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Lactic Acid Bacteria in Kimchi and Their Inmunomodulatory Activities

Ja-Young Jang and Tae-Woon Kim*
Globalization Research Department, World Institute of Kimchi, Gwangju 503-360, Korea

Abstract: Kimchi is a Korean traditional food, which refers to the fermented vegetable product. Major ingredients and var-
ious condiments (especially, red pepper, garlic and jeotgal) are used in kimchi preparation. It is known to be an important

source of vitamins, minerals, and dietary fiber as well as a good dietary source of lactic acid bacteria for human. Kimchi

fermentation is initiated by various microorganisms originally present in the raw materials, but the fermentation is gradually
dominated by lactic acid bacteria. Analysis of the kimchi microbiota using culture-based identification method and metage-
nomic analysis indicated that Leuconostoc citreum, Leu. gasicomitatum, Leu. gelidum, Leu. mesenteroides, Lactobacillus

sakei, and Weissella koreensis were dominant microbe in several different kimchi samples. There has been much recent
interest in the use of various strains of lactic acid bacteria isolated from kimchi as probiotics. The characteristics of lactic
acid bacteria isolated from kimchi as a immunomodulator that have been studied include survival in gastric conditions, col-

onization of the intestine, anticancer effects, stimulation of the immune system 1) proliferation of splenocytes and Peyer's
patch cells, 2) production on nitric oxide (NO) by macrophages, 3) production of intestinal secretory IgA, 4) modulation of
tumor necrosis factor(TNF)-a and interlenkin(IL)-12 concentration, 5) production of specific IgG. This review describes
diversity of lactic acid bacteria in kimchi and immunomodulatory activities of lactic acid bacteria isolated from kimchi.
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ol vl =& & dae X9 hAdel FA A<
e v 7FsAdol o] AR Az Al F ek
A S FETa 0}951\:} Lee 5(2006)2 QRA] 0
g m|AYES AXAZ ABE A7) B4 Wt
sie HAskE AE= 111 sted vlghAg il BHEE
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Lactic Acid Bacteria in Kimchi and Their Immunomodulatory Activities

ot AT AE R E Debaryomyces sp., Hansenula sp.,
Pichia sp7} % %Qﬂ sh=t ol W 3719 F2l8)
of 7AX]9] «J#E- $=43al, Rhodotorula sp.i= pectic sub-
stanceZ E‘%H’SFE SIS l"&: 15t 2215 AspA7I=

olF o= = ] 3t} T Cheigh ef al., 2004)

#Ho
FARA HEE aRE HTAFHA ALHEE 8%
o 24g ok sl hEYA A% F TARANN
slehd X7 Bashy o5 9 D}O%‘} i HEA 9
W Codex HA| HA0NAM HAES TS thdst 3
7HA19] ARg-o] Besitar s THKim et al 2010).
AR 270l S718wdE0] Bol SAsHAIR Ta

7} AP eE T 71T fakre] AR =
o2 FodstaA Ziklactic acid) 52 714k} ©AF 7
22(CO, 7t A= o] ade pHt WolA|ar @714 =
o2 v HA &7 At Walo] dAlE ikt
olgk ZLPEEE = AT o ZA Bl 7|xsl &
o7l LukAQl o]Fo|H EES o83 thy LS F
2 t=+= T34 (homo-fermentative) 27 34k =
AF B olgkE: 58 k== o] & Wha (hetero-fermenta-
tive) FART o2 FEECH

Z+ o8 A= eE AU sl o= F2 Leuco-
nostoc, Weissella <30l &38l= o|duta F2htol 23] A

Table 1. Predominant lactic acid bacteria in kimchi

A k2ol SJ3 Role] 3 AN AT Lacio-

bacillus 49| -’—OFE Rkl

SHAl A= FAE A B 5
xRl HHAS ]*‘ e R/

e, HELE T AEs 9

Weissella, Lactobacillus <& 50l &3h= 'ﬁ—/“_\_ol F 9y

TOE THsl= AoR ¢

EE
B A ) B o] T R A
1

shtol] tist 71547 5ol
B o}
AR AFH7F QA1) Au] Lo

3k Ao s

] x]% (o= ko1 XN N-g;]

