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Characterization of Anti-Complementary Polysaccharides
Isolated from Fruit Wine Using Korean Pears
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Dept. of Food Science & Biotechnology, Kyonggi University, Gyeonggi-do 443-760, Korea

Abstract

To characterize the polysaccharides which exist as soluble forms in Korean traditional alcoholic beverages,
the polysaccharides were isolated from Korean pear wine and their anti—complementary activities were examined.
The main polysaccharide, PW-1 was purified to homogeneity from the crude polysaccharide (PW-0) in pear
wine by size exclusion chromatography using Sephadex G-75. Molecular mass of PW-1 was estimated to be
150 kDa and it contained significant proportion of mannose (81.8%) and 5 different minor component sugars
such as arabinose (1.2%), galactose (2.7%), glucose (8.5%), galacturonic acid (5.3%) and glucuronic acid (0.5%).
These analyses indicated that the main polysaccharide in pear wine was mainly present as a mannan which
had originated from the cell walls of fermenting yeasts. On the other hand, PW-1 showed potent anti-comple-
mentary activity in a dose-dependent fashion. Identification of C3 activation products by the crossed im-—
munoelectrophoresis using anti—-human C3 and anti-complementary activity of PW-1 in Ca" -free condition sug—
gested complement activations by PW-1 from Korean pear wine occur via both classical and alternative

pathways.
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AN 7hsde] Jds] ol & 4 Uk
Wl (pear, Pyrus pylitolia Nakai)) e EE3

B 5o 23
3} ek Bsk C, Aol 4t SRd ddeY HFoR A}
o, g, L= gEo] et 4] A o] sholth(7).
%LH _T‘% ‘ﬁﬁ'llt 7(‘]"]'4 L]— Oﬂ t]— _g_xo%-v _6_1/]- 78?_]__
3 AYE A, 9, 2t T %ﬁ# o2 20108 71F

Ao
eF 30,000 haoll 4] % 438,000 MTO] AkE Ao
/‘3*“}‘“*0] 2 34 F shtelth®). vl gl

2 &, hFE AHZ o] §H I o FEA
o] Yo Ao Ae F2 Ve P IEF 5O

FHa 915} Hje AE ghdolA WH] o= 7|3 F9
= ()5101% o HIZde WY FadE
&}l pectmO] F3%(10), €= cholesterol #3}(11),
2ol AA(12) B N@&ﬁ] el N13)e &HE zt
=t Biixo] gtk gbA sjoll= pectin 5 LEA U F
o] 9]l = catechin, albutin, chlorogenic acid, caffeic acid,
epicatechin, rutin 5 polyphenold] &3E&E0] vigx] -
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| Rass)s sthvh aey g
AE BAF ()3 2] B AT F3] A
Agolu] wFo] EAE Ael 754 82 Aol B
& e Ao AT Aol
® ATAE FrA A1 BES S 5
A MFE oz dPRE Bel, AAsT o5 72
42 AEsgon, nAA BH5) 2AF WY
FowH AFWAT A2 754 Ao
12488 AFsus s

Nz

2 Aol AHEE wjFE 2007d A Tl S
AT EFC] WS o8, 2008 & Ao FrIIA A #a
F Az gl whel wastel of 14Uzt S4E AFS Fof
wol o7} F A5Ae AFARE A1SSAT

o5t S

FAY WL

S galactoseE X FEEE 3}o] phenol-
sulfuric acid(17)2. 2, 233 &L galacturonic acidE
EFEA 2 3 m-hydroxydiphenyl®] (18) 0.2, Tl d 3}
e HFEZZ bovine serum albuming AME3FA
Bradford¥(19) 2.2 2-keto—-3-deoxy-D-manno-octulosonic
acid(KDO) ¥ 2-keto-3-deoxy-D-/yxo-heptulosaric acid
(DHA)S] 2143 AHS 984 = thiobarbituric acid(TBA)
Hl A 1 (20)0S APA A0 2A Wt AME-SS
ot gl B 2 AAE Aol AHS-3F HPLCE Asahipak
GS-520+GS-320+GS-220(ZF 0.76 < 30 cm, Showa Denko
Co., Tokyo, Japan)2 23 SP 930D(Young—Lin Co. Ltd,
Anyang, Korea)E AF&3Fo] 02 M NaClE €02 05 ml/
minZ §&3}90H AAtFe EA#-E standard pullulans
(P-800, P-400, 200, 100, 50, 20, 10 ¥ 5; Showa Denko Co.)
& AT EAR 3t dojH A3 vlwste SH 3
o FAT XL g3 A82 2 M trifluoroacetic acid
(TFA)Z 121°CellA 15413t 7F=&8is &, 242} alditol
acetate FEAHCDHE AZAIZ] o GCE E43ATh GC
o] B2 SP-2380 capillary column(0.2 ym film, 0.25 mm
i.d.x30 m, Supelco, Bellefonte, PA, USA)°] &&= GC
ACME-6100(Young-Lin Co.)& °]&3l9oH & &%
A[60°C(1 min), 60°C—220°C(30°C/min), 220°C(12 min),
220°C—50"C(8°C/min), 250°C(15 min)]oll A £241-& A A3}
ATt A E Y mole %+ peak?] 2 H] flame ionization
detector(FID)o th3dt &A= 2zt FAF9] alditol
acetate FTEA Y A ZFOZFEEH Attt

