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Abstract

In this study, probiotic properties such as acid resistance, bile tolerance, intestinal
adhesion and fat accumulation inhibition of lactic acid bacteria isolated from kimchi
were investigated in order to develop probiotics effective anti-adipogenic effects.
Among the 120 types of lactic acid bacteria isolated from kimchi, 42 types of lactic
acid bacteria being to acid resistance, 35 types of lactic acid bacteria being to bile
resistance, and 24 types of lactic acid bacteria being to both acid resistance and bile
resistance were selected. These 24 types were tested for the intestinal adhesion
ability which is an essential factor of probiotics’ function and 7. rhamnosus GG was
used as a positive control in this test. 10 types of lactic acid bacteria having the
intestinal adhesion ability were selected. The selected 10 types of lactic acid bacteria
were treated in 3T3-L1 cells and intracellular fat was stained with Oil Red O reagent
to measure fat accumulation. As a result, in the group treated with lactic acid
bacteria OS-15, 48, 102 and 120, fat accumulation was significantly decreased
compared with the non-treated group. And the strain OS-48 showed the greatest
inhibitory effect on fat accumulation. The lactic acid bacterium OS-48 was identified
as Lactiplantibacillus plantarum by analysis based on 16S rRNA sequencing and was
named Lactiplantibacillus plantarum OS-48. Therefore, based on the results of this
study, L. plantarum 0OS-48 is expected to be very useful as probiotics with
anti-obesity effect in the food industry such as fermented food and functional food.
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A5, Az 9 AR 59 SRAE I 979 A4
=2 & Sl 71EAR O R o] 8ol vl F83% Aads
A1Eo|tHLee and Ahn, 1995). ZA|2] ¥R Holoh= nYE
EY 371, & 59 AAToIARE feiE ZAoR ol ndE
2 Aaof FzpElof Qirt. dRkH o A4 H=9| nFE2 AHl
4, Ad, AR 5tk 89100 wt ohfekn 11 At
B3t 3A g2Hd 4= Qltk BHA0E A4 YRoll= SuboflA &
gl o]2+= wAEo] FalEo] Jla YA oR ZAV E 4
U= W S 2golo] ANiAlA, A, Fgo], /4t
ol o|277HA] thfsHAl EARIE olF ERES AlH, A
AR, FEES AXHA R nBES o] AAEAY A
Folal WHdE 7H= f4kto] Aobdol 7x]9] HE ¥ 4S
F55H ItHCho et al, 1998; Lee and Ahn, 1995; Lee and
Lee, 2011; Park et al, 2012).

Aol 25 2 e (EEES AUAIECRE o] AAE
AMESHA] Qha ZAkE A/dshe P8R s Tk A4k A/dst
P20 mt homo B9 Taw#3 hetero 2| Hadoz +
SItHPark, 2017). Homo 39 Z4PE8= glucose, lactose?t
10 o] Fafiz]o] mEHAte] AAGEIL o] AL tHA] Hakdsa
G4 (lactate dehydrogenase)ol oJeljA Aoz FHsto] ZAL
< Aok AL E 184 EhegE 2849 d4iko s gt
SV Lactiplantibacillus plantarum, L. casei, Streptococcus
lactis, S taecalis®] ©1°l| &3t} Hetero 89 &= glucose
9} -2 GEIgolA ZAL ofgkg, CO, 52 AAksl=d] ojof &3}
= AN Leuconostoc mesenteroides?t L. brevis 7+ tHEZA
It} o]& Akt 5 AA9] Bhao] ARl #o] EALS H,
. mesenteroides 53 22 hetero § T8 SRS 2719
A9l JghE otal homo B W& 4N L. plantarum®)
A2 A9 Tl Haro] S-S Ue, A9 AllE do
AAY F4E A7 ACE HaE1 ItiKang er al,
1995; Lee and Lee, 2011; Park er a/, 2012; Park, 2017).
I 2vto] @ I A(Probioticsh= AlWoll E017H4 4730 &S =+
= AoQlE 72 A (Marteau er al, 2002), TZHO[EIA
o] 7ok J5-Z Aot rlESHA} HIA YA Z(Elie Metchnikoff,
1845-1916)0l| 23t AFARE Bof Ao dAA =k
(Mercenier et al, 2003). HIAYUIZE= 19084 19 AA “4r
9%The Prolongation of Life)'S S3f Algo] Ha-fE 435}
A IE-Ro] Z3E o] Q= fAkto] ol EAska Sl B
Sfat] 52 AAlsk 11 Ax} Flifolato] ikl S4E
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0.
p

ot =9l €Y 4 ltks W82 HEsie] ZRHo|QHA9)
852 HHo= YUEsItHKang er al, 2012; Lim et al,
2019).

