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Immuno-stimulating Activities of Mannose-rich Polysaccharides
Isolated from Korean Black Raspberry Wine

Ho Lee*
Department of Food Science & Biotechnology, Kyonggi University

Abstract Polysaccharides isolated from Korean black raspberry wine were examined for their chemical properties and
immuno-modulating activities. The molecular mass of RB-1b-I, the main polysaccharide in black raspberry wine, was
estimated as 180 kDa and it contained a significant proportion of mannose (76.8%) and 4 different minor component
sugars such as galactose (15.8%), arabinose (3.8%), glucose (2.6%) and rhamnose (1.2%). This indicated that RB-1b-I was
mainly present as a mannan, which had originated from the cell walls of fermenting yeasts. On the other hand, RB-1b-I
induced high levels of macrophage activation as well as mitogenicity regarding murine splenocytes in vitro. The
intravenous administration of RB-1b-I significantly augmented NK cytotoxicity against YAC-1 tumor cells. RB-1b-I also
showed potent anti-complementary activity in a dose-dependent manner via both alternative and classical pathways. Results
indicated that Korean black raspberry wine contains peculiar polysaccharides which provide beneficial immuno-stimulating

activities for human health.
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SHF 9F 11 S%E A RS ZA] Whatman No. l(Maldstone
UKZHZ o3str 313 79E357dX](Eyela, Tokyo Rikakikai
Co., Tokyo, Japan)s ©|-§ 1/5 FI|= F53taL Al AM-sI9T

=
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Ut Faaby
49 L galactoseE XFEEE 31 phenol-sulfuric acid

HANLE, 2T 32 galacturonic acids BEFEEE 31
m-hydroxydiphenyl'H (18)°. 2, whildl slake FFEAZ bovine
serum albuming AFE3}lo] BradfordH(19) 2.2 =430, 34
Exl 9 A= S| ARE-S HPLCE Asahipak GS-520+GS-
320+GS-220(ZF 0.5x30cm, Showa Denko Co., Tokyo, Japan)<
Z2s HPLC-9500(Young-Lin Co. Ltd.,, Anyang, Korea)S A&
3t 02M NaClE 8912 0.5 mL/minE 8&31502H, refractive
index detector(Waters, Milford, MA, USA)Z ZZ3I3itt AATth
o] BE2E-S standard pullulans(P-800, P-400, 200, 100, 50, 20,
10 2 5; Showa Denko Co.)E ¥FEAZ 3l 040111 Rl
I v|wste] AU FAY 4L OFAEE 2 M trifluo-
roacetic amd(TFA)i 121°Cel|A 15’\] e —} Z¥z} aldi-
tol acetate -F=A(20)Z AFAZ] & GCE 4316 GC2l #
A& SP-2380 capillary column(0.2 um film, 0.25mm i.d.x30m,
Supelco, Bellefonte, PA, USA)e] “&2¥ GC M600D(Young-Lin
Co. Ltd)E °]&slom ®FE 2=271(60°C (1 min), 60—>220°C
(30°C/min), 220°C(12 min), 220—50°C(&°C/min), 250°C(15 min))°]
A BAS AAEIATE FAEL] mole %E peake] HZH], flame
ionization detector(FID)oll gt WH--AlG~ &z} 4439 alditol

acetate =42 ExlgFo 2 HE ALY

A X](Eyela Co., Tokyo, Jap::m)E o]
E } 80%7} HEE dess AUt
EE 35atal 80% ollee
, A7 A AR o 77}2] FaH AFith AHE

