg/ml 

  73 

  20 

  30 

  31 

  23 

  79 

3 

  22 

  16 

  46 

  70 

  60 

  32 

  17

200 pg/mI 

 100 
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 100 
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inhibition reported were determined 8 hours after the addition of antibiotic. 

                                   Results 

                       Characterization of Antibiotic Derivatives 

   The substitution of hydroxyl groups and carboxylic groups gave compounds with more lipophilic 

properties. The rate of migration of the derivatives on thin-layer plates increases with the number or 
substituting groups and thin-layer chromatography was used for the purification of the derivatives 

and for the estimation of the number of substituted polar groups. 

   The Rf of methyl and acetyl derivatives of antibiotics are shown in Table 1. 

   The substitution of phenolic group of tyrosine was confirmed by U.V. spectra. Fig. 4 shows 

U.V. spectra of iturin A and tyrosine-O-methyl derivative of iturin A in neutral and alkaline 

solution. Fig. 5 shows U.V. spectra of iturin A and of acetyl derivatives of iturin A. 

   In neutral solution, iturin A gives an absorption maximum at 278 nm (C=1,600). The wavelength 

of the maximum is shifted in alkaline solution and the molecular extinction coefficient is increased 

(1,,,,,,=295 nrn, c=2,400). When the phenolic group of the tyrosine is methylated, the derivative (I) 

exhibits an increase of molecular extinction coefficient but no shift of the absorption maximum in 

alkaline solution (c,__=278 nm, c=2,400). The acetylation of the phenolic group eliminates the 

absorption band at 278 nm, thus it is possible to distinguish the O-acetyl-tyrosine derivative (II) from 

the O-acetyl-serine derivative (III) of iturin A. 

                    Antibacterial Activity of Antibiotic Derivatives 

   The inhibitory effect on the growth of M. /uteus in liquid medium with various concentrations of 

compounds is given in Table 2. 

                                   Discussion 

   The antibacterial activities of iturin A, mycosubtilin and bacillomycin L are quite similar: 70-
80`,',, inhibition of the growth is observed at 60 /ig/ml and a total inhibition at 200 /sg/ml. The 
inhibitory effect of each derivative is much less than that of its parent antibiotic. This diminution of 
the inhibitory effect is specially important for the low concentrations: at 20 ,ug/ml the inhibition is 
40.55 °% with natural antibiotics and strongly diminished (0.35 %) for derivatives. It seems, from 
these data, that both the tyrosine phenolic group and the serine hydroxyl group of iturin A and 
mycosubtilin are essential for the maximum antibacterial activity. However the comparison of 

quantitative results does not allow to establish close connections between the nature of substituting 
groups and the percentage of inhibition. In the case of bacillomycin L the esterification of carboxylic 
groups does not strongly modify the antibacterial action. 
   Antibiotics of iturin group are structurally related and they have a hydrophobic moiety: the 
hydrocarbon chain of the /J-amino acid, and a hydrophilic moiety: the peptidic cycle. The presence 
of polar groups, hydroxyl and phenolic groups in the side chains of amino acids constituting the 

peptidic moiety seems to be a necessary condition for antibacterial activity but the position of polar 
groups in the peptide might have an importance for the antibiotic action. Recent NMR studies have 
given some informations upon the conformation of iturin A12). The molecule is locked by two 
hydrogen bonds which allow a large freedom to the side chain of the tyrosine residue and block the 
side chain of serine residue. This steric hindrance gives an explanation to the difficulty in the 
acetylation of hydroxyl group of the serine. 
   Our present data show the importance of polar groups in the antibacterial activity of the anti-
biotics of iturin group. Investigations on the three dimensional structures of these antibiotics should
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give more informations on the role of the amino acid side chains in the antibacterial action. 
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