B A3} Xl EAs}= 2121 Lactobacillus$t Leucono-
woc 4551 37} BN FSIS2 SISO P
slaiz2 d3Z B-glucosidase®} B-glucuronidase®] F-0]
AR AFAl frejH oz Atk AYE Ko zjlx]
Ao AAEE G9tE ASESFATHLee et al., 1996).
YA AG2A 5o PR AT S50l
a1l ) Ao 03] I el At
ol Hlsl Sde] SHHEATE A3t HarE AL (Woo er
al,, 2010) HoNAl 7Ax] §2HFS ATFEAHYS v 39

w7} Mol A8-e e Rlrke

AIe t(Jang et

al., 2011). AAFAEES] 7154 2 &l vezozs

Fermentation Predominant lactic acid bacteria
o — - References
Temp. (°C) Initial and middle stage Later stage
5 Leu. mesenteroides Min and Kwon (1984)
Leu. mesenteroides,
5 Lb. sake, Lb. brevis Lb. plantarum Lee et al. (1992)
5 Leu. mesenteroides, Leu. mesenteroides, Leu. lactis, Lb. bavaricus, So and Kim (1995)

Leu. dextranicum, Lb. bavaricus
10 Leu. mesenteroides
W. confusa, Leu. citreum

Leu. paramesenteroides
Lb. plantarum

10 Lb. sakei, Lb. curvatus
10 W. koreensis
4 W. koreensis, W. cibaria, Leu. kimchii, Lb. sakei, Lb. curvatus, W. koreensis, W. cibaria,
Leu. inhae, Leu. mesenteroides, E. faecalis Leu. kimchii, Leu. inhae, Leu. mesenteroides
4 W. koreensis, Lb. brevis Leu. gelidum, Lb. sakei*
20, 30 Leu. mesenteroides Lb. plantarum
20 Leu. mesenteroides, Leu. dextranicum, Lb. plantarum, St. faecalis, Ped. pentosaceus,
Lb. sakei, Lb. leichmannii, Lb. fermentum Lb. brevis
20, 30 Leu. mesenteroides Lb. plantarum
15,25 Lew. mLel;elr)z ZZ?;:?})@Z ijzz‘;;ssaceus Lb. acidophilus, St. fecium subsp. casseliflavus
20 Leu. mesenteroides Lb. plantarum
15 Leu. citreum, W. confusa Lb. sakei/Lb. curvatus, Lb. brevis
20 W. confusa, Leu. citreum Lb. brevis, Lb. sakei, Lb. curvatus
15 Leu. citreum, Leu. gasicomitatum

Lb. sakei, Lb. curvatus, W. koreensis,
15 Leu. citreum, Leu,inhae,
Leu. mesenteroides, Leu. kimchii

Lb. sakei, Lb. curvatus, Lb. brevis,

Lb. plantarum group

Lee et al. (1999)
Lee et al. (2005)
Cho et al. (2006)
Shim et al. (2008)

Park et al. (2010)
Min and Kwon (1984)

Shim et al. (1990)
Lee et al. (1992)
Shin et al. (1996)

Lee et al. (1999)
Choi et al. (2003)
Lee et al. (2005)

Cho et al. (2006)

Shim et al. (2008)

*Over-ripening stage of fermented kimchi after greater than 2 years.
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IR 32T 5 Y Ao AEA A48T
9lor] P3| farte] B8l the 1] A%HE T 9)
of Fa3 AR JhH ik, BalME B
o

Lactobacillus, Streptococcus 9 Y3k ] 542 AlZLo
2 ikt x|o] F4 A5 A7) wol Mg gk
ANk FEZR AFHu= FEAQ AY A FE
geof ot AF7HA] Ba® F8 AATARES AR
™ Table 13} 9] Leu. mesenteroides, Leu. citreum, Leu.
gasicomitatum, Leu. gelidum, Lb. sakei, Lb. plantarum, Lb.
brevis, Lb. curvatus, Lb. bavaricus, Lb. fermentum, W. ko-
reensis, W. confusa, Pediococcus pentosaceus 5©] AT}

AALF Hse ikt FHEES A8, 95,
Ees 5ol 2 JTFS e AoZ gHA U] A7
vith 217] g2 A3t yoE AT o3 Yl Fo )
et B Ao AR $8S flaiA A5F
o5 sk S Aslstr 540 FE o FUARE
2000 o] Foll= BEAAESHE WHEe] A8EUA 7IE
Axte} AJolslAn 71Ee] HarE|z] ek ohokdt fakt
o] AAIH HAshk= Z o= et

Chin 5(2006)2 H&d wiFHx|olA 23 fFikts
°] API 50 CH kits ©]-&3+ A5}ets] 54472} rRNA
intergenic spacer region(ITS) ¥7|M Lol 71%3 TH A}
7} Aolgks ukslar AXE %7190 Leu. mesenteroides?}
g Fdadolgal Bel 7|1E d7ades g Lb.
brevis, W. cibaria, Leu. mesenteroides, Leu. citreum?} 5 2
o2 Fofsitial BHarsktt.

