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Bacillus subtilis 168 @37} £H|5l= 5 kDa 37|2] Bacteriocin
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A Bacteriocin of 5-kDa in Size Secreted by Bacillus subtilis 168. Kwon, Gun-Hee!, Hwang A Lee?, and
Jeong-Hwan Kim"?*. "Insitute of Agriculture & Life Science, *Division of Applied Life Science (BK21 program),
Craduate School, Gyeongsang National University, Jinju 660-701, Korea — Bacillus subtilis 168 secreted antimi-
crobial substance(s) into culture medium and culture supernatant inhibited growth of some Gram positive bac-
teria. B. cereus and Listeria monocytogenes were the most sensitive organisms. The antimicrobial activity was
destroyed when culture supernatant was treated by protease and proteinase K, indicating the proteinous nature
of the substance (bacteriocin). The molecular weight of the bacteriocin was estimated to be 5 kDa by Tricine
SDS-PAGE. B. cereus ATCC 14579 cells were killed when exposed to the bacteriocin, indicating that the
mode of inhibition was bacteriocidal. These results show that B. subtilis 168 could be useful as a starter for
fermented foods such as cheonggukjang where B. cereus contamination is a major concern.
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= 7)%e] AREY JIFERME & dial AdsgteEel A
=3 92, 10, 11]. B BEARZ Aie] 43t 313}
EEF 3 TRE A8 AEEe] BEE e ealE
(bacteriocins)e] Siet. Hlel|2] 0412 2lHEoA FHE &
WA = wele| = Al g SrEAEA B S350
whe|g] @A AARTFEo] v|sgt R v T S-S A
s FHom APak, FHEhe Aoz A o4, 7). 1t
g2 eAl-2 AEF A JANE Fejrlelete A3k
chil 2 7R § 45 (proteolytic enzymes)el] 2]3)] E-a)=
oA QlAlefl = PAEle. At PAE)E Al HElE] 24l
9] ' =3} 3 wheE] oAl B4 et 28 713 ¢
8], 7z A 249, deE| Al 72 WS 53t S
23 R, Wi AL 7 T 22 AlFelA ] S8
Qs AF50] AEFH2E o] Fo =L qlH16].

frakte] AAkel= whe|g] e A15e] 53] & oA 9l
o]+ fAkto] GRAS(generally regarded as safe) T-5©]¢]
Al o] Z2] HHE| A1 EE Al Fel ARl H3El] o
wole3]. HEHQ] FFEEE Lactococcus”d BAYSH=
nisin, lacticin, Leuconostoc®] A AFs}E= leucocin, mesen-
tericin 5°] QATH9, 14]. B. subtilis, B. licheniformis, B.
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coagulans, B. cereus, B. thuringiensis, B. megaterium<}
2 Bacillus 552 3BEHE E33le] 93 A
55 AR 7ol = HiEE] ealelu} w2 A4l FALE
A 2EH 19, 20]. Felvele] A=5Atelv I, 2
2] natto, T=2] douchi®} 22 ofrJo} Zh=te] A5 wkgA]
EEo] w8 o= B. subtilis, B. amyloliquefaciens, 2 B.
licheniformis 5-5°] HA8IEH8]. ol 52 FAHZ vix7IA|
E GRASel| &3t o] 50| Bh=t Hie2] eale] gk A7
ok mlmlEltt. Sue] A B, AT 2 ATHE
A|FEM E2)dt 7HFS(bacillije] 3H=E HleE] 2A152]
e} o] =8 BA d7Eel dF FAEUR 13, 20]. ©]
=2 vl eAlEol AlF BEAR A A5 A8 <
Agt F5IA Felg Aol sleiA] toem Ho w o
T7V 8F= ). Bacillus subtilis 1682 531 A A GEA] o]
85 B subtilis £F W2 LB viR|o|A wokE So-E
AL AT Fulsid. ek el FHEEE =4t
g A3 dtezl el e s FAENAS & =ReAe B
subtilis 168°] WF== wle|g] el Wy EAS ARl

I AIE B sl= nlolo},

ERTT

AlgE HZE % HhYmy
B Aol AR FFES Table 19 ®AI3130. Bacilli
9} E. coli, Salmonella, 2 Staphylococcus+ Luria-Bertani
(LB)(Bacto tryptone 10 g/L, yeast extract 5 g/L, NaCl 10
g/L) WA A 37°C Ae v kst FAEES MRS
Rl A 30°C A X] ikl et. Listeria®t Enterococcus=




164 KWON et al.

Table 1. Bacterial strains used in this study.

