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Abstract

We investigated an antibacterial substance produced by Bacillus subtilis HS 25. Antibacterial activity was relatively
heat-stable, with no effect caused by heating at 100°C for 10 min, but a gradual decrease in activity after 15
min at 100°C. The antibacterial substance was more stable at pH 7.42-12 than at pH 4.5-5.0. There was strong
antibacterial activity against E coli and P. mirabilis at pH 12. The minimum inhibition concentration (MIC) of
the substance was 5 mg/mL for E coli 7.5 mg/mL for P. mirabilis and S aureus and 15 mg/mL for S. enteritidis,
K. prewmoniae, and V. parahaemolyticus. When the substance was added to cultures of E coli, S. enteritidis, and
P. mirabilis, the bacterial surfaces became irregular and deeply changed. The substance produced from B. subtilis
HS 25 was not degraded by Papain but was degraded by a protease from Aspergillus orzae, pancreatin, and pepsin.
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HE A 2 BEH protease 2 amylase 59 & AEA]
R FagAol e MAER B - FHE Bacillus
subtlis HS25% AV&S0KD), S8 ZES 91 7
0| =L Escherichia coli ATCC 25922, Salmonella
enteritidis KCCM 1202, Klebsiella pneumoniae KCCM
11319, Proteus mirabilis KCTC 2433 X Vibrio parahaemolyticus
59 Gram(-)13} Staphylococcus aureus KCTC 1927 %-9]
Gram( )& FHFFYHNA $FL wo} ALEFHT
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] M &F9] §4E-2 0.1 M phosphate buffer(pH 7.0)<]]

saold e daTas 4 148 S 9 A
g3 9380 AgTAT

ﬂwj

FAXollsT

2 224 &) % = (minimum inhibitory concentration: MIC)+=
vle) 2] 941 AAF FFE A ek 3k & v Fel-S 8,000
goll A 158 AR ot & dAYE 045 um
membrane filter = o] %3t T}3 2 FE paper discol| o 2}
20,5, 10, 20, 40, 60 2 80 mgimL 7} ¥ =% ZpzF S3A|7]
3 FAv| A ES 5% ¢ Mueller Hintondj ] Zdel] glo]
35Tl A AR u]FebH A iR &S BH5= Ast=
clear zone2] 27 (mm)-2 =73t eI



302 Sl &) F A

A Y T
god|w

A8 AR SR FY HasY A4 % SR T 7]
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amylase 2 protease &/d 37} 3t EAd o] $-3+ B. subtilis
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JH2ael P8 AEE 98 3402 o) FRBAo
o n|AE2 884 U= B natto, B. subtilis, B. licheniformis
2 B megaterium SMY 212 T+FZ Aok & & 4]H-g]
o] A2 A A-& membrane filter2 o 3}3t T} paper
discol] 150 uLA E2A|A fafjn| A& U3 dadd =
B) w8}ed Table 1o eIt Table 104 B nle}
2ol E coli, S. aureus, S. enteritidis, K. pneumoniae, P.
mirabilis 2 V. parahaemolyticus2| -3l n| RS0l o} 5}
B. subtilis HS 25155 o5 =& staddA & Jehligle
v} B. subtilis 2 B. licheniformis~= 712 &34 S VERY
A ko™, B nattoS} B. megaterium SMY 212 0| A
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gl Ffel me Aol Mpow AYadr 54 B
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Streptococcus mutans, B. licheniformis, Brevibaeterium
linens, Proteus vulgaris©l| t]3le] &H-& s34 S el
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Table 1. Comparison of antibacterial activities of antibacterial
substance producing bacteria

Antibacterial activity(mm)IJ

Antibacreria 7
A-8”  A12 A4 AI8  A25 A2
Bacillus sp. HS-25 21 18 19 18 20 17
B. natto 14 11 13 12 10 12
B. subtilis 10 9 9 9 9 9
B. licheniformis 12 10 10 9 10 10

B. megaterium SMY212 13 12 12 11 9 13

"Size of clear zone and inhibitory effect of culture broth of the isolated bacterial
strains against tested strains by agar diffusion method.
“Tested strains = A-8, E coli ATCC 25922 ; A-12, S. aureus KCTC 1927 ;
A-14, S enteritidis KCCM 1202 ; A-1§, K pneumonige KCCM 11319 ; A-25,
P. mirabilis KCTC 2433 ; A-26, V. parahaemolyticus.
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Fig. 1. Heat stability of the supernatant of culture broth obtained
from the isolated B. subtilis HS 25.

