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ABSTRACT

Characterization of Leuconostoc mesenteroides TA 1solated
from Kimchi harboring antimicrobial activity and its

antimicrobial compound

Lee, Seol Hwa
Adviser : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun Unversity

A lactic acid bacterium having antifungal activity was isolated from kimchi.
The isolate was identified as Leuconostoc sp. based on its morphological and
biochemical properties, and 16S rRNA gene sequences determination. Growth
and antifungal, and antibacterial activities of Lewu mesenteroides TA were
measured at 28C, 30C, and 37C at 24, 48 hr. The effects of initial pH (pH
40, 50, 6.0, 65 700 on growth, antifungal and antibacterial were also

determined. Leu. mesenteroides TA could grow well at 30C with initial pH of
6.0~7.0.

Leu.  mesenteroides TA  was non-hemolytic. To  obtain  antibiotic
susceptibilities of LAB, minimum inhibitory concentration (MIC) of 9
antibiotics for Leu. menseteroides TA. Leu menseteroides TA was sensitive
of ampicillin, vancomycin, gentamycin, streptomycin, erythromycin,
clindamycin, tetracycline, chloramphenicol. The enzyme profiling 1is an
important factor for selection of strains as starter cultures. The enzymatic
potential of the Leu. mesenteroides TA was evaluated using the API ZYM Kkit.
Leu mesenteroides TA was observed strong « —glucosidase activity and
B-glucosidase.

Leu mesenteroides TA showed antifungal activity against Aspergilius

- VIl -
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fiimigatus ATCC 96918, A. Aavus ATCC 22546, A. ochraceus PF-2, A.
nidulans PF-3, Penicillium expansum KCTC 6434, and Pichia kudriavzevii GY1
using a dual culture overlay assay and paper disc assay. Furthermore, Leuw.
mesenteroides TA represented antibacterial activity against various species of
gram-positive and gram-—negative bacteria.

The antifungal and the antibacterial activity were stable at heat or proteolytic
enzyme treatment, but it was unstable at pH 5.0~7.0.

The antifungal compounds were partial purified by solid phase extraction
(Cis SPE column), and The antifungal compounds were observed antimicrobial
activity. The antifungal compounds showed antifungal activity against various
species of fungi. However, The antifungal compounds were not inhibited
almost bacteria except Bacillus sp.

The antifungal and the antibacterial compounds were stable at heat or solvent,

but it was unstable at pH 3.0 and pH 5.0~8.0

- Vil -
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2 % 3}2}11:
= R B
wgolol og AEe T2 Ak wFel7E AFeHA EH sk exoenzymesg ol 9

&) wA3sk 4= 9lH3]. T3 dimethyl disulphide, geosmin, 2-methyl isoborneol % 3}
2o AEAd 2d4E At mlg AL ForkE AEy R ¥4d AsE HAE
2 (Food and Agriculture Organization)= % AAl &AbE2] 25%7}
w30l AR SHHIS AYdS FASAReH(L, 271, A AA AF AFelA F3ol
o] o9 wE ABAF EHo] 10% ol AAskar JvHB9l o vobrk AE & +%

3 £ op7|shr| = 54l 2y wEole e R Qg
mycotoxm-4 Aol F3go] =AE QA oy 7
A A e GAAAS FEFS vAY, A Rt 3y o s s FAES
#H 7] sk Al REETH27]. @A 7EA] 400 o] 4] wFol SATE A o, AEd A
FolA AAEE mycotoxin® FE-S Aspergillus <, Penicillium <olA A = o

4
%2
=
w
=
5y
>
o

Hﬂr
2
~

ZHA WA EE mycotoxin® HE-EL Fusarium % 5o 935te] AAFH26].
oo AF ALz A 3l HAE W FFolE AASH] %k oy JFA] BE WH
Eo] AA Ha dow A E2F] Wy sl wHoew s & A8l

Eg & HWHHol= drying, freeze-drying, cold storage, modified atmosphere
storage, heat treatment &°] XZ&=m, st WHORE= HERRE AT 3
st H7MES o] &5t W ol 1i‘r. =, acetic acid, lactic acid, propionic acid, sorbic

acid, benzoic acid ¥ #& f7|ibEe] AFHVMARZ ol &H1 JdowH[8], 53

1

benzoic acid®} sodium benzoate= 3 EZZ dE AL&F 2 Aok 2 F AJA
I} A Gt v]-§ o7 2l nitrite, sorbic acid, sodium metabisulfite, @A 5 thAE3

A BEZTF GV AFEE ] g9

B2 9 EERVE A ARAS AAE] A &5 2 EFAE AR E I A

bW 7IZF wote] W By RLolA gt gleo] RaHEJCHE9] ¥k ofy e
293 gr 9 Fgole g5k WRA 9 AR wEA s WAdE 7HH L Uk o E
5oy, AX Penicillium, Saccharomyces, 2 Zygosaccharomyces 49| £3l:= TE5°&
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7h AW 54 5 kA B3 ZAVE ASH R tFEa glal, =2 T, AL

€& Sol weh A FAFA JFE FIE P olHd w4l sz AHAE

speh WAl ARE Zhael oi@ 29tk Sobstal flew A 3 od ek A A 5Eel

A dAsks Alvte] BE o] tisto] wAlo]l Sketal gl F Aotk

FAAL A BER BAMS HAY 5 e AMEE HF BE YHeR HAE

refe] A BEA g drse] wWel WaEe] gtow, 53] AEdhH HEAR
G A deom A FAtE olgste e mEE0

S GAkel A DAl v
& E o Ae19, 20, 611.

L

|+== Lactobacillus, Leuconostoc, Pediococcus, Streptococcus= THEZA I

Zoz BFH g ey @4 414 £ ARFE AFHN0H eI e

Aerococcus,  Alloiococcus, Carnobacterium,  Dolosigranulum,  Enterococcus,

Globicatella, Lactobacillus, Lactococcus, Lactosphaera, Leuconostoc,

Mlissococcus, Oenococcus, Pediococcus, Streptococcus, Tetragenococcus,

Vagococcus 2 Weissella 4 2.2 - ¥ o] A c}H[18].

Fabt AFS Abe ) BAREAUR Az e dA AdAe de =
Al WA HF HEAA FROR U AEHT ATk TR ol felE HF B

=4 FE R A T weA 543 ddFH Tl Ylodstr] wieltl5, 36,

© -1
64]. Wt ofujet fakite] LEE o8 w-FabEe] BE Jhewe] e

SRIE!

Leuconostocss, Lactobacilluss:, Weissella%:, Lactococcusss, 131l Pediococcusss )
QHASL Aol Fa gA AN 9A A st FAS AR A BT R

ol 0 2 [euconostoc mesenteroidesS A+-&3F7] A 2Fal A tHO, 65].
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Leuconostoce A'FEdoltt oA Az el 49 2FdARe) okdAd o
ol dxeo BHAH A7t UAAT, Leuconostocdl &dte dFEL 2% wE
(saverkraut, A7, FAF ), FEAFS] Fn L Ut AL Y e QS
dextran ¥ 17FEF ™ A4l mannitol AAE, A AP AETAH HEA AL 7
s AEerAY A 98 5 AdHer wg Fast[44], A =FEHAY
AF7F A7z &g JALE 2HlE W Leuconostoce: AFH AR He b
(generally regarded as safe: GRAS)w] A & o] t}70].