olfgh A WE A ikt AAH wistaglow
Shim¥} Lee(2008)= RE w4 E Aldlo] 7153 QlgulA|
o FAY, ZATA A= ikt A B dde T
Aol o3l WAshE 1WA T8 28R OF, 16S
rRNA 312} (16S 1DNA) @711 ES o8& Al-sEyst
2| (phylogenetic) &-FAAI 2] =40l W& Fikt EFA7
o] Wiz} miiol2}al SO0 Lee 5(2010) HiGF RIIE
2121 " (culture-independent method)S ZAX| v A&l &
&3 A} Weissella 4 w5°] AXERAA 7P T4
chtel] X3Ee 302 Hasiiich

B35 mdEo] A e B0NA, 24 =S
kA ¥l A A A4S TR TIHS
metagenome +-2J0]2} =t 7X]2] 74--o|%= denaturing
gradient gel electrophoresis (DGGE), terminal restriction frag-
ment length polymorphism (T-RFLP) %! pyrosequencing %}
HE 0|83 metagenome A5 3l ThFeE T/ At

=o] TAEUS
FHAE 10°C F 20°CA 247+ 2097 30€7t <4
mA BAE FEHEE DGGER #2413 A3} 10°C]
XM= W confusa®} Leu. citreum®] W& Ao A HE
Qa1 Lb. sakei}t Lb. curvatusse 4494 Vel daulby)
A HAEE A 20°C AF7HA Y B9 F8 d=S 10°C8}
FAFISES U W confusadl 31EE+= DGGE band®] &=
7} Leu. citreum ZF=XRTF A JEPITHLee er al., 2005).
168 IRNA FAAZE A ars dusie] A4S DNA &
HE<] HelS ¥lwdh= T-RFLP WS ARS3le] 15°Ce}
4°C AR e] F7] 2 372 ddEe AN A
HolE BUEES A3 15°C MRF7|9] &5 Lb. sakei
&} Lb. curvatus7}, 4°C a=719] AL W koreensis7} 3
I $-9E Ashe Ao® YElal, ol a2 R ¥
Alle] AAEE ] 24 Bste $HTOE et g
A, g3 oloMe 5o BARIe| Lb. sakei®}t Lb. curva-
tus7tV 9L IR AL Lb. sakei$} Lb. curvatus7} XFA|Sf
= vl ¥ske AolA o FAsHA UERETE dEe
o wa} Axe] 2pol= JANE, W koreensise= HEZ7]
oA =71 AXA, Lb. sakei®t Lb. curvatuss Ta3 7]
95 A= AoZ R cH(Shim and Lee, 2008).
ujjoF B]o)jE2] 9] FAWHH (culture-independent identifica-
tion method)®] 42 x| A 3¢k mJAEES Ffst
o] DNAE F=3 ¢ o|& F¥(template)>Z PCRS
e AN o] W] FAHL AFE EAcE A
TE9 HEo| e ©@4o] At Bae 5(2005)2 ge-
nome-probing microarray(GPM)E ©]-83} 4°C W 71X
o] frkt WslE X ZHE DNAE F53 & PCR <&
Z314 glo] DNA-DNA hybridization AlA WAEAFS
S Ay AAERANEE F 90T ES HAESSIATH
GPMol| AH8-d FU3 DNAZ PCRE %3 ¥, DGGE
2 1A% A3 957 AEE ] 16S rRNA S5 o] &
o] #ES HEShe dle TAVF e AHoE IR
ok 3, T 52009y HAALE F TES mRNA %
£ 3}0l&}a12} metatranscriptome H2S- sl tjalEEo]
st w5t dr sl e e FREeEAN 7
AR A o]F ik s golr Al &3t
Jung 5(2011)2 metagenome £20f of-&-3F /A A &2
HHQL pyrosequencing 7WH-S ARE-Ste] XA Yol &
oJsl= vAE RS 438 A3} Leuconostoc, Lac-
tobacillus, Weissella & F2HFE°] AXdad] Fa3 o
s it ARES BRI AXEE el wE rdE
A U F-3219] 7sHsls £4s1a ) 2 54
B AT S BAE TRt} SHATE HEgH bac-
teriophage®} THE AL dE Sl F43] F7
she AMEE Held o2 X o fikd dEe] & JEF
S 7)IXYe AE I o2 A wHE wAYUSS
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A3}3] o|af|5}7] Y aA= bacteriophage} 7AX|-2kt3}o]
Al #3F A7 Ax A FdEojoF & Aolrt
Park 5(2012)2 PCR primerol| 4-87§2] nucleotide bar-
codeE B GURAORE oA FF HZS A9
28k 4= 1= barcoded pyrosequencing XS ©]-8-5}¢]
03, MU, FAUA 5 1085 2o e 1)
[e)

