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Antiobesity Effect of the Bacillus subtilis KC-3 Fermented
Soymilk in 3T3-L1 Adipocytes
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Abstract

The antiobesity effect of soymilks fermented with Bacillus subtilis KC-3 (KCCM 42923) from cheonggukjang
was compared with other sources of B. subtilis KCCM 11316 and B. subtilis MYCO. The antiobesity effect
was investigated by measuring the release of leptin, Oil red O staining, glycerol secretions and adipogenic tran-
scription factor by reverse transcription-polymerase chain reaction (RT-PCR) in the 3T3-L1 adipocytes.
Fermented soymilk with B. subtilis KC-3 (F-KC) led to decrease levels of leptin secretion and increase levels
of glycerol secretion in the cells. In addition, F-KC reduced contents of Oil red O dye in the 3T3-L1 adipocytes.
Also, mRNA expression levels of both SREBP-1c (sterol regulatory element-binding protein 1-¢) and PPAR-7y
(peroxisome proliferator-activated receptor-y), which are adipogenic transcription factor, in cells treated with
F-KC were markedly down regulated. These results demonstrate that the Bacillus subtillis fermented soymilk
(F-KC) decreased lipid content in 3T3-L1 adipocytes by inhibiting lipogenesis. All B. subtilis fermented soymilks
had shown antiobesity activities, however, F-KC exhibited the strongest antiobesity effect in the 3T3-L1
adipocytes. Our study suggests that especially F-KC increased the potential of antiobesity effects.
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ZEZANH} A F2E 7HAAL Qo o 2ERA &
Aot dste] Fatsl ddF a5 Zton AP AL
el AEHA d3S deta g ATHE-3).
ol Tt 7154 Wil Foll gk A7= s WY
Ha a3, it Alzkel] Aol 1HASH B & e
Tl dig A =3 S et T SR HE Ffol
gt A= obF Wkt Hola, aF T/l Lactobacillus

acidophilus, Lactobacillus plantarum, Lactobacillus bul-
HAEst] FEAIZ o that A= T Bl

= [e]

garicuss A T
A AvH9). AR A=Y W3R dF) Bacillus sub-
tlisg &3] BEAIZ FHfol gk A7= AL By
A g3 Yok AT 5o TR A4 Fuw a7
gk AR7F de] e AHA & AlEEo| AlFS F017]
A3 = S HUIx 3t Fhol F5 HRE ERA
Al 7| = gkt
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3T3-L1 A%

e HAZZE F0)7] A8t A £3AH9 7540l
& Aol A dxd S BEsta 54" Bacillus
subtilis KC-3(KCCM 42923)E(10) o]-&3to] waFf A
Zol| AFEsE Y. 28lal © & Bacillus subtilisd3} 34| gk
%)ﬂ o u JJ_(5]_7] Ho}o:] /\l—ﬁﬂ o=z }\],_Q.o]__‘]-y_ 9= MYCO
(Innobiz, Myco, Gyeongju, Korea)$} KCCM(KCCM 11316,
Seoul, Korea) & ©|&38ty ¢aF/E A Zsla 3T3-L1
Bl RkA| 2ol X 2]&}e] ol B. subtilis #E 3] Zad
W gFFo dulgt a35 v Bk

o

Mz gl g
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8 T E fa AHgS F

(Yangsan, Korea) 01]7\1 TFhS Ao Z A TS d8E
7VEo] Eo7HA] &2 EFFolth

lus subtilis7} ao o] & = A=
g Hrista, 2E A AagE 9

7]’% Agste] Bdk & WAstH Tk dE A ARG 7T
< €% A9 K A=A 5438 B. subtilis
KC- S(KCCM 42923)(10), P E A& 719921 MYCO®I A
AAYE = B. subtilis MYCO 100013} Sh=1u] A& H EAE o
A B. subtiliscKCCM 11316)5 & o} dg o AL-8-3}
o F/9 Bao] AME3 B subtiliss nutrient broth Hj#]
& o]&3&l 37Coll A 2441%F 29 AlTh m g F Ffroll v
7o) 711 g7 10'~10°] HE= 1%((w/w)2 FEshaL
37°Cell A pH 557} 2 wj7bA] T asITH1L).

