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Abstract

In this study, we investigated cancer cell growth inhibitory effects of kimchi extracts obtained from cabbage kimchi.
Kimchi extracts (S46h, S47h, S48h) were obtained from the samples fermented at 15°C for 46 h, 47 h, and 48 h during
the first 10 days, which were subsequently stored at — 1.4°C in kimchi refrigerator (hereinafter DV kimchi extracts). The
samples showed a higher anti-proliferative effect against AGS (human, gastric adenocarcinoma) cell lines compared to
control kimchi extract (SOh) obtained from sample stored at - 1.4°C without fermentation. The DV kimchi contained higher
levels of 7 -aminobutyric acid (GABA) and ornithine compared to the control kimchi extract. Among the DV kimchi extracts,
the S46h sample showed a higher anti-proliferative effect against the cancer cell growth and contained higher amount of
GABA than the other kimchi samples. These results suggest that the consumption of DV kimchi can be more beneficial,
as it is rich in GABA and ornithine. Therefore, it could be helpful in retarding the proliferation of cancer cells compared
to the control kimchi.
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Ao 2 A YT Park 5 2012). @ 2YE L2 vThlE] 2] 2
oFg ofuliAto s gule 7k BB, TNF-a A Z23 NK
A3EQ] A3t £ 7|50 LA UtHBucc 5 1990; 1992;
Elam 5 1989; Robinson 5 1999; Moinard 5 2000; Moon &
2012). ESF HaAE0AE Fdo e2YE A 54l
arginine deiminase(ADI) ¥ arginase+= &<t a37) Q= Tl
A7 d#A QthKim 5 2009; Hsueh 5 2012).

T o2 AA fH9 7154 EZL 7 -aminobutyric acid
(GABA)o|t}. 7R 8209 Lactobacillus sake, Lactobacillus
brevis, Lactobacillus buchneri 2] #3F7} GABA A5 H
93}T 9l Ao @ B TE|e] 9T(Cho S 2007; Seok S 2008),
ol& #FE A7Iste] AAE AxsHH AA| 5 GABAY| 3
Fo] fFYHor FHEE= ALRE HilEo] Qlrtk(Seok F
2008; Kim 2010). GABA ZA| v|ghl e oJoFg ofn|l-Ato 2
ot A oA, 3 29 3 A, <k | = QX9
22 Al ”ﬂﬂ‘%* ZHof| Bojsto] 7]154d A9oF &
A2 #JAo] =2 EZo|tYu & Oh 2011). £3] GABA=
e A, 19k A, ZHeE A, Fet AlZ o FAS A
5l= a7} Qe Aog HiuEo] thiJoseph S 2002;
Tatsuta 5 1992; Sun 5 2003; Fava 5 2005).
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3. pH et 53

Z+ 837 A] A &9 pH 3= 50 mL tubeo]] A|& 25 mL
ol pH meter(FE20-FiveEasy™, Mettler Toledo)E ©]-83}1¢]
S5t

4. AT 2 H3 EH

7 W27 ARE BE 4 514 $AL Eslo] BOASigma,
USA, bromocresol purple)7} Z7}el MRS agar 314 v X] ]|
100 JLE EBate] 25C Wje7] ol 48A17F vjakalel Al E
3N Z22UE A$ste] A& mLY colony forming unit
(CFUO)E Yehf it

5. wibkd & Bt £
HEA R frikt £9] Mdte AR = WS S3 A9
AREH plateo A ZF A& Fuitt 22 142 10744 XHHOM
MRS A vjz]of HFZ 2 25C ujF7]olA Fefd= st
Aok A= 1 mLE AFste] YRS B3l AZE —’F’S?& ,
genomic DNA & 7| E(Bioneer Korea, Bacteria Genomic DNA
ki) g o]-8sto] gDNAS F=31%lth 5% ¢DNA =5
2435t F, PrimerQ7F:AGAGTTTGATCMTGGCTCAG, 1392R:
ACGGGCGGTGTGTRC), Dr. Tag DNA Polymerase(Doctor Potein,
Korea)E ]85} dojZ PCR AHES (F)utaZZA(Korea)
o] sequenceS 2|Fste] EETH 16S tDNA A1E B2 £
ASFEtHKim & Chun 2005; Kim 5 2012; Park 5 2013).
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6. 7IHt W 22UIE B A

Az 2o 7t 9 @ =UE Feke Park S(2013)9] ¥
o]] wha} HPLC(Waters, USA, ACCQ - Tag™ Amino Acid Analysis
System)S o]-§to] ZHssich. EHL 915 A8 Column
2 “For Hydrolysate Amino Acid Analysis”(Waters, USA)©] %]
om, 7hat 2 e =YY" S #E 7R 22U Y 24
Ao} v wste] AFES}E THPark & Oh 2006; Yu & Oh 2010,
Park 5 2013).