F-2FS lactic acid, acetic acid, propionic acid 52 F712t3} &4 ZFE LgAES
Aydgit, w3k pHOl Astel wgikE T v S =49 Ao RE R nAE
8478 WAES APEA7IAY BFS AAstE AES sto] AFY BREAS A
= rASA Fe42]. frabato] AAkske #r14ke] BlEie] EAbs Aol A Ao

ad A o oo x= Hy0, CO, diacetyl, bacteriocin %©] 28-S dh}H[33,
51, 711 TS fabatel] <9&] AAHE {74 T A4E oFMEAN phenyllactic acid
(PLA) % p-OH-phenyllactic acid (OH-PLA)®= &3%o] @ A9 AHS A=
A3+S skrp[25, 37, 46, 51, 53, 68, 69].
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S Mz fAbA R v 2o o
9] lactic acidE AASI= FAbrAA X Ao #EHEA GdvtsE BHiax ot
[39]

HAAo g B fA ] e seEel e ool o Aol e
= v} ATH35, 38, 45, 77]. & A F dF
Bl 3z 33E-S LLE (Liquid-Liquid Equilibrium) %3 SPE (solid phase
extraction)& X33 Z4zbe] {7] £8 e FAA Ayl FFste Sd da] <
THogkow[18], 254 Cis columns ©]&3 SPE= A% 0w ALE o] Al 31
T =] weE s del AEHo $koHe3l
AG7HA Hwazl fakete] o) Y dXd Y =4S {714 cyclic
dipeptides, reuterin, fatty acid, carboxylic acids &< 2o
A xE A AF BEA RS At A titde] A 2 E AE e A
o o]FolA A4l vS o)y Leuconostoc 45 {r7katol tigh Xt A =
B m Ao, ture] A Pl X S S dEls dddl gt
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Fatty acids
Organic acids

\/\/\AM 0 a
OH )J\OH

3-hydroxy-5-cis-dodecenoic acid \/U\OH

o OH acetic acid

lacti id
/\/\/\)\)J\OH actic aci o

OH
(o} OH
\)J\OH phenyllactic acid

propionic acid

o} 3-hydroxydecanoic acid

% AN

2-hydroxy-4-methylpentanoic acid

LAB
antifungal
compounds

Carboxylic acids

0 Cyclic dipeptides
©/U\°H o 9 Reuterin
benzoic acid
e o HO/\/U\H
vanillic acid
o o 3-HPA
HOWOH . ¥
azelaic acid i L cyclo(L-Phe-trans-4-OH-L-Pro)
OH

cyclo(L-Phe-L-Pro)

hydrocinnamic acid

Figure 1. Chemical structures of various antifungal compounds
produced by LAB[18].
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AlA AT B4 #FY 29 2 54
1 3 &4 45 &9

T el Al AAE TP F A st HAF A= 04~05% Heldl =
s A W= AAE “}Jﬂﬂoﬂ At Azw ot AA o gels
£33t dAH R AT F 100 uLE 3] Man Rogosa Sharpe (MRS,
Difco, Sparks, MD, USA) broth 3$-Hdu}=|(1.5% agar, w/v)®} CaCOs; (Amersco,
Cochran, GA, USA)7} 2% (w/v) d7Fe MRS (Difco) sHuj#]o] =3kt 30C ol
A FaeFstHA MRS (Difco) $HuiAoA] H&s JAshe 75 F

gk AEE S Hole #FE et 28 d e 2443 st 30°C°ﬂ A ul
3k Zof 25% (w/v) glycerol stock®. & -70TCoA] HAsHT Ado| A& 7

= 5 mL MRS (Difco) A wj#ell HFste] 24A1%F &<F 30Tl A vt 5o
o &3 vl el Afste] AFE-sFST

R S4e Uede 2EaTY sA4ES dstd dadoe= Feety, sty
EAS ZAIE Y. 2% 94 (Gram stain kit, Difco) 2 @w] 74
system (Biomerieux, Marcy IEtiole, France)S ©¢]&3}o] & 2g T8 FASE 39
55 =R (http://apiweb.biomerieux.com)S ©]&3dto] HFE T AU
HAEAHA TAHAL Ysto] EgFT2 16s rRNA gene @714 9S ZAs o] 4y o
9o, 16s rRNA gene f71AEE &43517] flste] #8 #F=Z5H
genomic DNA %< DNeasy blood & tissue Kit DNA (Qiagen, Chantilly, VA,
USA)= AH&-3H3A
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7h,. % HES

API 50CHL system (Biomerieux)< ©]&3dle] & w8 & =%

23 (http://apiweb.biomerieux.com)&  ©o]-&3to]  FE|WFet  FAITFT  Leuw

mesenteroides ATCC 8293"#}e] & W% oS nuEAsgrt. FAFF Leu
o

mesenteroides ATCC 8293"&= a3 n| A& 2 Mg A T

A2A 2HEFY 54

A

L A% 4 =
7h g 250 & AS5E 2 Fd 4 A

e 75 W 2k wE AR A 2 AT " AT S S8e] 9
3ol MRS (Difco) A wix]e] 8 #55 1% (w/v) HF3te] 28T, 30T, 37Cel
A 24N 7k 48X ZF F ot Zbzy A wiksle] Agyp (Ultra spec 2100 pro, Amersham
Biosciences, Bristol, UK)lA &3 =5 ZAHslo] AFEE &3 & nfjef AAdHe
A zetAk WY G B ajgas 4TAA LAAE2(9500 xg, 15 min, 4T)3}o]
AL wjoF AAMS 045 gm membrane filter (Adventec MFS, Tokyo, Japan)® |3
BT ATt A Ae EAAZ (freeze dry system, SFDSMI12, Samwon, Bucheon,
Korea)dt o 20 mM sodium acetate (pH 4.0) ¢kZF ol =] 25v] F=F &2 +
5 £ =4® oo I A AP ALY dxTREE dFE
< MRS (Difco) brothEs &Ydgt A2 Heste] AL
AR L A G4 Z=AHLE spot on the lawn test [76]1H o2 thS3}p o] A3y
AT AA FFolel Aspergillus fumigatus (Asp. fumigatus) ATCC 969182 X =}
2 MEA (malt extract agar, Difco) ¥1%] 20 mLel] 5.0x10" CFU/mLZ H7}8t4] petri
dishell & % oW g 79 g 4dd 10 pLs A 9l spottingste] 3
1 E

0Col Al 48113t s<tF vkt & XS =AHSIAY. A A 12 Bacillus subtilis (B.

mlm
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subtilis) ATCC 66332 LB (1% bacto-tryptone, 0.5% yeast extract, 1% NaCl) <A
Aol 19 HF3ko] 37TColl Al 24A13F v sl o, 1.0x10° CFU/plate® Z=Za}e] uj
¢ A 10 pLE WA $ell spottingshe] 37TelA shxiF Sk ¥ § 24S

b @ 248 eAdow oy Aste Ae B ddes A 84u5e)
Lol tlsiA a8l 5 34 A4S #ate] AU/mMLE e}

1. 27] pHIl mE A= & FF 84 53
WA 27 pH7E 22 7o) Al v 4% A7) flskel, pHE A

%< pH 659 100 mL MRS (Difco) °fAl wjx]¢} 5 N NaOH H+= 5 N HCIZ pH
40, 50, 6.0 283 7022 RAS 100 mL MRS (Difco) A wjxleo] ®e FF+E

1% (w/v) HFstol 30TolA 24A7F 48A17F &b 242 AX] kgt 5= Ag
(Amersham Biosciences)ol Al &3 E& F43to] ASEE Flstd o, 7] pHY

2 2ol @R wgde g FHor Azstel i B4 Pl Agasch

J

S W AT A =H S spot on the lawn test W o2 AP sFATHTE]. Al
o A =2A9 XA o2 B subtilis ATCC 66332 3+ A =49 XA &+

o)== Asp. fimigatus ATCC 96918S A-&-31)
2. AFA 7o & g7 A

T TTE 30T 0~48A17F &< AX ] FstAA Agw (Amersham Biosciences)
oA FHEE ZHSY ASIHAE g A wE wjgde] pHE pH meter
(510 pH meter, Fisher, Singapore)Z A3tk wleF Alztairle] wjeF A4S A
zato] gt G4 Aol ARESAT AT H A

A

sl g4 =42 spot on the
lawn test WO R A ATHTE]. AT GA Ao A HFOoB2E B osubtilis
ATCC 6633& Ab&stden, X+ &4 FH9 A &

3 Fol= Asp. fumigatus
ATCC 969185 A}-&3F )
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3. tRA Bt
7t 84 &<

TE #F7 A5 FHeAY Eellete A4 84S HEIEA ZAFSHA
Blood agar base (Oxoid, Hampshire, England)S =i %ol 7% horse blood (Oxoid)
& Hrbsta HAwAE wEolA FH[g 5 5 mL MRS (Difco) AAwiA]el 1%
(w/v) AE38Fe] 30T A 24417 viFst #2 55 WFo| & streakingdt & 30Tl
A ABAIZE el AL, A T & el oS wA T FHE AHARER £FA4S %

sttt 888 doE NS YERTFOEE B cereus KCTC 36245 AF-&319]

w2 T qAA A5 AA wiA] 84 (Broth microdilution method)S ©]
43t SAFFATGE6]. A AMEE SqAA= 9F S FE ampicillin (Sigma Co., St.

