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Mycocerein, a Novel Antifungal Peptide Antibiotic Produced by
Bacillus cereus
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A peptide was obtained from culture filtrates of a bacterium which was newly isolated and tentatively named
Bacillus cereus SW. The peptide was composed of Asx, Ser, Glx, Leu, Tyr, Pro, and an unknown amino acid in
a ratio of 2:1:1:1:1:1:1, but, unless hydrolyzed with HCI, it was ninhydrin reaction negative. The peptide
effectively inhibited the growth of all fungi and yeasts so far examined, whereas it inhibited none of the bacteria
tested.

Bacteria of the genus Bacillus produce a variety of peptide
antibiotics (7, 12). Most of the peptides are antibacterial, and
a few are known to be antifungal, antitumor, cytotoxic,
fibrinolysis promoting (6), and immunosuppressive (2). All
antifungal peptides so far known, including mycobacillin (9,
11), iturin A (5), bacillomycin (1), mycosubtilin (10), fungi-
statin (8), and subsporin (4), are cyclic ones and are pro-
duced by Bacillus subtilis. Their activities against fungi are
not efficient and specific enough to allow their use for
therapeutic purposes.
We have found a highly specific and sufficiently active

antifungal peptide in the culture filtrate of a bacterium
tentatively named B. cereus SW according to the description
in Bergey's Manual, 8th ed. (3). This bacterium was newly
isolated in our laboratory in 1983. It is a gram-positive rod,
1.3 by 3.5 ,um, motile, sporeforming, aerobic, catalase
positive, Voges-Proskauer reaction positive, intracellular
protein crystal negative, and egg yolk reaction positive,
suggesting that it is, at least, not B. subtilis but that it should
be B. cereus.

B. cereus SW was cultured in a medium (pH 7.0) contain-
ing 3% peptone, 0.5% yeast extract, and 0.5% NaCl for 3
days at 27°C with shaking. Cells were removed by centrifu-
gation, and CaCl2 (final concentration, 1%) was added to the
supernatant. The mixture stood at 4°C overnight. The result-
ing precipitates were collected by centrifugation, dissolved
in 100 mM EDTA-0.05 M Tris-hydrochloride buffer (pH
8.0), and dialyzed extensively against 0.05 M phosphate
buffer (pH 7.0). Ethanol (final concentration, 80%) was
added to the dialysate, and the mixture was allowed to stand
for 6 h at 4°C. Precipitates were removed by centrifugation,
and the supernatant was dried in vacuo, dissolved in a
minimal volume of water, and acidified with HCI to pH 3.0.
Precipitates were collected by centrifugation, dissolved in
0.05 M NaHCO3, and dialyzed against deionized water. The
dialysate was passed through a Sephadex G-100 column.
Active fractions were collected and freeze-dried.
The preparation thus obtained easily formed colorless

prismatic crystals from an aqueous solution upon addition of
ethanol and gave a single spot with concentrated H2SO4 on
Merck Silica Gel 60 plates, using the following solvent
systems: t-butanol-acetic acid-water (74:3:25), ethyl ace-
tate-acetic acid-water (88:6:6), n-butanol-acetic acid-water
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(79:6:15), methanol-acetic acid-water (25:3:72), and acetone-
acetic acid-water (20:6:74). This preparation consisted of C,
H, 0, and N (57.1, 7.38, 24.22, and 11.25%). P and S were
not detected. Sugar and nucleic acid were not detected in
this preparation by the phenol-H2SO4 method and UV
absorption, respectively. The ninhydrin reaction was nega-
tive, but when the preparation was hydrolyzed with 6 N HCl
at 110°C for 24 h, it became positive. The amino acid
composition of the HCI hydrolysate was determined with an
amino acid analyzer (Hitachi 835-65) to confirm that it was
composed of aspartic acid, serine, glutamic acid, leucine,
tyrosine, proline, and an unknown amino acid in a ratio of
2:1:1:1:1:1:1. From these results, it may be concluded that
our preparation is an acidic cyclic peptide with a minimal
molecular weight of about 1,000 and that the peptide is a
novel compound in its amino acid composition.
The antifungal activities of this compound are shown in

Table 1. A volume of suspensions of fungal or yeast spores
or vegetative cells in 0.05 M phosphate buffer (pH 7.0)
containing 1% lactose, 0.5% peptone, 0.3% yeast extract,
and 0.3% malt extract was mixed with an equivalent volume
of the serially diluted peptide solution on a microtiter plate
and incubated at 27°C for 3 to 7 days. A bacterial suspension

TABLE 1. Antimicrobial spectra of mycocerein

Strain MIC (,ug/ml) of
mycocerein

Fungi/yeasts
Conidiobolus lamprauges 454 19.5
Conidiobolus lamprauges ATCC 28997 19.5
Fusarium oxysporum IAM 5009 39
Aspergillus nidulans IAM 2006 39
Eurotium chevalieri IFO 4928 19.5
Mucor rouxianus IAM 6131 78
Penicillium chrysogenum JAM 7106 39
Cryptococcus luteolus IAM 12207 19.5
Hansenula wingei IAM 4983 19.5
Saccharamyces cerevisiae IAM 4125 39

Bacteria
Staphylococcus aureus NIHJ 2099 >625
Bacillus subtilis IAM 1026 >625
Escherichia coli IAM 1268 >625
Serratia marcescens IAM 12142 >625
Proteus vulgaris IAM 1025 >625
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in a medium (pH 7.2) consisting of 1% meat extract, 1%
peptone, and 0.5% NaCl was also mixed with the peptide
solution in the same manner and incubated at 30°C for 1 to 3
days. Growth inhibition was determined by the turbidity of
the mixture. Table 1 shows that our compound potently
inhibited the growth of all fungi and yeasts examined,
whereas it inhibited none of the bacteria. The activities of
most of the known so-called antifungal peptide antibiotics
are not as strong or as wide ranging and are not fungus and
yeast specific. In this respect, the peptide may be regarded
as a novel compound with novel properties. We propose to
name this peptide compound mycocerein. Its detailed prop-
erties are now under investigation.
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