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Characterization of Bacteriocin Produced from Isolated Strain of Bacillus sp.
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As an effort to find a potential biopreservative, we isolated bacterial strains producing bacteriocin
from fermented foods. A strain was finally selected and characteristics of the bacteriocin were
investigated. The selected strain was identified as Bacillus subtilis E9-1 based on the 16S rRNA gene
analysis. The culture supernatant of B. subtilis E9-1 showed antimicrobial activity against Gram-pos-
itive bacteria. Subtilisin A, a-chymotrypsin, trypsin and proteinase K inactivated the antimicrobial ac-
tivity, which means its proteinaceous nature, a bacteriocin. The bacteriocin activity was fully retained
at the pH range from 2.0 to 8.0 and stable at up to 100C for 60 min. Solvents such as ethanol, iso-
propanol and methanol had no effect on the antimicrobial activity at the concentration of 100% but
acetone and acetonitrile reduced the activity at up to 100% concentration. Cell growth of four in-
dicator strains was dramatically decreased in dose-dependent manner. Listeria monocytogenes was the
most sensitive, but Enterococcus faecium was the most resistant. Bacillus cereus and Staphylococcus aureus
showed the medium sensitivity. The bacteriocin showed its antimicrobial activity against B. cereus and
L. monocytogenes via bactericidal action. The number of viable cells of L. monocytogenes started to re-
duce after addition of bacteriocin to the minced beef. The bacteriocin was purified through acetone
concentration, gel filtration chromatography and RP-HPLC. The whole purification step led to a 6.82
fold increase in the specific activity and 6% yield of bacteriocin activity. The molecular weight of the
purified bacteriocin was determined to be 3.3 kDa by MALDI-TOF/TOF mass spectrometry.
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W 22 FAGo] oy wH oA A AHHH
o of ofsf #alH ol AA A FF5ek 2
7] wo] EEARZ o] Aol SHEH L ITH4]
a Lactococcus lactis subsp. lactis7} A Abat= HHH 2]
Q4191 nisin [15]0] B1¥ ol&} Lactobacillus acidophilus =5
E] lactacin F [16], Pediococcus acidilactici= 5] pediocin SA-1
[2]# pediocin SJ-1 [19] 282 L. lactis subsp. cremorisZ5-E
lactococcin A [12] 59 e 2] 2 Alo] Hakg o] BuF T}

T3 Bacillus %50] AAskhe FAEEES Foll wet o
&t B. subtilis7h AAtskes I E 2 t= 4 & subtilin [20],
subtilosin A [7, 10], mersacidin [3], sublancin 168 [5], MJP1
[25], ericin 59} ericin A [21], Bac 14B [6], LFBI12 [24] 502
Bacillus & % A2 o] RuHY. o5 FEd
peptide antibioticsZkal @2 §1oH o] 2 o2 2419
A=A, BAYEH B A3 B2 dFS0] B
.

AG7HA ezl dH A T AFEREARE AYHoE
o] £ gl B ] 2412 nisin® ZA] o] RS Lactococcus
lactis subsp. lactis?| Al AAFHE™ ZA ZA40] glom nl=
FDA (Food and Drug Administration)Z5E GRAS
(generally recognized as safe)2 A Ho| A 74FA =,
Hd B ok 52, AR AF F7HAF Tl AF BA
Az AL UTHl. FHAAE BEAHNFOERE HFF
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de g el At st 2t S4& $A717] A
7|2AT AFHEAA o] &3 2L FEFAHY A7t 2
ek AP T

metA B AFeldE 5 AT TEASA LR F E
shA ol Al ] B. subtilis E9-17F A 4¥she wre ] o A1o] &
g4, g4, 8%231 S4< AL AAste 4FHE
AzA A& 7hs4de gdstna do.
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% A4 97PN R =44, 94, 15 2
E3A 5 AEANEE BwE AH49FE 107-10° 94
o] Lactobacilli de Man, Rogosa and Sharpe (MRS) XA H]#]
of T2 F 37CoA wjata vehd Ao 335}]31;51 E
Aol 278t EeFE At A4d 55 4 ml9
MRS BAu}A] 37Col| A 154 3¢ v st V‘]—‘?AE]OO 000x
g, 30 min, 4°C)% A5HE
Hannover, Germany)Z o] 73t
o9l

