Kor. J. Microbiol. Biotechnol.
Vol. 34, No. 3, 221-227 (2006)

Bacillus subtilis ATCC66330| Bacillus subtilis cx12]
diEf2| 24l A 0)Xl= =&

& ool - GeE
Q

NS ABY st

Enhancement of Bacteriocin Production by Bacillus subtilis cx1 in the Presence of Bacillus subtilis
ATCC6633. Chang, Mi and Hae Choon Chang*. Department of Food and Nutrition, Chosun University,
Gwangju, 501-759, Korea — BSCX1 was an antimicrobial peptide produced by Bacillus subtilis cx1. Attempts
were made to determine the location of inducing factor in the bacteriocin-sensitive cell affecting bacteriocin
BSCX1 production. Mixed culture of the bacteriocin producer strain B. subtilis cx1 and its sensitive strain B.
subtilis ATCC6633, increased production of bacteriocin BSCX1. The result suggested the presence of a bacte-
riocin inducing factor in the sensitive strain. The inducing factor was localized in the cell debris and intracel-
lular fraction of B. subtilis ATCC6633. Bacteriocin BSCX1 inducing factor was found to be highly stable in
the pH range 2.5-9.5, but inactivated within 3h over 50°C, and treatment with proteinase K destroyed its
inducing activity, this result suggested that the inducing factor should be a proteinaceous nature.
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24 BSCX1 AAHTFFQ B. subtilis cx13} o]ol ZHpAd&
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o] BAE skt
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FFR) B, subtilis cx1[111E 2831912, 48 EAHE 9
st AMS-H #ApA TFEE FTALF B osubiilis
ATCC6633% AHgsleich. o] 5= 30°CellA vl aks
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Algel] AR-E A

=g 829 H=x=

B Ao AM-E 3R g Wl o8l FE
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30°CellA] 18A17F B wlj okt F 4°Coll A 2447 Bas}odT)
njokeld-& AA1E2)(9,950 x g, 15 min, 4°C)3ked TS A
78k, 353t AbAl 2 membrane filter(0.45 um pore
size, Milipore, Beverly, USA)Z. Ald3}ivh. Aldgt AA Y
2 ZA7Z(Labconco. Kansas, USA)sked -70°ColA] W24
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ERl= B. subtilis ATCC6633S wi427] 27| Aee] Al
2 ZFn)sle] LB vzl =k}t 2 ¢ell paper disk(217
8 mmys ¥I FHE JEAS AT T F 30°Ce]
A 12217k weFated disk F9lel AR T 27|E
caliper(Mitutoyo, Japan)2 33] o]} A3l o FA3S
g e BB Eak AFE] WA Al o
3t BSCX19| 3 A2 Salmonella typhi ATCC19430,
Escherichia coli ATCC25922, Listeria monocytogenes
KCTC35695 AM83led ERIs1dvt. S nphi, E. coli= LB Y
Ae x|, L. monocytogenest BHI(Brain Heart Infusion,
Difco.) HAMA] ] wlekslsd 2, 37°CellA 14417 A woF
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1% &332, o 7]oll 30°Col A 12417 wioF= B. subtilis
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slalet. 27t 2xellAM AEd feEAs weleal A
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Aol Ak FEsh=A] Flslsit