7. MTT assay

AAZE T4 AdAEE 2AE Al DA FEES o
3 AFAIR 10 mLE 3,000 pmel A 1087 DAEe]sto A
Sog A A FEAL FAARE S, 2
o] W42 0] 02 um PVDF 2& 53] o3} & A82
Mgt Mok A Eo] et PR F2E] GAHE 24
oA A= MTT 59] 2 (Mosmann 1983)3} ELISA reader
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Y 71718 o83t B4ttt AA HAANEAGS)= T
A 22523 (Seoul, Korea) 2 2 HE TPt o, Ah Hj
F5t AGS A|ZE 96 well plateo]] 5x10° cells/wello] EE=E
AZ5E 243 oS, o8] 7HA] =9 ARE H7tste] 24
AIZE 53E 37T 5% CO, vt~ WellA v gstlet. vidE
F 4A7F Aol 5 mg/mL F =2 PBS(pH 7.4)9] 3]4¥ MTT
9ol 20 uLE 7+ wello]] A3}, 0.1 N HClo|| %<1 10% SDS
100 pLE &3 A1A 18A17F Fet 28k &2 WS ittt o
AE ZF well9] S = 2 ELISA readerS o]-238)4] 570 nmo|
A &AL, 2o FFEet Huste] AEYEES )
2g2 st

A

8. RNA 22| ¥ ®&X FF(RT-PCR)

AGS A|3E(Bx10  cells/well)o]] 108 3]AE A|&E 100 pg/
mL E =5 M7}t £, 2447t Fet viekskal RNAE 225}
At} Total RNA 2]+ TRIzol reagen(Life Technologies, USA)
£ ol&stglon, Alx3|Ate] o] E51%{th. cDNAE Prime
Script IT 1st strand ¢cDNA Synthesis kit2} oligo dT primer&
o] g3to] E4351%T, EmeraldAmp GT PCR Master Mix(Takara
Bio, Japan)Z ©]|-&3}o] PCR 7]7|(Takara Bio, Japan)oj|A] 30
cycles F¢ &% 29| Aol &2 94Tl A 1023t
HAAIZL F, 58TCo| A 3027F AAZ]L, 72Tl A 3027F
AIZFA]F T} PCR product= 1% agarose gelof| 4] A 7| 9535},
LoadingSTAR(DYNE Bio Co., Korea)2 g 43}o] UV transil-
luminator(OPTIMA, Japan)2 323} th PCRoY| AME-E primer
= o231} Zt} : p53 sense(5-CGC TGC TCA GAT AGC GAT
GG-3"), p53 antisense(5'-TGG GGA GAG GAG CTG GTG
TT-3Birch 5 1996).

7} @

AF5E A 2(S46h, S47h, S48h)2] 60
2t A%l ©E pH, fANF 5, fANE &, 7HE 2 22y
k2 5 W3l st 2ARIAH XS S

Qa vpE X YAFaref| gt Al R(SOhE R L2
Aokt SRS 46, 47, ABAZEC 2 AT o= A
Aol A3t GABA ¥ 2 E2UR Y F, fA & BE 5
of "x= &4 AIHE 23 A S E(0h 5 2008; Park 5
2013), & Ao A= olE AAET} TRt SAE T4
AA aTe A K4 20S FuA sk

pH Bi3t= 27] 1047141 9] ®ig} vlud & Ze8 =
AFE]QTHFig. 1). S48hT-= S46h, S47htol| H]ate] pH ZHAa
7t & o & ALE e on, B A)gto] 2ol wet pH
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Fig. 1. Changes in the pH of kimchi samples. After making
kimchi (0 day samples), the S46h, S47h, S48h samples
were fermented at 15C for 46 h, 47 h, 48 h of the first
10 days and subsequently stored at — 1.4C up to 60 days.
The SOh sample was stored at — 1.4°C without fermentation.

7b 43~4.47k7) otz AL & $ 99tk ¥, SOh=
ohE ol Blste] pH 74 &£=7} o9 ANghs o &=
THFig. 1). o9} 22 A= AAYFL B3 A 54
< 9Esty 27] pH ¥i3l £ 5 22| 5= IS5 HoE
Aolu, &4 Azt M2 pH ¥zt e 7% 4 9 X
WL A% Y F dojuh= pH A3t Hidat fARE R o]
t} (Oh S 2008; Jung S 2011).