[
a
m‘n

9‘L

045 pm filter (Sartorius,
T g8 gl A2 A

22|39 grasd XA

w7 WY Fd8Hs A AelA agar
well diffusion AF83FGTE A8+ Micrococcus luteus IAM
1056 Bl FH-E 1% FE=Z H %353 0.1 M phosphate buffer
(pH 7.0) 45 A4S &3 enriched nutrient broth (ENB,
1.25% brain heart infusion (BHI), 0.55% nutrient broth, 0.25%
yeast extract), soft agar (0.8% agar) 16 mlE
Az ATH13]. HHH 2 419 P 8A S arbitrary unit
(AUE E713A 3 &5d< 204 345t Asfee FA
she Ad 4 g9 98 HY g AUZ AY83l, A&
1 mlo] tig $HATE w5t AU/mIE YER T

o] test plateS

Ha|=o| =X

A A4 279 944 DNAE &8t 27F
(AGAGTTTGATCMTGGCTCAG) % 1429R (TACGGYTACC
TTGTTACGACTT) primer2 PCR £ 16S ribosomal
RNA #2249 471422 #4934 phylogenetic tree 24 &
Tl FAsATR]

IRz a0l ohet LY

Sigma-Aldrich (St. Louis, MO, USA)A+¢] a-amylase (519
U/mg), a-chymotrypsin (83.9 U/mg), carboxypeptidase A
(73 U/mg), lipase (4,307 U/mg), subtilisin A (10 U/mg),
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trypsin (13,500 U/ mg), pepsin (3,280 U/mg) ¥ proteinase
K (30 U/mg) 5< Zt7+9] &5 Hol| 20 mg/mlZ 5o A %3
AZY 2 5T A8l 2 mg/ml FE2 H7bste] 2 G4
of thE H# 2= 5AZ EAA B9 WEE B
St

SRATHE

At 1=

dhe| 2] 419 of 2] A@tel i FE A S Ak
agar well diffusion & AF8-3 3T B. cereus KCCM 11204,
E. faecium KCCM 12118, Escherichia coli KCCM 11835, L. mon-
ocytogenes KCCM 40307, M. luteus IAM 1056, Salmonella enter-
itidis KCCM 12021, Shigella boydii KCCM 41649, S. aureus
subsp. aureus KCCM 40050, Streptococcus mutans KCTC 3065

& NPTFE AE0H test paltecl A Asste] F4 #%
= 2T

22|28ty §4 ZAL

FH P Al ddR = 2] S8 vEE oAl &9
(300 AU)= 40, 60, 80 % 100Tell A 22} 30, 60, 90, 1207
d A2l F dEshe wH A Fadd e ST

e e §99 pHE 10 M NaOH9} 10 M HCl §9 0.2
2,4,6,8,10, 122 23 Ao|M A HHEAZ F A&} E
dre g e Ao F &S SAs AT = dH A &
< Speed Vac (Thermo Fisher Scientific, Waltham, MA USA)
o2 FUANI T HFE F=7F 20%, 40%, 60%, 80%, 100% <]
isopropanol, methanol, ethanol, acetone, acetonitrile 59 &
ol 59l F ALAA 3N WA F FESE Seee
Nl FFHHE ZHHAT

rl

S8 HEE|2M0 St AIRZE2| 24 ZAL
T2 e Adde] Fede sty A8 55
o A5 elS AR o 10, 20, 30, 40, 50, 60, 70 mg/ml
FEE H7VE $ M. luteus IAM 1056, S. aureus subsp. aureus
KCCM 40050, E. faecium KCCM 12118, B. cereus KCCM
11204, L. monocytogenes KCCM 40307 59| A @& Hf °‘:3}9\i
o 2 WA N TS 1% HFskA 1243 wj g 3 600
nmI A FREE S