Strain number

Species (other strain designations) Source and relevant information
Gram (+)
Bacillus cereus ATCC 14579 From air; produces restriction endonuclease Bce145791
Bacillus coagulans ATCC 7050 From evaporated milk
Bacillus subtilis 168 Genome sequenced strain (NC009126)
Enterococcus faecalis ATCC 29212 From urine; Antibiotic drugs intended for use in laboratory diag-
nosis of disease
Lactobacillus casei subsp. casei ATCC 4646 From dental caries
Listeria monocytogenes ATCC 19111 From poultry, England
Stapylococcus aureus subsp. aureus ATCC 25923 From clinical
Gram (-)
E. coli 0157:H7 ATCC 43894 From feces from outbreak of hemorrhagic colitis, Michigan; Pro-
duces exopolysaccharide and Shiga-like toxin I & II
Salmonella typhimurium TA 98

BHI(brain heart infusion) ¥ x]l|A] 37°C e ofslsic}.

HUEF It 7y Wl

B. subtilis 168 &3 4 A7k A5 ¢35 200 mL
LB Ao 37°C, 60417+ 215 whegsiadeh, AlE e
ujjoFoll & 3]4=3}o] UV-visible spectrophotometer(Shimadzu
uv-1601, Kyoto, Japan)S ©]&3}e] ODggy nmeol| A S35}
Aot G slpst ikl s A= F 42H0.45 um,
Sartorius, Goettingen, Germany)at Abs2-S 343l T2
71 Z(Chuo-ku, Tokyo, Tokyo Rikaikat Co.)& ¥ 20 mM
Tris-HCI(pH 8.0) $H5-&-Hol| #etsle] 33 54313
o A 54 AEE A2 204 20 mM Tris-HCI
(pH 8.0)2 3|M3le] AFalal Aal|hs HAdsh= 2o 3]
AuleE Flatsnt. M) oL FskaL o] Fhell 1
mgell HaliA Rl A E 3-8led mg proteind
AU(activity unit)® - el

el ABEY XA}

B. subtilis 1685 1% =7 200 mL LB ¥ix]el] % F3}eq
24717 v F A2 AsHE sl F T4 71X A8
£ 20 mM Tris-HCI(pH 8.0)el Fo3A] wlelg] o4l A8 2
AHE3EE. A3l spectrum BHRlS 913 Gram 48 B &
A3t 105-E(Table 1) AHE3}o] paper disk method[6]Z A1
5 AYset. 24 5 LB, BHI, 32 MRS Hzhi#]
o 1x10° cells® =23 F 8mm 272 paper disk
(Advantec, Toyo Roshi Kaisha, Ltd., Japan)E =3 =1 ¢
o Htel2) Al AR 30 uge 7HE Fell 37°CAlA 24 A2E
F g Adge] 44S 2] As) AES glskin

BA4X27t g Mo ojxls
B. cereus ATCC 145795 LB

—_——

1]

S
5
e

TR o] 1x10° cellsE

=gt ¥ 8 mm 272 paper disk & &¥al A3 29
ER] Aol AR Sl SU’E B osubrilis 168 22| 4]
A 28 gl 7Fshgieh s gs) Eae SuLE
paper disk ¥ % Wl A7lste] 37°C 2417k wiF F #F
3}9dvH12]. Proteinase K(Takara, B2205A, Japan), protease
(Sigma, P5147, Type XIV, from Streptomyces griseus),
pepsin(Sigma, P7000, E.C. 3.4.23., from porcine gastric
mucosa), trypsin(Fluka Analytical, E.C. 3.4.21.4, from
hog pancreas) 471X 45 AM8-3519t}. Proteinase K= %
Arefel qAF AFel, protease, trypsine 5 mM QlARES-ol
(pH 7.0), pepsin 0.02 N HClol| 35of &4 088 uhS5o]A]
protease:= 0.042 unit, proteinase K= 3 unit, pepsin< 6.7
unit, 2] trypsine 21.04 units AREsIATH

Tricine-SDS-PAGE

B. subtilis 168 &= LB ¥]X] (100 mL)l|A] 244 7F wj
Sfate] AL JENS ofTalaict. ol e FFAL 80%
ammonium sulfate(Amresco, Solon, OH, USA) A & &
A3}eIA] 20 mM Tris-HCI(pH 8.0) $H-g9llo]] o] X2 2
AR, il F=F Bradford [119-2 343} 50
ugS tricine polyacrylamide gel(16% acrylamide)el] 7 o]
T3 30 mAClA A7]93%5-S delsin17]. A9 F &
T8 3ol & gel 3084 43 9FFE AL 30 74
Uvell el F AXTF5 2 floll T35l AXEFFE
= L. monocytogenes ATCC 191112} E. faecalis ATCC
292128 ZH7F 1x10° cells AFE-3}AT}.

