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Abstract

Obesity and insulin resistance are closely associated with adipose tissue dysfunction. We
recently observed that a probiotic bacterium, Lactiplantibacillus plantarum 167 (L67),
attenuates body weight gain and insulin resistance in high-fat diet (HFD)-induced obese
mice by stimulating energy expenditure in the adipose tissue. To further investigate the role
of L67 in adipose physiology, we examined the effect of L67 on adipogenesis and lipid
accumulation in 3T3-L1 preadipocytes. When 3T3-L1 preadipocytes were supplemented
with L67-CM (L67-conditioned medium) during adipocyte differentiation, there was reduced
Oil Red O staining in the 3T3-L1 adipocytes. Furthermore, gene expression analysis revealed
that L67 markedly downregulated the expression of key adipogenic transcription factors,
PPARy and C/EBPe, and the lipogenic genes, Srebp-Ic and Fas, in the 3T3-L1 adipocytes,
in parallel with reduced expression of aP2, a hallmark of adipocyte differentiation. L67-CM
treatment consistently reduced intracellular triglyceride levels in 3T3-L1 adipocytes. Together,
these results demonstrate that L67 inhibits adipocyte differentiation and lipogenesis by
suppressing the expression of adipogenic genes, suggesting its potential as a probiotic for
the treatment of metabolic disorders.
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2 2z ff 9] A5F Y3(chronic low-grade inflammation) 52| diAlo[AE SHkotH
Tty @ AETHES 5 Ot EFY A 848 2RI 3L

IZHlo| QEIAS ZHE3L H|YE 242 thAMEREY] A& Mo EN X 5 il Qlr}. AN
< ZEHP|QEA nE F SIUE =529 AU nE 23 /iAsk HIRE B o € EF
SYAEE A, F-ARE FS B8 ARZ 9] d5Us ¢ WY A3 59 aE 7=
Aog BuE Irh4-6). E9] T 98] Aol TR Lactobacillus sp.2] BTF9E &
off 1AAlo] mpeAoA AFAIE ZMSE £ B3 ovA] Al 37 9 AlF A, ARTE
oA 4 QledAFA M Y aHE ERIstiTH7-12].

B3] B A7) A& Iactiplantibacillus plantarum L67(L67) #5= 1AH 2lo] uf-A9]
ZoA SIRT1 H& 371 B0l PPARy Y] AAREAGS 2dsto] AAE9] oufA] ALE
13, adipose triglyceride lipase(ATGL)9] Td-E& 4L Sof ARl E 451950, QI
A 7 9 AF A 55 7HE AR HAEQIHHT]. 12y 71& Ak} Hlwsto]
, Lo70l| oJgt AA LR} apgollA A 54 E A o I AR EES Z3RE AL
AA 2do] thgt Y HEe| FEEA Eokh

2 AollA= Lo70] AMGAIEES] AMA RS0l miR= A3E AFSH] sl 3T3-L1 A+
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1. M HHQ¥

3T3-L1 AHPAEAIREE 10% Bovine calf serum(Gibco, USA)Z 1% penicillin/strepto-
mycin(Gibco)°] 3 DMEM(WELGENE, Korea) HiAIS ARE310] 37C, 5% CO, Z7A0|A] Hl
Fotoirt. 3T3-L1 APAFAIES] E3LE F=ol7] 95l confluent AEiolA] 2¢ & 5% Fetal
bovine serum(Gibco)2}+ 1% penicillin/streptomycing Z38st DMEM(5% FBS DMEM)®]l 250
M IBMX, 250 nM Dexamethasone % 5 pg/mL insuling 233t B3 viR]2 WAttt
(day 0). 0]& 2¥ 7+80& day 29} day 4l 5% FBS DMEM®| 5 pg/mL insuling &35t £l
A viRIE A28l 167 #5= MRS broth(BD Difco, USAYE AR&3I0] 37C ZA0)A 244]
2t uik 3 4,000 x golAl 1587 AARe] & AF5Art E2lste] 167 24 HiA(L67-CM)E AR&st
At L67-CMZ 3T3-L1 iAol 1/100 3]AH&= 3lAsto] 48A17F 7HH 02 A5t

2. Real time—quantitative PCR (RT-gPCR)

3T3-L1 A EAA RiboEX™(GeneAll, Korea)S AF25}9] total RNA 3J$= & MMLV-RTase
(Promega, USA)2} Oligo dT primer(Promega)E AF&-5t cDNAE ¥445t9tt. RT-qPCR
ol At} SUTH R Yol om(10], ZIRES 36B4 WS 7E 0 & tixoto] EAslq]
th. PCR product®] Atha] ke 2 44% v g olgato] EHAl A9} 36B4 7414 Ct %2
Aol= AlitE]ct. meto]me] AFL Table 13 Zt.

