KOREAN J. FOOD SCI. TECHNOL. Vol. 44, No. 2, pp. 228~234 (2012)

KOREANJOURNAL OF
IR A SR

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

A= 3 Afefa] =MZiEto2RE 228t Ciete| szt &4 Hln
a1 - ol - 24 - FsA - o]FE2 - o] T - Al
A7V AFAERE, AN ) 2T, Sl s A FedE

Immuno-stimulating Activities of Polysaccharides Isolated from
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Abstract The varying characteristics between traditional and commercial soy sauce may be initiated by raw materials and
fermentation techniques for the production of meju and koji. We examined properties regarding polysaccharides isolated
from commercial soy sauce made by the koji process (CSP-0) and Korean traditional soy sauce made by the meju process
(KTSP-0) as well as their immuno-stimulating activities. KTSP-0 had rhamnogalacturonan II (RG-II) including 1.1% of
unusual monosaccharides 3-deoxy-D-manno-2-octulosonic acid (KDO). Anti-complementary activities of CSP-0 and KTSP-
0 were increased dose-dependently but KTSP-0 (64.7%) was higher than CSP-0 (56%) at 1,000 pg/mL. C3 activation
products were identified by crossed immuno-electrophoresis. CSP-0 caused complementary activations via only classical
pathway while KTSP-0 caused complementary activations via both alternative and classical pathways. KTSP-0 significantly
increased the secretion of interleukin (IL)-6 at 8-1,000 pg/mL and IL-12 at 40 pg/mL on macrophages. The results suggest
that the immuno-stimulating activity of KTSP-0 is greater than that of CSP-0 from anti-complementary activity.
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Collection(ATCC, Rockbille, MD, USA)IA 4wkl 10% FBS
& &3t EMEMOIA ujgste] Aol AME-3FSITE Peritoneal
macrophage M| EZE 6-85F% -$4 BALB/c mouse(G-Bio Co.,
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Table 1. Yield and chemical properties of CSP-0 and KTSP-0
isolated from soy sauce

CSP-0" KTSP-0”
Yield 53¢/l 10.7 g/L
Chemical composition
Neutral sugar (%) 64.2+£2.7 73.5£3.6
Uronic acid (%) 35.8+1.7 25.5+0.6
Protein (%) 0 0
KDO?-linked material 0 1.120.6
Component of neutral sugar (Mole %)
Rhamnose 6.6 9.2
Fucose 6.1 7.5
Arabinose 4.5 2.9
Xylose 15.6 12.7
Mannose 10.9 18.2
Galactose 18.0 15.9
Glucose 24 7.1

YPolysaccharide isolated from commercial soy sauce made by koji
process.

PPolysaccharide isolated Korea traditional soy sauce made by meju
process.

JKDO means 2-keto-3-deoxy-D-manno-octulosonic acid.

B dx7bdEn o) 28 107 gLe] 23 E(Korean traditional
soy sauce polysaccharide, KTSP-0)S 3|48 4= Qlglom F=
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Fig. 1. Complement activation of CSP-0 isolated from
commercial soy sauce and KTSP-0 isolated from Korea
traditional soy sauce. "The anti-complementary activity was
expressed as the inhibition of 50% total complement hemolysis by
Mayer’s method. ?PSK, a known immuno-active polysaccharide
from Coriolus versicolor was used as a positive control and its
concentration is 1,000 pg/mL. The data were expressed as mean+
SD of three separate experiments. CSP-0 is the polysaccharide
isolated from commercial soy sauce and KTSP-0 is the
polysaccharide isolated from Korea traditional soy sauce.

Hahe 98 2Y9S A Fol7L} phagocytosisS B3]
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FEONA ITCH 3ol &F 56.0%0 o2+ EAA &A43tsS B
Row FAzbgo 2 RE A KTSP-0E 250 ug/mLold 54.6%,
500 ug/mLolAE 62.2%, 1,000 pg/mLolX 64.7%2] =& 4L
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Fig. 2. Effect of calcium and magnesium ions on complement activation of CSP-0 (A) and KTSP-0 (B). The anti-complementary activity
was expressed as the inhibition of 50% total complement hemolysis by Mayer’s method. PSK, a known immuno-active polysaccharide from
Coriolus versicolor was used as the positive control and its concentration is 1,000 pg/mL. The data were expressed as mean+SD of three
separate experiments. CSP-0 is the polysaccharide isolated from commercial soy sauce and KTSP-0 is the polysaccharide isolated from Korea

traditional soy sauce.

