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Evaluation of Stability and Antimicrobial Properties for a Bacteriocin from
a Newly Isolated Lactobacillus gasseri G2
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Abstract

Probiotic-derived bacteriocins have attracted considerable attention as an alternative to synthetic preservatives in the
food industry, as synthetics are harmful to health. Lactobacillus gasseri G2 isolated from infant feces has been
demonstrated to possess probiotic properties such as bile salt and acid tolerance, antibiotic resistance, and broad anti-
microbial activity. Bacteriocin was partially purified by acetone precipitation and characterized for several properties.
It was found to be highly thermostable and resistant to heating at 120°C for 15 min. Bacteriocin activity remained
unaffected with changes in the pH range from 2.0 to 10.0 and by solvents such as acetone, methanol, ethanol, and
butanol. The antimicrobial activity was not affected by a-amylase, lysozyme, and lipase, but was reduced after treat-
ment with protease, trypsin, and proteinase K, suggesting that it has a proteinaceous nature. Bacteriocin inhibited a
broad range of target bacteria belonging to both Gram-positive and Gram-negative groups: Bacillus cereus, Listeria
monocytogenes, Staphylococcus aureus, Clostridium perfiingens, Escherichia coli O157:H7, Enterobacter sakasakii,
Salmonella Enteritidis, Shigella flexneri, Shigella boydii, Vibrio parahaemolyticus, and Vibrio vulnificus. Bacteriocin
appeared as a smear of the protein band with a molecular weight between 2-5 kDa, which showed a clear zone of
inhibition after bioassay. The high thermostability and acid/alkali stability of bacteriocin reflect its potential com-

mercial significance.
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s 38t WA S ARESHA] ALk
gk A Fo] gk 2ujRte] 8 FE FAIE
AF A7 EA vt 2Ale] 28-S W
A AA maet 2 7HAH 22 o] FE Az
(Chen & Hoover, 2003) w2tA B2 AFAES
2 AAZ EAS 2% A4S 5 Q)
Q1 atelElol fref utelE] e Als gAY sl
skt

Cotter 5(2005)°ll W=, BHe|2] 0412 271 F8
(Class)o. 2 H-FHT} Class [ lantibiotic® 2 #-2}o] 5
kDa "]gke] zte selol=2 FAH ST, Class &
lantibioticS 7FA 2L YA ko oF 10 kDa v|+e] 22
A715 7 do] Fell tigk Fg Aol =T} Class I+
Class Ila (pediocin-like), Class IIb (two-peptide), Class Ilc

2~

TO]

AR

R

Sk

(cyclic), Class Ild (non-pediocin single linear) 5 471¢] 3}
9] F 22 Y th(Cotter et al., 2005; Pei et al., 2018).
e 2l e Al Atste ogd AdEel AT,
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Lactobacillus®| 23] A4tE vHe 2] QA1 2 Z 4k o
2o AAS w7 AtHEgan et al., 2016). 2|2 241
Qg FA 25k 5 A7) "z, Bteg el =2
A Bohe v o4l A4 AE L] Foj7t B 834
ol H=d 4 Uti(Lagha et al., 2017). Lactobacillusi=
S ZASE HF3IaL other organic acids, diacetyl,
acetoin, hydrogen peroxide, antifungal peptides, bacteriocin
T AL A BAE FUHH R Ao R TSt
2% gl e Eet ARE-E o] $iTh(Egan et al., 2016). L
A YRR Lactobacilluse V=22 F=(FDA)°| %
A A o= QbHsitha A H = =2 (generally
recognized as safe, GRAS)Z 7+ T}, Lactobacillus%:2)
HAES A4 = A7s Ao ERow # duA 9o
), HE 9 AR feli vAEERYH A S
Hodle= ¥ 583 98-S Sl(Giraffa et al., 2010). &
A FdHo R o] &FHT = W 241E Lactococcus
lactis dF7} AA¥slE YAl (nisin), Pediococcus spp. a5
7} Akl #HlY 24 (pediocin)©] Ao, Ho] W E 8
H 2] 2218 2= Enterococcus spp. o7} A4tsl= e =
4l(enterocins), Lactococcus lactis d57F A= ZEA
(lacticins)©] qu(l(amarajan et al., 2015; Garsa et al.,
2014; Silva et al., 2018). ¥HH, /‘]"3’1'4 ) Bz mAE
oHA hE ARl ZEufo| Q€ #3721 L gasseri T TE
FE ®yE gz esle Z—EO]E}(Glraffa et al., 2010).
7S & GElF AL L gasseri LA399] gassericin A®]™,
acidocin LF221A %} acidocin LF221B2 L. gasseri LF221
o 4 B %03, gassericin TE L. gasseri SBT 20559114
2 ¥ tH(Toba et al., 1991; Bogovié-Matijasi¢ et al.,
1998; Kawai et al., 2000). Z&Y} L. gasseri o+ ]3|
AotE]= vhgE] e4lef] B R og[dd] B8, A
AH =2 ARRE7] Q8lA M2 L. gasseri T+