pH @& : =4 A oigh pHel d3E dopiy]
&3] pH 2.5(50 mM glycine-HCl), pH 4.5(50 mM
sodium acetate), pH 6.0(50 mM sodium citrate), pH 7.0
(10 mM phosphate), pH 9.5(50 mM glycine-NaOH)$H5-§-
AL | N HCEH} 1 N NaOHE ®As}d H591vh30]. 7t
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it T4 F £4-0] Loyt FEEA £9-L centricon
(amicon, M.W. 3,000} .2 FAH 2] Ro)7l| 2 555
B. subtilis cx1 wloFlell 2.5%viv) FH7}sle] dtE-de] Al
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2.5%(v/v) F7I3ted vlel2] 04l =S gl o
Z T2 proteinase K& X2 81A] ¢ F=E4E B
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B. subtilis ATCC6633°Y &l8led B. subtilis cx1 22H-E
dhele] 2] BSCX19] Aate] fr5ms A4S Fs] 9
aled mtel|2) 9 A AAMFF B. subrilis ox13}F ZHA 45l
B. subtilis ATCC6633-% 3% wioksled shiahd-S wws}
of Hoket HE[11]e] dFA el w2 B, subtilis cxl-
B. subtilis ATCC6633l t3le] 73} 38 71X
Q18 B, subtilis cx12] A7)0l whE 3)FEAle] 34
S ZASH9E W, vg7] 2719 BS A RE daEA
< vehd g B3 5 it o)ol) dtezl oA BAES
A AEd 5, FARE= H57) 27)(0.D=0.2)0) =
23t o A ek 2 TFE wieklel] disled 0.01%(v/
v), 0.1%(v/v), 1%(v/v) AE3Isich. oL A3 F-slieklA B
subtilis cx19HS T wlloF8F Aol (=12.3 mm clear zone) ¥]
3 Aol S7HEES E]lskdvH(Table 1). §3] 2
A TFE 0.1% A7Isled F-suledst viokdelA 7 2 o
7H(=15.5 mm clear zoneYs vEPAT}. o] AFA2 e 7=
Al ko] Feulekell sl B subtilis cx19] wHE|E] 2.4
AAte] o] 1 sgEAd o] FHREE & 4 el
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Table 1. Enhancement of bacteriocin BSCXT1 production by B.
subtilis cx1 in the presence of B. subtilis ATCC6633.

Antimicrobial

Co-cultivation .
activity (mm)

B. subtilis cx1 12324912
B. subtilis cx1 + B. subtilis ATCC6633 0.01% 14,4444 9
B. subtilis cx1 + B. subtilis ATCC6633 0.1% 15.54.9.26
B. subtilis cx1 + B. subtilis ATCC6633 1% 14.33.0.3;

Values are mean = S.D.(n=3)

B. subtilis ATCC6633 was used as a sensitive lawn to assay of anti-
microbial activity. Antimicrobial activity was expressed as a diame-
ter of clear zone by growth inhibition

B. subtilis cx1 was inoculated(1%(v/v)) and cultured in LB broth for
3h, and then 0.01%(v/v), 0.1%(v/v) and 1%(v/v) of B. subtilis
ATCC6633 was added separately into B. subtilis cx1 culture.

A TFL o] e A=A whal7] s B. subiilis
ex19] HFEAl A Fel B. subtilis ATCC66332-E
HE] A Z29] E3(extracellular extract), A EW ¥-Z(intra-
cellular extract) 22|31 A|E F}4) E-(cellular debris)® v
Aet. 7o) BEE A wiFE B subtilis cx1 v FH o]
2.5% 718l mofet F ox19he 5 wloksl Zie) v)ws)
o 7 B4 s

A xo] FEor= wge) el feaaph dAER) sk
o}, Mz B3 AE A ES ArRE F A 5 B
subtilis cx1 THEWIFET} 2 S Kol g eAl
o] FFEEAE Flsld o (Fig. 1) AlE i EoA = Al
T B3} Fd3 FE=EH9E VeI o] 27E] vl
gleal g Ay 9 AxHe EA4E & 4 o
o Table 19] whe|E] oAl WAWE B, subtilis cx13} ZFpAd
T59) B. subtilis ATCC66339] 35 wibr] Aol &
719 Aol dXsl AFelv}, F M ZHo| EAls=
FrEEAe o8 A dFeke] FEulckA wtelE] 4l
KAkl whele] 2] AR A58 Eo] oLt Aol
AR Holgt AyztEoxle}, vk frugA o] HEZeqt &
Ak FFuFA] = BIAE iR X8 Aol o
3 4 it

