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Immunomodulating Effect of Extract of Cheonggukjang Fermented with
Bacillus amyloliquefaciens (SRCM100730) on RAW 264.7 Macrophages

Seung Bin Chool, Hui Yangl, Do-Yuon Jeongz, Seong-Yeop Jeongz,
Myeong Seon Ryu®, Kwang-Hoon Oh®, and Yung Choon Yoo'

!Department of Microbiology, College of Medicine, Konyang University
, “Microbial Institute for Fermentation Industry (MIFI)
‘fDepartment of Physical Education, College of Education, Kongju National University

ABSTRACT Cheonggukjang is well known as a traditional fermented food in Korea and has various biological
activity. In this study, immune-enhancing activity of extract of cheonggukjang fermented with Bacillus amyloliquefaciens
(SRCM100730) was examined in RAW 264.7 murine macrophages. Treatment with extract augmented production
of nitric oxide (NO) and tumor necrosis factor-a (TNF-o) from RAW 264.7 macrophages in a dose-dependent manner.
Similarly, increased mRNA expression of inducible nitric oxide synthase (iNOS) and TNF-o was observed. In addition,
the extract synergistically enhanced production of NO and TNF-a from lipopolysaccharide (LPS)-stimulated macrophages.
Analysis of intracellular pathways revealed that the immune-enhancing activity of cheonggukjang extract was related
to activation of mitogen-activated protein kinases (MAPK) and nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kB). These results suggest that cheonggukjang fermented with B. amyloliquefaciens (SRCM100730) is
a beneficial food effective for activation of immune responses.
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iformis, Bacillus amyloliquefaciens, Bacillus pumilus &
o] 4#A ATH(15). 53] & AFol|A A+E-3 B amyloli-
quefaciens= - AT Aol oJslH S £33 &
A5 $H|EF(15), gt ks S E A YA 9le AeR
HAEATHI6). kANt o] 2 AZg Fdol sy
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B Ao M= B amyloliquefaciens®l 43l= A4tk ¢
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RAW 264.7 AXul%F vjA &+ Dulbecco’s modified
Eagle’'s minimum essential medium(DMEM)(WelGENE,
Seoul, Korea)& AH&-3}312H, fetal bovine serum(FBS)
7} antibiotics(streptomycin/penicillin)= Gibco BRL
Life Technologies(Grand Island, NY, USA)2] A|&& A}
23} t}. Lipopolysaccharide(LPS, Escherichia coli 0111
B4 29} methyl thiazolyl tetrazolium(MTT)2 Sigma-—
Aldrich Co.(St. Louis, MO, USA) AES AM&33H
Mitogen activated protein kinases(MAPK) &3} =4
S 9%+ 34 phospho-p38(P-p38), p38, phospho—ERK
(extracellular signal-regulated kinase; P-ERK), ERK,
phospho-JNK(c-Jun-terminal kinase; P-JNK), JNK, =
2]al NF-xB &A43} 548 93 34 phospho-IkB(in-
hibitor of kappa B, P-1kB), IxB+ Cell Signaling Tech-
nology(Beverly, MA, USA)ol A Ftull s}t Z12] 3l house
keeping @ &<l anti-B-actin &A= Santa Cruz Bio-
technology(Santa Cruz, CA, USA) A Fujjsle] A}-8-3)
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W el & ?HOP"% /‘}%0}0 E‘L =
2129 (Sunchang, Korea)o] B-f3la = %
ZH uFANA B8 B amyloliquefaciens(SRCM
100730) #55 AFE3F . H=7d-2 e 3.5 kg 244
Bt A st T8 Y & AR dy B7]1E AlASE
o] autoclaveoll A 121°C& 3083t FAlatqith. Sxd o
Bl 40°C o])3t2 WA 7] & tryptone soya broth(TSB,
Oxoid Ltd., Basingstoke UK) s #]ell A 30°C, 24217t )
&3k mj S Wy A FAY 0.5%GvwE HE R 9
Atk HE AL 37°CollA 80% HEE 24417t Feko
A3t AxH A5GE FE237] g5t = =
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D Eg TS o] &3k A2(25°C)oll A 24412 wwt &3}
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2 Aol ARG k-2 T A A EFQ RAW 264.7 X
£ A EF23(Seoul, Korea)oll A E4RESITE Al E=
DMEM #l#]ell 10% FBS¢t 1% antibioticsE %7}l vh=
i X 2 37°C, 5% COz ZZollA wleFalglar, A 27g ol A
HZ= 75~85% B WER kg W) A weFagit).
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A FE2EY AEE5AS MTT assays 53 SH3}
Atk RAW 264.7 AIE(1x10* cells/wel)Z 96-well plate
o] 100 pLA #F3kal 8417 59k eFA 3 A7l & SRCM
100730 &a HA=4 FE2ES 559 (6.25, 12.5, 25, 50
ng/mL) = ﬂﬂﬁ}oﬂ 37°C, 5% COg incubatorol| 4] 247+
gt th vl ¥ 5 mg/mL =9 MTT A 2FS 10 ulL
A Hrete] 2A12F Fr gt al YA EE AT S A
AsFATh 1 F 7} wellell dimethyl sulfoxided 3 7}13}o]
A ¥ formazans o] o]& 20%%F shake ¥ Micro-
plate reader(ELx 800-PC, BioTek, Winooski, VT, USA)
£ ©o]&3te] 540 nmollA FFEE ST AEES
el gk AElwe] F3E BlE WEEE FASH A
2kt
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NO Y TNF—q X
NO9| %= AEd ol nitrite ¥%=2 Griess ¥H-3-%
o]-gato] SA8ITE RAW 264.7 AlE+= 5x10* cells/well
FE2 24 F 48-well plateol] &53}3L 37°C, 5% CO»
incubatorell A 8A17F o+ 8}t U3 M Xol Wtg H=7
=255 w5H06.25, 12.5, 25, 50 ug/mL)= A g]sle] 244
ZF wjeksksith. 2 & YAR-2](Purispin 17R, Hanil Science
Medical) 0}04 NS B T FHY Griess Al S F
7}5ke] A2 A 103 WE-§-Al 71 3L microplate reader®
0]-8-3Fe] 540 nmoll A A=
T EEAS O]%:SH A& Aok, TNF-a= NOZ
264.7 MES WjF s s ol
3l ELISA kit(BD Blosmence, San Jose, CA, USA)9
o3l A&Fatdrt.
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Table 1. Sequences of the primers for PCR