Hig2| A9 Z&7|E}
B. subtilis E9-17} A4tst= v g 229 28728 do}
o
=

27 818l N3t B. cereusst L. monocytogenes W %92 ENB,
BHI HA Ao 1% HFste] 2/ WlF & ASE HA7bsta
1A1ZE vt w35 600 nmol A FREE ZH 3}
Atk = AHATF W FYE 1004 A& 3| 4ste] 4 AP
of B DA MA ] FRAEEIF F 30T E& 37T HF7] ol

A2 gete] Ad ReEsE SA AT
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B. subtilis E9-17} A 4Fst= Hte| ] 41 0] A FRHEA A
HeAE A Y3 w5 s ol gt AFREAN AY
< AT BtEAA O7l 23718 Fejste] FaoielA

2087 A9 HAF "4‘ A E HolE £171E 15
HI ¥} 2] 5 ml& A 7bske] 412
conicalll 1% &3t 42
Al AE(100 mg/ml) 5 mlE
Ao R ZHHEL A EE 1094
& =ug & 37T wj Y]
ZA s TH14].

ml conical tubedl|] 2 g ¥ 31

Th& L. monocytogenes HH Okl‘,%
o Al 244 7F Bk & dlbg g &
A7 W easte 212 3
A4 3)43te] BHI A A o %
WA sl AT e 5E

BHE2|241 FH|

OIMIES 0|38t gtH2|24l19 55

B. subtilis E9-1] W} 45 A3} acetone 13 HI&Z EF
3 & WEae] 1A Baste] 44 EE](10,000x g 25%,
4T)3td 454 < It 4 F5AE AL SE
%71(EYELA, Tokyo, Japan)E °]-&3t] oF 108} &3ttt
Z{3 20tE2 T (gel filtration chromatography)
Acetone % Y& 045 ym filter2 3 #}3 ¥ FPLC (fast
protein liquid chromatography)& ©]&3to] A} ZntE
239 (GFC)E AA At Columne superdex peptide 10/
300 GL& /\}&3}‘}1 , B7E SFFE column 9 24 By 2
BYHAZ & FZH 1 mlE columnd] FY3A HHH F

F4E column® 154 32 £EAAT §452 05 ml/
min 0], £3& 1 ml¥ wekow, AAFA M. luteuss AH&
o] wE g 4S8 AU/mIZ YER Sl

%M HPLC (reverse phase high-performance liquid
chromatography)

GFC 24 %38 < 44 553k 02 um syringe filter2 o 7}

2 01% TFA 8902 HYAIZ Cg columndl] U384
239t 945 9402 buffer A 33 FF5/01%
TFA), buffer B (80% acetonitrile/20% methanol)& A&} %1
th AE 1 ml F9Y % 10 £3F 100% buffer AZ A 23} 1,

RIE 508714 buffer BZ 0~100% 7HA A8 &= 7ol &
Ao]FA L, B 10 £3F 100% buffer B2 £&A 7tk &
23 1 mlY FFZ4HE AU/mIZ YE AT

Tricine SDS-PAGE &4

&/ HPLCZ AA ¢ degeile ¢
3t7] 938te] tricine SDS-PAGES 33ttt A A3 vl
S §9 50 ulE Speed Vacs: 01%0}04 FEY T A71D
£ AN A7)F 0] B F gele coomassie blue®
o 2

A, destaining solution®. 2 BT B T ool S FH

T2 2080t 5 WA SHEA A H3tATh Al Ho] B gel&
UVE 108 53 & 5 gel Yo M. luteus7t 5% ENB
TAMAE FoE F 30T MA7IollA 12403 wjFate] &+
42 T3 FAsg 17, 18]

Mass spectrometry 24

H4 HPLCZ A g 24 HEs #a3e =74
871 918t FAR B. subtilis E9-19] 2719 E gel Aol A
e DY e ARE 57|28 A LA Td ol MALDI

TOF/TOF X< <333t

21

i)
k=l
M2k

qH2|A Wit 732l B =

MRS A HjA ol B E Hee] Fejsta 549 o]l
o} 125 Ul*&‘%% £25te] 4 ml MRS HA A of 37°Cof A
2447k v ok & agar well diffusion method®§ 0.2 &+
A& YEhl e 675 14 Adein 134 Ades F ddae
2 7840l Yo proteinase KE A5 9 < wf g7
Aol AA s B Ay gHed s Adete EHFE 43
Aoz st HF Add 2dFE FAAAE
2 HAd NEYEHE Fig 19 Yerd o ot 2
e AT A

E
e
X

o

ﬁ
Y
& o of

2alFe 83

A #59] 165 rRNA 24 97149 £42 7 B, sub-
tilis E9-19} 9% 4578 UetH Ath(Fig. 2). webA HF A
AE BT B osubtilisol &35t= HHZotE A& WHH.