Louis, MO, USA), vancomycin (Sigma), gentamycin (Sigma), streptomycin (Sigma),
erythromycin (Sigma), clindamycin (Sigma), tetracycline (Sigma), chloramphenicol
(Sigma)elH, ol5 A= FAE &ujol =20 F ARES. FA A =
Aat7] 913k wiA = 05% dextroseE #7Fg MH (Mueller-Hinton, Difco) 4] v =]
of #FAAE 4 wxEE xdstel Hrbstdd FAAY HAx AsAN Tk
(minimum inhibitory concentration, MIC)E &34 3}7] 95t £ #5F= MRS 94
HiAlell 1% (w/v) FE38ke] 30Tol A 24A13F v kgt & wjFas AAEE (9950 xg,
4 min, 4C)3td HAE 35 T 05% dextrose’t F7Fd MH (Difco) 4 al =] o
AYsto] As=04~057F H =% 3 5 S MH (Difco) HA wf#]el 1:1000 2]
stal, FAAE GAERE 3|AMete] FHgE wj Ao T AHS HFF T P7A
ol ZHe A 30Tl 24A7HEE wldEtd . A of 2 HREE Ag

(Amersham Biosciences)olA] 3 =S =A3sle] gelstgon, #Fo 3t 744
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ke WA @FE SHEA W Ak FER Ak ASAN sEE 2389
.
o Ea B4

T2 75 B4 S S48 ekl AP ZYM kit (BioMerieux)E AH&-3}%1
el #F5 MRS (Difco) HAMA el 1% (w/v) FZE3Fe] 30Tl A
FAS AAEF (9950 xg, 4 min, 4C)3Fe] HAE 353 & H
Fo] dgds FHe et dE 500 pLE 5 mlL suspension medium
| £+ ¥ 5~6 Mcfarland (BioMerieux)® B X & 93Qlth ~EHS
FAHTS API ZYM kit (BioMerieux)2] ZF cupuleel 65 plL® &=+
=, 37C°ﬂ’\1 ANZFERE wigstaith 29al mWed SUket &ElE w7 S
ZYM-A (BioMerieux)®t ZYM-B (BioMerieux)A] &¥& 2+Z}; cupuleo] 3+ w&% 9
ey U2 oA oF 53 Wk ARl § Ao W3t ARE wEsi 24 24S
SAstdh. Mo W3t Fwo wel 0~5744 ¢ EA S
nmole)> 53 WHE, 5 (=40 nmoles)= Hd Z=e] wkgoli 4, 3, 2, 1S 247+ 30, 20,

10, 5 nmoles< YERWH, >30]H o= AT

[\
~
>
)
jus)
=
o]
9,
&
o 2
jus)
==
o
0,
2,
[o
4

oz

4. £ w59 I4 24

AN

%

Aol ARSI FFe] 73 ER 1FS Table 1o At on, At 18F2

Table 20l 74 2] sttt}

(1) &%

ot

Pt 24 e 9t A4 Bl = ST Bl e el FHsdth
Asp. fiimigatus ATCC 96918, Aspergillis flavus ATCC 22546, Aspergillus nidulans
PF-39] A% MEA sjA|o] HE3sto] 30T 3~49 F<t wkstitt. Aspergillus
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petrakii PF-1, Aspergillus ochaceus PF-2= PDA (potato dextrose agar, Difco) Hl
Ao HEFst] 30ToA 3~49 F<F widst9ow, Clasdosporium gossypiicola
KF-2, Penicillium roqueforti ATCC 10110= PDA X HZF3sto] 25T 3~5¥Y

ok wheFste] Fulshelu,

(2) 2%

oot

JAw G AR

e
rot

85 F Pichia kudriavzevii GY1[56]2 YPD (1% yeast
extract, 2% bacto—peptone, 2% dextrose) A wjA| o HFsto] 25TCAA 19 &<
Hj &F3ho] A3t
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Table 1. List of fungi used in the study

) ) Incubation
Group strains Medium? Source
temperature
Aspergillus flavus ATCC .
MEA 30T ATCC[52]
22546
Aspergillus fiirmigatus ATCC .
MEA 30T ATCC[48]
96918
Aspergillus petrakii PF-1 PDA 30T [56]
Mold Aspergillus ochaceus PF-2 PDA 30C [56]
Aspergillus nidulans PF-3 MEA 30T [56]
Clasdosporium gossypiicola
PDA 25C [56]
KF-2
Penicillium roqueforti ATCC ATCC
PDA 25T
10110 [16]
Yeast Pichia kudriavzevii GY1 YPD 30T [56]

‘MEA, Malt extract agar; PDA, Potato dextrose agar; YPD, 1% yeast extract, 2%
bacto—peptone, and 2% dextrose

PATCC, American Type Culture Collection

_12_
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(3) A=

A HFog2 A3 M-S Bacillus cereus KCTC 3624, Staphyvlococcus aureus
subsp. aureus ATCC 29213, Escherichia coli O157:H7 ATCC 43895, Salmonella
enterica serovar Typhi ATCC 19430, Micrococcus Iuteus ATCC 15307, Bacillus
subtilis ATCC 6633, Streptococcus mutans ATCC 25175, Enterococcus fecalis
ATCC 29212, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853
2 LB A wiAel 1% (w/v) HE3F] 37CAA 24X WSt A Tt Listeria
monocytogenes ATCC 19113 BHI (Brain heart infusion, Difco) A HjA]ol] 1%
(w/v) BEsF] 37ColA 24X 7F vl et ATt Vibrio parabaemolyticus ATCC 17802
+ NB (Nutrient broth, Difco) 4] #Hixlo] 2% NaCl (Duchefa, Haarlem,
Netherlands)E #7Fgk A wiAlo] 1% (w/v) &3k 37ColA 247 7F wjgste] A
Pl A-g-aFdtt.

A A o AME3 A Lactobacillus plantarum KFRI 464, Lactobacillus
plantarum  KFRI 236, Lactobacillus acidophilus KFRI 150, Leuconostoc
mesenteroides KFRI 218, Lactobacillus delbrueckii KFRI 347°], MRS (Difco) <
A wiA el 19 (w/v) FE38ke] 30Tl A 244 3F v Feto] Aol AHE-3F3A

%%O] a8 2 Ao giet st &4 2382 dual culture overlay assay [38]%H
gatant g #79 wYgY 10 uLE micropipettes ©
%3}04 MRS (Difco) %LHH Aol Fol 3 em ZHol® EFstH LoFAd

N1 9] soft agar (0.75% agar) 10 mLel 1.0x10° &
o9 Al cell = #3380l 2AE HUbste] w8 #F7F HEE MRS (Difco) B3
HjA] floll FolFdoh gl etk AA ol HEE H wix= 30TolA 244
ERF T Foll A #] AS oA v AS A A ARE

rulo
Olr
o
£
)
o
_E
my
my,
o
>,

o,

ld
)
O,
S
fol
td

g
X
=l
rlo
i~
=

—

e

i
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Table 2. List of bacteria used in this study

Incubation

Group Strains Medium?® Source”
temperature

Bacillus cereus KCTC 3624 LB 37T KCTCI[78]
Staphylococcus aureus subsp.

LB 37T ATCC
aureus ATCC 29213
Escherichia coli O157:H7 ATCC 43895 LB 37C ATCC
Salmonella enterica serovar 1yphi

LB 37C ATCCI[60]
ATCC 19430
Micrococcus luteus ATCC 15307 LB 37C ATCCIL77]

Bacteria Vibrio parahaemolyticus ATCC 17802 NB+2%NaCl 37T ATCCI40]

Bacillus subtilis ATCC 6633 LB 37T ATCC[73]
Streptococcus mutans ATCC 25175 LB 37T ATCCI17]
Enterococcus faecalis ATCC 29212 LB 37T ATCCI2]

Listeria monocytogenes ATCC 19113 BHI 37T ATCC
E'scherichia coli ATCC 25922 LB 37C ATCCI7]
Pseudomonas aeruginosa ATCC 27853 LB 37C ATCC[42]

KFRI

Lactobacillus plantarum KFRI 464 MRS 30T

[10, 41]
Lactic Lactobacillus plantarum KFRI 236 MRS 30T KFRI[10]
acid 1 actobacillus acidophilus KFRI 150 MRS 30C KFRI[22]
bacteria Leuconostoc mesenteroides KFRI 218 MRS 30T KFRI[10]
Lactobacillus delbrueckii KFRI 347 MRS 30C KFRI[10]

‘LB, Luria-Bartani medium; BHI, Brain heart infusion medium; NB, Nutrient broth MRS, de Man,
Rogosa Sharpe medium
PATCC, American Type Culture Collection; KFRI, Korea Food Research Institute; KCTC, Korean

collection for Type Cultures

_14_
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5. ¥ spectrum ZA}

b 237 22 (WG ) E

FFE

Aol AbgE wd AN o 2ol FHskdn. 8 wFE

(Difco) A wjxol] HE3dke] 30TAA 2447 S A=A wjdstdel. 100 mL MRS
(Difco) A wiAle] A FH S 1% &3k, thA] 30Tl 2427 5 A= sH A
Eoujekstdek. B owjkdS 4ToA 94 E2(9,500 xg, 15 min, 4TC)3s}