_{

<L
BRE BEWEE NG 23 sarerS HE 039}
HIREAA Alolol] MRZOlE PAEA Rel7t Ao
G BEIIR D55 o4 Ao} giglor] ARFR
w2} v AES] diversity9} richnessoll ZFo]7}F A= ©]
£ 78 Aush Azl ol 2@ Rolekn sk
AR el B Qs VAR teie) BAe
F% o ool Pselzn urt Be AnE v
gog @ mAE A AT AAlsl ke vaE
24 24150 5H SES BET 9 Uk

AAe S TS 716 Goke ARE oA &
53 frahto] AlSate] Bigle A7) " o9 2
o] Aid BE I TUE AeA FAF EEA A
FE& A AAACEE =8| 7] BaEA] E3td A
2L fAHEC] AXERE EelEa gk 20009 Lb.
kimchiis AMVZLO = Leu. kimchii (2000), W, koreensis (2002),
Leu. inhae (2003), Tetragenococcus koreensis (2005), Oce-
anobacillus kimchii (2010), Lb. koreensis (2011), Lb. kim-
chicus (2011), Leu. miyukkimchii (20117} M2 T2
spllel Basglon 9% o Be A7E Fal AA=Y
B Aze #5e] 54 78] ErkTable 2).

A fAA) ANEE BT o)F BrlE 43
Aol P2 B4 FHste] oo Tgslo} U 7t f
Ao Aise Arale SRS nAE sl B,

AR BE Leu. citreum KM20 (2008), Leu. kimchii
IMSNU 11154 (2010), Leu. argentitum KCTC 3773 (2010),
Lb. plantarum ST-111 (2011), Leu. fallax KCTC 3537 (2011),
W. cibaria KACC 11862 (2011), Leu. gelidum KCTC 3527
(2011), Lb. coryniformis subsp. coryniformis KCTC 3167
(2011), Lb. animalis KCTC 3501 (2011), Leu. inhae KCTC
3774 (2011), Lb. farciminis KCTC 3681 (2011), W. koreen-

Table 2. The list of novel species isolated from kimchi

sis KACC 15510 (2011), Leu. kimchii strain C2 (2011),
Leu. mesenteroides subsp. mesenteroides strain J18 (2012)2]
full genome sequencing®| W E| I THTable 3). Lb. plan-
farum STNIS) 295 F2o)N A7H AA2A AH £
Aol 944 B AA S8 TE JHEE ge @
e T ES HolFe dgia & 5 A
At full genome sequencingS ETZ X
AL 7S o A Al AFeia XA
of EFo e 998 FAT, HeH FAE
Tofell M= ZAlEe] AAES Srsor &
ok A aste] sfejrlo] AfARte] JE AT A
genome HAE o2 3kar QJal v]AE genome 3=
5 71T S8 vk E=E A 24t 4
BAg 71ed =7 BoHla) e iR Ansst
7 ZAZR]D FAZ ol wet v} afre] AXWAY
2 4R - T - oA BAEE AEEne
k92 ZHsks o] AFS Bl shlh

o

>£r&érz
S U = (I

AR 7422 probiotics

FAHTS 194]7] Z5F Pasteurel] ©JalA 21 &7} Bt
71 ]2 Metchinikoffe] A= FHilo] FF= o] gho
(Metchnikoff, 1907), 78 Aol Al AAjw| &2 A
3E Al 2 2+ Bifidobacterium 43} Lactobacillus 49|
ATHFang et al., 2000). F2Ht2 28 H¥EH 14X, 113
T AT ER2AFT yoghurt, cheese & WAFAIF ©]&
o] gtom, AFAdel o] Fad TS Fda &
o} HIole RS ATAIZ 43Sk probioticsEA]
9] 7fde] tFHar A=H(Arthur er al., 1999; Salminen
et al., 1999; Sherwood ez al., 2000), ©]ol we} -Fakto]
Zhe= ARG ofo AtEy, Srag, dEHEsEE, &
Hold2hg WY a5 A B A &
vkslA X3 =31 IthBhakdi ef al., 1997; Fang et al.,
2000; Fernandes et al., 1990; Jung et al., 1999; Meydani et
al., 2000; Salminen ez al., 1999). 3}¢t @ HAGA o] =3
of thgt A= kA AFH e AEAAE B ol5Y
AR 2%k A 2 (Kitazawa ef al., 1998; Meydani

Species Source Year Journal Author
Lactobacillus kimchii Kimchi 2000 Int. J. Syst. Evol. Microbiol., 50, 1789-1795 Yoon et al.
Leuconostoc kimchii Kimchi 2000 Int. J. Syst. Evol. Microbiol., 50, 1915-1919 Kim et al.