HT2TO JREAEAN O 24N
B. subtilis E9-17} A 4tete dta-Edo] vl d A = vhg g
AJNA geletr] fls) 2 kA Tk el tig WA e

0
ZA}st Sl (Table 1). Carboxypeptidase A, lipase, a-amylase

Fig. 1. Scanning electron microscopy of B. subtilis E9-1.
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08 Bacillus subtilis strain KP8a

109 Bacillus sp KSRH34 sirain KSRH34
10Bacillus subtilis stramn D1

11 Badillus vallismaons strain DDOOT

12 Bacillus subtilis sraim DD156

13 Bacdillus sp BAB-4886

14 Bacillus subtilis sirain NAP4
15 Bacillus sublilis sirain NAP2

16 Batillus sp F2W13

17 Bacillus sp F2W 11

18 Bacillus subtilis strain EB-44
19 Bacillus subtilis strain EB31
20Bacillus subtilis syain EBLS
07 Bacillus sp TC2

06 Bacillus sp cna?

05 Bacillus amylobquefaciens strain SN-15
03 Bactenum ARDZI

._I

The isolated strain
02 Bacillus subtilis strain ES-1

104 Bacillus subtilis strain P38

Fig. 2. Phylogenetic tree of B. subtilis E9-1 based on 165TRNA gene sequence analysis. The tree was constructed by the maximum

likelihood method.

2 pepsin 59 AHEle FHLH A8 FFo] oY, o
chymotrypsin, trypsin, proteinase K A 2] Aloll& &4 o] %zt
ZHAaet o, subtilisin A YA & B A o] S AL
A G dgEHe] Ay 4 St elY s g4
& AT o @A T asd e Aol o
EA vetde AL el ofuiitz Ao uhe} ga
o Hhg ATt GFS W 20w AZ4E T a-Amylase A
g A g Wsrt glolens E]')\@r% Fio] v g
A FA Wl gAY 28 FH= g Aoz AdEd

rJ

AHEH

ANgatol i o ~AEHS
29} 2T}, B. subtilis E9-17} A Aks} = ‘”El]r?]_‘?_ ]% B. cereus
KCCM 11204, M. luteus IAM 1056, L. monocytogenes KCCM

40307, E. faecium KCCM 12118 9 S. aureus subsp. aureus

£ ook
_ra r=L|

Table 1. Susceptibility of antimicrobial activity to hydrolytic en-
zymes

Enzyme Activity
a-Amylase +
a-Chymotrypsin
Carboxypeptidase A
Lipase

Subtilisin A -
Trypsin -
Pepsin +
Proteinase K -

+ +

i
L
S
Rl
o

2 QUtH7, 9, 21]. B. subtilis LFB1120l| A 2§ 4+
% AT B ofe} A, SE
3% AT AR AR Tl FHse Jﬂ%@%

EH S TH24].

KCCM 40050 & 1% gl tajA o] Yetsto
U AF5 4 S enteritidisth A 22 I8 S48
e 242 UeyA B3tk o] F M. luteus IAM 1056
o dis M =2 IdH4g4E ‘/HEHH Aok gutHo =
Bacillus oA A5 29 BHeg oA IF%A Al
o s dhH o2 H& FAEA % UEll & o2 &Y
o4l

ES

U

o rlo

(S

Edl3EtY §4 ZA

B. subtilis E9-17} A AetE vhg gl 2419 &858 EA

Table 2. Antimicrobial spectrum of bacteriocin produced from
B. subtilis E9-1

Test organisms Activity
Enetrococcus faecium KCCM 12118 ++
Escherichia coli KCCM 11835 -
Bacillus cereus KCCM 11204 ++
Listeria monocytogenes KCCM 40307 +
Staphylococcus aureus subsp. aureis ++