rlo >

SE) AAE Thord uhe|E) e A S @ A7) Basit,
B AT A Ao} B mNE AFE PAY Frol

tiste] e S 7 Faitg 28 9 5%
shAth. B3 et dA o] 7Y -3t L gasseri G29]
Eupo]l e Y& A& SlstaL o] 7t ALtk vt

.
SERBERY

AHAL _I_I_A}_;Lol 22| al yjjef
KakARs /\L/‘go}(*gjr 25 o) 107 ¢] #8 71AANE 3
T ZbzF 1039 AX AHS 2 1 ¢S 34§ &%
& 2 8]A 3l 0.4%(w/v) bromocresol purple®] &-f-
¥ MRS ¥R ol 242} =slar 37°Col A 244175k vl <
Els
=€

2
(o

T, 28E g 72 colonys AEEIT R,

7ol Wt ol d FHE QelHow MuF 5, MRS

HjA] oA 37°Cel| 4] 48A1 7 HE Rt m Fst Tt Wi 5
Aeds AAET(10,000xg, 103, 4°C) 2 membrane
filter (0.2 um, Dismic, Advantec)Z 13} BH3IAth H
of 23k *J%ﬁ S o] &3}, 25mL TSB soft agar (0.8%,
wiv)ell zhzh v Fst 5% A FF(B. cereus KCCM
40935, Staphylococcus aureus ATCC 40510, Salmonella
Enteritidis KCCM12021, Listeria monocytogenes CCARM
0214, Escherichia coli O157:H7 ATCC43888)°ll thall A&l
EH(diameter) FAAS ZAFSIATE 55 BFA 7P =&
Aeee Y B 778 A¥stel won 4Y
o) AHg-stent.

HI—E-”EI_(ID_I_I él% al sko|

| FFES vH Al ALE o= well diffusion
assay S AME-sFe] WE 31 tHTagg & Mcgiven, 1971).
AEE FAHES 1847 o] MRS HiA oA wl gt vk
DA E2](15,000 rppm, 10, 4°C) 2 membrane filter (0.2
pm, Dismic, Advantec)2 o3} EH3le], F5H-& 3|53}
AT 100 mLe] TSB soft agar (0.8%, w/v)el 5% #2543
o475 2t ettt 33 A& H S 25 mLY 5
3ty &hAs| & &, AtE cork borers ©]-&3e] A7
Smme] +HE Wi, 28] 759 A5 50 uLE HE st
Atk 4°CAAA 2347 A= WX te] AFEdo] gt
gt & 7] 50 AS HA XA 18X o] wl
Fsto] Azt A AF-E IRlatdnt. deEE el &
AsA s 2] W (mm)S & YER AT

o
de

siEfRloA Mt 25 S5

] 24l A #7242 16S rRNA genes 5%
sto] 28 #8 5433t Genomic DNAE Walter 5
o] "ol whe} E2]35H5 S (Walter et al., 2000), primers
2 27F primer (5-AGAGTTTGATCMTGGCTCAG-3')%}
1492R  primer (5-TACGGYTACCTTGTTACGACTT-3"&
AFESF AL, PCR Z71-2 initial denaturation 5%, 18] 3
94°Col| A 45%7F denaturation, 55°CoA 60%7} annealing
2 72°Coll A 60%7F extension®] cycles 353 3T} 16S
RNA gene E714E &1 SolgentAH(Daegeon, Korea)l|
o] g sto] gl