3. Oil red O staining

Day 6 3T3-L1 AWAIZE 10% formalin®lA] 1A17F B%F X HAIZ] & 60% isopropanol®
washing 3ttt ©]% Oil red O staining solutiong AREsle] 107 M & ZHSE
washing 59 Biotek Cytation 5(Agilent, USA)E AR&sto] a3t Oil red O FA9] 3

2 913} isopropanolZ ARE31Y] 3T3-L1 AHAIZ FAH Oil red O FHAIRS & & 490
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Table 1. Primers used for the RT-gPCR

Gene 5-sense primer-3’ 5-antisense primer-3'

aP2 GAATTCGATGAAATCACCGCA CTCTTTATTGTGGTCGACTTTCCA
C/IEBP¢ CTCCCAGAGGACCAATGAAA AAGTCTTAGCCGGAGGAAGC
PPARy ATGGGTGAAACTCTGGGAGATTCT CTTGGAGCTTCAGGTCATATTTGTA
SREBP-1c GATCAAAGAGGAGCCAGTGC TAGATGGTGGCTGCTGAGTG

FAS AGATCCTGGAACGAGAACACGAT GAGACGTGTCACTCCTGGACTTG
36B4 AGATGCAGCAGATCCGCAT ATATGAGGCAGCAGTTTCTCCAG

nmolH EREE et

4. X4 ME L} SYXE =4

Day 6 3T3-L1 A|AIEE 5% NP-40 solutionS AREsIo] 3l & 80C-100C oA 587t
71gsto] NIE W SRS S5kt SRR 32 TG quantification kit(SCG Biomax,
Korea)& AMESto] A|lZANS] ZEEZo| we} Z45I50th

5. 84 &4
Aaae] SA4 292 Student's rtesto] oJ3f AojFint. A9 A¥e Bt +EE WAR

el e A2 24 39 HRos IYH.

1. 3T3-L1 X[LMZEst0| M2 K| ZX0|| CHet L67 BHY ZZHHX[S] Fek

olz9] Aol A A2o](high-fat diet, HFD) f-= ]9t uk@20] [679] A7-5F0i= 1At
Alojo]l ofFt AlF 7 A% 7 E A=A oA AFEH 9 Qe A 7hd 2k 7=
Ao IRI=GITHT]. 55| Hot 4=d AsE AR L67-CMY A B¢, A S48
AAoh= 202 it} & Aoz, AAIE B3} 3PgolA fEsle A7 4 L67°]
"2 TS AR A8l 3T3-L1 AAIES] #3F 2y 52t L67-CME AHzlste] Oil red
O YA E3) A %7 WS 8| wsieh L67-CME 22t Bal A 3T3-L1 ARHTAZ (pre),
AAE ERFEAZRE(D0), #2h 292KD2) 18]aL 482KHDA)0l 48417 107 AEE
A&Fste] 3T3-L1 AGAIRE £} F2AAED6) Oil red O FME Agsct. Fig. 1014 YeRd
B9} Zho], 167-CM& A5k 92tz 3T3-L1 AA|E(non)2} Blw35}o] pre, DO, D2 18]
11 D4 AJ-e] L67-CMZ A= AR 3T3-L1 Ao A= AjAEdol met A7) £2o]
50%-75% AASIATE. B3 Bolaby & 167-CME A2|3t Aldo] HESE o 22 AW &3

L672] ) Bk 712 AFAES] oAt} S22 offet MRaelA] S2sHs A
Sjoll 42 ] 4 9 5] F7F oS B9 AR O HET AL 58S AT 7K
AN,

