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Characterization of Bacteriocin from Bacillus subtilis cx1. Kim, Soo In, Ji Yoon Chang, In Cheol Kim',
and Hae Choon Chang*. Department of Food and Nutrition, Chosun University, Kwangju 501-759, "Department
of Food Engineering, Mokpo National University, Mokpo 534-729, Korea — A new bacteriocin produced by Bacillus
subtilis cx1, was partially purified and characterized. The bacteriocin from B. subtilis cx1 was stable in the range of
pH 2.5-9.5. B. subtilis cx1 retained its antimicrobial activity to long-term exposure at -20°C and -70°C. However, B.
subtilis cx1 was inactivated completely within 15 min over 60°C and lost 50% of its antimicrobial activity within 15
min at 50°C. B. subtilis cx1 was inactivated by protease, trypsin, proteinase K and carboxypeptidase, which indi-
cates its prolein nature. Direct detection of the antimicrobial activity on Tricine-SDS-PAGE suggested an apparent

molecular mass of about 9,500 dalton.
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Alg o279 biEAde] it 97 19259 Gratia
7F E. coli 309 colicing R ABIAFE] A|2pe] Fglil
19479 Mattick®} Hirschell 2)s}ed fAbo] AAtsts
nising WA 2H 714307 14,17]. AF7IA] 2
7 AFe2Re]e] e FHEE o9 = subtilin,
bacilysin, alveicins, cartovoricins, arizonacins, marcescins,
pneumocing, aerocins, pyocins, fluocins, pesficing, megacins,
monocins, cerecins, enterococcins, staphylocacinge] 1TH[7,
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Aol BEEe] Aoz, LES, LEYTLLE, T4
Ak Bl HFH R AMEE 9lE B ohe HES,
AEARI M 4= A=ST gleh 18} nisind =
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el Cig Sep-pak(Waters Co., Massachusetts, USAPI 52A|7]
Z 3z Z2F4E Ak acetonitrile® &2A)F )
Acetonitrileo] =ol9l¥ E3-2 Speed Vac concentrator
(RVT400-120, Savant Inc. NY, USA)E o|&35}e] aceto-
niile §=§E Zrabsiel]l $A 3] A AsE, A 10 mM
phosphate 588 (pH 7.0)¢l] 25 mLE 5o AR8-3lgiv)
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£ Agolre] #7" £4-E paper disk method[3]*]
23l Aledslgiet. B, subtilis cxlell W3l 733t S
el B subtilis ATCC66332[25] s}524F Bt Alufokst
I o] E ARg wiRelA 3417} A% wijoksle] Hi7] &)
Aee] AZz2 Falsle] LBEDAH] = 3 F, 8 mmA]
732] paper diskE 283 4= FAL A5t AIEE o
A 7lsled 30°CeM BFERE wieFste] R|AlEFe] HEt
AEAA g DA
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Trypsin(Sigma EC 34.214 type 1), lipase (Sigma EC
3.1.13 type VII), protease(Sigma, type I), lysozymeS 50 mM
Tris-HC1 buffer(pH 7.5), pepsin(Sigma EC 3.4.23.1 type I)
< 10mM citrate buffer(pH 6.0), proteinase K(Sigma EC
342164 1M Tiis-HCI, o-amylase (Sigma EC 3.2.1.1
type VII-A)x= 0.1 M sodium phosphate buffer (pH 7.0),
carboxypeptidase A(Sigma EC 3.4.17.1 type IDT™= 50 mM
Tris-HCI(pH 8.0 20 mg/ml’} =5 Fn)sllvt. e
EAol| 09 4FEAFE FF 2myml FEZ 37°Cel|A
2417 3025t HEAA AL HIEE BEsiolrt
Carboxypeptidase’= 37°Coll A 44]7F 30%- 54t WhE-A1FH ek
HEAe] B4 B osubilis?] A#E 72 vehsieh
Aminopeptidase I(Sigma A9934)2- 0.2M Tris-HCl (pH 8.0)
buffers ©]-8El] E45 | witml =7} HEE H9l
T 25CelA 12 AlZEERE AHEAIR] F YL EHEY
o HETRE BE FU% 204 Siem 6w He)
3 Ao Algaln)