Al AY

At

A
FaEZAS Ailsle B2dF L gasseri G229 73
%

Aol w2 FF8AdS 2AKH] $18 37914 24A]7L )
k3l G2Z 100 mLe MRS AHIR] 1% HE3+ 3 484]
7+ A=A FstH A 6A17F vl vl S 3]3S 620 nm
X FFEE S YA wjgd S d4 sk
Ao wjok A=l

M2 pHe A AIFQA L. monocytogenes
CCARM 02141 o3t &84 2 well diffusion methodZ



A5t Lactobacillus gasseri G2d57F A%

Ay

B,

HIE2| 241 Mo ZZHIO|REA Y
ZEulo] QE A B o m A WM, WEEAd, A 2
FAAES Qs o, WEF 2 Lactobacillus rhamnosus
GG (ATCC 53103)& AH&stsith. Wakd& 10N HCIE
o]-83lo] pH 2.5 & pH 7022 7tz 2 E o] &
2] 2kt AEF(1.0x10° CFU/ML)YS JZ3F & 37°ColA
HiFstAA 0, 05, 1, 2, 3AI7F & JESe AATE
=233tk WEEAS MRS brothol] 0.3% (w/v) bile
salts (Sigma-Aldrich Co., St. Louis, MO, USA)E & 7}3}
AT BFAN0mLG AZT T AT Aol B
E3e g2 AT & dEA(1.0x10° CFUmL)S 3
8]—1 37°CoA] v kel HA 1A 7F 7HH o7 2EEE A
TE ST FAYA S v S A
stk A7 £FE 1159 Sensi-Disc (OXOID,
Hanpshire, UK) H%%¥ MRS FH#ux] o] S8Ey
37°Coll A 24A17F v FsiATE wli kol SEE F, 7+ FA
Al gk Al gke] 715 SAH AL A AL 7ho| =il
w2} Al WA (R resistant, 1@ intermediate, S:
susceptible) ¥+ 531t}

F:LI Nrk_&

Tt 289 N=

B2 L gasseri G27} A2Fsl= vHEHIE 0A1S BE
AABE7] 18ke] 200 mLe] MRS A A =] oA 37°Col| 4]
12217 A w3, MRS #iA] 2Ll 1% (vv)E HE
3te] 37°ColA] 24A17F 2 S Yt widdl S 2
A13-](15,000 rppm, 303, 4°C) 2 0.2 pm HE 0] 83
o] AF3Th AFs AS5NAT 27t ofAE L) E

0

ﬂll

1:39] v &2 &39ste] -80°CollA] 1087+ W=|sk & A4l
g 2 A FFskAth(Jeong et al, 2011) F2E AR
2 54 Azxste] 70°ColA BAEHA FaA 33 £/
Foll gafiste] ¢ AP A 5E AHE-EIATH
HiE2|2419] QP4 AL
B+ L gasseri G271 AJAtel= glE|E] 94le] B4
gRlet7] 918t pH, &, 7184, 7] E4A

o
A5 oHgA S kol }oﬂ;}

pHell tgh Hg73: pHell wigk 1t ﬂamu orR A S

ZAVeE7] St sAAxE =2 02gol 1mLe| 7
7+e] pHell Agst 93giS ]"%‘0}0:1 Zh ZolFdnh

pH 2-117}A] Z}zt 4589 pH2.0 (0.1 M glycine-HCI),
pH4.0 (0.1 M sodium acetate), pH 6.0 (0.1 M sodium
citrate), pH7.0 (0.1 M sodium phosphate buffer), pH 9.5
(0.1 M glycine-NaOH), pH 11.0 (0.1 M carbonate buffer)<
2 Fa=de FgHste] 7ColM 2417 WA § F e
st= vtelE] 4l o] v ddS SA ST

gk || eale] P B AR5 W7t
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ol thek Hg/: deoll thdk P el A sAx
H FgHEZ 02¢° 1 mLe sodium phosphate buffer (pH
70) €92 AR&st] & FolE F 4°C, 25°C, 30°C, 37°C

