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Probiotic Effects of Lactobacillus plantarum and Leuconostoc
mesenteroides Isolated from Kimchi

Kyung-Hee Leel, Yeon-Ju Bongl, Hyun Ah Lee2, Hee-Young Kiml, and Kun-Young Park'?

Department of Food Science and Nutrition and
’Kimchi Research Institute, Pusan National University

ABSTRACT The probiotic effects of kimchi lactic acid bacteria (LAB), Lactobacillus plantarum (Lab. plantarum)
and Leuconostoc mesenteroides (Leu. mesenteroides), were studied. Lab. plantarum KCCM 11352P (LPpnu) and Leu.
mesenteroides KCCM 11353P (LMpnu) were isolated from kimchi and were the predominant LAB. We compared
their probiotic effects with Lactobacillus rhamnosus GG (LRgg), a well-known probiotic LAB. LPpnu showed better
probiotic activities than LRgg. LMpnu also exhibited almost equal activities as LRgg. These two kimchi LAB strains
exhibited resistance to gastric and bile acid, adhesion to intestines, and thermal stability. In particular, LPpnu showed
excellent probiotic properties. In addition, LPpnu showed greater antioxidant activity by scavenging DPPH radicals
or hydroxyl radicals than LMpnu or LRgg. LPpnu also inhibited growth of HT-29 human colon cancer cells by inducing
apoptosis, increasing Bax and suppressing Bcl-2 expression compared to LMpnu or LRgg. Taken together, LPpnu
and LMpnu could be used as probiotics, and LPpnu exhibited the most beneficial probiotic activities with anti-oxidant

and anti-cancer properties.
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2 ol AV-&3 Lab. plantarume ATE = AFXA]|
9 A Az dELle o Az wiFAAANA, Leu
mesenteroides= F-2b|8Fal X AF 40 FAA| HA
H(12)2 Az wFHR A 2tz B2 sglct. 2t w53
X & 5°CollA] 4 A171H pH 4.3%] A&7]o EE3
AFete] st SHTE GAERE 4% F o]E MRS
(Difco, Sparks, MD, USA) H3uj Ao HF, =23 o}
37°Cell A 2~3Uxt 7] widste] A E ik colonys
&g ekl el e 759 16S rDNA fr3 4k §1714]
42 universal primer(27F, AGAGTTTGATCCTGGCT-
CAG; forward, 1492R, GGCTACCTTGTTACGACTT;
reverse)E ©]&3to] F%H A7 $, GenoTech Corp.(Dae-
jeon, Korea)dl 9714E9 F&4d 45 =33t
16S rDNA 1714 €& NCBI9| database®} W] alste] #4]
3 Ay} By 259 75 42 Lactobacillus planta-
rum, Leuconostoc mesenteroidest 99%2] 4545 1}
el o] Lactobacillus plantarum PNUKCCM 11352P) <}
Leuconostoc mesenteroides PNUKCCM 11353P)% ™
W3te] =] A& R EAE (Seoul, Korea)oll 7] €313t
2 AFdA = AA FARY ZEbpolE a3E AF
a17] flal A ZR2upo] QE O Wol o] &H1 7] 5H o
2 9540l TYE Lab. rhamnosus GG(KCTC 5033;
LRgg)E MAEALAE A A T3] a0 = o] &3}
St} ZF #5% MRS brothE ©]&3}e] 37°CollA 742
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Q1 Hakel tigk WAd2 Kobayashi 5(14)2] ®WHol o
2} 1 mg/mL pepsin(Sigma-Aldrich Co., St. Louis, MO,
USA) &4l HCIE o]-&3to] pHE 252 783+ <13 914t
£ Axste] b FAS HEE $ 37°CellA 3A1ZE vl st
w 1A B E SA T 1 wEAtel] tigk vl
A B 7}+= 0.02 M cholic acid, 0.02 M deoxycholic acid,
0.05 mg/mL lipaseE #7}3 0.02 mg/mL pancreatin
(Sigma-Aldrich Co.) €& 1 N HCl ¥ NaOHE o] &3}
o pH 8.00.2 243 AT FFA 7t fFit& A F3h]
37°CollA 6AIZF v Fabe 241 7et} A& S48kt
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HT-29 cellthuman colon adenocarcinoma cells)< 3t
T M EF-23(Seoul, Korea)oll A H-Futo}l 23] 2183}
St} RPMI 1640, fetal bovine serum(FBS), 100 units/
mL penicillin-streptomycin 2 0.05% trypsin-0.02%
EDTAT Gibco BRL(Grand Island, NY, USA)Z-E 9]
3T HT-29 cell2 10% FBS$} 100 units/mL pen-—
icillin-streptomycin©] ¥ RPMI 16403 AF-83te 37
°C, 5% COz 2ollA wiFaivh. A fibete] HT-29
cellel tigk F-255 gQlsty] 98t cells ZF welld
1.0x10* cells/mL7} ¥ &2 6-well plateo] #5381, 7}
#FE 1.0<10° CFU/mL7} =5 @gsle] 7} wellol 4
F3Fal 37°C, 5% COy 270 A 2A1ZF v %Fste] HT-29
Al Eel] FZA AT v ko]l ke § PBS® 33] AlHE
3FaL 0.05% trypsin—0.02% EDTAS 1087F =] &to] A
XE BEsY. EEd AXE B2 SHTE GAEE
5|4 8te] MRS 3l A]oll AFakar 48413 wjFsto] At
2= 5 =