‘jE§_ —°—| XﬂJ_
=13
=

1%(v/w)9] glucose
3] 121°Ceoll A 1587t

>4r-1n:
E

i, FaAZ B ARE A
’\]E‘)ﬂ 2080 (v/v) < Uﬂ‘%%% 7}0}1 24717 &<
38 WaY ¥ AT FES HA4 ABEE7)
(R-114, EYELA Tokyo Rikakikai Co., Tokyo, Japan)® &
8 Hegs FE2ES 91 dimethyl sulfoxide(DMSO)ell
=9 1 mg/mLe ¥E2 77 AWM 2 At ATt

N 4°1'
tlo =2

3T3-L1 adipocyte®| HHRF

3T3-L1 cell& ATCC(American Type Culture Collection,
Manassas, VA, USA)EZFE F4st4 k. AlE = 10% fetal
bovine serum(FBS, GIBCO, Rockville, MD, USA)¢] ¥3}
H Dulbecco’s modified Eagle medium(DMEM, GIBCO)<&
AFE-3Fe] 25 T-flaskoll Al 95% air, 5% CO., 37°C incubator
(model 3154, Forma Scientific Inc, Marietta, OH, USA)el|
A w8l A . 3~4Y & M7} confluent SHAl =™ 0.05%
Trypin/0.53 mM EDTAE A 2|3te] AEE Felsta 44
8 71(150x g, 5 min)ol|l Al MEZE 2 F AX I=7}
1x10" cell/mL%] suspension £9-2 7S] 6-well plateo]

MENA Bacillus subtilis KC-3 #aE 59 H|vt g3 1127

2 mLA plating 3] v 3ttt 2o SHHA 10% FBS7}F
E39 A2 DMEM wjge oz uby o)
3~49 3 A|EZ7} confluent 3HA] H™ o] & Fo] DMEM
wj kb o] 5 mg/mL insulin, 0.25 mM dexamethasone, 0.5
mM IBMX7} #7148 differentiation medium< * 2] 8l &
32 FE3HT 29 T = 5 mg/mLY insulin¥r E£3H
H ko] feeding medium(FM)L. 2 w333l o] & 3
M i Fd & Zof} FHA 35 FEFATHIZ,13). 6Y
ﬂﬂ"ﬂ—t— insulin®] =] AR e wigFH o2 NEE 1)
TR AFEE AHPsIa 24X Foll vjAE F=A
182 (150x g, 5 min)$t ¥ A5 A4S JAe G A
o] AFg3lgTh 18]3 M XA RNAES 2835}
Uy Wets S5

=3

Az A EHlE o] wjR]ol] F-FF FEe] 2 ELISA
o]-&3tol A WH2 R&D Systemsell A Al
1= ELISA protocol e wtth WA 100 uLe] rabbit
anti-mouse leptin IgG(2 mg/mL)E 96 well plate(Nunc,
Rochester, NY, USA)el| ¥ ] overnight incubation A% &
PBS-T(0.05%<] Tween 202 X33+ PBS)Z 3xHd A4
3} 3 standard leptin &< sample 100 L& < *60‘1 12]17¢
o mieFstA Tk oA PBS-TE 33k A28k % 100 ule]
biotinylated rabbit anti-mouse leptin IgG(200 ng/mL)% L=
3 1AZE B Aol A m st & thA] PBS-TE 39 A3
3} o} Extravidin—horse radish peroxidase(1:2000)E 4+
Lo X 1A17F &<t incubation A171aL 3 Al A3 F 7} well
o 100 mL9] TMBE Yail 30% 53 Wo] E071A] e+
Zgefell A WA T o] W82 well B 50 uLo] 2 M HaSO4
g HA7Mgo =z FEAZY. dHE FE F ELISA reader
(model 680, Bio-Rad, Hercules, CA, USA)E AF&3}o] 450
nmel A OD #& SAsAth A" Fvlge ojz2a 3 vl
st oA o2 Yeh itk