AR NS 045 um membrane filter (Adventec)® A7ttt Al v dk A oF

12
2 A

o offe off

% (freeze dry system, Samwon)dt %o 20 mM sodium acetate (pH 4.0) €+
5o 258 TS W& E FHlet] olE X EAE oto] b &4 APl
t 2T EE FFE wUEA 22 MRS (Difco) broths 593 ygo=w
o]

AHg3H9)

o_>|:
ot
S
32

2
L)

ol
o

Y. A d BF

Al A8

T30l 7TEI &R 1F & Table 1o Ao, At 18F &
Table 29 A 23} t}.

o g7 g4 49

(1) AA 59 FH|

A A Z3Fol 2 ALLst F3o]ELS PDA (Difco) =¥ MEA (Difco) ¥1#] 20 mLE =2
sle] A8 & Z3o] ¥AE 50x10° CFU/mMLE A7}t petri dishe] & & &

o Ago] ALE-3FATH
AAFOoZ AFge grot ATESS A 1.0x10° CFU/plate® =2ale] #8519
I, FAHFS MRS (Difco) soft agar (0.75%, w/v) 10 mLel| 1.0x10° CFU/mL=Z H 7}
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sto] top agar=® F-o]A] AF-8-3F THT6].
@) 27 24 4 Y

ot

bt @42 paper disc method[76]1E ©]&3to] ZAbatnh. 3 o] A7 A7k

d wfA e R Avte]l =Ed Ha wiAl fel 8 mm A9 paper disc

(Advantec, Tokyo, Japan)E& ¥i &3 525 100 Ly dASA 538k A A

o thsk AE A S SAHsAUY. AS AA TS digimatic caliper (CD-15CPX,
=

2 gsgon, APe 38 WG

o ©

pHell w3t FaFs ot 7] fste] Eejdso v FAAE 5

NaOHE Abgele] pH 30~800% ZAst 4ColA 647 St Azl
pH-renaturation 2 &S 93te] pH 3.0~8.02%8 ZAH A8 F 4% = 5N HCI¥ 5
N NaOHE Ab&3dte] dgie] fAibd vt 25 g pHSl 4

9 (renaturation)A 7] A|8ES E% T2 AZX3 Fo 3x
A D g &4 A AFEE AT

=4 = =
2 BUS AHoz Aol T B4 4P L FAT B AP 2T A

“

o mE GFS Ldotry] St FHlE 23 =4 200 uLE 47, 30T, 37T,
50C, 70CellA 2441, 100TCeolA 30, 121TCelA 1533 dA st $o &zl 2

AT B ST,

_16_
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Ao A&t g4t v o] FHEA Y. Proteinase K (EC 3.4.21.64.,
Sigma), protease (type I, Sigma), trypsin (EC 3.4.21.4, Sigma)< 50 mM Tris-HC],
10 mM CaCl, &% (pH 7.5)°l, pepsin (EC 3.4.23.1, Sigma)< 50 mM citrate <+
o (pH 2.0)°l, lipase (EC 3.1.1.3, type VI, Sigma)= 50 mM Tris-HCI, 10 mM CaCl;
d=d (pH 7.0)°, -amylase (EC 3.2.1.1, Type VI, Sigma):x= 50 mM sodium
phosphate, 10 mM NaCl €% (pH 7.0)°] 20 mg/mL7} =% F£H AT
< 2 mg/mLe FE2 37TA 6A1ZF Aggh tha, 100C A 53 &< &
= G F FEFAAS SAHSSY dETe F 2- 24 gl

A7ystol A3 2rom LG Foll EAS Wuskiith

o

oX,
lo

2 spot on the lawn test&
A9 AA FoRE B

A Al F3Fol=  Asp.

e

<%, pH, 283 E4F A I 249 IE
AbEete] A7l o R AldSt A6l AT 4
subtilis ATCC 6633& AF&3t9lem, 3
fimigatus ATCC 96918 Al-&3+%

o4

>
4
m i
oX,
5\
o
lo

A3AE A =29 A R 54

1. SPE A A

ZE

gt B4 B ZAE 918t SPE BAlE Aldstatt. 8 #FE MRS (Difco)
A v Aol HFske] 30T, 24A1F Fb wiFet At wiels A4 EE (8000 RPM,
o 4 FANAE 045 gm membrane filter (Adventec)= At ste] 2.5
Lol wjeF AR NS F=nstdtl. SPE column (Isolute, Ciz EC, 10 g; International
Sorbent Technology, Hengoed, United Kingdom)< methanol (HPLC-grade, Fisher,

_17_
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Fair Lawn, NJ, USA) 100 mL2 #43 A7l & 10 mM sodium acetate (pH 4.0) ¢+
ZHS 100 mL E2We equilibration AHE 0]t Add AAN 25 LE
SPE column®] 3171 % 5% aqueous acetonitrile (HPLC-grade, Fisher)® column
S FAEaL 95% aqueous acetonitrile (HPLC-grade, Fisher)® 30 mL <=3 31t}
fractione T 94 F5%7] (VS-802, Vision, Daejeon, Korea)E ©]-&3te] &uE 3]

A7l Fo 10 mM sodium acetate (pH 4.0)°] o] AL-&3}A ).

2. &1 spectrum ZA}

AANE W AN FHIE MG AT
Wy oz wjste] Fulstet,
it FY APl ASE FA BF Y KA FEE Gew 2ol Fusdrh B

=

. =
wEol W ER

rr

et A A dE

e

’

cereus KCTC 3624, S. aureus subsp. aureus ATCC 29213, E. coli O157:H7 ATCC
43895, Sal enterica serovar Typhi ATCC 19430, M. luteus ATCC 15307, B. subtilis
ATCC 6633, Pseudo. aeruginosa ATCC 27853+ LB HA| wjA|edl 1% (w/v) HE3sH
o 37CAA shxwt vttt V. parahaemolyticus ATCC 17802 NB A wj A
o 2% NaClE H7Feh A viAlel 1% (w/v) HEsko] 37ColA sty v gste] 4
ol AMS3tH o Pichia kudriazevii GY1> YPD HA wj=]o] 1% (w/v) A &3]
25Coll A 2473 wjFsto]l AbEstdnt. AAl Fgol®= ARERE 3% ol5-2 Table 1]
71AE FFolE o] &3t on, PDA Fi= MEA Hi#| 20 mLE Eitste] 2@ &
Fo] ¥AE 50x10° CFU/mMLE #7tato] petri dishol & % Zow A3 A&
o™ spot on the lawn test W o= A] &5 THT6].

id

il

ol
il

3. 3¢ =29 ¢XA

7}. pH A3 A

pHell tgt Fgs ol 7] 9ste HiF+ HAAES pH 3.0 (50 mM glycine-HCI),
pH 40 (50 mM sodium acetate), pH 50 (50 mM sodium acetate), pH 6.0 (50
mM sodium acetate), pH 7.0 (50 mM Tris-HCl), pH 80 (50 mM Tris-HCl) %<

_18_
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U, 25 SAA
2o g JgS dolr ] fJste] F#HlE Feg EZ 150 uLE 4T, 30T, 37C,
50 7

T, 70TClAl 6A1%E, 100TCol A 304, 121 TColl Al 16:23F A2 d o &zl H &
3

o & A

Lo digk FAALES Lolr7] 9t §wlE AR 2t EZo| methanol

(Fisher), acetone (Fisher), acetonitrile (Fisher), ethanol (Merck, Darmstadt,

Germany)< o] 25TColA 1A1ZF &<t Atk 1 & W& #AASZ 10 mM
=4

sodium acetate (pH 4.0)0 ¢l &R 2 AT TS 39l

<%, pH, &v 28l 45 A g 49 FE FAES spot on the lawn
testE& AbEste] F7lE wWHo R At THT6]. Al A FAHY AA doZe=

B. subtilis ATCC 6633& AH&stslom, &t 24 FAo A #Zdole Asp

_19_
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Al A IRNE Y {FAEFY 29 2 544

—
ot

AF B F7o e

SAE AXEREH FAs Egetr] flete] AA o3-S MRS (Difco) 3 ¥HuiA]
o} 29% CaCOs7} #7Fd MRS (Difco) ¥ 3hulj=|o] m=2ale] 30Tl A 48417t vl &3l
2431 tH(Figure 2). MRS (Difco) 3 hufj x| Aloll A 3}
wFo] 1o #FEHNew, FFolo] g F2g A5
A

FHe Holt 7 13 RISk BT Y #FE TAGEL FWsat

—~

.