Weissella kimchii = Weissella cibaria Kimchi 2002 Int. J. Syst. Evol. Microbiol., 52, 507-511 Choi et al.
Weissella koreensis Kimchi 2002 Int. J. Syst. Evol. Microbiol., 52, 1257-1261 Lee et al.
Leuconostoc inhae Kimchi 2003 Int. J. Syst. Evol. Microbiol., 53, 1123-1126 Kim et al.

Tetragenococcus koreensis Kimchi 2005 Int. J. Syst. Evol. Microbiol., 55, 1409-1413 Lee et al.
Oceanobacillus kimchii Mustard kimchi 2010 J. Microbiol., 48, 862-866 Whon et al.
Lactobacillus koreensis Kimchi 2011 Int. J. Syst. Evol. Microbiol., 61, 772-776 Bui et al.
Lactobacillus kimchicus Kimchi 2011 Int. J. Syst. Evol. Microbiol., 61, 894-897 Liang et al.

Leuconostoc miyukkimchii Brown algae kimchi ~ 2011c Int. J. Syst. Evol. Microbiol., in press Lee et al.
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Table 3. Genome sequence features of lactic acid bacteria isolated from kimchi

Strain names GenBank Chromosome GC content References
accession no. size (Mb) (%)

Leu. citreum KM20 DQ489736 1.80 39.0 Kim et al. (2008)

Leu. kimchii IMSNU11154 CP001758 2.10 37.9 Oh et al. (2010)
Leu. argentinum KCTC 3773 AEGQ00000000 1.72 429 Nam et al. (2010)
Lb. plantarum ST-111 CP002222 3.25 445 Wang et al. (2011)
Leu. fallax KCTC 3537 AEIZ00000000 1.64 37.5 Nam et al. (2011a)
W. cibaria KACC 11862 AEKT01000000 Kim et al. (2011c)
Leu. gelidum KCTC 3527 AEMI00000000 Kim et al. (2011a)
Lb. coryniformis subsp. coryniformis KCTC 3167 AELKO00000000 2.96 42.8 Nam et al. (2011b)
Lb. animalis KCTC 3501 AEOF00000000 1.88 41.1 Nam et al. (2011c)
Leu. inhae KCTC 3774 AEMJ00000000 Kim et al. (2011b)
Lb. farciminis KCTC 3681 AEOT00000000 2.50 36.4 Nam et al. (2011d)
W. koreensis KACC 15510 CP002899 1.42 35.5 Lee et al. (2011a)
Leu. kimchii strain C2 CP002898 1.88 37.9 Lee et al. (2011b)
Leu. mesenteroides subsp. mesenteroides strain J18 CP003101 1.90 37.8 Jung et al. (2012)

et al., 2000), Z o] M FEBXE (capsular polysaccharides,
peptidoglycans, lipoteichoic acids)ell 23+ T2 A3 2] Afo]
E71Q] = (Bhakdi et al., 1997; Keller et al., 1992) & Lb.
delbrueckii subsp. bulgaricusol 2]3F LGy} T A E
A3} 2 cytokine?] =7} B E 1 QlTtH(Kitazawa et
al., 1998; Kitazawa et al., 2000; Uemura et al., 2003). &&=
S+ Lb. plantarumol] 2]3F M| E 2] cytokine = (Haza et
al., 2003) B o] qrA|e] AE¥ il g BA &3}
= RuE3 ITHKim et al., 2002).

Perdigon 5(1986)> friktS F oAl A+ v 57
Fo319-S W macrophage®} lymphocyte”} E/d38}= o] &
S Uit glon, = tE ATolx<e Lb.
acidophilus®] BIFA|A A3 AJE-0] macrophagedl] 2]k
interlenkin(IL)-1a:2} tumor negrosis factor(TNF)-0.2] 343
S X1 tar WiEs) vl lth(Rangavajhyala ef al., 1997).

Probiotics=A] A frikte] 28 vIAUES A 95
S-S 2dsh= AtolEFIRIS Aikxd, #81E A<
IgAS] A7 733}, rEd A, Mg Al g
of thgh FReX Y B4 Fo& qokdT)

3t group®] peritoneal exudated cell} serum®A] inter-
feron(IFN)-y2] En]ako] Z7}ala B73 U] )24 Eo) A
TNF-o} NO /o] S719ke HAslSitt. o= cytoplas-
mic fraction®] EA|5H= E2o] AHZFo T oA X 2}
&sto] dAES] S AASAY T lymphoblast®] 5
21 F381= Zlelet siodch. M 22t natural killer(NK)

cell> AHAGA Y] FF2Q J&S FFT Bt ofe}
HY Aol = Fa3 93k 3 ESHAGANAN T8
St TS GG T cell? B cells 8435k 58H=
7YX 3 AT} In vitroo| A Aol tHAAIEZLF NK cell
o] A3l Tl HASE T cells EAAAH