50°C, 70°ColA = 2 1
121°CollA 1587 x| 3 &
o=

fr71&uloll gk A fr18uol ik A AY
L acetone, methanol, ethanol, ¥ butanols FA4AZXH &
=g 7 ‘j7ﬂ HIEE E3(1:1)8k 42(25°C)ell A
1A 7F Hkx) 3 & 3z, AZ5H= H]—Eﬂa 0 Al9] 61—&51—/\—1% =3
oM oy {7]&ulol gk w4l PSS =

Abst Mq-

THrEE g Aol sk gk
gFEdo 7FEs] a4 protease lipase, proteinase,
trypsin, lysozyme, o-amylase® #Z &% 1 mgmLE 2tz
A7FeE & 37°CAlA A7 WA F JE g S
=73ttt

33, 100°CE 304,

AESe FEBHS 34

ako] 3k A FAI=

HiE2| 24! S

Vo) dF L gasseri G27F A2tshs vheg] 9ale] 34
HRAE dolr7] fla thFst ikt B A E Sk

w5 Lactobacillus plantarum ATCC 49445, L. acidophilus
ATCC 4162, L. sakei ATCC 15521, Leuconostoc mesen-

teroides ATCC 9135, B. cereus KCCM 40935, L. monocyto-
genes CCARM 0214, S. aureus ATCC 40510, Clostridium
perfringens KCCM 40946, E. coli O157:H7 ATCC 43888,
Enterobacter sakazakii KCTC 2749, S. Enteritidis KCCM
12021, Shigella flexneri KCCM 40948, Shigella boydii
KCCM 41649, Vibrio parahaemolyticus KCCM 11965,
Vibrio vulnificus ATCC 29306l thslo] &3S gl3}
A ZF A EFe] HA s molA 240 7F oY vk
sl A kel A oJHEE well diffusion assay HH2
A1-g-3te] 89131 tH(Tagg & Mcgiven, 1971).

g2 A 2XE =Y

gEd ] EAFS S48 flste obMlE AP
Z FHE AAS v g 4 AIEE AMESY tricine-SDS-
PAGEE A A3} THWang et al, 2000). Gel F%=&
16.5%2 AHE-3l AL, BT A% S22 Precision Plus
Protein™ Dual Xtra Standards marker (Bio-Rad Labora-
tories, Hercules, CA, USAYS AFE-3}t). H-3& A S Al
2 E Tricine-SDS-PAGE sample buffers} 1:19] H| &2 &
gate] Be B4 387 7HEste] d7]19- 58kt 171
& &8NS9 Z TGS running buffer (Bio-Rad)E A&
sttt H7]19 50
staining kit (Komabiotech, Seoul, Korea)Z & 3}
I, GE gel BAFE 447 B AlZ 3 oS

4 gel> EzWay Protein-silver

o] gel



330 A58 - oled - ARl -

ol

e - emst

< plate 9o FHHoZ AXRAIZIZ I T AA (L 0157:H7°] 3t AFBAHS =AUt 53F EFoA
monocytogenes, 1.0x10° CFU/mL)°] X3$FE TSA soft AgAE G0l 7HE 53 GaFFE ALt AL(Fig. 1),
(0.8%) SmLS T3 3ATE 37°CollA 12417 s s & BAAEE 58S AT 16S rRNA gene 714
A&l 3he HEete] vhE g 2A4le] A& Rl 9< BLAST ZEI#8S Ol%’c‘& GenBank®] Tt o] E{H]|o]
2of B wgt A3} 99%°] A2 E2 Lactobacillus gasseri
dy gl nE 2 FAHEAL(Fig. 2), G2 dFZS L gasseri G2Z 1
Clpse=
ol Mutnh =X
*MM EHomEE Justy 54 w2t gelgk 219 ZZHO|QEA §Y
a5 fAdds EYstlen, F FAvEE B B AgellA AEE L gasseri G20 WA S ZAFSH]

cereus, S. aureus, S. Enteritidis, L. monocytogenes, E. coli sl 271 HEFo vl A3t pH 2.5904 3417 |