Fig. 3. Crossed immuno-electrophoretic patterns of CSP-0 (A) and KTSP-0 (B). The pathways of anti-complementary activity were
performed by crossed immuno-electrophoresis using anti-human C3. CSP-0 is the polysaccharide isolated from commercial soy sauce and

KTSP-0 is the polysaccharide isolated from Korea traditional soy sauce.

= o

T o PR o GVBY 7|Eukg A9k 27}
2% A|AT EDTA-GVB* WH3A 2 Ca¥o]2whs
AAT Mg”-EGTA-GVB* HHA|2 Uro] = gHA A
(ITCHg ) vl A3t 2 A¥(Fig. 2) F=PT 73 o9
o1 CSP-09] 73-%(Fig. 2A), Ca¥* & Mgo] RF EAse 7%
HESAlA o] Edat viwed u) 27} g0 BE A AE wkE
oM tizel sl A 4R e Lol HAF oL
Mgrolewt EAjgte RhAloA = w9 2 @4do] fAE=
W, 2470 S8 ohdel KTSP-02] 7-$9-(Fig. 2B), Mg>o]&
T EA ks AN E Ao AXIEE AHE BT o)
g A3 CSP-0= IARERE B3X T HAAE 843 A1 +
Qe ¥, KTSP-05 LAAR9) 247 w% 452 = Q)
=2 FES F Uk

=P N o
=] ‘%‘O]“Q:’é‘

EERIS

2R3l HATT|AS0| 2lft C3tEQ SH
Mayer'§ 20)°l <] FuA| SPSHL 12 wESEA A Al

I ITR31).

w2bd CSP-0 E KTSP-09] &1 o] BAA E/dslo
71Q1%k AQIA, 2 A|5e] A As|@/del oJg AJAAE &
Q5] 3t BAA Aol 7Y Tast JEoE dERl
C39] A3} RS zAlslgTh dukdo g BA A7 B3
W 35 C3as) C3bE Ea|HE=z(23) A8t Fadel 88 vt
A F 12k A7195S AAISAL anti-human C3E ©]-8-31
22} MEA79ES Ao en 3 BatES B2 59
o} 27 f CSP-0eF A S 7]EUHA(GVBT)AIA] whE-
A7l 7392 C39] &3t dofut F e kel | A
S #AF 5 IYATHFig. 3Aa). WA CSP-02] FHA B4
BAAL] A7 obd A% &8l 7]dde BAE = U
t}. CSP-05 Mg*-EGTA-GVB> ¥ EDTA-GVB* WHgAlolA] wt



232 =2 F SR Al 44 WAl 2 $(2012)

>
)
o

AZE Fig. 3Ab 2 Fig. 3Ac
< 2% AAS EDTA-GVB™
A ggot 17he] Aol &
a’o) S Aelx oz AAZ Mg-EGTA-GVB*
Aol M= 279l H7Ae] IaAE o o} st HA] %
C39] A= gl & 4 USkFig. 3Ab). ZA7HERE
KTSP-0¢} &HE 7] 20ESA(GVB¥)olA BESAIZ] A& €39
st dofut F e 7ol AE RS #EAE 5 UM
S (Fig. 3Ba) #4022 BF A|7g EDTA-GVB* WH37|(Fig.
3Boyellxl= C39] &Adsiyt R ekot 1] HAbaRE a4
HATE 2y Catol-g A¥A o R AAS Mg -EGTA-GVB*
HH3-A|(Fig. 3Bb)ellAl= C39] A2 dx7bdol nlgl] gl
ZoENOM C3a9t C3bE HalE 7L Fxgol vjal =
ob AE FRIE F AT

o] AHEHE F 1 fE thd BT Tl BA 84
TS 7L Lol EelFEHUeH CSP-0v FE AHAPZRAE
RAAE EA3}F A7) Wb KTSP-0= ZAZE =9 42 1
T A AeS oA e ERl E S AdTh