Primer Sequence
iNOS S.ense 5’-GTAGTGACAAGCACATTTGG-3’
Anti-sense  5’-GGCTCCACTTTTCACTCTGC-3’
TNF-0 S‘ense 5’-AGCCCCCAGTCTGTATCCTT-3’
Anti-sense  5’-CTCCCTTTGCAGAACTCAGG-3’
. Sense 5’-AGCCATGTACGTAGCCATCC-3’
B-Actin

Anti-sense  5’-CTCTCAGCTGTGGTGGTGAA-3’

ng/mL)E 6A1%F A2 & A& Bl s de AA
&3l RNAZE TRIzol reagent(iNtRON Biotechnology,
Lynnwood, WA, USA)E o] &3fo] &3¢t RNAZ S
Bl c¢DNA synthesis kits(Power c¢cDNA synthesis Kkit,
iNtRON Biotechnology, Kirkland, WA, USA)E o] £-3]
cDNAE A #Fs13d e}, INOS, TNF-a, B-actinel gk PCR
primert Cosmo Genetech(Seoul, Korea)ol| A 0 }o]
AF&3F3itH(Table 1). 2 @9 d M=+ Chemilumines—
cence imaging system(BD Bioscience)$& o]-&3}o] £

sk,

Western blot analysis

RAW 264.7 A|3£(1x10° cells)E cold PBSE A& 8l
lysis buffer[50 mM Tris—-HCL(pH 7.4), 150 mM NaCl,
5 mM EDTA, 0.1% Triton X-100, protease % phospha-—
tase inhibitor cocktaill® lysis A1 & gz sr=
BCA protein assay kit(Sigma-Aldrich Co.)o. 2 A=t
¥, 30 ng? lysateE 10% SDS-PAGEoIA 7|4 # t}.
#=2ld @42 polyvinylidene difluoride(PVDF) mem-—
brane(Bio-Rad Laboratories, Hercules, CA, USA)S ©]
83to] 2413t Ft HAAZITE o] F 5% skim milk 8-S
2 Ao A 1A17F F¢F blocking 3L, P-p38, p38, P-
ERK, ERK, P-JNK, JNK, P-IxkB ¥ IxBel| w3t &<
rabbit monoclonal antibodies(BD Bioscience)E& 1:5,000
o7 3|Asle] Alg3sAYk. 22 A ZE= horseradish
peroxidase(HRP)7} 2% anti-rabbit [geGE 1:5,0002
2 5]A3to] A2l A 2413 §E&A17] a1, TBST(TBS con-
taining 0.05% Tween-20)& 5%4 & 83] 4|4 3}aL ECL
7147 93 A7 $ Zbzre] @l Wi=E Chemilumines—

cence imaging system= ©]-&3}o] EA3t}.