Tricine-SDS-PAGEE &8 &AteF 23

Acetone FAHel| 28 F5- AT Alm2FE A
£ vehis 4] EAlERE Tricine-SDS PAGE (sodium
dodecyl sulfate polyacylamide gel electrophoresis)3H -2
E3le] ZA3IITH8]. Gel &2 discontinuous gel® 4%
stacking gel} 16.5% separating gele AMESIAT) o] o
5 FAFHFAUEE polypeptide standards marker(Bio-
Rad)¢} low range standards marker Bio-Rady® AME-3}H
o A7l F FEEAL ek 249 band 1S
direct detection BFH[3]ell <l8}ed Tricine-SDS-PAGEA ]| A]
A3 0 BEPIE SN B,
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Fig. 1. Comparision of antimicrobial activity from B. subtilis cx1 by two different preparation methods.

Left: Paper disk method showing antimicrobial activity from B. subtilis ¢x1 against indicator B. subtilis ATCC 6633. Each disk contained
100 il of crude antimicrobial agent prepared by two different methods(1, sep-pak column adsorption; 2, acetone precipitation). Right: Tri-
cine-SDS-PAGE gel showing proteins present in the antimicrobial samples; sep-pak column adsorption (lane ]) and acetone precipitation
(lane 2). Lane M1 contained polypeptide standard marker (Bio-Rad) and lane M2 contained low range standard marker (Bio-Rad). The

arrow induicates the location of antimicrobial agent.
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Fig. 2, Effect of heat treatment on antimicrobial activity of B.
subtilis cx1.

The sample was treated at different temperatures (-70°C~60°C)
for 0.25-12hrs. Residual antimicrobial activity was measured with
B. subtilis ATCC 6633 as a sensitive strain.
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& AR Aol W Aelr) glgder) 1417) o &
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o] F ] o] 7kadlr] Alzlsted kg 9A|7lRlel &
Ade] SHAE] AR ofsl| "k 20°Ce|Ele] A2l
kA sle] 20°C, -20°C, T2 -70°Col|l M HRE- F 124]
Z7KA] ge] ad2 FRHG M 20°C~-70°CAl M =



Fig. 3. Effect of pH on antimicrobial activity of BSCXI.

The sample was treated under pH 2.5~9.5 for 36hrs at 25°C.
Residual antimicrobial activity was measured with B. subtilis
ATCC 6633 as a sensitive strain.
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Laciobacillus acidophilus?} "BAY8l= lactacin B[20] 120
°Coll A 602 T EAEFIE T FAole W3} ol
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S[181= 100°CeIA Zk2 60&) 308 GA=] A] A s}
WA o] A vielde)

ub, el FAERA] Esk dTEAY it EaMEE=
Lactobacillus helveticus T5-Z5E] helveticin V-1829+=
60°CellM B84 7] Alabste] 100°ColAE 30E <ol
5h41-2- glo] Qeoll ¥iIzkt e R u=3 glel22]. L. acido-
phollus ACI2ZHE2] SH32- FAF 52002 A#A}
o) whiEARA Ao} WALE(4-8°CrlrE I}
u} 50°CHZoN M 208 ool dFEAe] HhFEe] Al
o3 B EQo15]. B A B subtilis cx1 22N E]
o] FREEALE 50°CelAM 1417 bel] FEAde] kAE] A
AEe] o ekAle] ] B2 Zlo= veRtt)

pHE!

