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Characterization and Purification of the Bacteriocin Produced by Bacllus licheniformis Isolated from
Soybean Sauce. Sung-Sub Jung' Jung-I Choi!, Woo-Hong Joo’, Hyun-Hyo Suh’, Ae-Sil Na,
Yong-Kweon Cho, Ja-Young Moon, Kwon-Chul Ha, Do-Hyeon Paik and Dae-Ook Kang*. Department
of Biochemistry and Health Science Changwon National University, Changwon 641-773, Korea,
! Interdisciplinary Program in Biotechnology, Graduate School, Changwon National University, >Department of
Biology, Changwon National University, " Department of Environmental Engineering Jinju National University,
Jinju 660-758, Karea - A bacteriocin-producing bacterium identified as Bacillus ficheniformis was isolated
from soybean sauce. Antibacterial activity was confirmed by paper disc diffusion method, using
Micrococcus Iuteus as a test organism. The bacteriocin also showed antibacterial activities against
Bacillus sphaericus, Lactobacillus bulgaricus, Lactobacillus plantarum, FPaenibacillus polymyxa, and Pediococcus
dextrinicus, Optimal culture conditions for the production of bacteriocin was attained by growing the
cells in an MRS medium at a pH of 6.5~7.0 and a temperature of 37°C for 36~48 hr. Solvents such
as chloroform, ethanol, acetone, and acetonitrile had little effect on bacteriocin activity. However,
about 50% of bacteriocin activity diminished with treatment of methanol and isopropanol at the final
concentration of 50% at 25°C for 1 hr. It was stable against a pH variation range from 3.0 and 7.0,
but the activity reduced to 50% at a pH range from 9.0 to 11.0. It's activity was not affected by heat
treatment at 100°C for 30 min and 50% of activity was retained after heat treatment at 100°C for 60
min, showing high thermostability. The bacteriocin was purified to a homogeneity through ammo-
nium sulfate precipitation, SP-Sepharose ion-exchange chromatography, and reverse-phase high-per-
formance liquid chromatography (HPLC). The entire purification protocol led to a 75-fold increase in
specific activity and a 13.5% yield of bacteriocin activity. The molecular weight of purified bacteriocin
was estimated to be about 2.5 kDa by tricine-SDS-PAGE.

Key words : Bacteriocin, dic diffusion method, antibacterial spectrum, purification, stability, soybean
sauce
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o] 84S 2557 9138 paper disc method [3]E AH:-
3ttt 0.5% yeast extract’} EHr¥ 2.0% agar plate 9l
30°Cel| A 152417t vl 3t Micrococcus luteus ¥ F & 0.8%
& #+r3t enriched nutrient broth (NB) soft agarel 1% 4
%3ta 7]l 1 M phosphate buffer (pH 7.0)& 1/10 F3 =
A7} 2 2331 plated 10 ml 2 #5-3}9] test plateS A3
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[14,19]
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whe| 2] 2419 & AHE -2 paper disc methodE AHE-
ste] St AT.  Bacllus sp. Paenibacillus  polymyxa,
Enterccoccus faecium, Listeria monocyrogenes, Micrococcus lu-
teus, Lactobacillus sp., Pediococcus dextrinicus 3. ) Xhanthomonas

sp. 5= AN FFFZ ALt A g A F5E A
% H2,18].
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A2 T A& e el AL SN
oH2,8].

pH W%

pHell gk 2] e 419 QS 2ALSH7] §iskel pH
3.0 (0.1 M citrate buffer), pH 5.0 (0.1 M acetate buffer), pH
7.0 (0.1 M phosphate buffer), pH 9.0 (0.1 M borate buffer)
2 pH 11.0 (0.1 M carbonate buffer)?] 3843 v 45
AE 112 EFdte] 24203t 2o M A F FEd=
HrEl g oAl FHF2dE SAATH28].
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Guld, gestE 3 A4 e Es 55 Sigma-
Aldrich (St. Louis, MO, USA)oll A +9i3te] A2t 230
wal A3 T Lipase (4307 U/mg)9t trypsin (13,500
U/mg)& 50 mM Tris-HCl buffer (pH 7.5), a-chymotrypsin
(83.9 U/mg)™, carboxypeptidase A (73 U/mg)= 50 mM
Tris-HCl (pH 8.0), pepsin (3.280 U/mg)< 10 mM citrate (pH
6.0), c-amylase (519 U/mg)< 0.1 M sodium phosphate (pH

7.0)o L8] 31 proteinase K (30 U/mg)= 0.01 M Tris-HCl (pH
7.9), 0.005 M EDTA % 05% SDS $tz4ellA 20 mg/ml7}

T2 FHEYTh g AS5de FejE 42 gAs
mg/mle] FE2 H7letal 37°Cell A 15087k 18] 1 protei-
nase K= 45°Col A 12417 BESAI 2T Holgle Hhe 2] 24l