x| gdoiete| E2f 3 HA|

W FE A 74 E5E ] (Eyela, Tokyo Rikakikai Co.,

PW-1

Absorbance

Fraction Number

Fig. 1. Elution pattern of the crude polysaccharide (PW-0)
isolated from Korean pear wine using Sephadex G-75. RW-0
was subjected on a Sephadex G-75 column (2.5%x90 cm) and elut-
ed with 50 mM acetate buffer (pH 5.2) at a flow rate of 0.2
mlL/min. @, carbohydrate (490 nm); O, uronic acid (520 nm); ¥,
TBA-positive material (500 nm).

Tokyo, Japan)& ©]-&3}4 58] 53t #HF5=7) 80%7}
HES o|&&S HUbste] shE A g & dAS AAE
£ 343taL 80% lehES o] &3t 2~33] M H3T
ARAEL e Z=Fd |38t Spectra/Por 2 &2+
12,000~14,000, Spectrum Laboratories Inc.,
Rancho Dominguez, CA, USA)S o] &3} 2~3U37F 45
gsta FAUREE P3td =04 AR PW-0S AU
Ztg PW-0< 50 mM acetate buffer(pH 5.2)% % 33}H
Sephadex G-75 column(2.5x90 cm, Amersham Biosciences,
Uppsala, Sweden)9l loading3til <Y bufferE o] &3}
SSAA EAFo] Aol 27 EE, PW-1 ¥ PW-22 &
ATt olF & % FAo] o 18R E20 PW-1
= 54 2 54725 AA wiF f3 240" ZAgRL

2 2183 }rhFig. 1.

A 420l 9IEt HAHAH eMEts

FHA A2 ot BAA &35 (complement activa-
tion through total complement pathway) =, &H A &4
(anti-complementary activity)< Kabat¥} Mayer# (22)&
o] &3t Alm e ot BA &3 & JEste BEA A 9
3 AE 1 g88A 0 2AS F complement fixation test
2 =389t F 4499 A 2% gelatin, 3 mM Ca’,
10 mM Mg o] 3HH GVB'' 9E8& N (gelatin veronal
buffered saline, pH 7.4) 2 A5 & Z}z} 50 ulL¥ £33t
37°Col A 302 Bt 13+ wEAIZ &, o] wkg-Ao] GVB &
350 ulLA F7ystar o] & 10~1608 744 A< 348tk o
719l 750 plLe] GVB™ 9} k9] 728 d - (IgM-sensitized
sheep erythrocytes, 1x108 cells/mL, Biotest Co., Tokyo,
Japan)Z 250 uL¥ 7}3le] 37°Coll A 1413t ¥k-8-A17] a1 4°C
2] PBS(phophate buffered saline)E 2.5 mL 7}3fo] wHg-&



H| S o] &3 FHFzRE B3
AR A ZAT} 2 v-s--8- 4°C, 2500 rpmoll A 1087 |4
g stdon F5A FHEE 412 nmollA SA3FH T
gRA e FHA 83 A XS&UATCHsy: inhibition of

50% total complement hemolysis)E YEFH At}

S22 BA 429 oIst EAMA eMss

BAZ BA A2 93 BAA 435 (complement
activation through the alternative complement pathway)
5, FAE2E AHS FEA &4 Platts Mills9} Ishizaka
o (235 AFA A oA IF WY sH ZHEA
Z 499 g3 2 mM MegCl, 2 10 mM EGTA7Z}
/9 Mg -EGTA-GVB  buffer 2 A 8% 247} 50 plLA
E3tated 37°Col A 308 Bk 13} WA & o] Bk
Mg -EGTA-GVB & °|-& A% 343tk o7]el 414
A A" E79 HEFGx 10" cells/mL) 7Fske] 37°Col
A 1AIZE ¥-&A1 7131 4°C, 2,500 rpmell A 1083 P4 22
o A5do FFEE 412 nmolA 43tk +73
2o o BAA &A438H23) = FEA SEHGY FASHA
FAZ BA 8§89 AHAEJTACHs: inhibition of 50%
alternative complement hemolysis)E e AT},

