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Soy sauce is a traditional fermented seasoning in several oriental countries, such as Korea and Japan,
and recently it has been reported to have biological activities. In Korean soy sauce, soybeans and
wheat are the two main raw materials. Polysaccharides that originate from the cell wall of soybeans
are resistant to enzymatic hydrolysis. These polysaccharides remain in the soy sauce even after fer-
mentation and are termed Kanjang polysaccharides (KPS). In this study, polysaccharides were obtained
from dialysate of different soy sauces labeled as A~T and manufactured by fermentation or the
acid-hydrolyzate method. We investigated anti-inflammatory activities by examining the effects of
these KPS on proinflammatory cytokine release and mRNA expression in mast cells. Histamine and
B-hexosaminidase release were strongly decreased by the KPS treatment in RBL-2H3 cells. Treatment
with KPS clearly reduced mRNA expression and the release of the proinflammatory cytokines inter-
leukin (IL)-6, IL-8, and tumor necrosis factor-alpha (TNF-a) in PMACI-stimulated HMC-1 cells. In par-
ticular, KPS derived from fermented Karyang products showed a significant anti-inflammation effect
on mast cells compared to the acid-hydrolyzed Karjang products. This study suggests that KPS appear
to be effective in suppressing allergic inflammatory reactions.
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e AF[E7F o] FolA L Y= 7]'%31, E]‘/]'E]'—/] Eﬁﬁa
T aAEd AFe T dHAY Fajoh FAI M E
THete 847 FA o g7 ddR/t s a§80=
F22 Aol AR EH. olgg AFTaAFES FRdde 7t
&, 9%, 3% Fol lem(17], 53] gL wT d4F
7b & Fo tiEF EEE A&
Me 484 1 F% ¢+ Shoyu polysaccharide ]
immunomodulating &/3(21]%} §¢#27] &4 [15]0“ Sy
23y

A7} garap) %
= 9]_ zﬂzuhﬂ o]

histamine®} B-hexosaminidase®] EHZF 2 9=
cytokine IL-6, IL-8, TNF-a9] fr&] &< SA o 2H
) ddF 2948 sty v A% AR 44
o

& AFHaA ok

O3 2o gyos B45 9 pH
H meter (Orion 420A, Thermo, Beverly, MA, USA)&
].cq =2 O}Oﬂ [e) :q (EE‘C 7]-7(]- 1013]] §;]Hoﬂ 10 m]& _ir]

2% KoCrO; 1 ml& ¥ 01 N AgNO:= AR
= AEFF A e} Kjeldah] &2 Z4 381921, of

B A FF2 AOACA A E WHoz SHsoi
A& 1 mlol 5% phenol (Yakuri pure chem-

icals Co., Ltd., Kyoto, Japan) 1 ml¢} HxSO4 (Samchyn pure
chemicals Co., Ltd., Pyeongtaek Korea) 5 mlE 7}ato] 42
o A 3087 WHEAIZ] F 460 nmol M FFEE S8

FFEZEE glucose (Sigma Chemical Co., St. Louis, MO,
USA)E AHE-3ISIT 3 &2 AIS 1 mlol 0.75% 3,5-di-
nitrosalicylic acid (DNS, Sigma Chemical Co., St. Louis, MO,
USA) €94 1 ml& H7Fstal 100 Tl A 582t Hhe-A17] o
ZH54 8 mlE 7HE F 540 nmol A FF =2 =339t

ZFEF CIetR(Kanjang polysaccharide, KPS)Q| =&
1 497y FE& dsto 1u ARTA T AF
A~TE FR38IA Ago) AE3lHon o)F A~Le Y274,

M~TE A8 ez B{silen, 53] Fof K= A4
TR Az AFoIUh £ E 11742 Kikuchi [12]¢]
Wl ofste] BgFE FE5tth 10 mle) g2 cellu-

lose membrane (Width. 43 mm, Diameter. 27 mm, 12,000
molecular weight, Dialysis membrane, Viskase Corporation,
Chicago, Illinois, USA)S ©]-8-3}] 4°C2] &9 A overnight3}
of FHF F A Azdfe] KPSE FE3HA

