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In order to manufacture Bacillus cereus-free fermented soybean products, an antimicrobial agent-
producing isolate against B. cereus was obtained from 150 traditionally fermented soybean products.
The morphological and biochemical tests and the phylogenetic relationship among 16S rRNA gene
sequences indicated that the isolate named as the strain SCK 121057 was most closely related to
Bacillus licheniformis. The B. licheniformis isolate began to produce the antimicrobial agent after 48 h
of incubation. The agent was nonproteinaceous and insensitive to heat, long term storage and protease
K. Electron microscopic observation indicated that the agent attacked the membrane of B. cereus,
leaving the ghost cell. The isolate inhibited growth of B. subtilis, Lactobacillus brevis and various types
of pathogenic strains including Escherichia coli, E. faecalis, Micrococcus luteus, Staphylococcus aureus,
Aspergillus flavus, A. ochraceus, and A. parasiticus as well as B. cereus. After coinoculation of B.
licheniformis SCK 121057 and B. cereus in the ratio (as the basis of CFU/g sample) of 10 to 1 on the
surface of cooked soybeans, cell numbers of B. cereus had been dramatically reduced after 31 days of
incubation compared to those of single inoculation of B. cereus.
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Table 1. The PCR primers used in this study

Primer pair Sequence Target sequence (GenBank accession no.) Size (bp)
cesAF GTTGGCGTGTTATGTGATCG Cereulide synthetase A, 662
cesAR GGTGAAACAGCTTCTCCTGC cesA (AB248763)

cesBF AAAGAATGTTTCACCGAAGACGGTT Cereulide synthetase B, 1161
cesBR ACACACTTCTTTTCCGATTCCACCT cesB (AB248763)

plcRF CRGGYGCRGTATACCCAAGT Phospholipase C regulatory protein, plcRpapR 388
plcRR TGAAATACCCCATGYCATYG (DQ153391)

IchAF ACGGCCGATCAGGAGCTTTC Lichenysin synthetase, lch4A4 557
IchAR TCTCAGCGCCTTCGATCTGC (AJ005061)

IchBF TTTGACCCGGAGCTCGTTGA Lichenysin synthetase, IchAB 706
IchBR CTGAGGGCGGAAAGCAGGAT (AJ005061)

IchCF CATGTATACGGGCCGACGGA Lichenysin synthetase, IchAC 173
IchCR CTGAAGGCCGGAGATGGCTT (AJ005061)

lanM1F TCGCTGACCACCGAGGAAAA Lantibiotic modification enzymel, licM1 571
lanM1R CGCTTTCTGCATGGTCCCAG (NC006270)

lanM2F CGACAGCGCACTACGCCTCT Lantibiotic modification enzyme2, licM2 776
lanM2R TCCCGCATGCTGCAGAAAAT (NC006270)

srfAF CAGCGGCAGCGGATTAAATG Surfactin synthetase A, srf4A4 1.025
srfAR GGCCTTCAAAATCGCCTGCT (NC000964) ’
srfBF CGGTGTGTCATGGCGGATTT Surfactin synthetase AB, srf4B 696
srfBR TCGAAAGCGGACGGTTCAAA (NC000964)

srfCF TTCACTGTCGGAGGCGGAAA Surfactin synthetase AC, srfAC 033
srfCR ACCGGCAGATAGGCTGCTCC (NC000964)
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Fig. 1.

(A) Colony morphology and (B)
micrograph of the strain SCK 121057.

scanning electron
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Table 2. Biochemical characterization for the identification of the strain SCK 121057

Test Reaction

Test Reaction

3-Xylosidase -
L-Lysine arylamidase -
L-Aspartate arylamidase -
D-Mannose +
D-Melezitose -
N-Acetyl-D-glucosamine -
Palatinose +
L-Rhammose -
B-Glucosidase +

B-Mannosidase -

Phosphorylcholine esterase +
Pyruvate -
a-Glucosidase +
D-Tagatose -
D-Trehalose +
Inulin -
D-Glucose +
D-Ribose

Putrescine assimilation -
Growth in 6.5% NaCl +
Kanamycin resistance +
Oleandomycin resistance -

Leucine arylamidase +

Phenylalanine arylamidase +
L-Proline arylamidase -

B-Galactosidase

+ +

L-Pyrrolydonyl arylamidase
a-Galactosidase -

Alanine arylamidase

+ +

Tyrosine arylamidase
B3-N-Acetyl-glucosaminidase -

Ala-Phe-Pro arylamidase -

+

Cyclodextrin
D-Galactose -
Glycogen

Myoinositol

Methyl-a-D-glucopyranose

+ o+ + o+

Ellman
Methyl-D-xylosidase -
a-Mannosidase -

Maltotriose

+

Glycine arylamidase -
D-Mannitol
Esculin hydrolase

Tetrazolium red

+ + + o+

Polymyxin B resistance
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Bacillus aerius (AJ831843)
Bacillus licheniformis (CP000002)
Bacillus licheniformis (X68416)
SCK121057
Bacillus sonorensis (AF302118)

Bacillus subtilis subsp subtilis NZABQK00000000)
Bacillus subtilis (AJ276351)

Bacillus mojavensis (AB021191)
Brevibacterium halotolerans (AJ620368)

Bacillus malacitensis (AY603656)

Bacillus subtilis subsp spizizenii (AF074970)
Bacillus vallismortis (AB021198)