Kim 5(1997a)9] Atell oJshd, </3A1714] &2 A4
|9} 4°CollA 379} 6577 SAAIZ] WEHERAAE 20]
9] 5%2} 10% 22 FH7IAZ] Ad2lo]Z SD male rat
oAl 4577F F33}al mitogen®E lipopolysaccharide(LPS)
£ 7K & B1% lymphocyte®] EE52 =5 AR
Az, AAFA7 T dEgle] 4 357, 54 6 A
X H7REEC] AR HVRERT foFoE =2 A
AP EE BHYou AHA Hrte gty
Y e s B SA47A] Hrhre] dixT A
A7rRT BAZe] #E54 58S T7MII= A
=2 YETh

Kim 5(1997b)¢] A7l oJshd, AXE HHAS v W
Y, A8, S| B2 2NE, snfEa g EX], AP
& %42l mean corpuscular volume(MCV) A|5=7} t)Z
ol B3l frejHoE Eton, Ay #E A4l i
TEARE(PCT)S Y32 I3 Tl 71X 44
7} 28756 #FAES BAFA

AAF2E=Y HY A Mz 2o, vgAE,
=ZAIE R FAMEAA vz AS UERITH
HjF71zto] ZAastel wel izl Me AESTL 555
Ak Ridol| AX| e} <4 XA AETF
2B JekS mFTh o]y WY T X2F A
of wj Aol LA MEFE 2] R ST
2 Kol AN xe] 4 E3loll F3s v

o PN
S & 5 Itk

(

N

AN

>

NI
oo o it ofN ok

v Py
¥ A
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o] A3 AR FU7EA &St Fd A
Zh= ikt 9 olEo] Alkele AlEAEH AN 5
o] gut associated lymphoid tissue(GALT)S Rl=A7]aL, %+
W A A E(gut epithelial)2} 272] Peyer's patch 2] W
AAze] B 9 328 71719, antibody(IgA®]
H))e} Alo]lE7RIS] AIRS frEste] AZpH oz Q1A <]
HAIHAA ] FdsHAl Hoh.

HES-2 =2 AU M| (enterocyte)ol] EANSH= epithe-
lial M cells &3l NAE o] T cell#t B cello] F5-
Sl Peyer's patcholl 4] E-0]& ¢l A S AAFst= plasma
cell?} cytokineS F-=38PAA] o] FoXt}

HAO EAsk= ikt 1A /4780l wet o
¥l EASHA Fct. Chae 5(1998) thgh 7x]o &
Ak it EE5E Hlwd WIgy gt 2 o
&, Lb. plantarum 135S A3 v} =0, o8 A Ad
¥ Lb. plantarum®] AEZHNNE 257t F A AT
st A3, sfdS FoshA] 2 1Fl HIgl BIZH(SPC)
2 AZHPPC)S] HAME Z2&w9] =7 B2 macro-
phage®] nitric oxide(NO) AdZF S7}, Zl EH] IgA A
Aol F7F Y Wl TNF-a B IL-2 TE9] F7} 18
a1 SolgA A MESS F7F T 22 vkt g
AaAE BT 53] ikt sk 22 Ao
AEAS 557 ofd AFFovto 2T o] £H]
A Aol Frbetal & ool A7 fAkte] ofd
o2 AU vAES W FUAE Afshe 5ol St
s BAFATE & dY W cytokine®] F7Hel 5ol &
AW NEF 571 So2RY HAAhts BATFAS
FoAAM FH AL B2 AAAGA 7R A5 71
TS & 7 AAh

Kim 52004y AX| 25 2|3t Lb. brevis FSB-12]
7} FAVSRETA, AEE, AEd g FAe] iyl 2t
< AAHGEA, dHAHE &3}, splenocyte mitogen
el digk HukQl WSSl s-S S79S AT, Peyer's
patch A|ZE W72 St ZFAEe] S22 Axy ¢

.
AEA FRolN) JHoR we B FroEsoR

oX, :‘0
tlo r

.