Ol red O A

Al wMgds HEa AEE 29A717] A8l 10% form-
aldehydeE 500 pL# Z} welldll ¥ 4°Coll A 1A+ &<t
v 3 th. 1 F ol formaldehydeE ¥ 2] 1. PBSE A ¥
A % Oil-red O A4k (Sigma, St. Louis, MO, USA)
(Oil-red O 0.25 g= isopropyl alcohol 50 mLol| =<1 &S
ZHo 329 HIEE HLe 5 045 um filterE2 o33 &
H)E 500 mLA Fil ThA] A2 A 1A 2 B9t A &
PBSE 3% Aojuilth. dde] # Ax= #vA(CK,
Olympus, Tokyo, Japan) 2. 2 #Za}gon xle] oA
A A kS isopropyl alcoholZ FZ3}9] spectrophoto-
meterZ 595 nmollA OD #<S A3 H14).
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1128 AA9

reagentE WHEAIA ZA3ATE Free glycerol reagent®
Sigmaoll A FY3FA L protocolS Wt 37°CE pre-warmed
= free glycerol reagent 1 mLoll =3 v A] 10 mLE ¥ o]
37°Cel A 587t incubation AlA T SEMEY AFS 98|
A& Standard glycerol solution(Sigma)S 9]¢} FL 3 W
Hoz wkEAIZth WS F ELISA reader(model 680,
Bio-Rad)Z 540 nmelX F3=E A48

RT-PCR

Al8E A3 3T3-L1 adipocytese] v A S A A% &
Trizol reagent(InVltrogen Carlsbad, CA, USA)E A}-&3}
o] total RNAE Atk El® RNAS A3 &
Oligo dT pnmer9Jr AMYV reverse transcriptaseZS ©]-83}&]
2 nge RNAC|A cDNAES FAsAt FA4E cDNAS
template® AF&-3le] PPAR- 7, SREBP-1c & A}E poly-
merase chain reaction(PCR) W o2 SZ319 ) ZF PCR
MAEEL 1% agarose gelS o] &3 A 7)9E 3} ethi-
dium bromide(EtBr, Sigma)E ©]-&3t] A%k & UV 3}
A B H=E B TtE PCRO A3 primere] 7]
Age ot et 2ot

PPAR- 7 (sense) 5'-TCG CTG ATG CAC TGC CTA
TG-3' and (antisense) 5'-GAG AGG TCC ACA GAG CTG
ATT-3'; SREBP-1c (sense) 5'-AGC AGC CCC ATG
AAC AAA CAC-3' and (antisense) 5'-CAG CAG TAG
GTC TGC CTT GAT-3'; GAPDH (sense) 5’ -CGG-AGT-
CAACGG-ATT-TGG-TCG-TAT-3' and (antisense) 5~
AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3'.

SAEY

Hz2Td 2t AlS25E 942 A7 4959 194
A3t7] 98t BAHEA(ANOVA)S gk & p<0.05 +F
ol A Duncan’s multiple range test® AA|s}H o, 1 A3}
+ ¥ (mean)+ ¥ Z}(standard deviation)Z LA S}
o} & 5AEA-E Statistic Analysis System(v9.1 SAS
Institute Inc., Cary, NC, USA) EAZE2 1HE o] &3}
= 2] 8t Aot
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Fig. 1. Effect of soybean milk fermented with different
Bacillus subtilis on leptin secretion. C: Adipocytes were treated
for 24 hr at day 8 after inducing differentiation with vehicle alone,
S: soymilk, F-PNU: fermented soymilk by Bacillus subtilis from
cheonggukjang (KC-3), F-MYCO: fermented soymilk by Bacillus
subtilis from INNOBIZ MYCO, F-KCCM: fermented soymilk by
Bacillus subtilis 11316 from KCCM. Data are expressed as mean
+SD. Means with different letters are significantly different (p<
0.05) by Duncan’s multiple range test.

S FAAZIE T2 E0|Y(15,16). BRI A5 el &
=71 Al vls] =oW jn vitroo| M E XA E ] AW
2 of vlgste] e Fu7) STk Euka A 9l
(17-19). 2HEZ HAHL in witrodl A AWFH e A=E
4 F e Fe ];{a}i B 5 ok AAE 747%54