Ao FHFFo £385te] Spectra/Por 2 F24 THMWCO;
12,000-14,000, Spectrum Laboratories Inc., Rancho Dominguez,
CA, USA)S ol&3ty 2397 F4& dstar 5HUXE Y3t
o g AlEQ RB-05 LAUTh ZTHE RB-0= 50 mM acetate
buffer(pH 52)2 %3 3}¥  Sephadex G-75 column(2.5%90 cm,
Amersham Bio-sciences, Uppsala, Sweden))oll loadingslx &<
buffers °]*‘l‘5’]'°1 SEAA BRI Adolst 271 g%, RB-1 ¥
RB-22 & 713 0]'03\‘:]‘ ] = El—x—]o] Okizs]- _T/_l,ﬁ_;q. 511:‘0] RB-1&
SHTE HP3E DEAE-Sepharose FF(CIT form, 2.5%25cm,
Amersham Bio-sciences)l] S2A1Z1 & S/, 0.1, 02 2 03M
o] NaCl _&oﬂ_& 1:}7:“%—1_& _Q_E)\]i'ioc:] o]uﬁ E:l/ﬂ,q_ S-0]
S8l RB-1634(0.1 M NaCl £)S o]52] HA|zgol AR
3t} RB-1b 82 50mM acetate buffer(pH 5.2)= H33}e
Biogel P-100 column(2.5%100cm, Bio-Rad Laboratories, Her-
cules, CA, USA)S o8, AAHE st T 4w AA|
RB-1b-I2 A1 thFig. 1)
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HIZMEZ mitogen M5 =%

ICR mouse(6-8F%, 54, Koatec Co., Seoul, Korea)°ﬂ/\1 w3
£ HESt v B/ AFE AX HPAIZE H5F F, 02%
2 AFE o] g HYLE A A3}, RPMI 1640-FBS HH7<](7% fetal
bovine serum ¥+ RPMI HJA], Gibco BRL Co., NY, USA)E
2-33] AlFBI MZSFE 5x10° celymL7}t H=5 2433t o]
] Ao ME FFAE 96 well plated] 90 ulL? HF3132 10
pLe AE89S Hriste 37°C, 5% CO, incubatorell A 72417+
ket ¥ 7Zb welld 10 uLe] CCK-8 kit(Dojindo Laboratories,
Kumamoto, Japan) 8-4-& #7138l 37°C, 5% CO, incubatoroll 4]
3AIZE HiFEtAL 450 nmellA] SRS Sl €498 v|wslsint

Macrophage &Mals =3

Macrophage €45 542 Suzuki 5(21)9] WHES 2484 o
7ol gHA ®Este] ARSI &, BALB/ mouse(% 6-87
&, Koatec Co.)2] E7}ol 5% thioglycollate ¥JA](Sigma Chemi-
cal Co., St. Louis, MO, USA)E 2mL FY3t3L 72-96A17F Woll
F=% macrophageE 3|53 &, RPMI 1640(Gibco BRL Co.)&
2 233 A MEZFE 1x10° cel/mLE Z43t] 96 well
platel] 100 pLA B3} TE ©]& 5% CO, incubatorol| A W%
(37°C, 2 h)d}] macrophage monolayerS HAAF] L A5HS A
A%k & u]X2 macrophage RPMI 1640-FBS B A](Gibco BRL
Co.)E o]&3dle] A3t} o37]e] RPMI 1640-FBSS 7+ well
o 180 uLS Balw, 20 uLe] AEE W7kel] 37°C, 5% CO,
incubatorol| Al 24A17F vl FstaAtth. vl § €493}l macrophage
monolayerS HIA|Z A A3}, 1% Triton X-100(Sigma) 25 ulLX
< 7tste] AEES &3)8t ¥, macrophageZFE f2]E lysos-
omal phosphataseS 712 <1 p-NPP(p-nitrophenylphosphate, 1 mg/
mL of 0.025M citrate buffer, pH 5.0, Sigma) 200 uLe} WHS-A]
Zl T microplate reader(Molecular Devices, Sunnyvale, CA,
USA)E o]&3le] 405 nmollX &2 =5 =430t

KIAXIAMEZ(NK cell)o] 4t H% =3
ERAFNA GRS O BFDL 6-8F%

F&ol A FEAbstal 39 Uoﬂ HIAE A&E3 }04 HZHA
A5kl 96-well plated] vF-2ZHE A ]XJHL‘_(eﬁ‘ector
cell, E)2} NK cell 7402 47 FUAME YAC-1(target cell,
TS, E/T Hl&°] 100:1, 50:1, 25:1, 12.5:1°] X2 2A3N] 6
AIZE FRb Bkt olmf ¥l NK celle] 35l o3 &
HAHEZFE FElE+= lactate dehydrogenase(LDH)2] A8
CytoTox 96 kit(Promega, San Luis Obispo, CA, USA)S A3}
o] 243t NK cell®] SHAE Aells the Al &Jaf
2FsIATH22). Cytotoxicity (%)=((experimental LDH release-spon-
taneous LDH release)/(maximum LDH release-spontaneous LDH
release))x 100.