KCCM 40050
Salmonella enteritidis KCCM 12021 -
Micrococcus luteus TAM 1056 +++

Shigella boydii KCCM 41649 -
Streptococcus mutans KCTC 3065 -

Inhibition zone : +, > 10 mm; ++, > 15 mm; +++, > 20 mn
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% 29 Ui A S gt AHE Fig 39 YT
40, 60, 80, 100°Cl A 607 7HE g& o &4 W}
AN 40°CE Al 3haL 0% °] 4 7}% Al fz}&%ﬂ 01 s
O F ZHAsHH T 40°Cl A & 9

& & 4 YT d{ uhE| 2] 241 LFB [24]& 50, 60, 70°C°ll
A 1583 EAYEE 2 FHEH S FAA U 80°C
g 90°Coll A 153 A2 Al 10-20% 48§12l 100°Cl A
30%7F A estd ZAdo] A3 /\}E}ﬁﬁ}. B. licheniformis fr
g uhel ] A &[9] 100C M 6023 Ax e Al T84l
50%2 ZastHgoy L uctls7]- A Abst e w2 24l £[13]
100°Col A 3083t @42 d 4§ &aggo] o g Has)
act.

Fig. 4ol Yebd vle} o] B 2] @412 pH 2.0~8. ooﬂ Ae
g3t A o, pH 1003 1209014 & 42 50%9F 25% B =9
Aol A& dubHo g v Yo A4 pH
oA dadgAo] A vede Aos HiFoy &

=roA AT BEH g 242 pH 8.071A FHFEAH & A
o}a’it} A FdstEol A Fol A&t 9E nisine A
oA tste] g Fo] FAH o= *}&Hﬂ Ao
ﬂ% pH 50 o)l A= Ao Zadte A
B2 F B. subtilis E9-19) A A4ts = &alagﬂ% A& %

%FH714 pHAME w3 SAo] S Fstglon
2 LA AF ol9ix Azxd £4 A4 Fol pHY}
dolA e AFAE F88 Aoy AdHT

o2l Gujz} vrelg oAl B4 mA = YFS 2AE A
£ Fig. 59 Ut 1Tt Isopropanol, methanol ¥ ethanol &
2 EE FEHYA TH AL 21T FAEH S FA
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Fig. 3. The effect of temperature on antimicrobial activity of
bacteriocin. Bacteriocin solution (300 AU) was in-
cubated at indicated temperatures for 120 min and sam-
pled at 30 min intervals. The residual antimicrobial ac-
tivity was measured and expressed as relative activity
(%). The symbols: -@-, 40°C; -ll-, 60°C; - A-, 80°C; -@-,
100°C.

120
100 l @ L

9
> 8 f
2 60 |
[}
©
2 M
2
5 0t
4
0 1 1 1 1 J
2 4 6 8 10 12
pH

Fig. 4. The effect of pH on antimicrobial activity of bacteriocin.
The pH of 300 AU of bacteriocin solution was adjusted
with 10 N NaOH or HCI to indicated values and in-
cubated at room temperature for 3 hr. The residual anti-
microbial activity was determined and expressed as rela-
tive activity (%).
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Fig. 5. The effect of organic solvents on antimicrobial activity
of bacteriocin. About 300 AU of bacteriocin solution was
evaporated and dissolved in 20, 40, 60, 80 and 100% of
each solvent and then incubated at room temperature
for 3 hr. The residual antimicrobial activity was de-
termined and expressed as relative activity (%). The
symbols: W, isopropanol; 74, ethanol; £, methanol; [],
acetone; N, acetonitrile.
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Fig. 6. Dose-dependent sensitivity of test organisms. The sym-
bols: - & -, L. monocytogenes; - M -, E. faecium; - A -,
S. aureus; - @ -, B. cereus.
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Fig. 7. Mode of action of the bacteriocin against B. cereus (A)
and L. monocytogenes (B). The symbols: - O -, absorb-
ance at 600 nm (control); - @ -, Logio CFU/ml (control);
- A -, absorbance at 600 nm (40 mg/ml); - A -, Loguw
CFU/ml (40 mg/ml).
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Fig. 8. Cell growth of L. monocytogenes in minced beef with or
without bacteriocin. The symbols: - 4 -, control; - A -,
bacteriocin. The arrow indicates the addition of bacter-
iocin sample.
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Table 3. Purification of the bacteriocin