KCCM 11316 %3 %%(F—KCCM& 17%, 12% %7}0}9511
WA ol B, subtilis MYCO 10001 & F(F-MYCO)&
12%, B. subtilis KC-3 T &FF(F-KC)= 20% 7238t
ol¢} o A}E Bl F-MYCOZ F-KC7t Ao &3
S AAAFE Ay doka Bola, 1% F-KC #d
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AR
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UEA] FolE 7] 95t %*MHJ“J%
+ Oil red O GAHE T3 AR
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controlS A3 ZE ol &
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Fig. 2. Effect of soybean milk fermented with different
Bacillus subtilis on the lipid content in 3T3-L1 adipocytes.
C: Adipocytes were treated for 24 hr at day 8 after inducing dif—
ferentiation with vehicle alone, S: soymilk, F-PNU: fermented
soymilk by Bacillus subtilis from K cheonggukjang (KC-3), F-
MYCO: fermented soymilk by Bacillus subtilis from INNOBIZ
MYCO, F-KCCM: fermented soymilk by Bacillus subtilis 11316
from KCCM. (A) Morphology of Oil red O strained adipocytes.
Magnification, 100 x. (B) OD values of extracted Oil red O dye
(n=5). Data are expressed as mean=*SD. Means with different
letters are significantly different (p<0.05) by Duncan’s multiple
range test.
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Fig. 3. Effect of soybean milk fermented with different
Bacillus subtilis on glycerol secretion. C: Adipocytes were
treated for 24 hr at day 8 after inducing differentiation with ve-
hicle alone, S: soymilk, F-PNU: fermented soymilk by Bacillus
subtilis from K cheonggukjang (KC-3), F-MYCO: fermented
soymilk by Bacillus subtilis from INNOBIZ MYCO, F-KCCM:
fermented soymilk by Bacillus subtilis 11316 from KCCM. Data
are expressed as mean+SD. Means with different letters are sig—
nificantly different (p<0.05) by Duncan’s multiple range test.

FAANS FPAET Ao s BaeA Hed o
Bacillus subtilis?t 4 AW Bl &422 ZA3ct B

g Jo 5219 WEFHE LAZ

LS F77t PPARy 2} SREBP-1ce| &0 O|X|= g&t
Al

B oor

ATl OF AWEHA a7t YA dA 2
Y FEAE A4S 2487 95e] 4 ARES APAL
o 1 mg/ml FE2 A F AP BAY FAA4E
o mRNA 8L AESAGTHEIg 4. A S 1
e 247 98] Aol Belsts faAEe) A
£ ZA3sl= AAFIALS] PPAR 79} SREBP-1cE 4

HE
ot PPARy= AW 7‘4—?/‘1]:501]/\1 AA RS Z3tel
A Mg AR Ve s weeta S A A A
AR ofyel A EANE A 2o E3HE £3
31 (22) AHEE el #EE o8 7HA] enzymeE 9] 2E
QS v FT g A ATH@3). PPARy o @S
HA e FHS)NME 14%7F F7HtA L F-MYCO%

F-KCCM< Z+2F 14%, 12% 7238+93 F-KCE 34% 74
H A (p<0.05).
SREBP-1ce= AW} 7tz 9] A4t} cholesterol HAF

N

of M- T8 9&&S 7HA= HARRIAO| K (24) A WA E
oA PPAR 7y o] B8-S F%3}11 PPAR y 9 ligand-binding
domains A3} A|Z  olyz} PPAR 7 9 ligand®] A4+
< FAAZTHEE). =g AW A FAste Eid
FAS, ACC, Acyl-CoA synthetase(ACS) 9] Wd& z3
8}l triglyceride AT #HH whul A o] W) =
o]
o

710 ZM AEd g&EZHA AW S EJE}(%)
SREBP-1c9] &#d-Eg ZASH A3 #a A & F/(9),
F-MYCO % F-KCCMellA 15%, 13%, 15% 7+A3tHaL F-

KCollA 39% frojdoz 7+43FH thH(p<0.05).
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Fig. 4. Effect of soybean milk fermented with different
Bacillus subtilis on lipogenesis-related gene expressions in
3T3-L1 adipocytes. C: Adipocytes were treated for 24 hr at day
8 after inducing differentiation with vehicle alone, S: soymilk, F-
KC: fermented soymilk by Bacillus subtilis from K cheongguk-
jang (KC-3), F-MYCO: fermented soymilk by Bacillus subtilis
from INNOBIZ MYCO, F-KCCM: fermented soymilk by Bacillus
subtilis 11316 from KCCM. Data are expressed as mean+SD.
Means with different letters are significantly different (p<0.05)
by Duncan’s multiple range test.
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