The supernatant was heated at 100°C for 0 min(f), 5 min(a), 10 min(b), 15 min(c),
20 min(d) and 25 min(e). A, E. coli ATCC 25922 ; B, §. aureus KCTC 1927 ; C,
S. enteritidis KCCM 1202 ; D K. pneumoniae KCCM 11319 E, P. mirabilis KCTC
2433 , F V. parahaemolyticus.
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plantarum C-11¢| A48} plantaricin A= pH 4.5~6.5A}
ole) & FEAANAT DAL fxI30d, nisine] A%
pH 29X 9] &-2f/do] 57 mg/mLgl ¥ pH 8~1204 &
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2oMgeithn Bud esks AR Aot e Ao
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Fig, 2. pH stability of the supernatant of culture broth obtained
from the isolated B. subtilis HS 25.

A, E. coli ATCC 25922 ; B, S. aureus KCTC 1927 ; C, S. enteritidis KCCM 1202
; D, K pnewmoniae KCCM 11319 ; E P. mirabilis KCTC 2433 . F, V. parahaemolyticus.
The supernatant was heated for 2 hrs at pH 4.5(2), 5.0(b), 7.42(c), 10.5(d), 11.0(e),
11.5(f) and 12.0(g), and then was adjusted to pH 7.42.
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B. subtilis HS 25 i#5-9] 87 540] f3lm42e] 45
Aol WA e HAAHAEEMIOE AES ATHS Table
20 eIt AR oM H A sl w e E coli7t
5 mgmL= 7P ©A JElyko™, P mirabilist 7.5
mg/mL, S. aureus, S. enteritidis, K. pneumoniae 2 V.
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Table 2. Minimum inhibition concentration(MIC) of antibacterial
substances obtained from the isolated B. subtilis HS 25 against
food poisoning and pathogenic bacteria

Treated concentration (mg/mL) MIC

Stains (n 5 10 20 4 6 8 (ngnl)
E. coli ATCC-25922 + - = = = 5
S. aureus KCTC-1927 + 4+ ot - = = = 15
S. enteritidis KCCM-1202 + 4+ £ - - - = 15
K pneumonige KCCM-11319 + + + - — — - 15
P. mirabilis KCTC-2433 + = - - - = = 15
V. parahaemolyticus + + £ - - - - 15

+ ; Growth, + ; Uncertain in growth, — ; No growth.
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A sl nx= d3E HEste Fig. 3o Yetlitt. 7
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5 A2319 ) Fe. 39 A= E. coli, B S. enteritidis, C+=
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geo] Az 9 AEato] o HAAY SFaAe] Do}
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o} v gl e Ale] 28712k Ak o 2 Hig|g] @4lo] A
o] A3 ke 2 507} DNA 33| 9l vkl g
gt BAES] BA7EE wehA A AR ol S
HAA 7| 2L, M ETe] FErds AdfstA, o] 29 |
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Fig. 3. Morphological change in E. coli ATCC 25922(A), S.
enteritidis KCCM 1202(B) and P. mirabilis KCTC 2433(C) treated

with the supernatant of culture broth obtained from the isolated
B. subtilis HS 25 by SEM.

I, Control ; II, Strains treated with supernatant.
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pancreatin, pepsin, papain 2 Aspergillus orzae §-22]
protease-S Z} 200 units/mLA A 7}sted 2A17F B0 X2 3
T A& A8 S FESH Table 30 VERfQIT) dj=
FE 7t AT S8 T ALE S B389 B Aol

=< o845 YERJAA T pancreatin, pepsin 2 2%
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papain A 2]g Ald = AE des BA] G 2T
A9 T Faed S eI o]t 2L Al
B. subtilis HS 2570571 A4+t SHtE-21-2 papainel] 2] &l 4]
E B3] ¥) ] 249t protease, pancreatin X pepsin®] & Ao
O3l e8] BallE 7] w2l Fafin| A& tale] 3t
o] A YehR] = Aoz wdElon, w3l B
subtilis HS 25 w7} A4 g2 & gl 2y B2l
7Fedol w8 ZeE FEEHUT o)At Az B
subtilis HS 25 @t A& F LR FNA &8 FF=2
AFEEE ZEA7E Sle Ao E Alg

Table 3. Effect of various enzyme on the inhibitory of bacteriocin
produced by B. subtilis HS 25

Antibacterial activity(mm)”

Enzymes A8 A2 A4 A8 A2 A6
Control 2150 1900 1850 1850 1950  17.00
Protease 800 800 800 800 800 800
Panceatin 800 800 800 800 800 800
Pepsin 800 800 800 800 800 800
Papasin 2150 1900 1850 1850 1950  17.00

USize of clear zone and inhibitory effect of culture broth of the isolated bacterial
strains against tested strains by agar diffusion method.