g y
8 4% 5, 083 ol 4 PAES Z43U0H6).
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radical 271 €42 Blois(18)¢] WS W ste] SA 1%
t}. 7t 752 5.0x10° CFU/mL¢ 1.0x10" CFU/mLY] &
T2 3|X3e] 15 mM 1,1-diphenyl-2-picrylhydrazyl
(DPPH, Sigma—Aldrich Co.) &9 1:19 B &= &3}
o Wo| xpekydl Aejol A 3077 W3 F 540 nmoll A
FHEE S olu AlEE FHIFSHA &k vt
wste] FFLE ApolE thed Zo] MEE (%)= ERNSL
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DPPH radical scavenging activity (%)=

_( B ODcontrol— ODsample

<
ODcontrol ) 100

Hydroxyl radical &7 &4 ZA: Hydroxyl radical
27 g4l AL Halliwell 5(19)9] #ol wha} 5.0%
10° CFU/mL¢} 1.0x10" CFU/mLe] FE& 343 #5
50 pLel 2.5 mM 2-deoxy-D-riboseE 33+ 10 mM
PBS &9 345 uLE 333tk 18] 1 mM FeCls %
1.04 mM EDTA &9 50 uL, 1 mM ascorbate 50 uL, 0.1
M Hy0, 5 L& 22t H7bskar 37°ColA] 1033t vk&-A17]
%, 2.8% trichloroacetic acid 500 uL$} 1% 2-thio-
barbituric acid 250 uL& #7}3FaL 95°Col A 8~Hr7} 7t
stk WSES WAsh & 540 nmol A FHE=E SH3H
o] t}&-3 o] hydroxyl radical 27 &S A=3F9t)
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[«0

Hydroxyl radical scavenging activity (%)=

ODcontrol — ODsample
=(1- )x100
ODcontrol
stot st =X

HT-29 cell 43 A &3} 54 v gE HT-29 cell&
96-well plateo] 1.0<10" cells/mL7} 5| == £F3}o] 37
°C, 5% COp 7104 24A12F wjkalict. vk - 5.0x10°
CFU/mL$} 1.0x10" CFU/mL9] =2 343 55 uj
Aol E3tste] H7bek & FAd 7oA 48411 vl LB
o} 48417 & A 55 AAE oS 5 mg/mLe 3-(4,5-di-
methylthiazol)-2,5-diphenyltetrazolium bromide(MTT,
Sigma-Aldrich Co.) &3} &9ste] 4413 F7} i 4F8 3
o vk & AAE formazan Z27dS DMSOo| =9 540
nmell A FFEE ST A TS AL

vl ate] thE3} o] wiE8(%)® EA ST

T 3R

o ODcontrol — ODsample
Cytotoxicity (%) =( >><IOO
ODcontrol
RT-PCR% o] 3 Bax$} Bel-2 #4341 ¥ 24 mRNA