85H 2 34 BALB/c U}

HAA gdsts

FRA 4L Mayerd(23) o83t AlEol g BA &
st &, zkEshe Al o3 48 8GN 2AE &
complement fixation testZ 43U & AFdA2 A 2%
gelatin, 3mM Ca*, 10 mM Mg?*°] 5 GVB?" 58 (gela-
tin veronal buffered saline, pH 74) ¥ A|§Z Z}z} 50uly &
ste] 37°CellA 308 Bt 1AF WESAIRL §, o] whgellell GVB*
Z 350 uly H7FSIAL ©1F 10-16081714] A4 34381t} o37)



o 750uLe] GVB*$} o] 728 8 (IgM-sensitized sheep
erythrocytes, EA Cell, Biotest Co. Tokyo, Japan)& 250 uL¥ 7}
3kl 37°ColA] 1A17F WESAIZ] AL, 4°Ce] PBS(phophate buffered

saline)E 2.5mL 7Fsle] W& AHAAAFHTE 7k HEgRE 4°C,
2,500 rpmol| Al 1027 48] st em s —3— =&
412nmollA 2 dRA G FRA &8 AAE

(Inhibition of 50% total complement hemolysis, ITCHSO)E e}
BIb=

2x12l HMedF 7| A4S (Crossed Immunoelectrophoresis)
GVB* buffer, 10mM EDTA7} &2 EDTA-GVB* buffer, 2
mM MgCl, ¥ 10mM ethylene glycol-bis(2-aminoethylether)-
N,N,N'N'-tetraacetic acid(EGTA)7} $H-f% Mg*-EGTA-GVB*
bufferdl] 87410 A} AEE 77 E¥ste] 37°C, 3027+ Bk
SAIZ1 %, pH 8.6 barbital buffer(ionic strength, 0.025)5 A}&-3}
o] ZAI8 1% agarose gel oA 1231 A719%5S AsATH3
mA/cm). ©]% 0.5% anti-human C3 serum(Sigma-Aldrich Chemi-
cal Co., St. Louis, MO, USA)°] &-F-¥ 1% agarose gel “JlA]
OF 15A1ZF B3t 22F H719%S W8Il mA/em). HHE gel
bromophenol blueZ G2BAIA A9} Hh-e-slo] FAE A
HEFOEN 39 &3l A= FASIATH24).

tlo rlo

HHA #do =H

BAA B3 ARE 2ARP] f8l GVB¥2F GVBY A Ca*
o] &urS A A3 Mg-EGTA-GVB> @ F&0|&8 1% A3
EDTA-GVB* buffere] A& @ Aaele] d4e 7zt Arksla
2371 st o] FHA| 839 AXES TN A5
HAA 843t 425 vw HESA

SHXE|

AAAINE HA 3+ ¥ Q2 X (meantstandard deviation)i ek
WAL Student #testS ©]-8-ste] BAAESH & p<0.01 F=ollA]
o143 ARt

Rt
ﬂI}-’:‘-E-?'-Ei Cieel 22| H FH|

BX9 FrlolA 20108 ©E AR BREE su) 7t
ofghe MH A 9 FAAZXE Y3l ZUlF RB-
o FES EEAF LE F 165g0, BEAFdE

| 12 okl 84 U] EATES & F AT A
oA EEl® 84 t'd RB-0S Sephadex G-755 ©]&3 Ao
= Psle] Ealgko] Aol RB-1 E RB-2 27} oz i
= chFig. 1). RB-13} RB-2 &2 =t} RB-0 v 7tz
51%9F 19%2] &2 Ho] RB-1°] AUFoz £ v&z2 &
EAFoll eEe] AATE 100 pg/mL F=oA BIZFAHE mitogen
4L 7R 19 S weo] WY &2 RB-19] 298%= Zrh
T 260% HT} ¢
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o] W3 chromatographyE 3sted H|EZ 17} &€& RB-la¥}