M= Hiet

Human mast cell 7] Z£(HMC-1, a kind gift from Dr. HM.
Kim at Kyeonghee University, Seoul, Korea)= 10% Fetal bo-
vine serum (FBS), 100 U/ml penicillin® 100 ug/ml strepto-
mycin®] ¥ Isocove’s modified Dulbecco’s medium
(IMDM, Gibco BRL, NY, USA)E ©o]-&38}e] 37T, 5% CO00A]
1] F&} 3t} Rat basophilic leukemia A3 (RBL-2H3, Korean
Cell Line Bank No. 22256)= 10% Fetal bovine serum (FBS),
4 mM L-glutamine, 100 U/ml penicillin®} 100 pg/ml strep-
tomycin®] F+¥ Dulbecco’s modified eagle medium
(DMEM, Gibco BRL, NY, USA)E ©]&3}to] 37C, 5% CO,
ol A wl ettt

Mz 422 53

AEef BEELS 3-(45-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assayZ A &3} H14]. A=
(5x10° cell/ml)e]l KPSE 1 mg/ml& ZHs}ko] 500 plo) wj ¥
Aol 5 pl= A3t 30 mint incubatorol A ®FE =
Phorbol 12-myrostate 13-acetate (PMA, Sigma-Aldrich, St.
Louis, MO, USA)9} calcium ionophore A23187 (Sigma-
Aldrich, St. Louis, MO, USA)< 8 hr &<t A3 Ath. A=
S MTT solution (50 ul)E 713l 37 Cl A overnightd}al
dimethyl sulfoxide (DMSO)E A4S %31 ¥ 540 nmol A

A

FA=E SAST Kpss ASAE AejehA g 7 A2
T FFEES 100%2 st AE AEES Atk

Histamine #Z|ME &4

RBL-2H3 A3 vjeF Al Zo] & histamined] &2
Shore [28]9] W] we} o HAEZ FHo vjgF 500 pls
Y31 0.1 N-HCI 450 pl 60% @24 84 50 miE ¥al &9
& 14 5-2)(15,000 rpm, 20 min)dke] T A 800 11E 5
N-NaOH €9 500 ul, &4 3 ml, n-butanol 10 ml 2 NaCl
12 g& 33 AP el ¥ JE(20 min oS A&
(2 000 rpm, 10 min)3}$it}. Butanols 8 mIZ 50 ml A] g Tl

231 01 N-HC €94 3 ml, n-heptane 10 mlE 7}Fate] 820
min©| "})Koﬂ AAEE (2000 rpm, 10 min)dF ATt o 719 A
do1x 4% 2 mlol 1 N-NaOHE< 400 pl¢t 1% COphthal-
dialdehyde (Sigma, St. Louis, MO, USA)&< 100 ul& 21

1



FE43B7C)o A 3 min F<2F ¥HEAIZ] T, 3 N-HCl &9
200 pE Y3 3 Fo 2 min 59 WA spectro-
fluorometer (Aexcitation=360 nm, Aemission=440 nm)Z ¥
BEE 57435tk Histamine 8 941§ (%) tha3 2o
ARtk