R
ot
o,
i)
rr
=
0z,
Ll
i)
o
o
® »
Zl_ll
1
9

|

A
i
r:LI

FE MRS (Difco) Al HFst] 2443 F7] wiFs F  gram
stainingS o] dwndow #F Ay o FAe Froez BEH I oH(Figure 3).
Asleta Ao 2 Biologoll 93k Akt 54 kitel sldstE API 50CHL system=
olg35te I WAbsS A A3 B IFE Leuconostoc mesenteroides® 73}

o EAAESA] Aes A4S 5] 16s rDNA 714 4-S 27 3tal(Figure 4),
°]& Genbankel| 5% O& w#FE A7IANES vlwd A3 Leu mesenteroides

ATCC 8293'7} 100% A 54S R (Figure 5). wehA] 1T A4S Hol:= By

=

g

o sl Leu mesenteroides® 73t 2™, Leu mesenteroides TAZ ™8T

3.

_20_
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Figure 2. Isolation of antifungal lactic acid bacteria
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CHOSUN UNIVERSITY

Figure 3. Gram staining and microscopic observation of Leuw.

mesenteroides TA
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Table 3. Sugar ultilization characterization of Leu. mesenteroides TA

Sugar Metabolism Sugar Metabolism
Control - Esculin -
Glycerol - Salicin +
Erythritol - Cellobiose -
D-Arabinose - Maltose +
L-Arabinose + Lactose -
Ribose + Melibiose +
D-Xylose + Sucrose +
L-Xylose - Trehalose +
Adonitol - Inulin -
B Methyl-D-xyloside - 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 -
a Methyl-D-mannoside - D-Arabitol -
a Methyl-D-glucoside + L-Arabitol -
N Acetyl glucosamine + Gluconate +
Amygdalin - 2 keto-gluconate -
Arbutin - 5 keto-gluconate -

-, negative; +, positive
- 23 -
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
o961
1021
1081
1141
1201
1261
1321
1381
1441
1501

TTGAGAGTTT
AACGCACAGC
GGACAACCTG
CTTAGTGTCG
GGTGCATTAG
AGAGACTGAT
TAGGGAATCT
CTTTCGGGTC
TTTGACGGTA
TATGTCCCGA
TCTGATGTGA
GCAGTAGAGG
ACCAGTGGCG
GCAAACAGGA
AGGTTTCCGC
CGCAAGGTTG
TAATTCGAAG
TAGAAGTGTT
CGTGAGATGT
CAGATGGGCA
GATCATCATG
TGCCAACCCG
CAARCTCGACT
ACGTTCCCGG
CGGTGGCCTA
CGTAACAAGG

Figure 4. 16s

GATCCTGGCT
GAAAGGTGCT
CCTCAAGGCT
CATGACACAA
TTAGTIGGTG
CGGCCACATT
TCCACAATGG
GTAAAGCACT
CCATACCAGA
GCGTTATCCG
AAGCCCGGAG
TAAGTGGAAC
AAGGCGGCTT
TTAGATACCC
CTCTTAGTGC
AAACTCAAAG
CAACGCGAAG
CTCTTCGGAG
TGGGTTAAGT
CTCTAGCGAG
CCCCTTATGA
CGAGGGTGAG
ACATGAAGTC
GTCTTGTACA
ACCTTTTAGG
TAGCCGTAGG

Collection @ chosun

CAGGATGAAC
TGCACCTTTC
GGGGATAACA
AGTTAAAAGG
GGGTAAAGGC
GGGACTGAGA
GCGAAAGCCT
GTTGTATGGG
AAGGGACGGC
GATTTATTGG
CTCAACTCCG
TCCATGTGTA
ACTGGACTGC
TGGTAGTCCA
CGRAGCTAAC
GAARTTGACGG
AACCTTACCA
ACRAAGTGAC
CCCGCAACGA
ACTGCCGGTG
CCTGGGCTAC
CTRATCTICTT
GGAATCGCTA
CACCGCCCGT
AAGGAGCCGT
AGRACCTGCG

GCTGGCGECE
AAGTGAGTGG
TTTGGAAACA
CGCTTCGGCG
CTACCAAGAC
CACGGCCCAA
GATGGAGCAA
ARGAACAGCT
TARATACGTG
GCGTAAAGCG
GAATGGCATT
GCGGTGGAAT
AACTGACGTT
CACCGTARAC
GCATTAAGTG
GGACCCGCAC
GGTCTTGACA
AGGTGGTGCA
GCGCAACCCT
ACRAACCGGA
ACACGTGCTA
AARAGTACGTC
GTAATCGCGG
CACACCATGG
CTAAGGCAGG
GCTGGATCAC

24 -

TGCCTAATAC
CGAACGGGTG
GATGCTAATA
TCACCTAGAG
AATGATGCAT
ACTCCTACGG
CGCCGCGTGT
AGAATAGGAA
CCAGCAGCCG
AGCGCAGACG
GGARACTGGT
GCGTAGATAT
GAGGCTCGAA
GATGAACACT
TTCCGCCTIGG
AAGCGGTGGA
TCCTTTGARG
TGGTCGTCGET
TATTGTTAGT
GGAAGGCGGG
CAATGGCGTA
TCAGTTCGGA
ATCAGCACGC
GAGTTIGTAA
ACAGATGACT
CTCCTIT

ATGCAAGTCG
AGTAACACGT
CCGAATARAA
ATGGATCCGC
AGCCGAGTTG
GAGGCTGCAG
GTGATGAAGG
ATGATTTTAG
CGGTAATACG
GITTATTAAG
TARCTTGAGT
ATGGAAGAAC
AGTGTGGGTA
AGGTGTTAGG
GGAGTACGAC
GCATGTIGGTT
CTTTTAGAGA
CAGCTCGTGT
TGCCAGCATT
GACGACGTCA
TACAACGAGT
TIGTAGICTG
CGCGGTGAAT
TGCCCAAAGC
GGGGTGAAGT

rRNA sequence of Leu. mesenteroides TA



0.002

ius[Leuconostoc gasicomitatum LMG 188117
0.002

0.003 Leuconostoc gelidum NRIC 17787

0.007
Lo —— Leuconostoc carnosum NRIC 17227

0.014
Leuconostoc citreum ATCGC 49370 T
0.006

Y% L Leuconostoc kimchii KCTC 2386 T

0.002

— Leuconostoc pseudomesenteroides NRIC 17777
0.001

F Leuconostoc mesenteroides subsp. cremoris NCFB 543 T
0.poo

0.008

o FLeuconostoc mesenteroides TA
: 0.poo

Leuconostoc mesenteroides ATCC 8293 T

0,005

Figure 5. Phylogenetic relationship between the Leu.
mesenteroides TA and other related bacteria based on

16s rRNA sequences
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w
ol

A FF

ri
i)
£
X
Lo,
o
o,
o

2 AESHH o= 100% AsAHESE o|F= Leu menseteroides TAS Leu.

mesenteroides ATCC 8293"¢l tjste] A3slas A4 zol& 21st7] 9ae] Biolog
of 93 FA FA kitol Fsh= API 50CHL systeme ©]&3te] @ tiitsS =
Abek A 49%F 9] 3 Fol cellobiose, lactose, gentiobiose, gluconate 4 ¢ @ thA}l
SollA AolE Hole e AT g UATE o= dFILF Agube A Aol
et A EsheE @] kol & o4 Eoh
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Table 4. Compare of sugar ultilization characterization between

Leu. mesenteroides TA and Leu mesenteroides ATCC

8293"
Metabolism Metabolism
Sugar —_— Sugar —_—]
TA 8293 TA 8293

Glycerol - - Mannitol + +
Erythritol - - Sorbitol - -
D-Arabinose - - o ~Methyl-D-mannoside + +
L-Arabinose + + o ~Methyl-D-Glucoside + +
Ribose + + N-Acetyl glucosamine - -
D—-Xylose + + Amygdalin - -
L-Xylose - - Arbutin - -
Adonitol - - Esculine - -
B-Methyl-xyloside - - Salicin + +
Galactose + + Cellobiose - +
D-Glucose + + Maltose + +
D-Fructose + + Lactose - +
D-Mannose + + Melibiose + +
L-Sorbose - - Sucrose + +
Rhamnose - - Trehalose + +
Dulcitol - - Inuline - -
D-Raffinose + + D-Tagatose j j