0.1, 02, 03M NaCl gdo 2 225)= 37 SZFE RB-1b,
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Fig. 1. Column chromatographies for the purification of
immuno-stimulating polysaccharide, RB-1b-I from Korean
black raspberry wine. (A) The crude polysaccharide (RB-0) was
applied to a column (2.5%x90 cm) of Sephadex G-75 and eluted with
50 mM acetate buffer (pH 5.2), (B) RB-1 fraction was rechromato-
graphed on the column (2.5%25 cm) of DEAE-Sepharose FF (Cl™
form) and eluted with linear concentration gradient 0.0—-0.3 M
NaCl, (C) RB-1b fraction was finally loaded to a Biogel P-100
column (2.5%100 cm) and eluted with 50 mM acetate buffer (pH

5.2). @, Neutral sugar (490 nm); O, Uronic acid (520 nm); -+, NaCl.

oAk flSdrh wEtd =2 FE3 84S EAUY RB-1be
Biogel P-1005 ©]&3to] thA] AARE 3Tt RB-1be 217}
RB-1b-I @ RB-1b-II2 AAT 5 YArhFig. 1). EEAFNA
AA|E thd, RB-1b-19] % 2 Ex1=ke 3llsly] ¢)sle HPLC
£ 3 A3}, RB-1b-1 A2 LS FA8 dd
vERfe] HlaA e BAENSS SR Ao, %
+=4 (pullulan serles)—o— o]g3k Bxlgk =4 Azl Bxlko] 180
kDa®] ttdAdS & + AUATHFig. 2).

peaks

S Rl FHcieel stEy sS4

ERAF A AAE o RB-1b-19] Ayt 318548 A
A= Table 13+ 2T} RB-1b-1 100% *5 JEREO 2 g o
Aem dntrgom AE FEEAA HEHE ’\“3%1* 2oy
4 T2 ekl UA @yt @4 RB 1b-1& 73l oo
alditol acetate-F-=AI = A gstal FATS AT % A3}, RB-1b-1
2 mannose”} 76.8%= & ©|FL US™, 2 9|9 galactose
(15.8%), arabinose(3.8%), glucose(2.6%) % rhamnose(1.2%)2] <=
o7 THFE AUNATh olHF 33 2L P HE FEEC
AMe & #EER] ge Boldt T AR, AT M8 dE
A e A 5o AHE A

Eopy

]

%3 mannose®] FHFo] 53] E&



346 =2 F SR Al 44 WAl 3 5 (2012)

06 MW: 180 kDa
054 \e¢  RB-1b- n /
04 4 { \
2 03 1 Iy
8 24, |I ||
c 0.1 1 ¢ | 1
3 00 1 o |
c v . | '\
32 30 40 50 60 | .
<L Log {(Molecular Weight) | \
S
e
1 I I I
10 20 30 40

Retention time (min)

Fig. 2. HPLC profile and molecular weight of the purified
polysaccharide, RB-1b-I from Korean black raspberry wine.
RB-1b-I was injected into combined columns (0.5x30 cm, each) of
Asahi-pak GS-520+GS-320+GS-220 and then eluted with 0.2 M
NaCl at a flow rate of 0.5 mL/min.

o E o, A=) EAte] thd o]l EE 9 sd7golA
FERIAY e 2F vAE o N2 tde &Y 7t
/go] A71= AT

HBEAF] F g RB-1b-I914] mannose’} =& H]&E &4
giths AHS RB-1b-10] mannan® 2 SRS 7148 AARSHA