20

_—y —_
o] (A ] »

~

Diameter of inhibition zone (mm)

o

B1 E2 G2 12 13 N2
Isolates

ME. coli O157:H7 @ Salmonella S.aureus EL monocytogenes [B. cereus

Fig. 1. Comparative antimicrobial activity of isolated LABs against five pathogenic bacteria: E. coli O157:H7 Salmonella Enteritidis,
S. aureus, L. monocytogenes, B. cereus.

© L. acidophilus (NR_043182.1)
O L. helveticus (LC062899.1)
© L. johnsonii (LCO71811.1)
G2
L. gasseri (MH111641.1)
L. gasseri (MK235146.1)
L. gasseri (MG694676.1)
7 e - O L. fermentum (NR_104927.1)
‘ | 9 L. reuteri (LC145550.1)
‘ 9 L. rhamnosus (D16552.1)
— ¢ L. brevis (NR_116238.1)
©' L. brevis (NR_0044704.2)
? L. pentosus (LC0O71808.1)
© L. plantarum (NR_042254.1)

o
(o e ® e ® e @

Fig. 2. Phylogenetic tree of 16S rRNA gene sequences of isolated strain G2 from infant feces.
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Table 1. Acid-bile tolerance of Lactobacillus gasseri G2 and the reference strain Lactobacillus rhamnosus GG

L. gasseri G2

L. rhamnosus GG

Treatments
log CFU/mL Survival rate (%) log CFU/mL Survival rate (%)
Initial 8.449 £ 0.025 8.863 £ 0.017
pH 7.0 (3 h) 8.751+£0.014 103.6 8.889 + 0.029 100.3
pH2.5 (3 h) 8.348 £ 0.036 98.8 8.626 + 0.139 97.3
pH 1.5 (3 h) 7.478 £0.319 923 3.028 +0.249 342
Bile salt 0.3% (4 h) 7.219+0.017 85.4 7.023 + 0.649 79.2

Fotds W 98.8% AEEE Ao FIFE A B2 AL
2 Uetsth ojojA A A" dF= 3FEH b
salt 0.3%S 7k MRS YA ufA] oA 4A]7F vl 3} Th.
HEFHOE G2 #FE 854%2] AEES vElen, o
A= Z2dlo) e A 32 2 4HA L rhamnosus
GG %% @FHT 62% =& YE &I T3 G2+
—E pH 1.52 HAg MRS A sjA A% 92.3%°] A&
< HYo=A mfg g WA S BT TH(Table
1). %57\] Il pH 2.0018H8] ZHAbdelARE 54 A

23417 Feke 22 Eo 34 E o] pH 2001*0“11
ZQbst W L. gasseri G2 4 @EAME ol it 7
gol o] AN FETFSAFl S AR
A& E TH(Wang et al., 2000).

At m A ES] A S AR 9 1159
FAA 7 £FHE Sensi-DiscE AH&sATE 2 A
oxacillin, ciproflozacin, clindamycin, gentamicin, penicillin,
streptomycin 5] FAA ] sl AFe AFHES BAAL,
ampicillin, cephalothin, erythromycin, tetracycline®ll Tt 3]
43S UERATH(Table 2). dl73x] &31A vancomycin®l]
Al oF7he] RS WGkt URbH o R iR fikte
vancomycinZ} 72 SAF 9P AAA sl WS Kol

ﬂr{

rSL e
5 “‘“’ o

Table 2. Antibiotic susceptibility of Lactobacillus gasseri G2 and
the reference strain Lactobacillus rhamnosus GG

Antibiotics L. gasseri G2 L. rhamnosus GG
VA 30 pg 21.7(D 0.0(R)
OX1png 149(R) 7.4(R)
AMP 10 pg 29.8(S) 17.8(R)
KF 30 pg 34.6(S) 14.5(R)
CIP 5 pg 0.0(R) 11.0(R)
DA 2 png 13.8(R) 16.7(R)
E15pug 34.6(S) 17.9(R)
CN 10 pg 7.4R) 83(R)
P10 pg 7.4(R) 15.5(R)
S 10 pg 11.3(R) 6.9(R)
TE 30 pg 30.7(S) 21.1(1)