G M luteus?] N3 Ao H743L 243k gict =3
TAT 2NN LTS AA] 2 A &4 dE2T

2 ARSI TH2,8,12,20].
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API 50 kitE o] &-3to] BAagdog Fojuf YA o] &
d9] AFE API 50 kit A|ZAMS] A F el wet on linel 2
delsta FAst] AgetAel F4S YT A9, BodFe
99.9% ] 922 Bacillus licheniformis 152 215 A L.
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Table 1. Biochemical identification of a bacterial isolate by car-
bon source utilization pattern

Carbohydrate Is;);agte Carbohydrate Is;);e;te
Control Esculin +
Glycerol +  salicin +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose +  Lactose -
Ribose +  Melibiose -
D-xylose +  Sucrose +
L-xylose - Trehalose +
Adonitol - Inulin -
Methyl-b-d-xylopyranside - Melezitose
Galactose +  Raffinose -
Glucose +  Starch +
Fructose +  Glycogen -
Mannose +  Xylitol -
Sorbose - Gentiobiose +
Rhamnose - D-Turanose +
Dulcitol - D-Lyxose -
Inositol - D-Tagatose +
Mannitol +  D-Fucose
Sorbitol +  L-Fucose -
Methyl-a, D-mannopyranside -  D-Arabitol -
Methyl-a, D-glucoside +  L-Arabitol
N-Acethyl-glucosamine +  Gluconate +
Amygdaline +  2-keto-Gluconate -
Arbutine +  5-keto-Gluconate -

Date obtained by API CHB kit, + :positive, - :negative
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Fig. 1. Cell growth and bacteriocin production of a bacterial isolate in MRS broth at different temperatures. One milliliter of culture
was sampled at 4 hr interval. Optical density at 600 nm was measured and the rest was centrifuged to recover supernatant
from cell culture. The symbols: -ll-, cell growth; -@-, bacteriocin activity unit (AU/ml).
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Fig. 2. Cell growth and bacteriocin production of a bacterial isolate in MRS broth at different pH. The isolated strain was cultured
at 37°C and bacteriocin activity was determined by critical dilution method with M. Juteus. The symbols: -W-, cell growth;
-@-, bacteriocin activity unit (AU/ml).
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Ueh$laL, pH 80914 9] 74 =2 vt
AU/mIZ, pH 70014 9748} oF 50% &< Webiid. o
A ZeldFe] wEg Al S A3 uAY Hz
pHE 7048 &3t

st AHER
Zr% Aol o ZAZE Table 29 2

o EF7F A A& Bacillus sphaericus,
Lactobacillus bulgaricus, Lactobacillus plantarum, Micrococcus lu-
teus, Paenibacillus polymyxa 2 Pediococcus dextrinicus & T2
ag Fddd WelM FaEAS ey WA (E
col)? 2E 2% SATAE FaEA o gAh

o olmy

=
gt EA S 20~100°C ol A 78 Az v gate] & b
ZAFeF % thH(Table 3).

20°C~80°Cell A 6087t 100°Cell A 3083t A2 e 7% &
A o] FAFH AU 100°Cl A 6033 22 Aol 50% ]
FdAs eI ol EdE e F7t Atste |

oAl Hwy dof| FHES & = UATY. Lactolacillus
adidophilus’} A3 AVsl+ lactacin BY 7% 120°Coll A 60%& 5o
Aoz A HOM21], Lactococcus. lactis ssp. diac-
etilactis S507} A AFs}= vHH| g 2. 419] 9= 100°Co A Z+2t
602} 302 IA48 AldE BAHE FRASH (6], Bacillus
thuringiensis subsp. tochigiensis®] 735 90°Cell A 307t €4
gl Aok et ste 5 WE o] & vhElg o] gle gt
Wl Lactobacillus  helveticus 17+ AY2Fs=  helveticin
V-1829+= 60°Coll A £2/45t 7] A1 &Hskel 100°Coll A= 30%

Table 2. Antibacterial spectrum of bacteriocin produced by an
isolate

Test microorganisms Inhibition

PBacillus cereus KCTC 1013 -
Bacillus megaterium KCTC 1098

Bacillus sphaericus KCTC 1184 +
Bacillus subtilis KCTC 1023 -
Enterococcus faecium KCTC 3095
Escherichia coli

Lactobacillus bulgaricus KCTC 3188
Lactobacillus lactis KCTC 1058
Lactobacillus plantarum KCTC 3099
Lactobacillus vaginalis KCTC 3515
Listeria monocyrogenes KCTC 3444
Micrococcus luteus 1AM 1056
Paenibacillus polymyxa KCTC 1099
Pediococcus dextrinicus KCTC 3506
Xhanthomonas sp. -