£

BHAHA eys 22 dE

229 WA 7195 (crossed immunoelectropho-
resis): GVB'' buffer, 10 mM EDTA7} ¥ EDTA-
GVB ™ buffer, Mg"" o] &vro] ¥ Mg -EGTA-GVB
bufferel] A7¢1e] 41 A|E2E 2+ &3l 37°C, 30
ZF w8271 & pH 8.6 barbital buffer(ionic strength, 0.025)
2 AR-3te] A3 19% agarose gel AolA 129 795
< PFFHATH3 mA/cm). °]F 0.5% anti-human C3 serum
(Sigma, St. Louis, MO, USA)°] &% 1% agarose gel
el A ek 15A12E < 23 719 E S B3ATHI mA/
cm). AN E gel& bromophenol blue® G2 A17A FA) <} &
Sl 49 AAAS AAFoZHN C3Y 28 AHES I
A3F A TH24).

BAA 849 FA: BAA 43 A=ZE A 9
3]l GVB'9} GVB |4 Ca™ o] %S A A% Mg -EGTA-
GVB % 5%0]2& 25 AAZ EDTA-GVB  bufferel
AlE B AR EHS A7 HUtstal 4] T 2ol

o

28 A7 BAA &4

SAAE|
AFAdE= A3 +£SDE YERY 3 Student t—testE
o] g3l BEAA T & p<0.05 FEAA FYIRES AAS
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Fig. 2. HPLC profiles and molecular weights of PW-1 (A)
and PW-2 (B) purified from Korean pear wine. PW-1 and
PW-2 were injected into combined columns (0.76 x 30 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.
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ARoem o]= 2F 10% ethanol =2 v 5 <tof] Ae]F
Z 54 ggule] o} EA1E 71eAdE A BEE
(pullulan series)< ©]-&-3+ Ex% &4 A1, PW-12 #3F

go] 150 kDa, PW-2& 12 kDa9 t3dA 9 (Fig. 2)& &

T Aden wiF LY F&& 247 152 mg % 34 mgol At
3

A AT T 942%, 2T 58%Z UIRE AT
TAE e, didn AEY g AE 7t
o] h& KDO= 5ol A &Futt g+ AEA A
PW-2& AT 769%, AT 23.1% = PW-18 £ H]3|
FaAez 2 AT FFS vehioen FEdAE
PW-19] Hl3] 53] v& ZAx}o]dH(Table 1).

o wef AHCiEel 55 E4

wjFol A AAE 9y PW-12 7l¢R3se] alditol
acetate S EAE A3 LAHAITE EA43 23 PW-1&
mannose’} 81.8%Z 71 &2 H&Z /5] Aom,
1 9] arabinose, galactose, glucose, galacturonic acid 2
glucuronic acid 27} 1.2%, 2.7%, 85%, 5.3% % 05%=Z A
F AZEH AR (Table 1). 154 E2] 123 AX¥y T4
(middle lamella)o] &A= ©dF+= cellulose, H
xyloglucan®} glucuronoarabinoxylan® 2 813 % hemi-
cellulose, 18] 31 €& & (pectic substances) & I A 3%
F2 A ATH25). °1F cellulose® L= A 4
2o 2 Q8] Al BAE FAF3I do] 837} 3]
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Table 1. Chemical properties of PW-1 and PW-2 purified
from Korean pear wine

PW-1 PW-2
Chemical property
Molecular weight 150 kDa 12 kDa
Yield (from PW-0) 78.0 35
Neutral sugar 94.2 76.9
Uronic acid 5.8 23.1
KDO — -
Protein — —
Component Sugarn

2-Methylfucose — 1.2
Rhamnose — 6.1
Fucose - 15
2-Methylxylose - 15
Arabinose 1.2 7.1
Apiose — 4.3
Aceric acid - 0.3
Mannose 81.8 19.1
Galactose 2.7 129
Glucose 85 229
Galacturonic acid 5.3 20.7
Glucuronic acid 05 24
DHA? - Detected
KDO? — Detected

YMonosaccharides were analyzed using alditol acetates. Mole%
was calculated from the detected total carbohydrate.
YDHA means 2-keto-3-deoxy-D-/yxo-heptulosaric acid.
YKDO means 2-keto-3-deoxy-D-manno—-octulosonic acid.