A& (%)={(A-B)/A}x100

e A: KPSE R34 29k wh < histamine

*B: KPSE F75t0< ® <] histamine%

B-hexosaminidase F2|2ME =X

HITEA 2 9] & 782 granule markerS] B-hexosaminidase
o] 245 T3 ZAIA T RBL2H3 A 22E 24 well plated]
1x10° cells/well 2 seeding3t ¥ overnight= B %35} th. Al
X 33)7F siraganian buffer (125 mM NaCl, 5 mM KCl, 1.5
mM CaCl,, 1.5 mM MgCl,, 20 mM HEPES, pH 7.3)2 A2 g
% 0.1%<] Bovine serum albumin (BSA)E &3t 500 ul9]
siraganian buffero] &g ¥ 400 ng/ml¢| dinitrophenol-
bovine serum albumin (DNP-BSA)Z 2}=38tef 37CelA 1
hr &<t Wl gst AT 2 % 50 ple] 43 A4S 1 mM p-nitro-
penyl N-acetyl-B-D-glucosamine (Sigma, St. Louis, MO,
USA)S 3k 200 ul2] 0.05 M citrate buffer (pH 4.5) &%
8k 3 37TCo)A 3 hr 52 w3t 500 ple] 0.05 M sodium
carbonate buffer (pH 10.0)5 #7}3to] EAWES T4 &
405 nmo A FF 2 =AYtk B-hexosaminidase F &l
ek KPS #2]9] A o3t 2o JAEE AlMbsto] Vet
Wl

A A & (%)=(Treated-Blank-Spontaneous)/ (Control-Blank

-Spontaneous)
¢ Control: KPSE F7etA 4%t& W9 normal aller-
gen-IgE response
o Treated: KPSE 7}t %S ™ 2] normal allergen-IgE re-
sponse
e Blank: KPS$} 7] %H ELISA welle]l 7}
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* Spontaneous: KPSE §-713HA] 2%8tS W <] allergen-IgE

response

Cytokine =t[2 £F

KPS| &415 &35 Lohi7] fs) HMC1 Al KPsE
1 mg/ml =2 A3 F PMAY} AB1872 AF381d fr&
¥ cytokine (IL-6, IL-89} TNF-q) ¥4 &S ELISAHC. 2 =4
31Tt 96 well platedl] IL-6, TNF-a9} IL-89] monoclonal an-
tibody (BD Pharmingen, San Diego, CA, USA) & 2] 4Tql
A 3R ZE AT 0.05% Tween20S %713 phosphate
buffer saline (PBST)= | ¥ ¢ ¥ standard® AHE-%= re-
combinant IL-6, TNF-q, IL-8%} A 88 217} H7}ste] 4.2
A 2 hr & ¥-3-A171th A1 ¥ % biotinylated anti-human
IL-6, TNF-a9} IL-8& F7ksted Aol A 2 hr &3k wheA12
% avidin peroxidaseE 9ol 40 mingt ¥HEAIZ F
2,2'-azino- bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS,
Sigma, St. Louis, MO, USA)E #7131 405 nmoll A 2743}
Sk,

4

Cytokine mRNA Z&i2t &5

A3 Total RNA #32+ easy-BLUE Total RNA
Extraction Kit (iNtRON Biotechnology, INC, Beverly, MA,
USA)E AH&319 0.1, B2 E total RNAS ©]&3}a] cDNA
£ P F, o] DNAS F3 2 2 Cytokine specific primer
(Table 1)& o]&3le] PCRE AHA3AT o] of dxT=
GAPDHE AH&-3t51oH, €ojzl DNA A& 2% agarose
geldl A #7]19%F % ethidium bromideZ %4 3}o] UVa}o]
A #EEA

EE A9 33 AP S dAlste] Ao 2EHA
2 Yehfilon, A947e] FAAE SPSS (Statistical
Package for Social Science for Windows, Rel 18.0) program<

Table 1. Primers and PCR conditions for analysis of gene expression in HMC-1

. . ey Annealing Amplified Size
Cytokines Primer sequence (5'—3') Temperature (C) (bp)
5-CCT ACC AGA CCA AGG TCA AC-¥
TNF-a 5-AGG GGG TAA TAA AGG GAT TG-3 57 279
L6 5-AAA GAG GCA CTG GCA GAA AA-¥ 59 12
i 5-ATC TGA GGT GCC CAT GCT AC-3
1.8 5-TGAATTCTCAGCCCTCTTCAAAAA-3 59 443
i 5-CGATGTCAGTGCATAAAGACA-3
GAPDH 5-CCTGCTTCACCACCTTCTTG-3 60 1446

