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   From the culture broth of Bacillus cereus 60-6, in which antibiotic production was im-

proved, a new antibiotic, named cerexin C, was isolated. Similarly, a new antibiotic, cerexin D, 
was isolated from the culture broth of Bacillus cereus Gp-3. Cerexins C and D are closely re-

lated to cerexins A and B in their physico-chemical and antimicrobial properties. In fact cere-

xins C and D are peptides essentially identical with cerexins A and B except for the presence of a 

lysine residue in place of the y-hydroxylysine residue.

   The bacillus strains, 60-6 and Gp-3, identified as B. cereus have been reported to be the producers 

of cerexins A and B, respectively.') Improvement of the fermentation medium was attempted in order 

to increase the antibiotic production. When the strain 60-6 was cultured in an improved medium, 

production of a new antibiotic component in addition to cerexin A was recognized accompanying 

the increased antibiotic production. A similar phenomenon was observed also with the strain Gp-3. 

The new antibiotic components were isolated and named cerexins C and D, respectively. 

   In this paper, the production, isolation and characterization of cerexins C and D are discribed.

Production

   Spores of the strain 60-6 were inoculated into 120 ml of a medium consisting of glucose 1.0%, 

peptone 1.0 %, meat extract 0.5 % and NaC10.3 %, pH 7.0, in a SAKAGUCHI flask, and cultured for 1 day 

at 27°C on a reciprocal shaker. Then, 4 ml of the above culture was transferred to a medium consisting 

of starch 4.5 %, soy bean meal 6.0 % and (NH4)2SO4 0.3 %, pH 7.0, in a SAKAGUCHI flask, which was cul-

tured for I day at 27°C on a reciprocal shaker. When the antibiotic produced was measured by pulp 

diffusion method on a B. subtilis assay plate using cerexin A as a standard material, an antibiotic titre of 

approximate 800 mcg/ml was observed. 

   Fermentation of the strain Gp-3 was carried out in the same manner, and the production of the 

antibiotic was assayed as approximately 1,000 mcg/ml using cerexin B as a standard material. 

   To estimate relative abundance of each antibiotic component, the crude extract of the antibiotics 

produced was chromatographed on TLC in the manner described in the following section. The separated 
antibiotics were extracted and their acid hydrolyzates were analyzed with an automatic amino acid 

analyzer. From the quantities of the amino acids found, the ratio of cerexins A and C in the product of 

the strain 60-6 was approximately estimated as 4: 1. Similarly, the ratio of cerexins B and D in the pro-

duct of the strain Gp-3 was estimated as approximately 3: 2.
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Isolation

    Isolation of cerexins A and C as well as cerexins B and D was carried out in essentially the same 

manner as described for cerexin A or B,2 but one example is described here. 

    About 7 liters of the culture broth of the strain Gp-3 obtained as above was filtered by the aid of 

Hyflo Super-Cc] (100 g) at pH 3.0. The filter cake was extracted with 500 ml of 80% aqueous acetone 

and then with 500 ml of a mixture of chloroform, methanol and water (3: 7: 2) three times. The extract 

was concentrated under reduced pressure to a practically aqueous solution, from which the antibiotics 

were extracted with 500 ml of n-butanol three times. The culture filtrate containing the antibiotics in 

a small amount was discarded. The n-butanol extract was washed with dilute sodium bicarbonate, water, 

dilute hydrochloric acid and water, successively. Concentration of the n-butanol solution to a small 

volume (ca. 100 ml) resulted in the formation of a gel-like precipitate. To this, ethanol (ca. 100 ml) was 

added and the mixture was allowed to stand overnight at 4°C to complete the precipitation of the 

antibiotics. The precipitate was then collected by filtration and washed with ethanol and acetone. The 

crude mixture of cerexins B and D thus obtained was a colorless powder (4.0 g) with an antibiotic po-

tency of about 90 %. 

   About 250 mg of the crude mixture of cerexins B and D was dissolved in 40 ml of a mixture of 

chloroform, methanol and 28 % aqueous ammonia (2: 2: 1) and applied to four plates of silica gel GF 

(thickness 750 u, 20 X 100 cm), which were developed with chloroform - ethanol - 14 % aqueous am-
monia (4: 7: 2). Separated zones of cerexins B and D were detected by a UV lamp and extracted with 

the above solvent mixture. Each extract was evaporated and the antibiotic was extracted with n-butanol 

at pH 2.0 (HCI). The n-butanol solution was washed with neutralized water (pH 7.0) and then distilled 

water, and concentrated to dryness. Cerexins B (70 mg) and D (100 mg) were obtained as colorless 

amorphous powders. 

   The same procedure with the culture broth of the strain 60-6 resulted in the preparation of cerexins 

A and C. 

                                 Characterization 

   Approximate Rf values of cerexins A, C, B and D on TLC with three solvent systems are listed in 

Table 1. Separation of cerexins A and C as well as that of cerexins B and D was obtained in only one 

solvent system. 

   Cerexins C and D are colorless amorphous powders which decompose above ca. 185°C. They are 

soluble in dimethylsulfoxide, dimethylformamide, slightly soluble in aqueous alcohols and aqueous 

acetone, but insoluble in other organic solvents. In dilute alkaline water, cerexins C and D are less 

soluble than cerexins A and B. Ninhydrin, DRAGENDORFF'S and EHRLICH's reactions are positive.