a7 1=t

B. subtilis 168 v}e]2] 2412 B. cereus ATCC 145799
A3k Al 712k F[1518] WHeE A B.
cereus ATCC 145792 LB wj#|ol|A] wjeksl ¥ d4l2e]s}
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ol AEZE 343l °]2 20mM Tris-HCl <349
(pH8.0)2-2 13] A1Z ¥ Fd 9F89 2 mLe 1x108
cells/mL == 2 el ot 3A7F & 29 tricine-SDS
PAGEe] AH8-3t A3} 543 ve|g] 24l A8 50 ugs 3
71IaL 24417 A A ZPAC R AIRE FH3ld AT
= A3

2d
=

||

& OF

B. subtilis 168 45 &=3 s}

B. subtilis 168& LB wiZlel| 1% #E3F F 37°CllA 60
AlIZE B} Al wiokslEA o S S-S SAsH
(Fig. 1). T 32 A& 53] o713 e s9= 34 2
Tl A ok 0L wieF 60X 7kl 1.6 ol =3t &
THZ Wi 16A7HE] 204170 §43] SVt 244
7k o] F 43 Aade &4 STk 27A7L o) F 2 &
T3Ho] 100 AU/mg PRz IR FA8S gl & &
ATt Zo H2 woF 20-24A] 7ol FAFE LI 400
AU/mg =iz e]ge},

Mol ABER

105¢] Gram 03 248TS 22 B. subtilis 168

o] 28k A3 ofF-= FAFSIATK(Table 2). S. aureus subsp.
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Fig. 1. Changes in the absorbance and antibacterial activity of
B. subtilis 168 during 60 h cultivation in LB at 37°C. @, absor-
bance (ODgq0); O, antibacterial activity (AU/mg protein).

Table 2. Inhibitory spectrum of B. subtilis 168 bacteriocin.

aureus ATCC 25923% A28t ZE Gram FAHHFS Al

Rot TS AsE HolA| st

L. monocytogenes ATCC 191112} B. cereus ATCC
1457991 o3 A8 &27} 7P 2121, ol B. subtilis
1682] Al E4do] Gram FPdEl A== 22 o
A}, L. monocytogenes ATCC 19113¢] 733k #sf A
S Holm2 wE) oAl 2FE FollA Listeriadl 743+ 3
T & JeRlE EAS 7R class llar[6] 543 A
3o}, B. cereuse AN 2 7RI 545 YA
oz golu} & 71EF 18] al BA ol EEIITH18].
Aol LE3 = B, cereus AR 7 AR HAZ
ATk B. subtilis 168& A7 A TA] FALZE ARS-SL
o B cereus T2 AAE FE QS Aolnt. A=t
A EeEsl, dAgsse] 93 B subtilis 2 B
amyloliquefaciens 52 168% A=A Azl AM-SE 4
HE5& 2™ 8] F 1689 «-amylase, c-galactosidase, p-
glucosidase, 18] ©hA 7lpRa| 85, $4, 2
A A7 B I B "33 IR 1688 F
o HEsled A=A WEE 2-3YU %38t Foll= e} 53
zto|7} ol FAe A=AE AT UAHS]. o Ao
E2 & 9 B subiilis 168> B354 T022 AN 7Fedt
v 53] B. cereus AN} ol dEe] WEAE <HAA &
ol A F2]& Ao o=

S4x27t g7 4o ojxls dE

B. subtilis 168%] 3t 4o &4 Ao whE vh-&
ZAeIe. AXFFEE B cereus ATCC 145792 1x10°
celts ARE3}o] 37°Col|A] 23t A3} protease-} proteinase
K Mg F A3l gke] Al vh(Fig. 2). ¢] 7 &&& ¥E
o|% A rlea) EAS =3 W B subdilis 168°]
e S B o 52 sefo] = wlelgj el o
Az

siE2|ed 2XtE £

Tricine-SDS PAGES £3}e] L. monocytogenes ATCC
191118} E. faecalis ATCC 29212¢) w3k 342S A3
A7} gel Aol ok 5 kDa F-91ellM F 1 33] Aslsl=, &
TS A W=E 32 & 5 9Uslvk(Fig. 3). Coomassie®-