AR A FQ|REIHA | TP 7SR R 5EE] =
IZEHo] QEIA] 7|52 A fut F4], Aot A L Hf
HES Q80| =8 £ 4 = ACR actiplantibacillus,
Lactococcus, Enterococcus, Streptococcus D Bifidobacterium
£ 50] AKJung er al, 2020; Lee et al, 2016; Lim et al,
2019) . ZEHO|QEIAE= AFAHFE B9l Fikto] FUHE 9
=0} | ArjAaol Faboto] G Rofite] A5 A E A
Fuff oA, AAb 9 #H] JA, BlERle] A, HagY S4,
PerE & QZHY] ARl =g = AoE HuHT 9t
(Bickhed er al, 2007; Lee et al, 2006; Ley et al, 20006;
Lee et al., 2021). Z2HO|QHYAR ARBE= GANFS A=, T
if ¥ M 5 59 €E fAIES vt SAE, AAF
9 72 A 59| 7 vk AlE Az FHYsHA E_ET
U= AgHos Za3t ui¥EoltLee er al, 2016). ol &
ANt o] 8% HRES YRR A 29} 22 FEHE URAES
2 AZPL HAY AU AR B2 AEURARA SHo=E
AREE T QIARE, fARRS ol 8ol AES AT AS fAN
S0l wet BAMY E AR F8of) Alolrt 711 173715415
e EH /B = fANF S5 wet Yol t27] whzel
YAd 9 715/d0] St At fARFS] SHE= A1EARIe] Jlod
F8% JFS 71 & Aok AA] & Sl AN ZEHo|Q
YA 75 7L JloH -7 QAo fefoHA 28l
of A2HE, HY7dst 9 g 5o Wofstes AR HilE
I Qlok ESF AR HHE B9l Al Aol et AA] fAE
T+ Lactobaillus < 2 Leuconostoc 42 U&7 4940
7oL tAS] = T AR A0E HlEy glom
2| AP AolAe fAREY] SEAHE oltE 2 AS
A AR a7 E1E7T YHKim and Lim, 2017; Park er al,
2018; Yoon et al, 2021). W2tA £ dolA= AEH oA
BIE Uetdl= ZE8po| EIAS Bs| st A ff &
Ato B RE Wik, Wasd, & 2 2 ANEA9A| s

gelstat sigi.

il

N

= 3 OH

i 22 3 Y
12059 fAkto] A =HE =91y, #2d AXARES
Lactobacilli MRS(De Man, Rogosa and Sharpe, BD Difco,
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MD, USA) HAERAIE AR&sted, 30T vid7]ollAl 24417 4]
vigslTt ARE v 30% glycerolZ stockS A|Z3}o]
-80C A2y 5aloA Hatstelom 23] Adfsto] 4galet &
of £ Aol AMgstoirt.

S| LMy 2 LIESY A8

23 AAFAREE 30TollA 24A17F B ARt =, 44
(500 xg, 4C, 108)3}9 phosphate buffer saline (PBS,
pH 7)°ll 28 Al&stelaL, B+t45 75t 1x10° CFU/mLY]
SR fANE SAAS A|xoto] i 2 WS ARl AR
Stoict. Aol gt WA &Isky] flsted 1,000 unit/mle
pepsin(Sigma-Aldrich, St. Louis, MO, USA)°| &7}=al pHE
2.52 Z73F MRS HiA]ol| FAkt A RS 2% FEstar 30T
AT AARE & Bt 5 RIS WEEY B7HE YA
3% oxgall bile salt(Neogen, MI, USA)S X35t MRS HiA]o]
AN B8NS 2% HEotal 30Tl 3AITE BASE & AdrE
ZRIsHeltt. 27] At 4=} Blarsto] 90% ool BEES Kol
L 755 AUsieckKang er al, 2012; Lim et al, 2019;
Park et al, 2012).