=
=
el
L
o

0

O

W AEA 53] oA mannane] #HEE 9= =5, 59
AEZH JECE mannan®] EA7F BIE ole 79 FokE &
Stk WA RB-1b-9 EA13HE 32 mannose T3> WE T A
€8 PAE 7199 mannanolX FEiE AoE FAHEHUSG &
AT e A ¢EE daiAle sAAYAE UFH 43
< WaAlolE Saccharomyces cerevisiaeS}t 732 SR 7} T35}
=8, 5 2729 AXHLE Bglucan F chitin®] FHFEOZ T[]
om MEH 2 9]7}o]E= mannoprotein®] A= ] e HoZ

HY5% 3 vk ek vE 9 sS4 F 4=2E 28 E
GEeAd ERIF AR o)F 83lETt W2 B-glucant
chitin <434 5 A Hi, BT Fode &= Alx
W 7199 mannano] AEH o &alEe FEL F AU g
A AEAe gEd 5784 bl HEIEH (pectic substance)
252E0 12 AEEF FH(middle lamella)e] F2 EA3h=
SFHFEMN FHA D-galacturonic acid’t a-14 ZEFo = AAE I

Table 1. Chemical composition of the purified polysaccharide,
RB-1b-I from Korean black raspberry wine

Chemical property (%) Component sugar”  (mole%)
Molecular weight 180 kDa Rhamnose 1.2
Arabinose 3.8
Neutral sugar 100.0 Mannose 76.8
Uronic acid 0.0 Galactose 15.8
Protein 0.0 Glucose 2.6

YMonosaccharides were analyzed using alditol acetates. Mole% was
calculated from the detected total carbohydrate.

£} &3 (a-D-1,4-polygalacturonic acid)Z% FAJFo] ok &
HA gou, AAZ AAA e EAlsks HHe ojrn EX &
e F2E 7L AT BArEo] )Irh26,27). HHe HAIR
Zpe] B FH-& homogalacturonan® 2 FAJ =0 AR TH28), <]
71el thF3t oligo- 2 polysaccharide® +A]% rhamnogalactur-
onan-I(RG-1) & rhamnogalacturonan-II(RG-II)7} &-F< o2 Azt
Hoj gl= Aoz d#lA AUrh26,27). 15 F RG-I2 rhamnoga-
lacturonan =3l (main chain)®ll arabinan, galactan ¥ arabinogalac-
tans} 722 TFFSE 4 ZAAlE(Gide chain)S ZHe THFQR9)CE
Bzo] lth weti RB-1b-IolA4] mannose2|dl galactose} ara-
binose’} AEE AMI2 HEAFO AAR] EEAL Foll EA)
Sh= pectino] HaIY T EalEo] 2 side chaino] B-EAS &
Sl FEE EATE s Ak et RB-1b-I=
ey F odaAel g AXE 7199 mannanA thEo]
FE o|FH AER] HEA A FHiF arabinogalactano] Y- FF
o] e Aoz FHHTh

S Rl crEel HIEME mitogen &4

H| 7 (spleeny> HHOoZHE A4S 53, B 9 T €=
o g3 el o) AT vk
FoR= Fo HrrRo=E v Y
"o A wlg- F8% onE Zeth(30). EEAS f#3 o
o] HIAME U dao] g mitogen SAHS A A
Table 20 WERd vle} o] BRI fe Zrhd?l RB-09] 73
%, 100 pg/mLe] FEOA Ao F242/3-S immune modulator
Q1 Lpsell Hlsl SARE, FH7E izl HlEl 260% 285
B9tk 282 FA ohd RB-1b-IE ZoHd RB-0 Er} %538
307%9] =2 4S8 BHAn. oA SRS f¥8 ode <

Z7o| SAE WA

Table 2. Immuno-stimulating activities of the purified polysaccharide, RB-1b-I from Korean black raspberry wine