Bacillus velezensis (AY603658)

— Bacillus atrophaeus (AB021181)

Bacillus pumilus (AF302118)

~ 0.001 substitutions/site

Bacillus altitudinis (AJ831842)
Bacillus stratosphericus (AJ831841)
Bacillus aerophilus (AJ831844)

Fig. 2. Neighbour-joining tree based on 16S rRNA sequences (1,443 bp), showing the phylogenetic relationship between the strain SCK 121057
and closely related species of Bacillus. Bar, 1 substitution per 1,000 nucleotides.
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Fig. 3. Growth curve of the strain SCK 121057 and the production
of antimicrobial agents at various incubation times. Dark circles and
open circles indicate growth curve and halo size indicating
antimicrobial activities, respectively.
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Fig. 4. Antimicrobial activity of culture filtrate of the strain SCK
121057 against B. cereus JBE 0008. (A) Distilled water; (B)
proteinase K solution (8 U in 20 pul DW) incubated at 50°C for 30
min; (C) culture filtrate without treatment; (D) culture filtrate
incubated at 50°C for 30 min; (E) culture filtrate treated with
proteinase K (8 U in 20 pl culture filtrate) at 50°C for 30 min; (F),
culture filtrate autoclaved at 121°C for 10 min. Amount of loaded
sample on the paper disc was 20 pl.



Table 3. Antimicrobial activities of the strain SCK 121057
against bacteria and fungi

Test strain Halo Cul.tglrea’b
(mm) condition
B. cereus KACC 10001 11-14  NA, 37°C
B. cereus KACC 10004 10-11  NA, 37°C
B. cereus KACC 11240 12-14  NA, 37°C
B. cereus KACC 12672 7-9 NA, 37°C
B. cereus KACC 12682 12-15  NA, 37°C
B. cereus JBE 0001 7-9 NA, 37°C
B. cereus JBE 0002 11-13  NA, 37°C
B. cereus JBE 0004 15-19  NA, 37°C
B. cereus JBE 0005 6-8 NA, 37°C
B. cereus JBE 0006 13-17  NA, 37°C
B. cereus JBE 0008 7-8 NA, 37°C
B. cereus JBE 0011 10-11  NA, 37°C
B. licheniformis KCTC 1918 0 NA, 37°C
B. licheniformis SCD 121033 0 NA, 37°C
B. licheniformis SCD 121035 0 NA, 37°C
B. licheniformis SCD 122037 0 NA, 37°C
B. licheniformis SCD 123021 0 NA, 37°C
B. licheniformis SCD 124031 0 NA, 37°C
B. subtilis KCTC 1021 8-9 NA, 37°C
B. subtilis KCTC 1107 10-11  NA, 37°C
B. subtilis KCTC 1326 9-10  NA, 37°C
B. subtilis KACC 11974 9 NA, 37°C
B. subtilis KACC 12610 9-10  NA, 37°C
B. subtilis KACC 12680 6-7 NA, 37°C
E. coli KACC 13821 11-13  NA, 37°C
E. faecalis KACC 11304 7 TSA, 37°C
M. luteus KACC 13377 10-11  NA, 37°C
L. brevis KACC 11433 7-8 MRS, 28°C
P. aeruginosa KACC 10259 0 NA, 37°C
S. aureus KACC 10778 11-12  NA, 37°C
S. aureus subsp. aureus KCTC 1621 10-11  NA, 37°C
S. aureus subsp. aureus KCTC 1916 10-11  NA, 37°C
S. aureus subsp. aureus KCTC 1927 11-12  NA, 37°C
S. aureus subsp. aureus KCTC 3881 8-9 NA, 37°C
A. flavus KACC 41403 14-15  PDA, 30°C
A. flavus KACC 41809 9-10  PDA, 30°C
A. flavus KCTC 6134 16-17  PDA, 30°C
A. flavus KCTC 6905 9-11 PDA, 30°C
A. flavus KCTC 16682 9-10  PDA, 30°C
A. fumigates KACC 41186 0 PDA, 30°C
A. ochraceus KACC 40077 10 PDA, 25°C
A. parasiticus KACC 40074 15-16  PDA, 30°C
A. parasiticus KACC 41862 11-12  PDA, 30°C
A. parasiticus KCTC 6598 15-16  PDA, 30°C
C. albicans KACC 30062 0 YEA, 30°C

* NA, Nutrient agar; TSA, Trypticase soy agar; MRS, Lactobacilli MRS
agar; PDA, Potato dextrose agar; YEA, Yeast extract agar.

" The bacteria and fungi were grown on agar plates for 18-21 h and 4
days, respectively.
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Fig. 5. Gel electrophoresis of PCR products for the detection of
lichenysin synthetase A, B, and C genes (lanes 1 to 3), lantibiotic
modification enzyme 1 and 2 genes (lanes 4 to 5), and surfactin
synthetase A, B, and C genes (lanes 6 to 8). (A) B. licheniformis
SCD 112023 as a positive control. (B) B. licheniformis SCD
112028 as a negative control. (C) The strain SCK121057.
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Fig. 6. Scanning electron micrographs of B. cereus JBE 0006. (A) Intact B. cereus; (B) and (C) B. cereus treated with culture filtrate of the

strain SCK 121057 for 8 h. Bar length is 5 pum.
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