LPS2te| A|UX| 21t &H

wg A=Y FE2E A B8 aE A8 flEke
LPS(100 ng/mL)¢}F A=4 FE25S &4 Agsta, g2
A ZZHE NO9F TNF-a9] #8]7} LPS w53 2o H] 3
A58lE=712 ELISA kitS 3 =43

E A% Ave Ha+EFAE ey ew E4
54 o) AS Student’s two-tailed r-testE o]-&3}o],

P0.05 5% olgelA AZaech
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Fig. 1. Effect of the cheonggukjang fermented with Bacillus
amyloliquefaciens (SRCM 100730) on cell viability in RAW
264.7 cells. Cells were treated with the indicated doses of the
fermented cheonggukjang for 24 h. Cell viability was determined
by MTT assay. Data were expressed as meantstandard errors.
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Fig. 2. Effect of the cheonggukjang fermented with B. amyloli-
quefaciens (SRCM 100730) on the production of NO and TNF-a
from RAW 264.7 cells. Culture supernatants of RAW 264.7 cells
harvested 24 h after treatment of the fermented cheongukjang
were used for determination of the level of NO and TNF-o.

*P<0.05, **P<0.01, ***P<0.001; compared with the control (untreat-

ed group).
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TG F28 Al )3 RAW 264.7 AE 27 TNF-a
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Fig. 3. Effect of the cheonggukjang fermented with
B. amyloliquefaciens (SRCM 100730) on the expression
of iINOS and TNF-o. mRNA in RAW 264.7 cells. The
cells were treated with the indicated doses of the fer-
mented cheongukjang or LPS (100 ng/mL) for 6 h.
The level of mRNA expression was iNOS, TNF-o, and
B-actin was determined by PCR as described in Mate-
rials and Methods. Densitometric analysis of the bands
was performed by Chemiluminescence imaging system.
"P<0.05, "P<0.01, " P<0.001; compared with the con-
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zdsh=dl d#e] MAPK| 843} 3148 AP-19] 144
QA2 o] FojRthar HarEo] QuH(25). AP-12 Jund}
Fos family ©t¥ 2 2 o] F oz HA}IARE c—Jun c-Fos
9] heterodimer FE| &2 EA u] A} o] 71 &=
(26). T2 Azt 2 HAAN ] EA 3} 2p=0] Fo] XA
A6l o3 c-Jun? c-Fos iz Wy o] FIkshAl =M,
c—June JNK9} p38¢] <14atslol 93], c-Fost ERKY <l
Abste] ofd & st th(27). 18]al NF-kB9] 7
o Al kBt AjtEol E&4d3t JeHlE 3 o ﬂ"}i 3}A]
ESHA R [kB7F LPS9F 22 b5l 2l&] ditals o] 23|
W NF-kB7} &) & HALE o] theFgh Ao E7191 2 ¢
ZuINEZDS FA4S S8 FH28). B amylolique-
faciens(SRCM 100730) ‘?j_f& ALY FEE HISH &
del 71de A ety] 91§ o ® MAPKS NF-kB2|
st ARE AT L A% bE Aed FEES
RAW 264.7 Al Zo] ﬂrﬂ% © 24 MAPK % ERK®} p384
Aibsrl AEe A fFEEHE AR YERen, olE 4
Azbsh= A= 3 1038 oujell A3t 204 TTE1%
OJ3HA Tkl A o= gl ]TE}(Flg 4). A" MAPK
Bt T INKE oprl Jaks vbA] ¢f+= 3o s vehy
. NF-xB2] &4l 3} 2ol = MAPKS} 5U3HA A
10+ oJulell kB9 QA7 2w 7] AlZtel= Ao
42w ok (Fig. 5). 38 positive control® AF&-3F LPS
(100 ng/mL=E 203t A e))7} B amyloliquefaciens(SRCM
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Fig. 4. Analysis of MAPK activation by the cheonggukjang fermented with B. amyloliquefaciens (SRCM 100730) in RAW 264.7
cells. The phosphorylation of p38, ERK, and JNK MAP kinase in RAW 264.7 cells was determined by western blot. The cells
were treated with the fermented cheonggukjang extract (12.5 mg/mL) or LPS (100 ng/mL) for the indicated times, and total cellular

proteins obtained from the cells were used for western blot analysis. P<0.05,

(untreated group).

'P<0.01, ""P<0.001; compared with the control
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Fig. 5. Analysis of NF-kB activation by the cheonggukjang fermented with B. amyloliquefaciens (SRCM 100730) in RAW 264.7
cells. NF-kB activation was determined by phosphorylation of IkB in RAW 264.7 cells treated with the fermented cheon%gukjang
extract for the indicated times. Western blot analysis was carried out by the same method with that of MAPK activation. P<0.05,

Hkk

"P<0.01, “"P<0.001; compared with the control (untreated group).
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Fig. 6. Synergic effect of the cheonggukjang fermented with B. amyloliquefaciens (SRCM 100730) in LPS-priming RAW 264.7
cells. The cells were treated with various doses of the fermented cheonggukjang extract in the presence or absence of LPS (100
ng/mL) for 24 h. The level of NO and TNF-o in culture supernatants of the cells was determined using detection kits as described
in Materials and Methods. "P<0.05, ~P<0.01, = P<0.001; compared with the control (untreated group).
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