=]
o Az ¢

2. 3T3-L1 XMMIZE 22haPd SOt L670] X[LME F2 [UKISQ| &0 OiXl= Fe
ASA3T3-L1 AFAIEA 167-CM] A2l 167 77 F9f ARfz2olMe} 7=

A F8 RS AABIAL APrtalel, AR B ofluA|tiAbe] 8 AR 2 St

A7lE Aoz YERFTHT). L67°] 3T3-L1 AFAFAIRES] Folgold A £2ke AAsI e
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Fig. 1. The effect of L67 on the lipid accumulation in 3T3-L1 during adipogenesis. L67-CM was added to 3T3-L1 preadipocytes at the
indicated time points (preadipocytes, pre; 0, 2, and 4 days after differentiation, DO, D2, and D4, respectively) during adipocyte differentiation
and then, cells were differentiated in the absence (vehicle, non) or presence of L67-CM, as indicated. Oil red O staining of 3T3-L1 adipocytes
was performed on day 6 of differentiation. Lipid accumulation was determined by measuring absorbance at 490 nm. Scale bars, 200 xm.
All data are presented as the mean valuexSEM from three independent experiments (n=3). =~ p<0.01 (vs. non).
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2, APAE By & 5ol 2 A 2o TE 9 28] g4z S 2klsky] Y
L67-CMZ 247t w31 A 3T3-L1 AEFA|Z(pre), AFAIE EMFEARE(DO), #3HE 2
ZHD2) 231 48RKDA)e] 48417t ZHE 02 A2l Alolo] 3T3-L1 AHA|IZ 235} F8AE(D6)
o] RT-qPCRZ XI3¥st3itt. AA| 2 B3lag o] 57 9 $71&5 24sl= C/EBPe 2 PPARy 9
TR EL ZF Al-oAY] L67-CM Aol 9fsl] szt 3T3-L1 A (non)@t ¥laste] 242}
65%92%, 44%94% 74319t HFig. 2). PRIVIAZ AAIE Bolabyd $7]0] PPARy Ol 28 &
TEls aP29] R B2 L67-CME AT 739, tiR 3T3-L1 XA 2(non)oll BIsH 70%-
98% THAES SRIstGITt. Eat AGA|E Eshby B2t AdAyeAe] 4l 28711 SREBP-1c%t
FAS 5214 &) 3%, L67-CM Al o8 tix* 3T3-L1 APAZE(non) ] 22t 46%-
89%, 17%81% HAdh= Aoz Yeidt), L6709 ot AAE 2ol 9 2 AghAo] e o4
RS o] gt 2 Aks AA|Z Bolabg B2t Lo7A ol gt A% 54 AAlok= At
UASR= A2, 167 C/EBPa, PPARy Y aP29} 722 A ol w0 aha] zaxte] wd
ZAS S AL E31E 2ASla, SREBP-1c 9 FASO] vtale 2435l0] 212485 2 Ap]
9] 4 9 SHE AT 71570l Y= Ao I