oA AA okl we fAzke] BE s 48] 9
3 HT-29 cell 6 well-platedl] 2.0x10° cells/mL=Z &
F3to] vl sttt vl kst celld] #5E 5.0x10° CFU/

mL9} 1.0x10" CFU/mLY] X2 73 & trizol re-

agent(lnvitrogen Co., Carlsbad, CA, USA)E o] &3}
total RNAE Sk o} A =5l oligo dT primer(Invi-
trogen Co.)Q} AMV reverse transcriptases ©]-83}¢] ss
cDNA=Z 9 HAA} 3}t o] cDNAE template® 3}¢] Bax
¢} Bel-2 £ -AS $Z A7) 11, internal control® glyc—
eraldehyde—-3-phosphate dehydrogenase(GAPDH)ZE A}
233t} Bax 54419 primer sequences 5'-AAGC-
TGAGCGAGTGTCTCCGGCG-3'(forward), 5'-CAGAT-
GCCGGTTCAGGTACTCAGTC-3'(reverse)& A3}
a1, Bel-2 3k primer sequences 5'-CTCGTCGC-
TACCGTCGTGACTTGG-3'(forward), 5'-CAGATGCC-
GGTTCAGGTACTCAGTC-3'(reverse)& A&t om,
GAPDH 2 #}9] primer sequencex 5'-CGGAGTCA-
ACGGATTTGGTC-3'(forward), 5'-AGCCTTCTCCAT-
GGTGGTGA-3'(reverse)E A&-3t3ith 2+ PCR A&
£ 29 agarose gel(Invitrogen Co.)& o] &35t A9 %
3}al ethidium bromide(Sigma-Aldrich Co.)E ©]-&3}¢]
QA F UV st A 2135kt

2 A A= 3] wEAgo R Feaiglon, 14
= +¥ %?ﬂ b2 et FAEA S PASW
statistics 18(IBM Co., Armonk, NY, USA)S o] &3} t}.
AR freld2 %ﬁvﬁrﬁ (ANOVA)E &8¢ § X0.05 F
o4 Duncan's multiple range testE ©]-&3}o] A3}
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Fig. 1. Acid tolerance of lactic acid bacteria (LAB) isolated from
kimchi. LPpnu, Lactobacillus plantarum PNU; LMpnu, Leuco-
nostoc mesenteroides PNU; LRgg, Lactobacillus rhamnosus
GG. Means with the different letters (a,b) at each time are sig-
nificantly different (P<0.05) according to Duncan's multiple
range test. NS: not significantly different.
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Fig. 2. Bile tolerance of LAB isolated from kimchi. Group ab-
breviations are as described in the Fig. 1. Means with the differ-
ent letters (a,b) at each time are significantly different (P<0.05)
according to Duncan's multiple range test. NS: not significantly
different.
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Fig. 3. Adhesion ability of LAB isolated from kimchi to HT-29
cells. The adherence percentage of LAB to HT-29 cells was
calculated by comparing the counts between initial and adhered
bacteria. Group abbreviations are as described in the Fig. 1.
Means with different letters (a,b) above the bars are significantly
different (P<0.05) according to Duncan's multiple range test.
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Fig. 4. Thermal stability of LAB isolated from kimchi at 55°C.

Group abbreviations are as described in the Fig. 1. NS: not sig-
nificantly different.
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DPPH free radicals 7FA| 2 glof dHitbs) &4 0] 9l
E43 vkgs A HH AAE WolF A radicalo] &2
3550 nebo] FYsa wdu S w5, radi-
calg A7 58, & radical scavenging A o] 42
= kst o] sk & 4 tH30). 3F Akt
DPPH radical 227 &35 5743 23 ([Fig. 5A), ol& =
F A 5%7} £7F8<45 DPPH radical &~A &4lo] &7}
aktk. 3 5.0x10° CFU/mL A 2l+2} 1.0x10" CFU/mL
g 5ol A LPpnuw-©] DPPH radical 24 &37} 7+
2y 57.4£4.6%%F 71.1£2.9%=2 717 A YElger, o
50 =2 LRggw(47.01£3.2%, 64.6£5.0%), LMpnui(42.4+
4.8%, 57.243.0%)°] o= Yelstth whebA LPpnuZl 7+
%} 2 DPPH radical 27%% 7FHo=2M 714 o 3ats)
248 YeERN AT Hydroxyl radical 27 &3 54 Az}
(Fig. 5B), DPPH radical 27 &4 A3} np7bA 2
At AE SX7 2895 5L hydroxyl radical &4 &
& 13t 53] 1.0x10° CFU/mL A @litol A+ LPpnu
7} 37.7£2.1%% FoHo® N 2 2 S Ve,
LRgg”} 32.5+1.5%, LMpnuZ} 31.6%£0.4%2] hydroxyl
radical 275 & YEFATHX0.05). DPPH radical &7
Axet e Ao 2 Ppnu’t 7HE & hydroxyl radi-
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Fig. 5. DPPH radical (A) and hydroxyl radical (B) scavenging activities of LAB isolated from kimchi. Group abbreviations are
as described in the Fig. 1. Means with different letters (a-c) above the bars are significantly different (P<0.05) according to Duncan's