5-CAAAAGGGTCATCATCTCTG-3'
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Table 2. General composition of commercial soy sauce

opve] A2

o me AR 2ol

g2 254.98~756.54 mg% = LR,
el it ) F9 a2 530~

137.36 mg/ml, $9F TS 234~34.79 mg/mlZ LEFEO

W, el el A9 A% o

ek

s A% e
SRR

7H9] 3% 4.05~9.53 mg/milo]
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A 4.60 13.0 1.14 406.29 137.36 34.79
B 4.56 12.6 1.20 554.80 98.08 23.07
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Table 3. Yield of Kanjang polysaccharide derived from commercial soy sauce

Sample Yield (mg/ml) Sample Yield (mg/ml)
A 7.31£0.23 K 4.23+0.25
B 9.53+0.13 L 9.31+0.48
C 8.24+0.08 M 4.32+0.32
D 9.32+0.35 N 4.13£0.28
E 4.53+0.18 (0] 5.32+0.42
F 412+0.15 P 5.46+0.38
G 9.13+0.42 Q 4.75%0.32
H 6.86+0.38 R 3.83+0.27
I 4.05+0.28 S 3.58+0.16
] 7.25+0.52 T 3.42+0.22
1R ClEhR KPS| MZME=S =X 120
Fu A% % 4 s Kpsd HMC1 Aze A
RBL-2H39| T3 AZ54S 24 dotd #2281
mg/ml FE=Z 2|3t MIT assay2 M X BEES ZA Q@
3 492 Figlol Uehisich 434 PMASH ABIS7S 4 2
23 2T % KPS A2 g 79 MTT assay 23} HMC-1 ";3 1
M EA A HEAYEEL 85~99% (Fig. 1A), RBL-2H3 A o 3 w0
A AZAEEL 87~98% (Fig. 1B)= 29§79 3
ol UEhfA ot KPS7t HIRtA 2o WA= 54L& gle *
AL oty o, dLdd =714 84 2 histamine ¥ IS EEEEEEEEEREERRERN! 1B NI
'hexosamlnldase Tﬂloﬂ 94;:‘1_ H]\i!l—/(ﬂ:]ﬁ_ %j’}a\jq O_'-]xﬂg ConBh A B C D E F GHTI J KILMNDNOPQRST
o) 2}l ol g3k
B
100
7 CiER KPSQ| histamine 72| AM ot
HIRHAE W 5E G522 histamine 7§ 0] 3¢ A g~
glow, Fas 2o uﬂ-sﬂm R R s N S
g e dor)v Iz ohfhe A W oy 3§
7|5 gt} Histamine2 HIWHA| 20| 25 o] ofsf ErH<= g«
4 FoA 7P 2 gEA Yo, SAE Ak #dd 5
83 JAAE F9 Fhto]t20, 25]. Histamine 2~5
g/mast cell XJEE H]U}'/H]_:_ LH0ﬂ "‘ZH O]'U% 7]"\1]'X] T’-'Tr ’ ConiBIniAiBiciDiEiFiGiHil J7K7L7M7N70 P7Q R S T

Qo] 271, 909, FREH 57 58 oo
7H4 TR KPS7} RBL-2H3 4] £ A histamine E-H] o] v
A AFE 2487 98t] AL KPSE 1 mg/ml =2
2} 2)8}o] histamine BHZS 23 5 oA &S 2 2

ZE Fig. 20 YeRIleh. Ul Al 788 5@ OEF KPSe
) HE histamine 8] 9 A 50] #&FHYe™ 1 £ B, D, H,
L N 7= 15% o149 =2 8] dAES Uehlle Aoz

8915 ¢t} Kobayashi 515 d¥2] 7+l &froll A &
PS)7} RBL-2H3 A| 3£l A hista-
Byt 2 A9}

# & shoyu polysaccharide (S
mined] W& ERHOE At
A A3E YER Sl

1R CIEER KPSQ| B-hexosaminidase R2| XSzt
ARZHY o]Edo] FUHH LY=IE &3 s

Fig. 1. Effects of KPS on the viability of HMC-1 cells (A) and
RBL-2H3 (B). Con: Control (Not treated), Bln:
Stimulation (PMA, A23187), A~T: KPS treatment+
Stimulation. Data represent the mean * SD from three
separate experiments.
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Fig. 2. Inhibitory effects of KPS on histamine release from
RBL-2H3 cells. Bln: Stimulation (PMA, A23187), A~T:
KPS treatment+Stimulation. Data represent the mean +
SD from three separate experiments. * p<0.05, significant
compared each blank.