AZoiH Held MZol ot sagd

vhe|2] 4] BSCX12 H3E= ¢l AlFul] Wl Al
S, typhi ATCC19430, L. monocyiogenes KCTC3569% E.
coli ATCC259224) wjsle] aFF8hd-e Yehyigle}. &3 7+
A T B. subtilis ATCC663322HE]9] M Iy BIE
S B. subtilis cx1o A 7Fske] ksl 79 wheg] o4
BSCX12] &de] Fde] vje & 3t 4L el S
oF 4 sl wh(Fig. 2). e} 2.4 BSCXI1o| Listeria sp.,
Salmonella spol 93 8-S vehd-2 wlez]exlel A
A o8& FHeA 831 & 4= vt L. monocytogenes
= A1ES T AR Foll AE, RSt AlSRe] it
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B. subtilis ATCC6633

Fig. 1. Inducing effect of B. subtilis ATCC6633 on the antimi-
crobial activity of BSCX1. The prepared putative inducing factor
fractions from B. subtilis ATCC6633 were added (2.5%) to sepa-
rate 50 mL of LB broth containing 1% (v/v) inoculum from an
overnight LB broth culture of B. subtilis cx1. Bacteriocin activity
was assayed by using paper disk method. 1. BSCX1 from culture
of B. subtilis cx1 (control); BSCX1 from culture of 2. B. subtilis
cx1+extracellular extract of B. subtilis ATCC6633, 3. B. subtilis
cx1+intracellular extract of B. subtilis ATCC6633, and 4. B. subti-
lis cx1+cell debris of B. subtilis ATCC6633. '

Aol Aozt mw Fagh FAA-C] HAL g)om 5 AEel
29d=e] Algtat FECA AL HEF == s w9t
% % ListeriosisE F3h= XA ¢]l WA Aldos o
A adeh[20]. =3 B2 2E(4CpIA FAe] AN =2
7oz oA YAIe| MAEIIL Qe o] AlEeAe] L
monocytogenes®| 3 F4d o] == AA o HH29].
Salmonella 42 29} A A Axdle} 71438 s}
w2 2 7ESolME Felel s, ZREFAE,
Aol Al = Ale]FA gl Arde) 1S5S d oA FA|A
o7 w3t FFRAAIA R F g Aol el njAER
A=Al Q. B3] 7ol sk Albsle)l w2 4
Al T2 fAE Akl AAIH S F3L 9le], FlelA
A Aol & Foksled whAlElal glov) YA
v AslolAls WAEe &9, Foke 271, AR 52

Fakg o= old RAAte] & FAlHo] HFEHT it o}
2hA BSCX1 AARETE F-2hge] g AF A7 vA
EAAZ s BSCX19] YB3 AL A 2A12]
EEE 719E e =

F==E (Inducing Factor: IF)2| OFM

20| Hak B subtilis cx1o] 23 A== whe|E] A
BSCX1¢] f= 2H8-& el B. subtilis ATCC663322
HE M EU FZFE(intracellular extractyS ¥4]3}ed mem-
brane filteration o2 A 73k 3 4°C, 30°C, 37°C, 50°C,
70°CoAlA 2zt 341204 dAEE1 2w, 100°CoME 30
A, 121°CAIME 1587 Ml ste] F=Ee] B subrilis
cx1 wiekl ol A o313] nigE] oAl AARS: E21A1A 4= 9)
=4 gelalgdn). 2 T2E B subtilis cx18 T wloFsk
A3t B. subtdilis cx1o] A8HA] 2 FEEAE ¥ 7
02 3ot 37°Co A DA”] T B subtilis cx1 ®jekeie])
H7)ste] whejgl oA A FEFA S 3 A9 B
subtilis cx1%Hg W3t 7980} o] & A Holu] B
subtilis cx19l @A 3HA] 42 FEEAL ¥ Hx2T79
722 S vERe) 37°CH =] Gl vhelE] )
FrEgdE FATE FIsIIck(Table 2). vt 50°Ce] 4
A 3AIZF ool 2 Aol AAF ) B subtilis cx1°)
A71sle] wiokstd = FEEIAE R A sl o9}
Zo] BSCX19] F=832 gofl EgFysin] o]28E fr=
AL BAlge] F A LE o SE 3.