multiple range test.
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Fig. 6. Inhibitory activity of LAB isolated from kimchi against
the growth of HT-29 cells by MTT assay. Group abbreviations
are as described in the Fig. 1. Means with different letters (a-c)
above the bars are significantly different (P<0.05) according to
Duncan's multiple range test.

T RN= O 1o
3} &37} Hojt LPpnu ¥ LMpnu?| A3 = AW 2314
2Ef o) atste] GAdALe] HAHS T ¥ EeS = w9~ ¢} Lewis lung carcinomas AM&3F C57BL/6 =}-9-
Ao AAXIT 2o A FF AAS Adlete a97F Atz B sk
AaATel 7R 2 B A= A FE Al
LUX| AR HT-29 cellO|MQ] in vitro &2t &M Lab. plantarum® Leu. mesenteroides?} in vitrool|l A &
HT-29 cellel A e] A A& &3} MTT assay= ©]& AZo A4S dAsE Ao ey,
3kl AR Fakte] HT-29 cell 474 oA 235 54319 Bcl-2¢} Bax A AFe] 2&d) n)x]= &3 Bel-2 fam-
=l(Fig. 6), AA A Aot BFolA A 94 a5 ily ¥# 42+ apoptosis® 43} 21AE pro—apop-
o] #RHATE AA Fikt FEE 5.0x10° CFU/MLE 2 totis 9 &< 1= Q1xH(Bax, Bel-xS)¢} anti-apoptosis %
231314 wl LPpnu, LMpnui 742} 20.443.5, 12.2+2.8% o 3= 1A (Bel-2, Bel-xL)E A5 o] Qlth(36). HT-
o FAME A JA a3=E Ko, 11.714.0%2] A a3} 29 Cell°ﬂ}\1«] Bax9] & controlitol H]3Fe] fAbAS
2 YeR o237 LRggs Bl dlS o) LPpnu’t 1% 713 A s Lo A GolH oz Zrle= ASS JERQa, 1
2 o E AR A mHE /1 Ao ® et SAME % B3] LPpnudol A §ex o 2o 27188 nolon
FEE 1.0X107 CFU/mLE A& 8t9l& 2ol % LPpnuzt 022 LMpnu, LRgg w22 YEFHTHZX0.05; Fig. 7).
37.113.2%%, & 5X9 LRgg *8]7(21.244.0%) K.t} W Bel-2 AR @ ol & controlw 3 WS o &
O %S HT-29 celld] A% Al &332 Yebdth(/X0.05). bt ATl A frelHo s askE AL Fdgon o
frabatel o) gt &9t 7112 H st A Wl vk SA ZQl LRggw Bt} LPpnu®t LMpnuit ol A o &8 <A
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Fig. 7. Effects of LAB isolated from kimchi on the gene expressions of Bax and Bcl-2 in HT-29 cancer cells. Group abbreviations
are as described in the Fig. 1. Means with the different letters (a-d) above the bars are significantly different (P<0.05) according
to Duncan's multiple range test. The band intensity on the gel (A) was calculated and presented on the bar graphs for the Bax gene
expression (B) and for the Bcl-2 gene expression (C). Gene expression was quantified by using ImageJ software (http://rsb.info.nih.gov/ij/).
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