PN mmOIT "~ Z2000 =m0 A
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S

© rw
)

4 6 8 10 12 14 16 18

F-Hexosaminidase release inhibition rate (%)

Fig. 3. Inhibitory effects of KPS on [-hexosaminidase release
from RBL-2H3 cells. Bln: Stimulation (PMA, A23187),
A~T: KPS treatment+Stimulation. Data represent the
mean * SD from three separate experiments. * p<0.05,
significant compared each blank.
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HZENoH, F9AQ AARHE Hole 9 T FolA
£3] B, C, K, NT-2] HA|&0] $43}4 histamine 2] <]
Al &3] Ao} FARE FEE i"ﬁq 53] A4 7+
KolA Fel e B37= 16%9 JAes 23lor, B, Cot
o] Fx el AdRIE s 1 el B RET
A H o2 =2 B-hexosaminidase Al5S YERHSITH

24 b1 oofr
I

2 TR KPSe| €3 oytokine =H| °*X1l;"}

TNF-a= A7} 203 8k ol g} 16, IL-87 22 d54
cytokine®] fF=1AFo|tH1, 3]. IL-6= T cell, monocytes, mac-
rophage 5o oJa 4AH= A Td US4 cytokineo] ™,
B cell3}e] frio} T celld] 43 #3859 75= 7M.

IL-6 (ng/ml)
a
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S
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5
2 *
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Fig. 4. Effects of KPS on the PMA- and A23187-induced IL-6
secretion from HMC-1 cells. Con: Control (Not treated),
Bln: Stimulation (PMA, A23187), A~T: KPS treat-
ment+Stimulation. Data represent the mean *+ SD from
three separate experiments. * p<0.05, significant com-
pared each blank.

IL-82 FHEIFH 22 AT A4S A Bo] HHHI2], 5F
T, THEZT, B 27, 5479 22 95 ¥d 3%
< w22, KPS7} HMC-1 A E9lM 954 cytokinedl
IL-69] Hulo] mAe dFE A Hste] KPSE
mg/ml FE2 A 2|5te] ELISA Y o2 IL6 BHl %S AR
AIE Fg. 49 JepiSiTh AES AelstA] ¥2 Blank 79}
Hlaske] tii2o] KPS A4S A2l A IL-69] &rl%o] 2
AHE AES How, 58] 117 Fok HY| Ao wh& IL6
#2747} 0.34, 038 ng/mlZ Blank <] 1.05 ng/mll
Hlas] EHlgFe] A3 HaHeS & F Sdrh
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Fig. 5. Effects of KPS on the PMA- and A23187-induced IL-8
secretion from HMC-1 cells. Con: Control (Not treated),
Bln: Stimulation (PMA, A23187), A~T: KPS treat-
ment+Stimulation. Data represent the mean + SD from
three separate experiments. * p<0.05, significant com-
pared each blank.
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Fig. 6. Effects of KPS on the PMA- and A23187-induced TNF-a
secretion from HMC-1 cells. Con: Control (Not treated),
Bln: Stimulation (PMA, A23187), A~T: KPS treat-
ment+Stimulation. Data represent the mean + SD from
three separate experiments. * p<0.05, significant com-
pared each blank.

Fig. 7. Effects of KPS on the PMA- and A23187-induced mRNA expression in HMC-1 cells. Con: Control (Not treated), Bln:
Stimulation (PMA, A23187), A~T: KPS treatment+Stimulation.
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