Mo

mitogen &4 F7p7} #EH A

Seo 5(2007)2 probioticsZ2A 2] AFE-S 93t ST
RS 98l AR 9 LER AFeEREH EEg ik
I FA] RS e E Wik, EE, A A
HAN F AT 52 probiotics ST FTHGEA,
mitogenic activity 2 thAA|EZ A3} G2 ALgSEAdS 7
Esl9Y. Ak A9 A3, Lb. acidophilus DDS-1, Lb.
acidophilus B-3208, Lb. plantarum™} Leu. mesenteroides
subsp. mesenteroides ATCC 82932] 739 AEE-9] 50%

oo g Yeltor, 53| Lb. acidophilus DDS-1, Lb.
acidophilus B-3208%} Bifidobacterium bifidum KCTC 3357
o] 7)) 2ol Aol ALeH The Ak vl
SFeltar #FAEI oW, 53] Lb. acidophilus DDS-1,
Lb. acidophilus B-3208 % B. bifidum KCTC 33572
Staphylococcus aureuss A8+ Escherichia coli O157:H7
ATCC 43895, Listeria monocytogenes ATCC 59414, 131
Salmonella Enteritidis ATCC 4931391 thall &2 Z2] oA
S5 USRI o5 ikt Alxd gt AEy g
TS e R Ages HAFS AAG A3, Lb. acido-
philus % {35 AZH g7 A Hdgdo] e
TR A Vet S AlEEa Al gl o
g v JEo] S5 R T HISg R u
Al BAEE O, o]59 HAME FA e AlEE 2 A
A JF BT gE2TEY 5o 58] Alxd FE
FEHETR] LPSHTE =AY fARE AEo] =2

B2 YeEp.

ox M
o

OEL|d mEHo| o|Xl= Fe

o}Es] Tprle ofEs) YaZr)E 74 ARolA ve}
U A mRAgen HE wiEe] Fvlem )
o £8, Bgoleln Bele vyvARe A B A
z2% 3 7te5ol F F2°Itk(Yoon ef al., 1999). °FE

Qo) e oba) Paks) WA gskort 44

A9l a0} Wel)vel B 9 BAHA 29lo] Tl
Al Haw okE
3 93 Dol @ 1gBe] 0] A Vehgte
IL-45 AYABR= CD4' T cello] Bojsl= Aoz Hag n}
I TH(Hanifin et al., 2000; Kalliomaki et al., 2001; Leung
et al., 1992). o}ET] F|FAo] X5 52 11 TS U3
Al Exo 2 A|zH ZFZupo) Qe (Lactobacillus GG,
HlI g 5)9 FoE Aoz N Th2 A&7}
S AABIaL ASHE Thl A|ETRIS FFIAIA ol&
3] gkte] X 5o vi-e- FAZolgl=s Bavt JIth(Majamaa
et al., 1996; Ohmne et al., 1995; Pessi et al., 2000). =
ojdo] olEI| &AL ol A HAFAHES Fogh Ay izt
o Mls) Z4do] EAHYHE ARE BIHYI(Woo er
al., 2010) Lee 5(2008)2 o}&E3] FE FdlQl NC/Nga mice
ol AXFARF(Lb. plantarum K8)2] T &} F2at 2
y-2l=3x B3| (Lb. rhamnosus GG AT, B. lactis Bbl12-
Lb A, Lb. plantarum K8 A7, Lb. plantarum K8 342
5, y-dEAhE B T & IHYAGA K (IgE, 1L-4,
IL-5, IFN-y)9} Hgu]jFbel X IgE 55 5785 27, &
A 1gE, IL-4, IL-55 #aA7)= 3o = Yeh, HA2F
B 223 Z2ulo| QEAE ol&y] Fxlof| A AHFHAAAES
o IgE, IL-4, IL-5 79} 22 A0 3 IS B
3t

n
2
o,
rr
S,
i
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AR|FAHS| Sts

Bogdanov 5(1975)°l oJ&l frikto] hM|Ee] F241S
Aghths ARdo] A5 WA, o o X5 &
o] JFHEA fikre] eratel B A7} o]
]2 $ktH(Friend et al., 1982; Goldin ef al., 1980; Kato ef
al., 1981; Rao et al., 1999). Fernandes®} Shahani(1990)=
frikte] geaye] gk 717k e 2 1) AFHg Akl
3 A dAEES BEASRIAY SARTERS WY
A2 A7 Ie AU FTEESY 248488 AeE
o= kel A4 A, 2) s WIAIE A ®
SN ZI S 2 A interferon =, T 2L A EAH
233} 5o 717kl ot 3R, 3) wAl o] A
PEAS FEole] F=2 wjdEoEZN JPaAE Y
3 dokar 7Pgstar glow, AEEClA 2R tumor
celloll &l Lactobacillus, Streptococcus, Leuconostoc, Bifido-
bacterium 5 A|FHE LA I aHE Hltle A4
7} Baso] gt