D-Fucose - -
Starch - - L-Fucose - -
Glycogene - - D-Arabitol - -
Xylitol - - L-Arabitol - -
B-Gentiobiose - + Gluconate + -

D-Turanose

2 keto—gluconate

D-Lyxose - - 5 keto—-gluconate - -
Inositol - - Melezitose - -
-, negative; +, positive

—_ 27 —_
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A2 A RYEF 54 74

1. A5 A4 =4

A oM LR HE ASE U 47 84 54

2 #5F Leu mesenteroides TAZ 28°C, 30°C, 37TCTol A 2417k, 4841 7F FQF 244
b AR FHEE A G 2% wE ASEE XAEIYTL ¥ = 39
A kgt #FE SASt] WA E eI O, 24412, A8AIZEY] ik g &
A A FFol= Asp. fiimigatus ATCC 96918, A A = B. subtilis ATCC 6633202
ste] wlF ko wE &gt B4 St 1 27 Figure 63 o] £ o F

T 28T, 30CAAA 24A3F MY Al =& ASEE BYon 30CoA 7 =2 A5
S BT 37TCoAAE 2443F Bt AX vt w Hd A5 A

(Y. Asp. fiumigatus ATCC 969183} B. subtilis ATCC 6633 th3st a3 A =4
A7 28T, 30TAlA 2411 Tell Al FHol &4 (800 AU/mL)<s H o] 48X 7R A = =
As AT 5 Ao, 37TCAA wF Al 48A1FF o] o= FH &4 ¢ vkl 400
AU/mLe] x4t 2 Al S-S YeEPYT ol ¥B o= Leu mesenteroides
TAE 30ColA 7Hd =& AsE9 Iadd s Hole As sl

off
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4.5 900

C128°C-0.D.
CJ130%C-0.D.
40 1 ==37con | - 800
—&—78"C-Antimicrobial activity j'
3.5 | —#-30"C-Antimicrobial activity - 700 £
~B-37°C-Antmicrobial activity 5
3.0 - = - 600 L
T =5
)
: ==
o 25 - 500 >
3 °
< m
20 / | - 400 =
2
1.5 - - 300 o
E
=
1.0 S - 200 E
0.5 A - 100
0.0 . . -0

Oh 24h 48h
Cultivation time

Figure 6. Effect of temperature on the growth of Lew

mesenteroides TA

[, cell growth at 28°C(Agn); =, cell growth at 30C (Asw); M, cell growth at 37C
(Asoo). Asp. fitmigatus ATCC 96918 and B. subtilis ATCC 6633 were used as

indicators. All values were mean + SD (n=3)
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Y. 7] pHel W& ASE € &7 4/ 3FA

=
o]
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ol
&
h
)
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S
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S
S
3
S.
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0
-
o=
o
o
Ho
b
il
dob
ro,
ol
2
o
=
ool

o

J
B 34 wjgs 755 SASIe] Ho AR JERUATE 2441213 4841 7S] Hj ¢k
AN XA FFol= Asp. fumigatus ATCC 96918, A A & B. subtilis ATCC
663322 3sto] %7] pHel w& 3wt SA4& AT 1 A3 Figure 73 #o]
Leu. mesenteroides TAY pH 6.091 4 5-E pH 7.07b#1 2] "ol & S350 o
pH 6.0 olstoll = A7t st om pH 40914 = A9 A3t Xsidv. &
i 8 =4 A} Asp. fimigatus ATCC 969189 thalA+= pH 6.0l FE pH 7.0
7hA1 e Weel A Hd &4 800 AU/mLE FAet 2w pH 6.0 olstel A= 3w &
Aol A Tasve AL AT 7 Addvk wAH B, subtilis ATCC 66330l tf sl A=
pH 65~7.0914+= Hdl &4 800 AU/mLE A8t 2y pH 6.0 olstoll A= s+t &
Aol HH o #Aastel 7] w9 pH 4022 wid Al 100 AU/mLE YERR ST
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Figure 7. Effect of initial pH of the growth medium on the growth of

Leu. mesenteroides TA

[, cell growth at 24hr(Aesw); |, cell growth at 48hr(Agsw). Asp. fiimigatus ATCC
96918 and B. subtilis ATCC 6633 were used as indicators. All values were mean *
SD (n=3)
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2. BAFA710 mE I A

Leu. mesenteroides TAS] A5 HA 1S vygoz AS3A7 A w2 g4t
448 AR Y. 1 A Leu mesenteroides TAT 4~12A1%F Afelol ti=7]& A
L} 16A17F Aol A5 A=A 7]el ol=glom Aol wet pHE HAH 7HAsHEA A

S pH 445 FAG A5 w2 Asp. fumigatus ATCC 969189
“41?3 PR e AFFAAH A Frre] AlEeke] A FA 7)) o]=7] A 12
AZHEE Ho &4 (800 AU/mL)S WeEbHow, 48A1717h4] &/do] {FAH AT B.
subtilis ATCC 66339 that shAi AL At S D] AL A7)0 So]a
20417 F5E Ho 248 YEWHA oW, 48AI7EA] o] AaE A @ {4

ZA71 o]

o,

t}.

R g fabatel B AFBIEANA FXT Bl dEA 24D A Al
E A7 FojEA Xl Aol FHAste AAE Below, vie HdulE g
EAY A9 AEY A d3s WA gal G4o] adE FAHE A34E BT
w2t Leu mesenteroides TA7Y AAtehs a4t B4 njgwldx Edo] AL A
o AbEe] wE Tl gae] s A e dAe 22 FHHAY

_32_

Collection @ chosun



7.0 900
- 800 7
6.0 .E_
- 700 O
5.0 <
- 600
T ¢ £
S — 500%
z @
- 400 —
&’ 3.0 T
| 300 ©
2.0 =
el o | 200 B
—a—.D. E
1.0 =i Antifungal activity 100 E
== Antibacterial activity
0_.0 | | | 1 | | | 0

0 4 8 12 16 20 24 30 36 42 48
Cultivation time

Figure 8. Growth, pH, antibacterial and antifungal activities of

Leu. mesenteroides TA
Asp. fimigatus ATCC 96918 and B. subtilis ATCC 6633 were used as indicators.

All values were mean + SD (n=3)
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3. AN H7

7h &84 &

Leu. mesenteroides TA2] €3X4S 7% horse blood agar® 213 ZAy 83 &
et e AL deld 4 QA YA HERTF B cereus KCTC 362
N
=

4
A Feel FHBL dehiE $3@4E FE B-hemolysis WEE R

H Ao 9 A5 5Xog AMEHE FAAE vid 2 AFERIES w7 ST
shw] FEE e YA gl o FAAA A FFTF AR Ao R AL St
of FAA AMES TrAlstaL I AR S Fo7le FAolth E AdPeA e HAE
By B3 Leu mesenteroides TAO t3te] European Food Safety Authority
(EFSA, 2012)9l A1 AA g Leuconostoc 4o thdt break pointE FaLsdte], ofe] gAY
A ampicillin (Sigma), vancomycin (Sigma), gentamycin (Sigma), streptomycin
(Sigma), erythromycin (Sigma), clindamycin (Sigma), tetracycline (Sigma),
chloramphenicol (Sigma)& ¥&3% 9 T7F9 A 4 == UAAS HA ASF5 A
d s=MIC)Z ZAstth. 2 23 9579 dAA A diste] EFSA 20120041 A A]
st breakpointk‘_‘jr e MICE HoluA A& YErWtH(Table 5).
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Figure 9. Hemolysis test of B. cereus KCTC 3624 (A) and Leuwu.

mesenteroides TA (B)

The medium plate of blood agar base supplement with 7% horse blood. The plates

were incubated at 37C overnight.
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Table 5. Minimum inhibitory concentration(MIC) of various antibiotics

against Leu. mesenteroides TA

strains MIC (ug/mL)b
ain AMP VAN GEN KAN STR ERY CLI TET CHL

Break points for Leuconostoc

) 2 |nrf| 16 16 | 64 1 1 8 4
mesenteroides’

Leuconostoc mesenteroides TA | 2 |>512]10.125] 1 2 1006| 1 4 4

? Break points were according to the guidelines of the EFSA (EFSA 2012)

> Strain with MICs lower than or equal to the breakpoints are considered susceptible. AMP
ampicillin,; VAN vancomycin,, GEN gentamycin,;, S7F streptomycin,; ERY eryrhromycin,, CLI
clindamycin,; 7ET tetracycline,; CHL, chloramphenicol.