Table 1. Rf values of cerexins A, C, B and D on thin-layer chromatography (Merck, Silica gel GF)

Solvent system

n-Butanol - acetic acid - water (3: 1: 1) 

Chloroform - ethanol-water (4: 7: 2) 

Chloroform - ethanol - 14 % ammonia (4: 7: 2)

Rf value

A 

0.51 

0.51 

0.37

C 

0.51 

0.51 

0.41

B 

0.58 

0.55 

0.40

D 

0.58 

0.55 

0.46
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   Elemental analyses, [a]D values and ultraviolet absorptions are listed in Table 2. The calculations 

for elemental analyses are based on the molecular formulae anticipated from the constituents found in 

their acid hydrolyzates. The infrared absorption spectra are shown in Fig. 1.

Table 2. Physico-chemical properties of cerexins C and D

Anal. Found 
    Calcd. 

ACa330H

     Cerexin C (free form) 

C, 52.86; H, 7.54; N, 14.33 
C, 52.80; H, 7.82; N, 14.68 
(Cc3H103N15018.4H20) 
+16.4±2.6° (c 0.214, DMF) 
276 nm (Ei m 35.1); 283 nm (E,' 38.1) 
290.5 nm (E' ,L 32.9)

     Cerexin D (free form) 

C, 54.00; H, 7.27; N, 14.38 
C, 53.74; H, 7.56; N, 14.47 
(C651-199N15017.21120) 
+11.7±1.8° (c 0.231, DMF) 
275 nm (E,"' 33.3); 283 nm (Eixm 36.1) 
290.5 nm (E;xm 31.3)

Table 3. Antimicrobial spectra of cerexins C and D compared with cerexin A

Test organism

Bacillus subtilis PCI 219 

Staphylococcus aureus FDA 209P JC-1 TORO 

Streptococcus pneumoniae type I 

Streptococcus pyogenes C-203 

Escherichia coli 

Klebsiella pneumoniae 

Salmonella typhimurium 

Pseudomonas aeruginosa

MIC (mcg/ml)

A 

  3.13 

  3.13 

  0.78 

  3.13 

>50 

>50 

>50 

>50

C 

  6.25 

  6.25 

  1.56 

  3.13 

>50 

>50 

>50 

>50

D 

  6.25 

 12.5 

  3.13 

  6.25 

>50 

>50 

>50 

>50

Obtained by the usual agar dilution method.

Fig. 1. Infrared absorption spectra of cerexins C and D (KBr) 
       i) Cerexin C 
       ii) Cerexin D
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   These physico-chemical properties of cerexins C and D are closely similar to those of cerexins A 

and B.2) 

   The antimicrobial spectra of cerexins C and D, and that of cerexin A measured simultaneously are 

shown in Table 3. Cerexins C and D are active against Gram-positive bacteria, but they are somewhat 

less active than cerexin A.

The Constituent Amino Acids and Fatty Acids

   Cerexins C and D were hydrolyzed with hydrochloric acid and the hydrolyzates were analyzed 

with an automatic amino acid analyzer as described in the preceding papers.'-3,4,5) The amino acids 

found are listed in Table 4. It should be noted that cerexins C and D contain lysine, but not y-hydroxy-

lysine. All the amino acids except y-hydroxylysine contained in cerexins A and B are found in cerexins 

C and D, respectively.

Table 4. Amino acid analyses of cerexins C and D

Cerexin C 

Cerexin D

Found (4umoles/mg) 
     (moles/mole) 

Found (jtmoles/mg) 
     (moles/mole)

Asp 

2.08 
(3) 

1.79 
(3)

aThr 

0.61 
(1) 

0.52 
(1)

Ser 

0.49 
(1)

 Gly 

 0.56 
 (1)

Val 

1.21 
(2) 

0.60 
(1)

alle 

0.59 
(1) 

0.61 
(1)

Phe 

0.58 
(1)

Trp 

0.60 
(1) 

0.54 
(1)

Lys 

0.65 
(1) 

0.59 
(1)

Amm 

2.06 
 (3) 

1.72 
(3)

Fig. 2. Gas chromatograms of fatty acid methyl esters from 1 hour-hydrolyzates of cerexins A, B, C and D. 
 Recorded with a Perkin-Elmer Model 881 equipped with a steel column (6 feet, 1/8-inch diameter) packed 

with 15 % diethylene glycol succinate polymer on Chromosorb W 80- 100 mesh, at 160°C. 
 i-Cioh3: /3-Hydroxy isodecanoic acid 

 n-Cioh3: /3-Hydroxy decanoic acid 
 i-C„h3: /3-Hydroxy isoundecanoic acid 
 a-C,h3: /3-Hydroxy anteisoundecanoic acid

Cerenn PI

(Cerexie B)

(Cere- C: )Cers- C'
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   The ethereal extracts from 1-hour hydrolysis 

of cerexins C and D were analyzed by gas 

chromatography as described in the previous pa-

pers. ',II When the gas chromatograms were com-

pared with those of cerexins A and B, close 

similarities were observed between cerexins A 

and C, and also between cerexins B and D as il-

lustrated in Fig. 2. This means that the fatty acid 

constituents of cerexins A and C, and also of 

cerexins B and D, are essentially the same. 

   From the above, it was concluded that cere-

xins C and D are the acylpeptides analogous to 

cerexins A and B, respectively, in which the y-

hydroxylysine residue is replaced by a lysine residue. The structures of cerexins A, B, C and D can be 

summarized as shown in Fig. 3.
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