pH ot8Y : FrEEAe] pH UAHA L ddoli7] Hsll pH
2.5%E pH 9.5714] F0]" sgallof] 244]7F AeE]sed <1
2 ARE B subtilis cx1 wofol] AH7lsle] dieje]eal f=
232 A Eedc). B subtilis ATCC66332.2 %8 233
Fr=EA-2 Table 30llA e} 7] A pH FZhellA FA 8fod
B. subtilis cx1 W Fb el AH7Fated wioFalsig of Hiele] e
4l BSCX19] = &35 vehigict

CHEESIS A (proteinase K) X8| : Z4pA]l o2 HE] Ee
= e oAl frEeAs s AlEd BB ¢
W B5f) &4 (proteinase KYE A 2]3F ¥ protease inhibitord]
AEBSFZ #2l3}od proteinase KS A& A)7] ¥ ulel|z] Q.
A FEHNE 2AsY. d2F2 ALLH proteinase KS
He]elA] ok FEEAS 78 B subtilis cx]1 wioF 2
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Fig. 2. Antimicrobial activity of BSCX1 against pathogenic bacteria; Salmonella typhi ATCC19430 (A), Escherichia coli
ATCC25922 (B) and Listeria monocytogenes KCTC3569 (C). 1. Not induced bacteriocin: BSCX1 from culture of B. subtilis cx1; 2.
Induced bacteriocin: BSCX1 from culture of B. subtilis cx1+intracelluar fraction from B. subtilis ATCC6633.
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Table 2. Effect of temperature on the inducing activity of the
inducing factor from B. subtilis ATCC6633.

Culture condition Activity (mm)

B. subtilis cx1 (producer alone)  12.34.908
control B. subtilis ¢x1 with
inducing factor 14434026
4°C 14.74.0.17
30°C 14.64+927
0,
.53
Inducing factor zg"g g j4i0'30
/heat treated 027
70°C 12.57:0.11
100°C 12.604927
121°C 12.6849.2>

Values are mean + S.D. (n=3). Heat treatment: at 4°C, 30°C, 37°C,
50°C and 70°C for 3 h, at 100°C for 30 min, and at 121°C for 15
min. B. subtilis ATCC6633 was used as an indicator.

Table 3. Effect of pH on the inducing activity of the inducing
factor from B. subtilis ATCC6633.

Culture condition Activity (mm)
producer alone (B. subtilis cx1) 12254927
control B. subtilis cx1 with
inducing factor 1443:021
pH2.5 14.48.4.17
H 4.5 14.31
Inducing factor P 6.0 14 ; 8%’31
/pH treated pri o 102016
pH 7.0 14.43.03
pH 9.5 14.4210,37

Values are mean x S.D.(n=3). B. subtilis ATCC6633 was
used as an indicator.

Table 4. Effect of proteinase K on the inducing activity of the
inducing factor from B. subtilis ATCC6633.

Enzyme treatment Activity (mm)
B. subtilis cx1 12.35.03
B. subtilis ¢x1 with inducing factor 14.45.03

B. subtilis cx1 with inducing factor treated with pro-
teinase K (2 mg/mL) and then AEBSF (100 mM)

Values are mean + S.D. (n=3). The serine protease inhibitor, AEBSF
was added after the inducer was treated with proteinase K for 4 h at
37°C and then held for additional 4 h at 37°C. B. subtilis ATCC6633
was used as an indicator.

12.39:0.16

o,

S+ dFEA o] F7Feksl e, proteinase KE A3 F
EEAS 718 B, subtilis cx19] FEAL = tE o
ol A MR & B subtilis cx1 TEuloF
Ale] AT 22 Akl FArEAS Ko Heg] el
= 2pgo] oAl 3-8 o 9= U TH(Table 4).
olefgt HAIZHE] B subtilis ATCC6633225E] Hej¥l
B. subtilis cx19] vHe2] 241 4 FE=E4-L proteinase K
off oJa] E3all=e] A= A BAYS o $ UK

