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In this study, we describe the inhibition of adipocyte differentiation by the lactic acid bacteria (LAB)
fermentation product of Chrysanthemum indicum L. (Cl) extract to control obesity. Preparation of LAB-
fermented products was performed to overcome the cytotoxicity of CI extract. During fermentation
and 3T3-L1 cell line experiment, cytotoxicity was not induced in the CI fermentation products over
1 day in culture. Fermented materials from highly proliferative cultures were selected for treatment
of 3T3-L1 cells and for comparison with unfermented control groups. Cell survival and undiffer-
entiated cell populations were decreased differentiation population in all experimental groups com-
pared with controls, as measured using fluorescence-activated cell sorting analysis. Akt pathway activ-
ity increased upon treatment with these fermented extracts in 3T3-L1 cells. Gli2 depleted at the pro-
tein level in association with adipocyte differentiation. LAB KCTC 3115- and 3109-fermented extract
treatment caused controlled Gli2 protein accumulation. Moreover, KCTC 3115 and 3109 were found
to reduce C/EBPa and FAS was depleted, whereas pACC was increased at the protein level upon
treatment with the fermentation products of each of the four LAB used in this study. With Lactococcus
lactis subsp. lactis KCTC 3115 fermentation, the regulation of adipose differentiation and hedgehog sig-
naling were also suppressed, thereby inhibiting the differentiation of progenitor cells. The basis for
the activation of hedgehog signaling may provide insights into the treatment of obesity and the in-

hibition of adipocyte differentiation.
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sus KCTC 3237, Lactococcus lactis subsp. lactis KCTC 3115,
Lactobacillus paracasei subsp. tolerans KCTC 3074, Lactobacillus
casei KCTC 3109, Lactobacillus brevis KCTC 3498, Lactobacillus
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geup, Korea)oll Al &4 wro} Aol o] ottt

A F2EE HEAT7] U8 MRS (Conda Pronadisa,
Madrid Spain) Hlj Z] 9} 35‘—1]"6‘} (1 000 ml)e 1159 4kt
Fotsnh shA A= FE e T MAE
5/\1 of A Fatdol L, 8 E 7 ¢k B 2AA ] EA
sto] Zha FAAZEA0 g)& Akl A= v 20% (v/
V)4 Hltﬁri ol fFite A= $2AZE & WA &S
AR, WEe] Y 98 pH ¥ HE7)7H] T ODgy

% (SpectraMax i3, Molecular Devices, San Jose, CA, USA)<
Aotk LEAY L Fig 19 AP o= AYstglon HF
94T g BERS BAAZR 3 A9 Ol%OP‘ﬁ
3518 A EE BSC #3F f & H]EE MD], % %
AT C, 2 fritd oz

71—71— X—l

A

oot
-

rl

o S A
=

>
£
o
=
o
H
0
©
>
>
frtl
o
)
9‘1"
2
e

NEH 3 HESY 53

3T3-L1 M EF& A EF2 (KCLB, Seoul, Korea)ol
A EY @l Az Z4HX2E Cyto-X (LPS Solution,
Daejeon, Korea) 2Foll o] &3t A th. 3T3-L1 A 2FF 96 well
plate (SPL Life Science, Pocheon, Korea)oll 1x10" A E£F2
10% bovine calf serum (BCS, Welgene Inc., Gyeongsan,
Korea), 1% penicillin streptomycin (Capricorn Scientific
GmbH, Ebsdorfergrund, Germany)©] %% Dulbecco’s

Chrysanthemum indicum L. (CI)

Solent extraction
: ethyl alcohol

Btract _

Freeze drying

MRS media

Increasing concentration by adding
daily dried CI

pH and ODy,
Resistance lactic acid bacteria
select

Fig. 1. Lactic acid bacterial fermentation process of Chrysanthe-
mum indicum L. (CI) and resistant strain manufacturing
method.

modified Eagle’s media (DMEM, Capricorn Scientific GmbH,
Ebsdorfergrund, Germany)& Ab-&-3ko] 37°C, 5% CO* 279
incubator (WS-180CA, World Science, Bucheon, Korea)ol| 4]
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3T3-L1 M ZFE 32 well plate (SPL Life Science, Pocheon,
Korea)oll 3.5x10° Al £ 210% BCS 1% penicillin streptomy-
cin7} ¥ DMEM iAo W] 5 95% Al Zujgo] ¢=d
%10 ug/ml insulin (Sigma-Aldrich, ST. Louis, MO, USA),
0.1 mM dexamethasone (DEX, Sigma-Aldrich, ST. Louis,
MO, USA), 0.5 mM 3-isobutyl-1-methylxanthin (IBMX, Sig-
ma-Aldrich, ST. Louis, MO, USA)7} £&¥ 10% fetal bovine
serum (FBS, Capricorn Scientific GmbH, Ebsdorfergrund,
Germany) 3} WA 2 w&sto] 29 7F v st int. 2¥ vtk
10 pg/ml insulin®] E3H¥ 10% FBS WA & wdtsle] 7=
FEES 4= HEES 250,500 2 1,000 ppmE A ]}