Susceptibility expressed as: 0 <mm < 19 (R) Resistant, 20 <mm <24 (I)
Intermediate, mm > 25 (S) Susceeptible. VA: vancomycin, OX: Oxacillin,
AMP: Ampicillin KF:Cephalothin, CIP:Ciproflozacin, DA:Clindamycin,
E: Erythromycin, CN:Gentamicin, P:Penicillin, S:Streptomycin, TE:
Tetracyclin

™, chloramphenicol, macrolides, lincosamides, tetracycline
I 7h2 g b A Aol tisl] A-smolA FFe v
71 4 thDelcour et al, 1999). = 4ol erythromycinz}
tetracyclinedl] e AFAHL #Fo| wat et
(Gueimonde et al., 2013). A, FAYA| A&Jdo] U= =
gule] Qg iaeE A A F F A microfloras 55}
=d 8% 4 ATHGueimonde et al, 2013). Z& 1L}
tetracycline W73 878t 22 oF 73 4 84E
A= 54 A WA Z2xpo] Q8 Ae ] Bl vtol
sk A A AFAAE FAst] Aze b EAlE o]
3171 % 3t Gueimonde et al., 2013). ¥ AATrox E2]3t
L. gasseri G2&= Y| 53 FAA YIS B3t
Ao E3], tetracycline®] thall wj-§- wzkate] elxjef <k
A A7 & ASE AR E

P

X

P

T HE=MDE HEHE |4 i
Adm g Eo] Aol we w2 4l A4t 5 9 pH
Wste G2et o] wF Al wet dAEE RUH
A ThFig. 3). L. gasseri G22] A5 37°ColA] vl
Z)\

2

&3}
9A|
bl f=7] A = slal, 18AZM7HA] tlg 541719

o, a2 % A7l EZttE. L. monocytogenesoll Tk
2> wiF eAZHEE A EZ] AlRFEEe] 304171
Ho =2 20l =LAl 7] 18.6 mm), 484]
- 7R AR S-S AT 7 dRete F
SF pHE= Wl%F %71 pH 6.8914] 48A17F vk 3 pH 4.1=
stk wElE oAl E4E ti F24710 HEH7]
AlZsted 122447k Hol] o] 255, o] = o] A7t
vl 2] o 2 b 2] @ Alo] Aqbe]of aktF=o] 12} thARE
EAS FAstAT. A A= Lactococcus  lactis

ET45 w5=, Lactobacillus curvatus LB65 5=, L. rhamnosus
IK #5Fd- % BIE S HJeong et al., 2011; Marie et
al., 2011; Abdelbasset et al., 2014).

HiE2| 2419 oFM N

AdkF T L gasseri G22] F- A dE|] Al T gt
pH, &, &4, F7]18vjo] g P A ZAFE Table 39
YEeRITH pH A S A dE A3}, pH 2.0-10.0714]
oAk EAgo] 2 glo] SHYBIA L, pH 11094 = <2k
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mE.
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o | N = 0

18 24

30 36 48

Incubation time (h)

Fig. 3. Growth response of Lactobacillus gasseri G2 in the MRS medium ( @ ), Change in pH ( O ), and antimicrobial activity (&A)

against indicator strain Listeria monocytogenes.