AN A F2ks S TRHlo| QEARA S50 ZhY 3H

23 SRIok= thaAQl HiHo|m Qo) A 4w
9} GAFSE HT-29 Al®E(Human intestinal epithelial cells)}& ©]
gaolo] gAkte] A Hals-& SRIsHICHO' Halloran et al, 1997).
HT-29 A|ZE 10% fetal bovine serum(FBS, HyClone Labo-
ratories Inc, UT, USA)T} 1% penicillin-streptomycin®] 3
%l Dulbecco’s modified eagle medium (DMEM, Gibco, MD,
USAYE AR&sto] 8ol monolayers 3/dsh HT-29 Al
£ 0.1 M PBS bufferg ©l-&3lo] AHstal FPAE H7I5HA] &
2 HAE Hrlskoiet. o710 f4kES 1x10° CFU/mLY) 5=
7} =A F7ksted, 37C, 5% CO; viF710lA 2417 8 &, 0.1
M PBS bufferg o-§5to] 53] Al&a AAlste] BA=A] e &
AbS AASIAE,. Trypsin-EDTA(Hyclone, Logan, UT, USA)
£ olgsto] 225 HT-29 AEE #43] 5j45to] MRS A
HiZ]o] EoFF I 30T oA 48417 Bt i & At =5 &1
oI OH, AAHOZ [actobacillus rhamnosus GGE AR&51%
™{Kang et al, 2012; Lim et al, 2019; Park et al, 2012).

Tk AR HZE
ikt MRS AlERR]lA 30T oA 24A17F F<t B3t

=

1 oo}l 500 x oA 108 E9F YIRS T PRSE A|Hs

of SARAAE The Aol A8tk

= odn 2 o4 MY

APHAFAZTRI 3T3-L1 AZGHAEF2)E 10% bovine
calf serum (BCS, HyClone Laboratories Inc, UT, USA)Z} 1%
Antibiotics/antimycotic solution (10,000 U/mL penicillin
G, 10,000 pg/mlL streptomycin, 25 gg/mL amphotericin B)
o] 3471l DMEM Hlixje]l F&3E &, 37C, 5% CO;, Hid710o1A 22
A0 = wiAE wskorHA ESJ7}t 100%7t 2 w7k wiFetsd
t}h. A|Z7} confluentAEi7EA] Z2HH, 10 pg/ml Insulin, 20 mM
Dexamethasone, 0.1 mM IBMX(3-isobutyl-1-methylxanthine)S
EF5H= 10% FBS/DMEM #3+e- HiA| 2 wekstal, 29 <t 5
7h vt A EES] E3LE &5t o, #3kE HiA|
ol fAkF AREAl 1x107 CFU/mLE S7Fotgiet. 29719 wiok
o] Bu 2% 1A 0F Akt ARFA 1x107 CFU/mL ¥ 10
ng/mL Insuling EgsH= 10% FBS/DMEM BiA|Z w3lsto] 6
U7t F7} viersto] AMA| RS &S Fskqith. 2ofzl AHA|
I 10% 2229 898 719 1HA7]1, Oil Red O 894
Aot} 147 52t §EgSto] Al i} S8 Ak Mk
A = & dnFoR R ohE olAnEY YFLE Oil
Red O €L ThA] 0] 518 nme| TN S35 S35t
ANEHTE AXBIHCHKIm and Lim, 2017; Park et al,
2018; Yoon et al, 2021).

MaiAato| 16S rRNA 24

AdtE 79 54 Hoto] 16S rRNA G714 EE4E AA|5)
ATk 16S rRNA F71A R4S AdE 4575 MRS AAHj=|o]
HjF5to] genomic DNA extraction kit(iNtRON Biotechnology,
Korea)g A}g51] DNAS $&519111, 2% DNAE 1% agarose
gel& o]-&5lo] oI5 16S tDNAE SE317] slo] 325
genomic DNAZ template® 319 27F(5'-AGAGTTTGATCCT
GGCTCAG-3', forward), 1492R(5'-GGCTACCTTGTTACG
ACTT-3', reverse) primers ©]85t%] PCRE APst¥tt PCR
ZAL 95CoIA4 187t denaturation, 45COA 187} annealing,
72CoA 18 3027} extension® & 30 cycleS £330,
2o PCR productE °l&sto] A7|AEE 271991 o] AE
< 7|90 2 NCBIQ] BLASTE ©|-€3}% GenBank database®}

vmste] HeldRe St
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A& Al0] glojg] BAL B mg 729 SPSS(Statistics Package
for the Social Science, Ver. 27.0 for Window) packageZ
o]gsto] 33] QHER) Zho] Wi Y BEHAE ok, #AREA
(ANOVA)Y} Duncan®] o589 A% (Duncan's multiple range
testE Aot BAIA FoS HSOIILL, p<0.05¢ BF- &