Frakre] FRRE-S A mAES] TR ofgh et
E49] AgAAe} MEA HRRE-e] TV}, Wr1ee] &
dstol] ok GAME F2 A o5t HoE FEHE T
oA U=Har Yo} Kato 5(1981)e] AolA Lb. casei

o 12

u 1l

e 12 rlr

o

phocyte52] &35} 53l Sarcoma-180°0.2 FE¥ 55
olol] th3tk oA &yl Balb/c miceol 4] methylcholanthrene
& F&E MCA-Kek= 3¢t tiste] A a#7t 9l
ATk B skt

Bacteria’} AFgolu 529 Aol HSistAl = A
macrophage®l| 2|3} non-specific immune function®] 433}
Ht}. Macrophage™ responsive macrophage, primed macro-
phage, activated macrophage® #5738 4= =0, responsive
macrophagei= cytolytic protein, TNF-a, ROl 5-& 1|3}
A o™, tumor cellol] binding HA| = E3Hc}. o 7] in-
terferon-02} 72 macrophage-activating factor(MAF)Z ]
23} primed macrophage?] “JE|Z =314, o] Aol
A= cytolytic protein®} TNF-.= EHISIX|= X9} reac-
tive oxygene intermediates(ROIS YFEOJW™ tumor cell
ol %= binding®t 4= UAA B}t 22} &37]9) bacterial LPS
5S A3 “fully activated’stal AZHOJR|= cytolytic
macrophage® +=5%=H], o] AE]olA= cytolytic protein,
TNF-a, ROl 55 EH|3}aL tumor cello|= bindingSt <=
A Fo] tumor celks U 4= A Hrk. ©]213F macro-
phage®] tumor cell killing ¥} macrophage-mediated tu-
mor cytotoxicityMTC)2}aL ©al=d], o]|23F &3+ acti-
vated macrophage”} tumor cell®]] bindingd}®q cytolytic pro-
teinaseS ¥} cytolytic factore} TNF-o 52 HH|glo 2
A tumor cell killingS 4=343}A] HT}.

Lee 52001y ZX|fF4hHto] RAW 264.7 cells E4d3}
AlA NO, hydrogen peroxide, TNF2] AA=-S- F71A]7]
= AL IR, BF e B HAFARS T
Az} 27 W] macrophage®] <=7} $7F5a NO ¥ hydrogen
peroxide®] A/ d=o] F7lshe A OE Hol o]& fikto]
E7 W macrophages &A1t A& RIS
TS, 54k MEQ] sarcoma 1802 HES AFQ B4
of HAAFAHTS Tt A7 7R ks AEgh A3
o] "R Hlg) =2 AEES Kol AL IR
11, anti-macrophage agentQ] carrageenans #1232 w 1
g} Sole= Ao R Hol o3l &9FRRE-2 macrophage
activations 53l Lol AS SIS

Kim 5(2007)8] &)X heat-killeddt F-2HFS 274 2]
o2 AAMFE 223t in vitro AE A, ]S =& F
TE A9t 9] FrolA AF 2] splenocyte?] &
2s FXleke a9E Uepllon, sxo vl st 45
o] AMETE SASATIE AS NO A HS T3l 1t
HHog & & AUtk 2EaL ikt FRel o2 A}
7F AL} cytokine mRNAS] @ 7Fo] HubH o=z F7}
she A & 4 At AR ARSE BE T 55 A
SIS Wl IFN-ye] LdeFo] S7Ft9.om Lb. paraplan-
tarum GL, Leu. kimchiis *|2]8l3S W= TNF-02] 23
Zo| Z7V3M9AL Leu. gasicomitatum MBS 2|3} uj
© IL-129] E@=ko] F7stn). o] cytokineS B
Thl responseE =3l cytokine®| 22 0|5 f4H1S #]
2319598 Wl Thl response’} $-AISHA FF=dcial & 4
ik &3 o]5& A A Q] antitumor effectE: = T
= A3 cytokine®| E in vivooll A FLaFE el
d 5 S Aolgkal AZslAt.

HAA AdkS ST S 5 S
probiotics®] 7@ 2 wlg] Foste] HAA A7} LAds}
Hobd dAEe] Az 9 S Ao 382 a9E U
B Aoz Helth

o (]
S =

A= o 7Y Akl #sla il ol
< U5 & T4 probiotics 5735 7FAIAL Itk
3 gEA o V1€ A T2 wiFAA ] 5k o
Aol BHot okt 7Y AA Ol gk mEsH 240]
L a8 AREES] WAYUESS Bt Ags] ol
3}7] 98l A= bacteriophage®} AX|FAHt2ke] A7} 79
Eojok & Aolot. o|¢} BlEo] AXfihte] §4 2 ol
o] 7HAa = 3R] VoS Eok A% A AT-siA
AR FFHOF2A S8 AL, SEAQl Ak AT
ool oM e FAlEe] BAE S FHsfof & 3ot
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