it oo
T,
ra

flo oo mb rZ o oo

Macrophage ¥ spleen celld| CHEt &5

Macrophage= BAZ 2 ® P, Ao ZE ZZ o &
slo] WA FoF TS HPIL Ue EHA Ax]
H]EA gl o] 918 W R T} Al (bacteria), HIo]22x(virus) 52
3 R ZRE SAdstE tiAEs A HYAE AASE
o o 8802 S5, dlEH 2 24| 2E21E-(phagocytosis)
I Hu7lE- E(inflammatory mediators)e] E4], T-A|EZ2] &
Azt 7158 AL At o] o= &3 macrophageell
oA BH|EE AlXEY FE 9 ES M E, blo]# 2o
ZEE AXE, AE W At 58 AAe 9T gt B3 o
3t AAHA7|5S FHE] oA macrophage= ‘Class 11
MHC protein’g A% FHo] WAooz T3y YZFo} A
SZ8A3E o]F7]1% 3H}(32). & macrophages ©H2]7]5 O]
ollel 5 LS ARAle] FH HFAIA SHA AGA Al
EZ7 F9E A4 = A== 95 antigen-presenting cell
(APO)EA 9] HT%

H]Z(spleen)y> 0] g}
phocyte®] <3} gl tigt A=5 w2 &
Fojx= F2 Juprioltt. BAEE &9 Ao s 44

5]

rlo &

(o3
u)
12
X
9,
>
ofy
N
2

-0,
12
ol
o
ol
ﬂF
vel
o
—
=
3

AthH33).

7 Fe] ez RE e ool Mo AlEFQ] mouse
leukaemic monocyte macrophage 2] RAW 264.7, primary cul-
tured peritoneal macrophage @ primary cultures spleen celloll th
3l 548 =43 tHFig. 4). RAW 264.79] A& §L5 223}
o] cytotoxic responses S St A (Fig. 4A) F2E B =24
77 o g 25 225 %5(0.32-1000 pg/mL) Wil = Al E
S0l gleel ERIEASH 200 pg/mL o1 XA AEZ2]
37t e Aoz IRIFAL B0 E2]E primary cultured
macrophage(Fig. 4B) % primary cultured spleen cell(Fig. 4C)ell
Al A F AE BF A2]E5E(0.32-1000 pg/mL) WellM=
Alz=Adoly S 27t glael 21wk

F Al59] g2d3kE peritoneal macrophageollX IL-69} IL-12 7+
2 cytokine EH5S =48 £ A3, 1L-69] 7% CSP-0= 40
ngml A2 HlERET GoH0w Rolgor 1 oluel ¥

200

@ —O— CSP-0
g 150 |~ KTSP0 A
o c
% a a a bc
S o100+ c d
g a 5 2 ab
5 50
]
=S
(&]
0 . . . .
! 0 1 10 100 1000
200
B
o 150
o
g ns
- =
o 100 ‘<F}"‘i=6<i
%
o
€ 50}
]
S
(8]
0 1 1 1 1
0 1 10 100 1000
200
c
S 150 -
% ns
o M
= L
o 100
%
o
5 50
8
S
($]
0 . . \

0 1 10 100 1000
Concentration (ng/mL)

Fig. 4. Cytotoxic response on mouse leukaemic monocyte
macrophage cell line, RAW 264.7 (A), primary cultured
peritoneal macrophage (B), and primary cultures spleen cell (C)
of CSP-0 and KTSP-0. CSP-0 is the polysaccharide isolated from
commercial soy sauce and KTSP-0 is the polysaccharide isolated
Korea traditional soy sauce. All cells were incubated with various
concentrations of CSP-0 or KTSP-0 for 3 days. The cytotoxic
response of these cells was measured by a cell counting kit described
in Materials and Methods. Data are expressed as % control. The data
were expressed as mean+SD of three separate experiments.
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Fig. 5. Effect on induction of cytokines from activated peritoneal
macrophages of CSP-0 and KTSP-0. CSP-0 is the polysaccharide
isolated from commercial soy sauce and KTSP-0 is the
polysaccharide isolated Korea traditional soy sauce. Peritoneal
macrophages were treated with the indicated doses of samples in 24-
well plate for 24 h. The level of each cytokine in the supernatants of
the cultures was determined by ELISA kits. Lipopolysaccharide
(LPS) was used as the positive control and its concentration is 5 pg/
mL. The data were expressed as mean+SD of three separate
experiments.
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