ol

3. L670f| 2fst 3T3-L1 X|db MIE L SMX|d ghk 3]

o9 AAtolA 1679] FFols AAFAC] nRe0] BF FAAY I | A=A 34
A e Wie A= FIERIon, 3T3-L1 AGAIRAM 167-CMo] fsf Al v /9418
o] Aaste A= UERATHT). st AAIRE 2ok IF0A = AMgtel <Js) 4
e SAGE A FHE AYtte 98 5P, 3T3-L1 AMGAIRE 29t 3ge] Hofshe 8
AL A e 2 3 oY S AT S30f tiek L67-CMe oA e B]lsiilen
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Fig. 2. The effect of L67-CM on the expression of genes involved in adipogenesis and lipogenesis in 3T3-L1 adipocytes during differentiation.
L67-CM was added to 3T3-L1 preadipocytes at the indicated time points (preadipocytes, pre; 0, 2, and 4 days after differentiation, DO,
D2 and D4, respectively) during adipocyte differentiation and then, cells were differentiated in the absence (Vehicle, non) or presence of
L67-CM, as indicated. Gene expression in 3T3-L1 adipocytes was determined by RT-gPCR on Day 6 of differentiation. All data are presented
as the mean valuexSEM from three independent experiments (n=3). ~ p<0.05 (vs. non), = p<0.01 (vs. non).
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=2, L67°] Al i S4TSRl 9 = A gokr] Hote] 3T3-L1 AHAIZ 23} 7
B L67-CM2 A & F/A kS S50t AF Z3t, L67-CM A2 AJdd] wet, dix
T 3T3-L1 AA|Z(non)<t Blaste] AlE W S-4233Hgo] pre, DO, D2 ¥ D4 27004 Z}z¢
71%, 53%, 35%, 23% A48t tHFig. 3). o] A= Fig. 19] Oil red O FA AL} tEo,
Fig. 204] Hojxl 167-CMell 2J3t 7 32152 W WSk AAAR1 S4AH 54 A= ofo]
22 AARITE 167-CMell oJ5) Hd 7H47t 2R1E SREBP-1c9] 39- AMPK T PKA] 2t
QAR gHdo] QJAEl= AHo] A Qlon PPARy 2] A9 AMPK-SIRT1] oJgt AAEA 24
o] ¥EA 91, E3] o]d 2|9 AN Lacrobacillus sp.©ll QJ8h TAA]0] wpeA0] ThAlR
ZlofA] AMPK-SIRT1 4= PKAQ] E4do] EX=h= Zlo] glefona, of2fst QlAlst 9 EotAd
3} adof oo 1679 AFAIE oy A Zalrt ui7iE 7s/de] UrH8,10,12-14]. & A+
oAl 16701 3T3-L1 AAIZAA A &4, 8 34 Idl 9 Al f S80S 24sto]
AGA|E 23HE AR in vitro $EOIA AFOIIT ol=et ks g Al 7[5ke] AFe
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Fig. 3. L67-CM treatment during adipocyte differentiation reduced intracellular triglyceride levels in
3T3-L1 adipocytes. L67-CM was added to 3T3-L1 preadipocytes at the indicated time points
(preadipocytes, pre; 0, 2, and 4 days after differentiation, DO, D2, and D4, respectively) during
adipocyte differentiation and then, cells were differentiated in the absence (vehicle, non) or presence
of L67-CM, as indicated. On day 6 of differentiation, intracellular triglyceride levels were measured
in 3T3-L1 adipocytes using TG quantification kit as described in “the materials and methods™. All
data are presented as the mean value+SEM from three independent experiments (n=3). ~ p<0.05
(vs. non), ~ p<0.01 (vs. non).
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2, PF ORR APAET U 5B 2dolAe] o] Basit Eg ojie 47E vigow,
L6701 oIt APAIE £510) 30 A B 220] ot A $29] vAUZT ol Ak
A% A A0t A7E FE0E NG 5 Sk

FYHOE, 1672 AYAE Hot L A AN Folsks 2 At Qo] S 1w e
ot A B 28L Bof Bl9) R AR AL TMIOR AR, AR, B WS
59 vt A2 g 28T R4S ANt
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S

v} QA 22 A AT ARkR2] 9 7ol dat g Bo| ot X,
T 2 ol L670] IAFAlo] = ]9k uk-AofA 2[Rk 9] o
HIE Aot Alg 71 Qe APGS AsFehS Wttt AgA ol st L672] &
tfal] Xt ZAs] Loker] 5] 3T3-L1 AAFAIES o-8sto] 1670] A% A3dnt 24 Z2of
2= G AR AGAIE E51717E B9 3T3-L1 AHTAE L67-CME AT 4
%, A7) whet 3T3-L1 APARZY] 2 #= O A4S Htf 75%71A] 32t ZHAaAIF T
Et, AR B4 Ak 1672 3T3-L1 AHA| oA AAE Eslo] Bofeh= 528 ZARIA}
(PPARy ¥ C/EBPe)9} 32 A4 -AAHSREBP-1c & FAS)Q] HadS F-loM JAlok= BAl
of AAlZ E3te] 491 aP29] HES AAATIE AR Yelhgth. 919 Aot YAk
L67-CM A= 3T3-L1 AFAIES] NZY S84 A1 HaAFT ol=gt Aak= L67°] Al
HAES] PG BHAE | HAS AAFOZN A E Bl I 2-EHS AT
7R/ AlAReH, ol A MRS gt Z2ujo|QEARA ] 1679] A S A
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