¢ nr. Not required.
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o 54 84

Leu. mesenteroides TA®] a2 AE4dE g<lst7] 9ste] API-ZYM kitE AF&3tatt
Esterase (C4), Leucine arylamidase, Naphtol-AS-BI-phosphohydrolases™ 5 nMZ 7]
ksl XS HYPoem  B-galactosidase® A$ 10 nMe 4L HAUCLH
a —glucosidase, B-glucosidase 20~30 nMe. 2 73t &4 & B wob
#1201 B-glucuronidase:= benzopyrene®} 7o Z=Al &z o] <z = =
glucuronic acid®} A=l 1 5A0] T3t HARE o] AstdE E-o] &
Z3 A Ao wAE L FATF e B-glucuronidase] o8] 2= A
o] A 4 9t} Leu mesenteroides TAY B-glucuronidase &4 o] 0 nM

Bolx gof wrebfkel Al 1Al itk AS A5 tH(Table 6).

o=~

=

2
to ox nl >
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Table 6. Enzymatic activities of Leu. mesenteroides TA by API

zym analysis

Enzyme Leu. mesenteroides TA
Control 0
Alkaline phosphatase 0
Esterase (C4) 5
Esterase Lipase (C8) 0
Lipase (C14) 0
Leucine arylamidase 5
Valine arylamidase 0
Crystine arylamidase 0
Trypsin 0
o ~Chymotrypsin 0
Acid phosphatase 0
Naphthol-AS-BI-phosphohydrolase 5
o —Galactosidase 0
B-Galactosidase 10
B-Glucuronidase 0
a ~Glucosidase 20
B-Glucosidase 30
N - Acetyl-B-glucosaminidase 0
o ~Mannosidase 0
« ~Fucosidase 0

0, No enzyme activity; 5, 10, 20, 30, =40 indicates nM of hydrolyzed substrate
after 4hr of incubation at 37C.

_38_

Collection @ chosun



N
Hr

g 59 Jd 24 5A

Leu. mesenteroides TA2] 33 2 A A4S &<2ls7] $ste] dual culture
overlay assayg ©]-&3te] 3o, a8 2 Ao digt A5 A A4S A
t}.

Leu. mesenteroides TAv 233 A5E LAA7]H QAo aspergillosisE
M7= Asp. fumigatus ATCC 969189} <#E=27]v A5 HHe o3t
gossypiicola KF-2¢] 70 #3olol viste] 23 A2 yepddeh =39,
o] EAE AAEE FHol F7 Asp. petrakii PF-13 WA g3k 2%
AbmOA B 7 ek FEE dovH S4AE AAdste #3ol TR
nidulans PF-39} Asp. ochraceus PF-20| tjsid = A& A FAS HAvh.
olyel et it 59l aflatoxing A= Asp. flavus ATCC 225469 o 31
Leu. mesenteroides TA A FHo2 I Aol JAH= A g & F UNA
o} Pichia kudriavzevii GY13 A2A4 A A FA WHIlE do7|+= P. rogeubrti
ATCC 101109 += @+t @45 YelA &= 31S St
Leu. mesenteroides TAYE 2% % AlRolM Rz o
ATCC 27853 2 M. luteus ATCC 153079 oA 7t M &S e Sl
BMul olug} AlF&o] Q9liel  Sal enterica serovar Typhi ATCC 19430, B.
cereus KCTC 6434, E. coli O157:H7 ATCC 43895, V. parahacmolyticus ATCC
17802 w0l M= v A4S eEbATH

Magnusson w[39]> w&g oA Fegk ikt 42Fo] i) @l S
dual culture overlay assayE ol-&ste] AFstdom, AR ikt Holup Foll
2} 27 e kst A JeEbd o B skt Wulijideligen 57418 520%F 9]
ol ste] P. chrysogenum o t3}e] dual culture overlay assaysS ©] 83}
AFe A3 138F ] FATAA A3 &Aoo yEytew, T 5 e o] F
gk 17F0l distel o vuddd wFolol tistel A S EHUt 1 F Lew
mesenteroides ATCC 8293" 3} A Z8t4 07 100% UX3t= Leu mesenteroides 368
oA T Ae Xl 2SSk

UHQHE

r>4

o

71 Balo] w2 fATS F7]1AF diacetyl, bacteriocin, HO, 52 3t &2

Aarshel gt BAS UEhE ZloR gelA Qo da hrRe] dyso)

ot
=
=Y
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aceus PF-2

Figure 10. Antifungal activity of Leu. mesenteroides TA
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Sterpto

Lactoba

Figure 11. Antibacterial activity of Leu. mesenteroides TA
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5. 83 spectrum FA}

At 178, &8 1€, 283 #3%0°] 75 st Leu mesenteroides TA7} A34tsl=
gt E4ol o)g &yt &84S paper disc assayE F3 &3S tH(Table 7).

Aol gk g S A3 dAE BE A sty 3 45 JEden, 5
3| V. parahaemolyticus ATCC 17802, B. subtilis ATCC 6633, P. aeruginosa
ATCC 27853 —1¥]al Lb. acidophilus KFRI 150 w59 thsle] 73t s+ A4S
Helow S aureus subsp. aureus ATCC 292130 ohelA <f3t it FAHS B

o 2% 1% sl E dual culture overlay assay A¥el FAFSHA oFdt A4S

ot

Z3olo] 3t st AE Ao M= Asp. fumigatus ATCC 969189 tidte] 714
Fek As FAHS YERAJA Y, dual culture overlay assay A3} whIrbA R

Asp. flavus ATCC 225469 diafiA = <t &S BT a8y dAE o83k 3

Leu. mesenteroides TA7} AAlsls= a4t B4& F3o|¥ul olgl Aol thalA
T BHY3 Gt spectrumS 7FA AL vk 28U & -
ojmg ol Fu =AY It FA V)Fe] FFolut Al AEB O A X =

3l !

-
Eold o 9GS m At gro AEW Fxoe d wze

kY

71 ®ae] o&td vt waAEel AR A 83 Leu mesenteroides
LK33= Saccharomyces cerevisiae®] ™ 3Fo] paper disc assayS o] &3] aaw A
S ZARSEY] gt &4 S YERI AT 49].
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Table 7. Inhibitory spectrum of culture supernatant

M/O Indicator species Antimicrobial
activitiy
Bacillus cereus KCTC 3624 +++
Staphylococcus aureus subsp.
+
aureus ATCC 29213
Escherichia coli O157:H7 ATCC 43895 ++
Salmonella enterica serovar 1yphi
+4+
ATCC 19430
Micrococcus Iuteus ATCC 15307 ++
Vibrio parahaemolyticus ATCC 17802 e+t
. Bacillus subtilis ATCC 6633 e+t
Bacteria
Streptococcus mutans ATCC 25175 +++
Enterococcus faecalis ATCC 29212 ++
Listeria monocytogenes ATCC 19113 +
Escherichia coli ATCC 25922 +++
Pseudomonas aeruginosa ATCC 27853 T+t
Lactobacillus plantarum KFRI 464 ++
Lactobacillus plantarum KFRI 236 ++
Lactobacillus acidophilus KFRI 150 e+t
Leuconostoc mesenteroides KFRI 218 ot
Lactobacillus delbrueckii KFRI 347 ++
Yeast Pichia kudriavzevii GY1 +*
penicillium roqueforti ATCC 10110 +
Aspergillus nidulans PF-3 ++
Aspergillus ochraceus PF-2 ++
Mold Aspergillus firmigatus ATCC 96918 +4+
Aspergillus petrakii PF-1 ++
Clasdosporium gossypiicola KF-2 ++

Aspergillus flavus ATCC 22546

+

Acitivity was expressed as the diameter of inhibition zone against each sensitive

indicator. Degree of clarity of clear zone by growth inhibition:

-, no inhibitory zone; +,

below 10.0mm; ++, 10.0~14.0 mm; +++, 14.0~18.0 mm; ++++above 18.0mm; ~, turbid

zone.
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6. 27 B2 (MF FR Y9 B4

!

i Aol A= pH 3.0014 el AR =2 2400 AU/mL7F YeERoew pH 4.0

st otk pH 5.0 o] el A
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el
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= AR S4Es FASATH3M]. 9 dy 24S A= Lactobacillus  brevis
4 S e FAEF o, 121 T 1587 &4

= = =
23k FTo= HEXHoR FAo] 7HAsI 2™ pepsind protease AP oAM= FAS

rlo
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pH (pH 44)= H/AZS o &yt &A4o] 100% 35 AT 3+ E3 54A