HjE=Z 2] 0] fAE 4= A AR Z 21 0 day AR O|A
2.8x10*3.6x10* cfymL Helo glglor, &4 U AZ A7+
of WE fARF 4 Bish= 20971A)7F 7 wokar, 204 A9
L 2.78x10"~4.4x10" cfumLE F23] Z7}5t4.0H, 20 o]
FRE = Avkst 7 Aol AAYHL BE nER
A7) A 15CAA Y] SPAE & FoA A = 5
7he FEEHA YeP AT ST 7 ol AY e
f2s Ao ol ket 371 F3S EchFig 2).
ol&gt FAkt 420 W3} 32 T2 HIil(Rhee 5 2011)0]A]
oF AR A0 R gttt YN 02 WhE Z7|oll= Leuconostoc
citreum, Leuconostoc mesenteroides 50| 5 ©|&1l, pH7} &
O}X|H A (pH 4.0~4.3) Weissella koreensis 50| 5 o|F+= A
°2 & A YrKKim & Chun 2005; Cho S 2006). o] 3t
Akt F9] W3t A2 AR AR A HA| T ot
2hA, A4 ATt 220 wheba, 2E|a A% 24 Sl w
ZhA A b £ S € 4 9th(Yu & Oh 2010; Kim
= 2012; Park S 2013).
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Fig. 2. Changes in the number of lactic acid bacteria of

kimchi samples. After making kimchi (0 day samples), the

S46h, S47h, S48h samples were fermented at 15°C for 46

h, 47 h, 48 h of the first 10 days and subsequently stored

at —1.4C up to 60 days. The SOh sample was stored at
- 1.4 without fermentation.

AN B9 AL Leuconostoc & A3} Weissella 45 0] AH| SAF
T 9] 70% oS AR|EtT YT, 8] A7he A ¥
2 SOh AR Leuconostoc 4 3} Weissella 4 3] 40% ©|
312 x}R| 8} THFig. 3). S46h, S47h, S48h A& FofA] S46h

= Leuconostoc & 0] AR L, S48h X FE= Weissella &
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Fig. 3. Changes in the genus of lactic acid bacteria of
kimchi samples. After making kimchi (0 day samples), the
S46h, S47h, S48h samples were fermented at 15°C for 46
h, 47 h, 48 h of the first 10 days and subsequently stored
at —1.4C up to 60 days. The SOh sample was stored at
- 1.4°C without fermentation. The kimchi samples were
harvested at 30th day of storage.

WA wE L ARG wE P S A o4 At 695

o] LA & 4= UAATHFig. 3). ¥R FadAE &
At & BEx = debd o2 Wrg 2 7]9= Leuconostoc 439],
710l Weissella £0] $3shH= Aoz dHA o
S 2000), 4719 A= HAAZE 27 WE 2o 7t
W Aatet datEw, Ay A oA = TAAZE 27
o} FARE AdS HAtHPark 5 2013). E O g A2
of Q31 AH<:7) o Leuconostoc 4, Lactobacillus <5, Weissella
%ol A9 Y5t ExTE & 4 v (ung F 2011), ©]
gt Zpole A 7 d AR TR 54 # A=z
Zpolof 7]¢1%t Ao= ATHETH

SAAAZE 270 TE s F=AX 9] T ALAIE F4] ¢
AfsS 247 23 Fig 49 2ok AIRE ARSRE Hij 5
AR FE2E2 7|2HE AYAZ 4FE JAs: &5
< ERoh 3SS & & AT GAE AT 9A e
A% 30dA oA AlmolA 7P A FERENCH, A7
7rol B AojAH a5o| Fadte S Btk E3F oY
AIZE o] HEZ AR di2a AR dAEZ A a5
Aoz G2 Holgloh o7 AXtE & A& FollAl= 46
AIZE A& Q1 Sd6hofl A A% 30UA 7HE =2 YA 4%
oA ATE H PO, S46h, S47h, S48h AR 7HO] §-2]Z 91
Aol g o2 RAYT. Eak 2 3004 AR
¢F @A (p53) mRNA L&) tjgt a5 ARSI Fig
5ol A€} o] S46h, S47h A| 2ol 4] 9] pS3 THHZE o] mRNA 2
dol AdiA ez =4 UehgaL, S48het Soh AlzofA = 4
F oz it olgdt AAER HFo E uf HA FUR
T psS3 T AR ofYe}, A 7F BESkAL Sl ohgRt o
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Fig. 4. Inhibition of AGS cell growth by kimchi samples.
After making kimchi (0 day samples), the S46h, S47h, S48h
samples were fermented at 15C for 46 h, 47 h, 48 h of
the first 10 days and subsequently stored at —1.4C up to
60 days. The SOh sample was stored at - 1.4C without
fermentation. Con, AGS cells treated with PBS instead of
kimchi sample.
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Fig. 5. Expression of pS3 mRNA in AGS cells treated
with kimchi samples. After making kimchi (0 day samples),
the S46h, S47h, S48h samples were fermented at 15C for
46 h, 47 h, 48 h of the first 10 days and subsequently stored
at —1.4C up to 60 days. The SOh sample was stored at
- 1.4°C without fermentation. The kimchi samples were
harvested at 30th day of storage and the extracts were
prepared as described in Materials and Method.