AxoR SOt Ao WA

o,
iy

40,

>

0
I

5ol et W& 7HIAL lofof H(Lim er al,
2019). & AE2 3 AFE FAkEol folM RlE= ¥ pH
o] St B Aofaaet AoAolA ZH|Ee HE o2 E Hot
"ot 2F 52 F-91°1 ol =Estojoltt o] e AnA 2
€ & At GAZFE 223 12059 Akl s Wikl
2 UYESEE 2he S ARt Ax 27] A vlste] W
AVl 749 pH 2.5°1 disf w2 ARE Hole AA fildt

2%, W54l 4 3.0%°0 Al &2 A

)
i o
(5
-0,
0, N
>
do Ho rlo

oF 22 &3] o] E7] sl 3ol B
3 AR 5= Qlofof St &, il gEAlt 42
of| Ao} Jo} A7HR] Tdslo] oA FAlska A2tst
ofof 5 A3 YoflA] faet &35 Uehfjojof e Ouwehand
et al, 1999). WAitgo] &1 7 Fakso] §35t Ao g Azl
#ZQl SANFONE L. rhamnosus GG(LGG)7} H1Eal 9l
o] FAkFE AJR19] ERlolA EEE|QlL, HEoA] ZEHio]
QEAR JfEEo] W AFol| o] 8E|1 UrKLim er al, 2013).
L. rhamnosus GG= T fAkto] Hls A F2kso] Hold
AOE FEAH FNETOE ARGl on, U] 9 UEs4t
8 BAlOl 2 RAE 24500 diste] A RaksZ SRIgh A
10359 fAktollA A 2252 HYlrkFig. D).

)

B[k Thofet Argel d]lol7|k 3, mEE FAlskE /=
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Table 1. Assessment of viability of the isolated strains after
exposure to low pH and bile salts

Strains Add Bile Strains ACid Bile
resistance tolerance resistance tolerance

1 + - 50 - +
4 + - 58 + -
5 + + 59 + -
9 + + 63 + +
10 + + 64 - +
12 - + 69 + +
14 + - 72 - +
15 + + 75 + +
16 + - 80 + -
18 + - 86 + +
20 + - 89 + +
21 + - 93 + +
24 + + 96 - +
25 - + 97 + +
27 + - 98 + +
29 + - 100 + +
30 - + 101 + -
32 + + 102 + +
34 - + 103 + -
35 + + 105 + +
36 + + 109 + -
38 + - 110 + +
42 - + 112 + +
43 + - 113 + -
44 + + 115 - +
45 - + 120 + +
48 + +

+: The strain with a survival rate of 90% or more compared to
the number of initial cells.

-: The strain with a survival rate of less than 90% compared
to the number of initial cells.
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Fig. 1. Adhesion ability of the isolated lactic acid bacteria to
HT-29 cells. L. rhamnosus GG (LGG) was used as a positive
control in the experiment. The data was analyzed using SPSS
27.0. Different letters indicate significant difference (p<0.05).

A1e sl o] cfosT Hye] LISl vtk et o
2ol Fo] AglH 0 W9 283 Aol Leung ef al, 2003).
32 Sof Hglo] X, ‘j']m TES AEHA Aol g2
QI ohjet R Uo7l M 2 U F St ¥
A1 QJct. webA] H|Fe] Y91A i thokst AgQluol =g ¢

Loﬂ "41?_]' LEA 1’41%% ‘6]-35_- a7 uhﬁo]g]_ s} 2 olch
(Kahan and Manson, 2019). B9 tiAlSlTL 2 ofuA]7} A

WA 4] E Eafet I A o] AR PR 2
O 2 AFo] TV FHE Lol A nE +359 Hilks
zdfete] A nBE EAES 2T 5 ok BuET Qo
(Cuevas-Sierra et al, 2019; Sommer et al, 2013). B9 9
HFolal X|=o}7] IRh thefet Aol HaEa glom, 4R &
At AMGAELY] 25 Z-olal A £3kE AAste] AR 2
2 9 uvojA] a3} 9l Ao g By E W tHKim and Lim,
2017). 3T3-L1 AHAFHNEES dexamethasone, IBMX 9
insuling 0]85}0] AHpA|ZER BA|Z o AHfLe] 248 Fst
An|7go & Ak Oil Red O A|2RE o]-&sto] Al AW
Pt SFEE SHoto] AN ERS] B3t YA oE I
ol FRlakirt. 1059 f4+S 107 CFU/mL s=& #3it
A7F 3T3-L1 A2 wjoklo] A7er 3 BT AHLE JAHS)
Oil Red O Alofe] FHES 24alo] AHEHEE 245 A7)
"X 2] Z(non-treated)¥} |15t OS-15, 48, 102, 120 -FANF
AYAl AFAETE fojFos sk HYa AX fAk
0S-480IA A5A A axpt 7Hg & 742& UehgthFig. 2).
A A B0l QAR Wiy chlE] dig] =25 w7k =0 oz}
o oJsf FFE "l Aol Bofsk= A= peroxisome