Polysaccharide from Korean

Concentration Control >
Immuno-stimulating activity (ug/mL) , black raspberry wine
or E/T ratio” Saline Lps? RB-0 RB-1b-1
Spenocyte mitogenic activity 10 1000.1° 354+13.4% 190:£9.8* 246+16.1*
(CCK-8 assay, %) 100 260+11.0* 307+14.4*
Macrophage act]v]ty 10 100£1.4 1424+6.3* 133+5.3* 12544.5*
(Lysosomal phosphatase, %) 100 153+3.8* 130+0.3*
100:1 16.5£2.9 38.2+8.1%
NK cell-mediated tumor cytotoxicity 50:1 14.2+4.2 25.5+4.4%
(LDH assay, % at 200 pg/mouse)” 25:1 9.8+3 4 11.3£3.9
12.5:1 7.25+4.0 10.9+2.8

DThree mice per group were administered v with 200 pg of sample. NK cell activity was determined as described in Materials and Methods.
JE/T ratio, effector-to-target cell ratio. ¥The data were expressed as means+SD of triplicate cultures. “LPS, lipopolysaccharides from Escherichia
coli O127:B8 was used as a positive control. *p<0.01; Significant difference between control (saline only) and sample.
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HE2X1F fa Cl=te| macrophage EAMsHs

Macrophage= AW=Z o]ZAHEA PIAE 5)ol AYFAS
o] o]5& X7]9] H|Eo|HOE A|AAT|E BHAEEN, AE
w7l He] Fadt 9ES Hdshs WA ERE dEA Jo

™ AS5WES(inflammatory)e |\ F WX AFE-(tumoricidal) 5 THE
g 71%S st vk B 9Irk31). 3 macrophage
= 98 &2, E3l(processing)ste] L YF-E Ailo] MXE E
el §zH ﬂ/\](presentatlon)ﬂoi’ﬁ T =0 23 Huke
< frEdte] 1A HIAL A5 F %EE 3lF= effector

cellZH 28 &E‘r(32). BEAE 2 thd RB-1b-12] macrophage
o 998 243 23, Table 20 ekt wio} 2ol P4 Uiz
b LPSQ]' H]—’-‘—O]-/V\E W AAHoR thh vk S BRI
FH7Y diz2el vlEl] oF 130%2] &4 JERdTh BEAEl
A 2Yg 209 RB-09] 49+ LPSEUE &2 €48 B
ole Aoz Urhgon A ROl RB-1bIo] HlEIAE Eb-
=2 LS Bied], ol A Sl A" RB2UF =
G4E zh=d 70T A= AAEHIITE 0] 7"JJr§-rE1 5
AT O9ES 1Y 71548 AF4&A Ex biological
response modifie(BRM)Z2] ©|-& 7FaAdo] ASS F=T 4 3
ATt

SE2A5 [l Cheel NK cell activity

1A WollA] EA3E NK-celle FH 3 nlolalx 2F Al
g T x| thste] BISHOR AEFAYS YEll= &
A ZZA(33,34), 53] Aol AF 2T 5 vk A
FH B A7t JEHL = WMzl %%le% el
IEA}F thFS 22 mouse™ 200 pgX HHUFALEE & YAC-1 Al
o] thak NK-celld] 4a52 %ﬂ*ﬂ A7}, Table 29 VFERS u}
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Fig. 3. Complement activation by the purified polysaccharide,
RB-1b-I from Korean black raspberry wine. "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 (1,000 pg/mL). *The data were expressed as
meantSD of three separate experiments. *p<0.01; Significant
difference between control (H,O only) and sample.
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Fig. 4. Effect of calcium and magnesium ions on complement
activation by the purified polysaccharide, RB-1b-I from Korean
black raspberry wine. "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 (1,000 pg/
mL). The data were expressed as meantSD of three separate
experiments. @, in GVB*; O, in Mg?-EGTA-GVB*; V¥, in
EDTA-GVB*. *p<0.01; Significant difference between control
(H,0 only) and sample.
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Fig. 5. Crossed immunoelectrophoretic patterns of C3 converted
by the purified polysaccharide, RB-1b-I from Korean black
raspberry wine. Normal human serum was incubated with the
samples in GVB** (A), Mg**-EGTA-GVB* (B) and EDTA-GVB*
(C) at 37°C for 30min. The sera were then subjected to
immunoelectrophoresis using anti-human C3 antibody to locate C3
cleavage products. The anode is to the left.
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