“Tested strains = A-8, E. coli ATCC 25922 ; A-12, S, aureus KCTC 1927 ; A-14,
S. enteritidis KCCM 1202 ; A-18, K. pneumoniae KCCM 11319 ; A-25, P. mirabilis
KCTC 2433 ; A-26, V. parahaemolyticus.
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mg/mLE YERIUTE. B. subtilis HS 25 w37} AAgt bt
BAL FE coli, S. enteritidis X P. mirabilisol| 2}2t 2]}
g u A9 wHlo] BFAReE WG] g Fe
W57 Aok e BAY 5 AT B subtlis HS 2577
7} AT B2 papaine] SN BAHA BAT,
A. orzae 82| protease¥} pancreatin 2 pepsin®] T4
ol A A8l el daEido] M ek eF%%
t}.

2ZtAtel 2
2 A7E LOAYA 9] dTas 2 $urler)
el a7H] Ao ) FAE AFATe] Yole]

olo ZA=HY Tk

An2s

ret

1. Kim, TK.,, Shin, H.D., and Lee, Y.H. (2003) Stabilization
of polyphenolic antioxidants using inclusion complexation
with cyclodextrin and their utilization as the fresh-food
preservation. Korean J. Food Sci. Technol., 35, 266-271.

2. Baeck, B. S. and Lee, Y. H. (2006) Consumer’s awareness
and policies directions on food additives-Ficusing on
consumer information. Korean Soc. Consumer Studies,
17, 133-141.

3. Lee, S.W,, Shin, S.Y. and Yu, T.J. (1985) Effect of the
ethanol contents on the preparation of low salt Doenjang.
Korean J. Food Sci. Technol., 17, 336-339.

4, Park, SK., Cho, Y.S., Shon, M.Y., Gal, S.W. and Lee,
S.W. (2007) Isolation and cultural characterization of
antibacterial substance producing microbes. Korean J.
Food Preserv., 14, 194-200.

5. Kim, J.D., Cheo M. and Ju, J.S. (1995) A study on
correlation between blood pressure and dietary Na, K
intakes pattern in the family member of normal and
cerebrovascular disease patients. J. Korean Soc. Food
Nutr., 24, 24-29,

6. Kim, S.K.,, Lee. S.J., Baek. Y.J. and Park, Y.H. (1994).
Isolation of Bacteriocin producing Lactococcus sp. 449
and its Antimicrobial charateristics. Kor. J. Appl. Microb.
Biotechnol., 22, 259-265.

7. Ryu, H.S., Shon, M.Y., Cho, S.J., Park, S.K. and Lee,
S.W. (2007) Characterization of antibacterial substance-
producing Bacillus subtilis 1isolated from traditional
Doenjang. J. Korean Soc. Appl. Biol. Chem., 50, 87-94.



10.

11.

N 2E2F o 22E B3 Bacillus subtilis HS 257} AAksl 3B EA 305

Hurst, A. (1981). Nisin. Adv. Appl. Microbiol., 27, 85-89.
Shon, M.Y. (1991). Physicochemical properties and
biological activities of Chungkuk-jang produced from
korean black bean. Ph. D. thesis of Gyeongsang National
University, Jinju, Korea.

Piva, A. and Hedadon, D.R. (1994). Pediocin A, a
bacteriocin produced by Pediococcus pentosaceus
FBB61. Microbiology. 140, 697-702.

Ali, D. and Lacroix, C. (1995). Characterization of
diacetin B. a bacteriocin from Lactococcus lactis subsp.

lactis bv diacetylactis UL720. Can. J. Microbiol., 41,
832-841.

12. Daeshel, M.A., Mckenney, M.C. and McDonald, L.C.
(1990). Bacteriocidal activity of Lactobacillus plantarum
C-11. Food Microbiol., 7, 90-98.

13. Rammelsberg, M., and Radler, F. (1990). Antibacterial
polypeptides of Lactobacillus sp. J. Appl. Bacteriol., 69,
177-182.

14. Takatsugu, T., Oshimura, M., Umezawa, C. and Kanatani,
K. (1996). Isolation partial characterization and Mode
of Action of Acidocin J1132, Two Component
Bacteriocin Produced by Lactobacillus acidphillus
JCM1132. Appl. Environ., Microbiol., 62, 892-897.

(A4 2008y 19 4¢, A9 2008 39 28Y)