Purification st Total volume Total protein Activity Total Activity  Specific activity =~ Purification ~ Yield
urification step (ml) (mg) (AU/ml) (AU) (AU/mg) fold (%)
Culture 500 525 640 320,000 6,095.2 1 100
supernatant
Acetope 50 5.545 2,560 128,000 23,083.9 3.79 40
extraction
Gel filtration 75 15375 640 48,000 31,219.5 512 15
chromatography
HPLC 60 0.462 320 19,200 41,5584 6.82 6

AE 5Z9 1 mlE columndl FY3tY FFFE column
154 FHZ £EAZAT £28 EHE M. luteuso] 1
G S 2AE A 7412, 16~18W A B3 oA FHEA
o] Yelth SR ET Ro} o] & Yo AL&3 4T A
AAIZEIYTGH 2 FA8H £IE BolA T35
T 94 HPLCE 53 whelE] 241 S AASHH . Acetonitrile/
methanol (8:2) EFEm& 0|52 ALdtd F4& 1
ml/min® 2 FAHA &2 607] £ F 43 49 £
AT FHEAHE e

o] AP E AX HEH o2 FY3 wjkdsHe o
NE &5, AR ZrtEdeg s 9 9% HPLC 59 34
T HH A E AAY U 22y oM E FF
J& A Ur A F dANAE G4 (AU/ml)o] 54
o 7HAS O BE AR T HAL e 8 s B
& FAYo] 2AF AFH OB FA T} 680 dho] =75}
A gyt wetA o]2udIARufEIHF GG 22 FIHAT
g 53 o E&AA BALAY FHo] SFHT

-

Koo

Tricine SDS-PAGE 24
Tricine SDS-PAGEZX 24 HPLCE £3) A9 e
ool EAFE FAFHU(Fig. 9). 17195 AL G
A3 vt g e o2 Az = FEg she] Evt dEE
AL, EAFol dH G A RlugGo e HH L
A& ok 34 kDa9) EAEFS /MR E Aoz 2HT £ 9T
T A9 A 29 @ F FRFE 080T 1A
A 143 Al A ST A A gel petri dishol &711
UVE 1025< Hol& 5 gel 9o M. luteus’t 352 ENB
soft agars F33kaL 30T k7ol A 2473 w3 A
all RS s HEs dA sk L Fo g
Ae Uehlls FEdo] a5 g Mes FAE 2

[e}

Mass spectrometry 24
& HPLCE AT e g 241S tricine SDS-PAGEZ
e g 2219 o} BAFS FAS & A4S BAFS T3

71 3l =72 H A dAFA 9 g st MALDI-TOF/
TOFZ A& A3} Fig 109 Uebd vpel o] A e g
oo Ao EAFE 33476 DaY & FA3 T
A7 Eud o] v g 242 3050 kDa 4
o] A& peptidedd 42 AR dejzl vpgf o] £ Ao
A A B AR Bl EAFS BAT2, 79, 13,
19, 21, 22]. WAl L. paracasei SD19] A AJ4ts vhe] 2] Q.41&
24 KDa[23] 18 7 #HE] 2] 41 Bac 14B [6] 21 kDa®) ¥l 27
2 EAFS e $H9 lactacin F [16]E Ao
25 kDa®l &< BAFS YERIT = AF Ha4E
B8R A &3 Bacillus subtilis7} BA8HE B g A&
AE53 ddd BHd8 vAE g FFEAE YEE
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Fig. 9. Tricine SDS-PAGE and detection of antimicrobial activity
of the purified bacteriocin. (A) Gel stained with
Coomassie brilliant blue. (B) Gel overlaid with ENB soft
agar containing 1% of M. luteus IAM 1056. Lane 1, mark-
er; lane 2, purified bacteriocin #43 fraction; lane 3, puri-
fied bacteriocin #44 fraction.
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