Rl A
gol e i Edo FAo] 100% FAHE Aow Uy Leu mesenteroides TAC)
gt 22 d gAYl wig A EdRE FAHEC
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Table 8. Effect of pH, heat, and enzyme treatment on the

supernatant of Leu. mesenteroides TA

Antifungal Antibacterial
Treatment . . . .
activity (AU/mL) activity (AU/mL)
3.0 800 2400
4.0 800 1200
5.0 200 200
pH

6.0

7.0

8.0
3.0 — 44 800 800
40 — 44 800 800
pH- 50 — 44 800 800
renaturation 6.0 — 44 300 300
70 — 44 800 800
80 — 44 800 800
4°C, 24h 800 800
30C, 24 h 800 800
50C, 24 h 800 800

Heating .
70C, 24 h 800 800
100C, 30 min 800 800
121°C, 15 min 800 800
Proteinase K 800 800
Protease 800 800
Pepsin 800 300

Enzyme

Trypsin 800 300
o« ~Amylase 800 300
Lipase 800 300

The antifungal activity and the antibacterial activity were measured by spot on the lawn

test. Asp. fumigatus ATCC 96918 and B. subtilis ATCC 6633 were used as indicators.
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A3AINE =49 HA R 54

1. SPE A A 2 &+Fspectrum FA}

gt B0 HE AAE fste] SPEE Al A5ttt Cig SPE column (Isolute)S Ab

4-3}o] hydrophilic fractions A A3Fal hydrophobic compounds®hS &2Fshe] 95%

aqueous acetonitriles ©]-&3lo] &Z3 At & & It S g2lEr] {35k

Sl E FEAZ F FEFE AlEE ’\}%0}%\ At 7€, &5 1%, 2183 F%59]
3t

on the lawn testE 53 <213l

Aol gk gt 84 A3 Baciilus & 2%

UERA] eFgton, &R 15 oigh 3¢ 4% veEhbA &skh Eu KA 93
ol ARG 5F Y wFolo wiiM = BT

mesenteroides TA7} Aitel= &+ &4 % hydrophobicd &4 X+ €45 7t

Ax glov], Aol BaAAE FE spectrum® HERlE AS & 5 Atk
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Table 9. Inhibitory spectrum of antimicrobial compound

i . Antimicrobial
M/O Indicator species )
activty (AU/mL)
Bacillus cereus KCTC 3624 10
Staphylococcus aureus subsp. 0
aureus ATCC 29213
Escherichia coli O157:H7 ATCC 43895 0
Bacteria Salmonella enterica serovar 1yphi 0
ATCC 19430
Micrococcus Iuteus ATCC 15307 0
Pseudomonas aeruginosa ATCC 27853 0
Bacillus subtilis ATCC 6633 10
Yeast Pichia kudriavzevii GY1 0
Penicillium roqueforti ATCC 10110 5
Aspergillus nidulans PF-3 160
Aspergillus ochraceus PF-2 10
Mold Aspergillus fumigatus ATCC 96918 10
Aspergillus petrakii PF-1 20
Clasdosporium gossypiicola KF-2 40
Aspergillus flavus ATCC 22546 5

The antifungal activity and the antibacterial activity were measured by spot on the lawn

test.
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ot E429 pHol tedr JFe A3 Ay B subtilis ATCC 66339 o+ A
Ao A= pH 4.0004 el &4 (800 AU/mL)<
pH 307} pH 408t & pH 50~800 A= Beje &

=
i
°
T

udl o}MJJr pH 40Xt} st

ARt vk 100 AU/mL7}F

et (Table 10). Asp. fimigatus ATCC 96918 thdt &t A oA = pH 4.0

Oﬂ/ﬂ% el &4 (800 AU/MmML)E FAI8t3 ot pH 3.004+= 2o S5t ¥
2 100 AU/mLE B om, pH 50 odollA= &4 §43] A=At

U 2= A4

2@ 249 Lwol Ud Y Aol FAT BT P

, 50C, 70TCelA 24A1%F, 100TCelA 30+, 121TColA 152%F
< 100% +rA8ko](Table 10) =% #-5-

advy

[ez]
=
P BAZ F4T 5 AU

o & A

Z39t EAo g o3 kA A3
ethanolol] 25ColAl 1A]ZF A 2]

40)0l =of A 2 FxId A

=

o] 4+ methanol, acetone, acetonitrile,

A ASFZ 10 mM sodium acetate (pH

& selstgith o A3 FAE ¥ PAE DAL
100% -fr#sted(Table 10) &wufoll wj-5- <t
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Table 10 Effect of pH, heat, and enzyme treatment on the

antimicrobial compound of Leu. mesenteroides TA

Antifungal Antibacterial
Treatment . o

activity (AU/mL) activity (AU/mL)
3.0 1.25 1.25
4.0 10 10
5.0 1.25

pH
6.0 1.25
7.0 1.25
8.0 1.25
4C, 24h 10 10
30C, 24 h 10 10
50C, 24 h 10 10
Heating
70C, 24 h 10 10
100C, 30 min 10 10
121°C, 15 min 10 10
Ethanol 10 10
Acetonitrile 10 10
Solvent

Acetone 10 10
Methanol 10 10

The antifungal activity and the antibacterial activity were measured by spot on the lawn

test. Asp. fiimigatus ATCC 96918 and B. subtilis ATCC 6633 were used as indicators.
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40~70 WY E xAs o] FFZ 24AZE, 48A1ZF vl Al K EE pH 6.0~7.0 T3kl

Lo} Hlgste] pH 6.0~
Bt =3 A+ &4 % pH 6.0~
U/mL)E e o] 48A1H7h

700014 24413 whell Hdf 24 (800 AU/mL)<=
7073 el M= vl F 24A1%F o] o Ao 3t 24 (800
A A = L

HA WY 21 Leu mesenteroides TASl A&A 7] M X3 9 AT &
]

>

e Y B4 (800 AUMLIE tehich W, A B4 A%
gl A B4 (800 AUMLIE vehdon g3 % FAE FHS BT

aehes A9E How, L
A ga Aol agE fAFHE AHE BRAu. wEbA Leu mesenteroides TA7}
AabshE &yt A2 vawdAd Sdol AV A Alde] wE duliEsEie] o
s A v dAe AR FAEJY
43 d42 A7t SHste slRaFEdle] d(mEk) vz fEs5E dgo=

BN

d AR A S 2AREEE A2 FAAE &S S digte] 4
Ak Akt A" &nte ARE Algstel AR S =go] H
At Leu. mesenteroides TAT 9%2 24| ampicillin?} vancomycin, gentamicin,
kanamycin, streptomycin, erythromycin, clindamycin, tetracycline, chloramphenicol®]
et Aeds S48 Ay 9T 7o FAAC sl EFSA 2012 [20]04 AN A&
breakpoint 2.t} w2 MICE Ho|HA 4SS vERH
Leu. mesenteroides TA w55 ©]&3t7] fIgk kA AR 57 Aibstes &
2 ek 2% RS AX|eta vk Leu mesenteroides TA7F wdaa=z 433l

B-glucuronidase®] ™3] 0 nmole® AWl o] &A] eHA3 FFolH oA Fi= njd

=
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A B - 14 glycosidic acid bondE 7F5i3l5F] glucoseE AAtst= T 23 a491
B - Glucosidase®] &4o] 30nmole °]d oz 73k &Ado] ey uwe} o xYo

2 Ego] @ Ao ALREH47].

Leu. mesenteroides TA w59 Aol ot x4 L M &S dual culture

overlay assay=® Aldste] #&st Az 2Fxs HdAdqtolm AAd {3l Asp.

flavus, A. ochraceus®wr olyel 2F 3 Aol

fiumigatus, Asp. nidulans$t 974 =3l C. gossypiicolad dste] A& €4
ATh WA olu gl thekgk Aol thete] it S-S EAATh 53 Asm Al

ol V. parahaemolyticus®t Sal. enterica serovar Typhi, 1¥]il F3f w]AE-<l

Micrococcus Iuteus®| tate] ZFgk A& &4 Bt

Leu. mensenteroides AF T+ Penicillium, Aspergillus, Fusarium, Mucor % % ©

3t FFolol W I FAE Yo, Hansenula % ZE thato] =
vt F4E HER A3

Leu. mesenteroides TA7} AAbste &4t B4 o &3l 2 AT 48 =
AbgE Aah A5 A9l 8ol B AFEI AR FE o] BT i ZAS B
ATk S Aol e v €4 AF AW o9 Y a9 AT 2 UE i
ol tiste] 73k A @S el o] Leu mesenteroides TA7F 333o]¥yl oy
gt Aol diste] W Fdw GAS HAE A & F AT T dE AEQ
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