+: inhibition, -: no inhibition

1 + 1

+

+ + +

Table 3. Stability of bacteriocin against solvents, pH and heat

treatments
Treatment Residual activity (AU/ml)
Control 264
Solvent”
Ethanol 264
Acetonitrile 264
Acetone 264
Chloroform 264
Methanol 132
Isopropanol 132
pH change”
pH 3 264
pH 5 264
pH 7 264
pH 9 132
pH 11 132
Heat treatment
20°C, 30 min 264
20°C, 60 min 264
40°C, 30 min 264
40°C, 60 min 264
60°C, 30 min 264
60°C, 60 min 264
80°C, 30 min 264
80°C, 60 min 264
100°C, 30 min 264
100°C, 60 min 132

UFinal concentration of solvent was 50% (v/v).
INo pH treatment; 264 AU/ml. Bacteriocin samples were
treated with buffers at each pH, 25°C for 24 hr.

ool 438 Ul FE A8 H (23] Lactobacillus acidophilus
ACI7} Ateke P84S B0l 52009 A&Ate] Tl
U’é]i*i Aoy WAL R A= bAs 50°C FA 2 ellA
T 204 ool g tiRito] JAE o] BuHSltH16].

77000l cist Ly

Fr71gulol ok WA e -9 50%(v/v)<l acetone, aceto-
nitrile, chloroform % ethanol 59 &< v-$- o+ H S
1}, isopropanol® methanol 5& #F F% 50%(v/v) A&
73S Gt ol 47 50% 2 a3t A th(Table 3). WEkA Al
Hgk &1 F methanolZ} isopropanolS A| 2|t &l o3|

= A 3H 24 methanol#} isopropanol-2 HHH| 2] 2.4 <]
P89S A2 A HPLCE 58 grelg e4le] A8 &

WEE $ATES 5 Ak

pHOIl CHet Li

pH7} vt 2] A o] &g WA= TS Lot
A3 AIZE pH 30014 pH 1102 M9l 3FE = g5dS
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GAE AAste olf= pHZE £ 7% hydroxides ions,

deprotonated amines, deprotonated hydroxyl groupiﬂ- e
nucleophile dehydro residue} ¥H-&-3te ¥4} 7+ &
2+ Wi cross-linkages &743 ato] ghotA M-S o) ] “Hv:
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Table 4. Susceptibility of the bacteriocin activity to hydrolytic

enzymes
Enzyme Activity
Control (no-enzyme) +++
Proteinase K -
Trypsin +++
a-Chymotrypsin +++
Pepsin +++
a-Amylase +++
Carboxypeptidase A +++
Lipase ++

M. Iuteus was used as an indicator. Degree of clear zone by
growth inhibition; +++: 1.7~1.8 cm, ++: 1.5~1.6 cm, +: 1.3~
1.4 cm, -t no clear zone.

Culture supernatant was mixed with enzyme solutions at a
final concentration of 2 mg/ml.

Table 5. Purification of the bacteriocin
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SP-SepharoseE AH&-ste] o] Ludta g vtE e 9 E HA5
AthFig. 3). AU EF B8S A THAAN &
58f9] H3lo] 3|F3t= 50 mM sodium phosphate buffer

N

Purification step Total activity Total protein  Specific activity Yield Purification
(AU) (AU/mg) (%) fold
Cell-free supernatant 31,680 261.8 121 100 1
Ammonium sulfate precipitation 26,400 108.8 242.6 83.3 2
Ion exchange chromatography 7,920 1800 25 14.9
HPLC 4,266 9076.6 135 75
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Fig. 3. Elution profile of the bacteriocin on SP-Sepharose cation
exchange chromatography. Concentrated culture super-
natant was loaded on to SP-Sepharose column and elut-
ed with NaCl gradient from 0 to 1.0 M in 50 mM sodium
phosphate buffer (pH 6.0). The bacteriocin activity of
each fraction (2.5 ml) was determined using the paper
disc method and active fractions were pooled for further
step. The symbols: -@-, absorbance at 280 nm; -H-, bac-
teriocin activity unit (AU/ml).
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Fig. 4. Elution profile of the bacteriocin on C18 reverse-phase
HPLC. The active fractions from SP-Sepharose column
chromatography were dialyzed and freeze-dried.
Dissolved concentrate was applied to reverse phase
HPLC using C18 column. Elution was carried out with
a linear gradient from 0 to 80% acetonitrile/0.1% TFA
solution. The bacteriocin activity of each fraction was
determined using the paper disc method.
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Fig. 5. Tricine SDS-PAGE and detection of antibacterial activity
of the purified bacteriocin. (A) Gel stained with
Coomassie brilliant blue. Lane 1, polypeptide SDS-PAGE
molecular weight standard markers; lane 2, purified
bacteriocin. (B) Gel overlayed with NB soft agar contain-
ing 1% of Micrococcus luteus.
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