proliferator-activator recepter gamma (PPARy)2} CCAAT-

2.0

@
o
c
©
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=
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Fig. 2. Effects of the isolated lactic acid bacteria on intercellular
lipid accumulation in 3T3-L1 adipocytes (A) Quantifcation of the
stained lipids with Oil red O in the differentiated 3T3-L1 adipocytes,
(B) Microscopic images of the differentiated 3T3-L1 adipocytes
stained by Oil red O. The data was analyzed using SPSS 27.0.
Different letters indicate significant difference (p<0.05).

enhancer-binding protein alpha(C/EBPe)7} ttal E 1% 3L
9o H(Koutnikova and Auwerx, 2001), B|9HIA|27E LiEr
U= fARFS 3T3-L1 AlZo] 2fsyle o PPARy, C/EBPad]
Uy 450 ZHachs AR Hols Z0= BuE QkKim er
al, 2020).

s oAn 2d
Wik, W54 % 52 Ui, A=A Alavrt
SRt AAFARE 0S-489] gt nE 574 sk fiste
16S rRNA f71AGEA 0] 7]ekslo] EAMIESH 542 Xdgst
At AR RE 0S-48 #59] genomic DNAS $&3}3L PCR
£ 16S rRNAE FEs19] 7148 245150 o] g 7[5t
O = NCBIQ| BLAST program®& SAMo] &2 Lactobacillus

T2 S Bluet 23 99.93%2] AFER Lacti-
p]annbaa]]us plantarum® & 7= HFig. 3). TEpA 7 A

Tol| A MRt OS-48 #F5 Lactiplantibacillus plantarum
0S-48Z st

o=l 38
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Lactobacillus plantarumigi:NR_117813)
Lactobacillus pentosus(gi LC071808)

Lactobacillus plantarumigi:NR_115605)
== Lactobacillus plantarumigi:NR_113338)

Lactobacillus plantarumigi:NR_112630)

--- Lactobacillus pentosus(gi:NR_029133)

---- Lactobacillus paraplantarumi(gi:NR_025447)
--- Lactobacillus plantarumigi:LC064896)

---- Lactobacillus plantarumigi:NR_104573)

Lactobacillus plantarumigi NR_042254)

Fig. 3. Phylogenetic tree of the lactic acid bacteria 0S-48 isolated
from kimchi by 16S rDNA sequencing. Sequences for 16S rDNA
phylogenetic analysis were obtained from the GenBank database.

O OF
i 5

51t ESH T2 Hlo] QAR 2h
&57] 915k A 841 ARAsZ AES A, HHRT
07 AN&S I rhamnosus GGE} Blwdlo] AHASS Hol=
1059 fAktE Adsiglct. s 1089 f4ktE 3T3-L1 Al
o] A2slal Oil Red O A2k Al A2 HAdsto] AHf=
Aes S4% 27}, ¥ non-treated)} H]iS}o] OS-15,
48, 102, 120 fANFE Ao O AYFALrF foHo=
HATE HJA 0S-48 fAktolA A543 At 7¢g 2
Ao yehth Wikg, Wesd 9 A H2ksS yee A
4 AAaAE Yeills AAR4RE 0S-48°] thef 16S rRNA
A7 GEA ] 7|5tsto] mBEEHE FH6IE W 99.93%2
NFEZ Lactiplantibacillus plantarumP=E &%= 0] AHrE
0S-48 #5Z Lactiplantibacillus plantarum OS-48% §a}
ot} wehd 2 AAuE EWE /. plantarum OS-48S 3
7 59E UeE ZEHfo| e AR A URAR 4 7| 5/84E
I 22 AE ARQlolA] mie- f-85HA E8E 4 & Ao 7]

ot
el =2

£ A= 20209 % A4S WY e

n 2AHIo] of3] 4=
eiglon] olo] A=,
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