Indicator species Activities Indicator species Activities
Bacillus cereus ATCC 14579 +++D Bacillus coagulans ATCC 7050 +
Enterococcus faecalis ATCC 29212 ++ Lactobacillus casei subsp. casei ATCC 4646 ++
Listeria monocytogenes ATCC 19111 +++ Stapylococcus aureus subsp. aureus ATCC 25923 -
Streptococcus mutans ATCC 25175 + Streptococcus thermophilus KFRI 193 +

E. coli O157:H7 ATCC 43894 -

Salmonella typhimurium TA 98 -

Activity was expressed as the diameter of inhibition zone against each sensitive indicator.
D no inhibition zone; +, 1.23-1.36 mm; ++, 1.81-1.92 mm; +++, above 2.1 mm.
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Fig. 2. Effect of proteolytic enzyme treatment on the antibacte-
rial activity of B. subtilis 168. 1, lyophilized supernatant + pro-
teinase K; 2, lyophilized supernatant + protease; 3, lyophilized
supernatant + pepsin; 4, lyophilized supernatant + trypsin; 5, lyo-
philized supernatant control (no enzyme treatment). B. cereus
ATCC 14579 was used as an indicator.

Fig. 3. Tricine-SDS-PAGE of B. subtilis 168 bacteriocin. Lane:
1, Acrylamide gel stained with Coomassie brilliant blue; 2, gel
overlaid with Listeria monocytogenes ATCC 19111; 3, gel over-
laid with Enterococcus faecalis ATCC 29212; M, broad range pro-
tein marker (NEB, Ipswich, MA, USA).

QAT SDS gel A FHNAE £ z17]e] Hepo] =7}
gtol=git). o] A2 HE B subtilis 168°] HAFsI= 5
kDa 37| sjele] == st & A wlee] eAlgS gl
+ ek,

el 7|

B. subtilis 168 ¥WH|E] 24l =% B. cereus ATCC
145792] A< ¥W3ks S35, wleE] 24l =2FA]
A2 Y E2TY A Z7)FF 13108 cel/mLE 64 ZHA)
13103 cells/mL 7}A] 7348kt 6417 o] F 215 d7}
Z71sled ek 24| 7kell= 5x107 cells/mL7FA] ©bA] F7}8}
Ao}, vwhd B subtilis 168 ¥re|E] e Alel] &% B. cereus

log cfu/ml

Time(h)

Fig. 4. Mode of inhibition by B. subtilis 168 bacteriocin. O, No
addition of B. subtilis 168 bacteriocin into the suspension of B.
cereus ATCC 14579 cells (1108 cells/mL); @, 50 ug of B. subtilis
168 bacteriocin was added into the suspension of indicator cells.

HEZ0] 75l ueE| Al 7L AIHOZRE 3A7F o]
FHE (Fig. 4 2 AellA 6A17F o] F) A7t 7hast
Gom, moF 2447kl = 1x10% cells/mL7HA] Z+4 3hgdh.
oA} A= B. subtils 168 ¥HE|E 2410 2] s up‘}
gt AlTS Fole, & At (bactericidal) 7]139S HolF=
Aoleh, R e ABVEAEES) el A4 F
A2 Helsl= 7 2o vpg o M EFEZ|A] SHATFS
AAlse FFES Fobd FHOE AMSE Zleleh o™
Sl M B. subtilis 1682 A7 FH2 2 7FsA ] e
Ao Azk=ct ko 1688}t B4 0] 9551 GRAS
5 FolM fralat Alsel 03 TES 3 =]
J—;lf’ﬁ%} Aoz A7)

A+ of

B. subtilis 168 75 w4F FPedS wiAToR
v ste] wj kel 9y a3 TS Asad B
cereus2}t L. monocytogenes®] A&l A=7} 71 ZiAe). vl
FAFENE proteasel proteinase K2 *]2]3 7-$- 3f=]o]
”‘J’éﬂ‘ﬂ/ﬂ g2 s e E] 24]) S 4l
9Jt}. Tricine SDS-PAGEs] ©]ai4] ulelz] 9.4 Hajeke- 5
KDao 2. SITISIe). welel oAl Wk S 9024
AHE Adste Aoz Wz o/ 23454 B
subtilis 1682 A=A} 22 B cereus 23] A== &
EAESS) 2RO 88 Aow AAE,

2t 2

o] =12 20084 EEATH(EA) 71Z2ATH] XLS

o} Salml ATk ol Fohs WEI}e}7| %R0 25
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