Azt %S A3k Oil Red O (ORO, Sigma-Aldrich, ST.
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traMax i3 (Molecular Devices, San Jose, CA, USA)dl| 4] 510
nmZ FAF H APS FEIFAT
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2 #¥l ¥ pH 74 Dulbecco’s phosphate-buffered saline
(DPBS, Capricorn Scientific GmbH, Ebsdorfergrund, Ger-
many)Z 13] A2 & DPBS, 0.5% bovine serum albumin
(BSA, Amresco, Solon, OH, USA), 0.1% sodium azide (Sigma-
Aldrich, ST. Louis, MO, USA)Z Tt fluorescence-activated
cell sorting (FACS) buffer 500 plell LIVE/DEAD Fixable
Green Dead Cell Stain kit (Invitrogen, Carlsbad, CA, USA)A|
oF 5 g H7hste] 3023 5olA GAsST ol F FACS
buffer® 13] A4 % Attune ® FACS machine (Life Technol-
ogies, Darmstadt, Germany)< ©] 83t 635 nm excitation
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Pocheon, Korea)ol 45x10° Al 252 12417 w43 9 72+
FE2EG = LEES 250, 500 2 1,000 ppmE 244 7F A 2
ateo] MEZE F33H4 ). RIPA lysis buffer (ATTO Corpora-
tion, Tokyo, Japan)®ll phosphatase inhibitor cocktail (ATTO
Corporation, Tokyo, Japan)¥ protease inhibitor cocktail
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Laboratories, Hercules, CA, USA)E €83 A&Fd £ 10~25
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CA, USA), anti-AMPK1, anti-pACC, anti-B-actin (Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) ¥ anti-Gli2 (Novus
Biologicals, Centennial, CO, USA)E °] &34 th.
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Fig. 2. Changes in lactic acid bacteria concentration and pH dur-
ing the fermentation process. 1, Lactobacillus delbrueckii
subsp. lactis KCTC 3034; 2, Lactobacillus acidophilus KCTC
3140; 3, Leuconostoc mesenteroides subsp. mesenteroides
KCTC 3718; 4, Lactobacillus rhamnosus KCTC 3237; 5,
Lactococcus lactis subsp. lactis KCTC 3115; 6, Lactobacillus
paracasei subsp. tolerans KCTC 3074; 7, Lactobacillus casei
KCTC 3109; 8, Lactobacillus brevis KCTC 3498; 9, Lactoba-
cillus kitasatonis KCTC 3155; 10, Lactobacillus reuteri KCTC
3594; 11, Lactobacillus fermentum KCTC 3112. A, Lactic
acid bacteria concentration calculated by ODew; B, The
pH measurement of fermented CI after incubation with
lactic acid bacteria.
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Fig. 3. Cytotoxicity effect of CI fermentation materials on the
3T3-L1 cell line. DMSO, CI solution; 1,000 ppm, 1 mg/
ml; 500 ppm, 500 pg/ml; 250 ppm, 250 ug/ml. DMSO,
Dimethyl sulfoxide; 1, Lactobacillus delbrueckii subsp. lac-
tis KCTC 3034; 2, Lactobacillus acidophilus KCTC 3140; 3,
Leuconostoc mesenteroides subsp. mesenteroides KCTC 3718;
4, Lactobacillus rhamnosus KCTC 3237; 5, Lactococcus lactis
subsp. lactis KCTC 3115; 6, Lactobacillus paracasei subsp.
tolerans KCTC 3074; 7, Lactobacillus casei KCTC 3109; 8,
Lactobacillus brevis KCTC 3498; 9, Lactobacillus kitasatonis
KCTC 3155; 10, Lactobacillus reuteri KCTC 3594; 11,
Lactobacillus fermentum KCTC 3112.
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Fig. 4. Live and dead cells distinguished by flow cytometry of cultures incubated with CI fermentation materials. SSC, side scatter;
BL2, fixable dead cells. A. Unstained cells; B. Undifferentiated cells; C. Differentiated cells; D. Differentiated and Cl-treated
cells; E. Differentiated and Lactococcus lactis subsp. lactis KCTC 3115 + Cl-treated cells; F. Differentiated and Lactobacillus
rhamnosus KCTC 3237 + Cl-treated cells; G. Differentiated and Lactobacillus paracasei subsp. tolerans KCTC 3074 + Cl-treated
cells; H. Differentiated and Lactobacillus casei KCTC 3109 + Cl-treated cells.
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Fig. 5. Hedgehog pathway control of CI fermentation materials on the inhibition of adipocyte differentiation of 3T3-L1 cells. 3115,
Lactococcus lactis subsp. lactis KCTC 3115 + Cl-treated cells; 3237, Lactobacillus thammnosus KCTC 3237 + Cl-treated cells; 3074,
Lactobacillus paracasei subsp. tolerans KCTC 3074 + Cl-treated cells; 3109, Differentiated and Lactobacillus casei KCTC 3109
+ Cl-treated cells. A, Western blot analysis of proliferation related-signal proteins; B, Western blot analysis of hedgehog
pathway protein Gli2; C, Western blot analysis of lipogenesis pathway proteins; D, Phase-contrast microscopic images of
Oil-Red-O-stained 3T3-L1 cells 10 days after incubation with induction medium.
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