Aol mE o] 59 W3t T B gl g asolt
AZbEh HEAE F 3 5L Bestn Qe Aew o

7 A Zol+= acetate, propioate, butyrate, GABA, omithine !
S2UE ANEA So| glon, SAlFA W 1 TAEE &
4 a50] e Aoz A tHTang 5, 2011; Robinson

5> 1999; Joseph &, 2002; Tatsuta 5, 1992; Sun -5, 2003; Fava
5, 2005). 2 A7 A= S46h, S47h, S48h, SOh A|RE 7t
GABAS}t 224" 3, fAE 4+ 2 fAE & £ 5
o] &2 ¥ 4 U 3(Fig. 2, Fig. 3, Fig. 6), ©|& 7+<] Z}o
= gAIZ 54 JA 5o 7ARE Aer woEn ¥
3 AR ALz A AA anke] HHUAE Zotl7]
A AF7F AyE Aolh £ A FEEY AYAE
of thgt & A3 A Ao st wijFHA FEEl
X—]Al—}\-"ggoﬂ I:HOH }\-“iE}\-LQ_ gis&_,“_l 9_-5]5':] 2—1/11-}\1]:,5 /HX]-
o] =22 F= Ao Z YeRd vl 9loj(Yoon and Chang 2011),
2 AR A7 AAAEZ Aol vX = FFSE AR A3
ojct.

2 Ao AR AA F A% 302A4 A7 7t &
EU" IFE AR Ai= Fig 63 Aok oA &
o] 93 F AT A9 GABAY e =2UH e g2
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Fig. 6. Changes in the levels of GABA and omithine of
kimchi samples. After making kimchi (0 day samples), the
S46h, S47h, S48h samples were fermented at 15°C for 46
h, 47 h, 48 h of the first 10 days and subsequently stored
at = 1.4C up to 60 days. The SOh sample was stored at
-1.4°C without fermentation. The kimchi samples were
harvested at 30th day of storage.

AR o] Blste] AESHA 2 A= UERaL, S46h A& o]
A 718 A Uebdth GABAE tide A2, 91 A=, 2F
oF Az, S Al S Assks 2t dle 2eg
HuE v} QlthJoseph 5, 2002; Tatsuta 5, 1992; Sun 5, 2003;
Fava %5, 2005). 22U €3} 1 A A2 arginine deiminase ™=
o Bl FHH Q= AL® AL YITHKim 5 2009;
Hsueh 5 2012). WebA] ¥ A79} b2 A7 ATE 5o 7
2o EAst= GABA, 2=2YH, 224" A4 a4, g
T t+E YjA} AHEQ] butyrate, acetate 50| 7 X 9] gt a1}
£ Bosle F8 Azt 2 4 LS Aot & & 4\_
QlthJoseph 5, 2002; Kim 5 2009; Hsueh 5
AFZ= w2 A A 9 A2 wE Xl = %
o] ¢ AAIE FA A A5 7T B 7Y 2=
e 3 A3 At 7S ATl e AR, FF
TAHQ Fd AR 7 R FES Ao A 7|2
A28 A = ol

e o
MR A% F o Az D PH WD AR 7|7k
2 A9 9 PAE FA] oA B WSS 24 B 2
3, A 309 A AR 71EoR o BES ANA gL
SOh Ao H]ske] 46412ke] €13 TS AH Sd6h A2
Aol 7P 4514, o]olA] S4Th, S4sh A=Y Aol
S43hth 193 Soh ALE ATHOR GAE F4 9
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