Table 3. Effect of pH, heat, and enzyme treatment on the anti-
bacterial activity of crude bacteriocin of Lactobacillus gasseri
G2

Treatment Residual activity
2 NE—
4 SN
6 NET.
pH 7 EE——
8 SN
9 R
10 EE——
11 NN
4(24h) FHH
25(24h) R
30 (24 h) R
Heal 37 241) et
(temperature,
°C) 50 (24 h) -
70 (24 h) R
100 (30 min) NI
121 (15 min) FES
a-Amylase N
Lipase EE——
Enzymes Lysozyme T
Proteinase K (2 mg/mL) -
Protease (2 mg/mL) -
Trypsin (2 mg/mL) -
Culture broth o+
. Acetone .
sooli%/ael:lltz Methanol .
Ethanol e+
Butanol I

-:no clear zone; +: < 6 mm; ++: 6.1 mm=clear zone < 10.1 mm; +++:
10.1 < clear zone < 14.1 mm, ++++ = 14.2 mm

. gasseri KT7, Lactobacillus brevis CM22,
Lactococcus lactis subsp. lactis 54 ®o] BRI AcH
(Zhu et al., 2000; Rahmeh et al, 2019; Aslam et al,
2012). ¥ Ato|A] AtE #F509] vhdg] o4l g pH <t

o] ml-¢ e Ao vehth Ao A A
oA L. gasseri G272 BHH|E| 2412 BE EA 7 =7
oA QPge HAOom, B8] 120°C, ISHOINE St
4 Aol A9 0401 o Eﬂa 0}73@1-:— ol 3k A
o7 Folg Q). Yurd o7 ZhE gALFo| AjAEl= uf
HeleAle]l o P8-S +4F ] Lq’ﬂ' Folg Zlow Uy
A =l L gasseri KT7-J gassericin KT72] 73-%- 100°C
AlA 308 HESAIZ S u 100% B4 EFA T 120°C
A 158 RESAIZH S djoll = agdo] ehds] ATk
(Zhu et al., 2000).
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A Ao AF FIFL B egtor) vz 7}
= w3l 242 proteinase K, protease, trypsin®l] t3A=
o] 7HAathS 18k, 2 mg/mL A lol= &
S SH3] AR meEkA L gasseri G27F A=
e vEyg 224dS It viA e R
718wl g rHAd AlFS 3 acetone, methanol,
ethanol, buthanolS AFE-3}1 o™ ARESE E /7|81 9

el Ee A L
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Table 4. Inhibitory spectrum of bacteriocin from Lactobacillus
gasseri G2

Micro- . . Antibacterial
organisms Indicator species activity
Bacillus cereus KCCM 40935 ++
Listeria monocytogenes CCARM 0214 +H
Staphylococcus aureus ATCC 40510 +++
p?)geiltrinv-e Clostridium perfringens KCCM 40946 ++
bacteria Lactobacillus plantarum ATCC 49445 +++
Lactobacillus acidophilus ATCC 4162 +++
Lactobacillus sakei ATCC 15521 +++
Leuconostoc mesenteroides ATCC 9135 -+
Escherichia coli O157:H7 ATCC 43888 +H++
Enterobacter sakazakii KCTC 2749 ++
Gram- Salmonella Enteritidis KCCM 12021 +H++
negative Shigella flexneri KCCM 40948 ++
bacteria  Spigellq boydii KCCM 41649 FRE
Vibrio parahaemolyticus KCCM 11965 +++

Vibrio vulnificus ATCC 29306 -

-:no clear zone; +: < 6 mm; ++: 6.1 mm=clear zone < 10.1 mm; +++:
10.1 < clear zone < 14.1 mm, ++++ = 14.2 mm