b o

AR 7R P vt e 5o] HelEe] 1 B4
o] o]feizowm Htee] Al Aol A3t ERI} SUTEhd
A wheje] oAl AAF 24 7=k} Ba)7) e gt il
AUATE ofF] ool wisfl A B3} -2 o] FIR|A] 43z Q)
th. o] 2 <lsl 8- whelE] o419 o] F i 5 wlHe] Al
o] AHdA S8l gle] L AL AR weisht olelf
o] mpErt. 11 o] ME HE bl EAE: AR
& system®] jole} Ut thizlg g% wlelg] oAl AT
Al (pre-bacteriociny’| M| E2HS TP A Es] T3l
I M EL2 REHEES HFL system®] X}o](species-
dependent posttranslational processing and secretion barriers)
S-S WANSEE gl7) wiEelth. AF7HA] wEE] Al Ak X
Ao s A3 defA o] A A 24 vlypE
o] A st Ao}, 7]l deixl uhelle] oAl A
ARRAL M Fs% o&F quorum-sensing mechanismE F
3lo] o] FolAlth= AelTh(1, 7, 23, 26]. ©] A%l eAl
2 dte|2] 4] 2227} autoinducer® 24871} peptide
pheromone®] “} autoinducer peptidesoll ]38l quorum-sensing
mechanisme 53] 2T A2 913, 16, 17]. ]
vlol| = be|2] @Al AALF A= pH, 2%, growth phase,
A 24, 223 9 uAE 5ol 583 4TS 3
AR QIE}(3-5, 8, 27]. o]&} FFo] 7|E] AF-SellA E
518 wlel] wEm uejE] 94l Aak2Ad-L dhHE] el f=
zhge] dtee] @Al Ak AA WS A peptidec]] 23l
] 24l 1= Ago] dodehs Aol dF-Feolo. v
u|A-Eke] F-guiokel o3 whelz] el AAbe] SRl th=
Ha= glalent(2, 3,17, 30] A T2 vkl
RS R R Bl E s dF2e
Barefoot 5-(1994)ell 2]3}ed Lb. delbrueckii subsp. lactis
ATCC47922 58] ¢do)%] inducing agent?] B}|2] e =
A el ol FoiAl By} gJslvh3]. itk £ gl
A AR 2HE A AW AAEQ) Lb. plantarum®] S5
Z&Bl= Leu. mesenteroides BT& B8ldle] 1 723pA 45
(Lb. delbrueckii KFRI347, Lb. plantarum KFRI464)Z.F-E]
e FEEAS o83l elE] el Ak fedAtE
B3 g} vt le(30]. ezl oAl AJAle 1 utelE] el 7F
$49 TF2HE DAY B4 x FETel W3t
AT ¢ 270 Ewt HAzbA] Ha HRoeln, o] F 4
$ 2% Akt R bele] eala) vleje] o] fEEA S
A= A 5 JA AR Aol e 2
FoME ole} 22 FAte] Bacillus = FAFE 93 3
zo] Bileh= AejlA] 1 207} o] % vt & Aelut

2 o

wte|2] 941 BSCX -2 Bacillus subtilis cx19l] 2] QA
Sl= &3FA peptideol v}, B, subtilis cx12] e ] © 4]
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(BSCX1)< Bacillus subtilis ATCC6633, Listeria monocyto-
genes KCTC3569% X33t I8} Salmonella typhi
ATCC19430, Escherichia coli ATCC259229} Z+& 135
Aol dsiME vy g2 A WS 7. 1
B|2] 24 WATFR) B subtilis cx13} 18} ZFpA)
ol B. subtilis ATCC66333 3-F w3t A=}, vlel|g] Al
BSCX1¢] AAate]l F7HES #RlIg 4 Sl o] A 1|
) oAl WAFFF B. subtilis cx12] AR vz o] ulez] e
Al e TF7E 2% e] BSCX1 AR FAlA7IE A
< on 3 gk e e el e 2R-S Eal
FRomE fFiEAoe] A TF2 o= $Ae| EAs)
=] 93)7] 918l B subrilis ATCC6633S 2-3)3lo] Ayt
Azt AT $27} ATHNEo) 2T FE2Ao) EAT
< #Usiet. BSCX1 #EEAY] 2842 pH 25904
pH 9.5 A A T2l FARDLH, 50°C ol elAE
37 ool Bap st Solet. FE2Ae] WhugelEsel
proteinase K& A2]gt A3} f-=284 o] Aleb sy &
e T 4 A,
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