SHEAS] FAo] dgt pHEsRS ol r] #s F2-4d
A" FFEA AL pH 2.5004 pH 9.59] HelelA
25°Coll A 36A17F Fok WiA|BlHA Al EdS A8k
2 A7} Fig. 33 2] pH 2.5~pH 9.57FA] 36717+5%F &
Ao Wzt glglezg Qe pH Tl s ekAskd
o, 71E2] B 1§ nising ®]EG RE-E m4E
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Table 1. Effect of various enzymes on the antimicrobial activity
of B. subtilis cx1

Treatment Activity
proteinase K -
protease [ -
pepsin +++
Tysin -
O-amylase ++
lipase ++
lysozyme -+
aminopeptidasc I -+

carboxypeptidase® -

Degree of clarity of clear zone by growth inhibition 1.61.7 cm : 4+
A little turbidity zone of inhibition diameter 1.6~1.7 cm : ++

A lot of turbidity zone of inhibition diameter 1.6~1.7 cm : +

No clear zone : -

amines, deprotonated hydroxyl group® Z-2 nucleo-phile-

dehydro residues} HRSEle] FEAR} 32 FA W cross-
linkage=- 343t Bl WIS doFivpal H st
[13]. Dehydro%t7|7} 281 nisin®] 7A-Fol= o]} 22
Hhg-o] defut ez F7e] HEgFo] WA nisin®]
FTHL §4%) S Gk BAE) o nisind pH
200049 &&Ade] 57mgmLgl ¥WFY pH 8~120]A=
0.25 mg/mLe] ¥ SaiidS Hed ahe] odeore] Bl
AA el Ba=E[13], L. plantarum C-11°] AALS|=
plantaricin A% pH 4~6.54te]2] F-2 WlolAet 24E
eI [5]. o]l BEs Aol Efsht W2 pHESY
oA wlmA dAZ AFEA I EuSw gled,
Carnobacterium piscicola[17} A= sHTE22 pH 20|
A 1Mol X sk EE £AEKA] R, B. cereus[1617}
AArel= T EAE pH3~1271A M 84S 2L 9l
B AR HAET gl 2 e EARE A9 2 pHEdY
o A (pH2.5~9.5) 30417t o] hEalel® 1 8PS YA o
of FAke] EIE(167 RARE pH S Rl B
EAETFR] ol#gk g4 el FE49] A} cofactor
ol 2lgt 2hg02 AlgEn| Hol AEE o]fF o] F
SHFEAES] T2 7% FeolAe v|nl Ao 23l
TEE ok & Aelu}.

doEde| 45Es g

FE A e 24k E4F 2 mgmle] HEH
A7ksled 37°Cell A 2417F 308 B WA F wrEE
o] AEHAAS 24 A= Table 191 7w Protease®}
trypsin 222 peptide@ g “A5}5l= endo-peptidases]] 7]~
#¥ 1 carboxypeptidase®} 2> exopepti-daseell = 73
¥l er proteinase K&} 7282 vzl zlpla) & 4w 2
HAE S B 2R Hof o XL lysine F
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Fig. 4. Determination of molecular weight of BSCX1 by Tricine-SDS-PAGE.
Several bands were cut and were pretreated according to direct detection method (2), and were applied onto LB plate with spready of B.

subtilis ATCC 6633.

Only one band (at 9.5 KDa) showed antimicrobial activity against B. subtilis ATCC 6633; Other bands did not show antimicrobial activity.
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A EA4L FEEe BSCX1-2 pH A Al
pH 2.5~9.5 TF7lIME A=A oS fAlslsdch
ZHE B4 Jg ¢HAA] Ao M= protease, trypsin,
proteinase K, ZL#]3 carboxypeptidase®. A2|3}gE Wi+
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—
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sled 20°Ce} -70°Cel A N7 Hslel s oA St
ghdg a2 e

Tricin-SDS-PAGEZS £3}o] BSCX12] EA1ER2 <F 9,500
dalton®.2. el=gich. BSCX1-S pH2.5¢IM 9.5¢] o2
W pH gl 2 g FAFER, 7S L=
nisine |} ik 2] gl pH kAde] delzlch
oS 2ol o e AEEE ARREAIEAY S
W 7lsAE ol AlAREISE
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E AFE= 1998 RGN i shE dF A3
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