B2 2412 ShrtH e

2] #5 L gasseri G27F AYAehs BiE|E] @419 d+t
HAE Lot 7] Qe 1159 A& HA87T 2 45
o] fratdE AFE St FaddS SIS (Table 4).
2¢F0] FiE A v e g A 8%, B
cereus KCCM 409359} L. monocytogenes CCARM 0214,
S. aureus ATCC 40510, C. perfiingens KCCM 40946,
Lactobacillus plantarum ATCC 49445, L. acidophilus ATCC
4162, L. sakei ATCC 15521, Leuconostoc mesenteroides
ATCC 91359 o3l &4 A3, V vulnificus
ATCC 29306< A|913k 652 27 &A% E. coli O157:H7
ATCC 43888, E. sakazakii KCTC 2749, S. Enteritidis
KCCM 12021, S. flexneri KCCM 40948, S. boydii KCCM
41649, V. parahaemolyticus KCCM 119651 3l &
AS Yelllt. £3], L monocytogenes CCARM 0214, E.
coli O157:H7 ATCC 43888, S. Enteritidis KCCM 12021,
S. boydii KCCM 416499 thate] 7183 A4S Y
Bttt Ao Aol ERloA Eele G2HT=
I F R ol SAEIME FHAT e
s Yeriddnh & A Aot v R G ele
G S-S 7 dEE 04l L gasseri K73+ L. gasseri
LFR1#FNANE BEIHA = o= B cereus, C.
tyrobutyricum, C. perfrigens, E. faecalis, S. aureus, Strepto-
coccus thermophilus® T3l B oA ~2HEHS 713
uh 2] © 418 YA THMatijasic & Rogelj, 1999; Matijasic
& Rogelj, 2000). BFH L. casei, L. sakei, L. viridescens,
L. plantarum®l| 2]3)] AYAr=E = plantaricin A2] 3+ ~HE

Q

M A

Molecular
weight (kDa)

37 —
25 —

10 —

5—

2 — «— Zone of

inhibition

Fig. 4. Direct detection of bacteriocin activity on 16.5% Tris-
Tricine SDS-PAGE. A: 24 h culture supernatant and B: Part of the
polyacrylamide gel overlaid by the indicator organism, L.
monocytogenes.

H2 vlwd Fohal BE Q1 th(da Silva Sabo et al., 2014).

B2 |2412] St

T AAE vt oAl BAtgS F487] flste] F
2] 2212 2 tricine-SDS-PAGES A A5t} 3
o] Z Fel =] Yep A= UAIRE v 2 4]
7+ de A 792 Fig. 4904 E= uvtet
o] AAXHLZ L monocytogeness A-8-3t] FH4SHS
Rlsk S w thef 2 kDaoll $1%]8k2L 1= bandoll A

T il o off Ay

i
R

B AFolX L gasseri Q2571 ALtsteE HEIE 240
o] BEAL class 119 &3t= ALz o 3=, 53] sub-
class llcse] € delg] eAlol] 7t Alg €. o] &
2 ®AEFo] 10kDa ©lstolw, UWtAH O 2 Clostridium
spp., Listeria spp.¢} 72 ARFAQ1 2% w7 Bl of
af FHeS dEg S e, =& & % pHoll °F
3 Wk ofugt w2 whE el @l digk o] 2l
424 JTHChung et al., 2011). o3 S t}
o A g A Bt FEEY, HEe] o
2 7139 W 52 534 (homogenous)S 7HA
2 B I THChung et al, 2011; Gabrielsen et al,
2014; Maqueda et al., 2008; Kemperman et al., 2003) L.
gasseri G27} A4bslE g2 QA1 o]# s EX 3 5
A 545 B o2 A EE2A Aol uf-
Erha e Th

YO o i L
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FAE O ZHE AAE = W2 A2 HA BEA EA
AFAFOIA T REA O] e ® B2 AHE =3 %)

o 2 AFolM s AT E2$ Lactobacillus
gasseri G22] ZEHO]QE X B3} o] 2 RE ALt
== vt Alel] ik 47 548 et G2 #5
= WEE4, Wi, 3484 U8 2 39 3244
2& ZEupo| R YAEA RS FlskiT oAl E A
el 946& T gAE e el =S 25(100°C 30
15529} B9l pH (pH 2.0-10.0) 2w} o}y
2t ‘:} Fet 71 & (oHME, HEE, dehs, FEhE)o] o
3 <t &4 odo] Ad glo] wig e RS B
AFAAL, 7hrEs a4 g e 4§ a-amylase, lipase,
lysozyme®ll s = QHH 3R 24 proteinase K, protease,
trypsin®| 2l oA EAJo] ZrAasle] L. gasseri G27F A3}

© Fedol Ty Ed9lo] EIHUT T AA
2 gt e Al 2 4% 2 aF 24 6%

53]

=
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o] &3k we|g] 9419 B2 dlEF 2 kDal 2 FRIFHS
t}. L. gasseri G27} A4k o]—‘:“: vl e 9. A19] o HolR A
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