lose thgt Abolol A 733 3k networks Ao 1%F
&z AP E oA ¥e 3 FEIU) ojHR v
3 JuH26). wEhA AEA 74 dF F HeEAT
F&37F &olg R RE A It HEHE
D-galacturonic acid’7} a-14 2t 2 AZ2" 1
(a-D-1,4-polygalacturonic acid)Z%F -4 & o] =
HAA ot AAZ AAA e EAee HE ojHTt EA
EFS 25 /A3 ok BaEo] vh(27,28). HE-e
AAEA ] e BEL homogalacturonanl 2 43 5 o]
A A TH29) o 7)ol k3 oligo- 2 polysaccharide® # A
¥ rhamnogalacturonan-I(RG-1) ¥ rhamnogalacturonan—
IRG-ID7} FFAo2 AT =] = A2 454 Ark
(27,28). °]5 ¥ RG-I rhamnogalacturonan 4} (main
chain)ol] arabinan, galactan % arabinogalactan¥} 72 tf
&St FA BAME(side chain)S Zt= 93(30)22 By
o] it} wekd PW-10] thiE mannose® 74 E mannan
o7 EAgte AME wiF] LA RS vl Foll mannan
o] EAtA olEo] AN F JHHOZ H|Fol 83
HAS 7540l 28T 28y A EA ol mannan©]
TARECE #FE A7 =51, 53] i HAEo=
mannan?] EA7} R38 o= A golE 4 gl wheia
PW-19 243}l I mannose $#H-S g = ALSE w4

E 7199 mannanol A fEdt Aoz FA AT v S

s
g

AZE el &z SadA oA Saccharomyces cer-
evisiaeSt T2 AR

glucan ¥ chitin®] FA &L
ol = mannoprotein®] 235 =

At wehA BE D AR F dFE LRE FIES
U ER7 A7HEE Ho] o]F &3
chitin A4 < v T A=xH
A FHa, wjF Fde &5 AXH 7199 mannano] A= 2
o2 gAHEE FEY F UMt wEgA v Fo EAlstE

F 08 PW-12 2ady 5 ZaEAQ axe Alxy 71d

stH A2 o PW-28 oz s dutd i &4
A3, KDO 3 DHA® &A1& Yell= TBA-positive
materialo] Eo]|H o2 HEHOH, o|5S I35
TAFES £43 A3} 2-methylfucose(2-Me-Fuc), 2-meth-
ylxylose(2-Me-Xyl), apiose(Api), aceric acid(AceA), KDO
2 DHA & AQAlA dutd oz & ##HA] e 37
g X3 F 14T dIFHRE 7T Aol FAHRA
HTable 1). o] Fo]FS i3 thIH= Albersheim
5(32)0] F-3}I(Acer pseudoplantanus)® B (Oryze sativa)
5o AA AE wjFAo XN FE3 RG-1I19] F+2E £33t
I e AAFeE webA B Foll = pectindl] FfFA o2
AFEol Jdd RG-I7F 2E 2 A4 5 E3lHo] dF
o] =874 oS 7SI oS F4E F AU

o= el Cieel EAMA E245ks

3= frel ohdol tis BAA g%
(Fig. 3), Zt+%2 PW-0+= 1,000 pg/mL 5= A ITCHs
Fhol ¢ 70%0l o|2+ wi-§- -3 BAA &AdstsS B
HFig. 4). ol EAAY &g S4AA2 geiA Jo
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Fig. 3. Complement activation by crude and purified poly-
saccharides from Korean pear wine. "The anti-complementary
activity was expressed as the inhibition of 50% total complement
hemolysis by Mayer’'s method. 2)PSK, a known immuno-active
polysaccharide from Coriolus versicolor was used as a positive
control. ?The data were expressed as mean =+ SD of three separate
experiments.
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¢F 2003F9 EF % dUAEZ FAHY o, R
A WA 5 D]?J‘?lz}i 3‘}?1]91 EA| = HIEA] el v
= F8 Wol7]Fo|th(34). B A
A7y Edst=A Léfx—i 9l cascade ¥Hg-ol| olale] B &
o] &4 BARE I EIL o]Eo] HARJAAL] BH F
Zrlo] HE2H o2 MAC(membrane attack complex)E &
At G HdA & AASE A2 dHA ATHD).
43 44 F A EHe A8 BA EEL
7+E ARkg-& wizidita A lew, 53] macro-
phage®} lymphocyte2] &3}, A57 53 DA% 4

il

(¢}

o] 29 EAlo R wet vi3AE ZE3HH Exﬂﬁﬂ g3}
ARE A WA "ok BEAAC g =2 245
JeEAd PW-1S o g GVB” 7]»"11:&%7419} 27y &
Zo]lLS ¥ AAZ ED TA GVB ™ ¥4 % Ca o]t
S AddHoz A AS Mg -EGTA-GVB  HFSAIZ UiF
ol =¥ g 1A FAITCHy)S vl =439t} Fig.
4(A)o A B vk} o] vl f2 &4 o PW-19] 4
-, Ca” ¥ Mg o] % EAlstes 718 Aol Ao &4
4 Hlad o 27} S50l AAE G ANME HEF

o5
o Hl3] A SAE FAo o] BEAEYO L Mg - o]
Lot ZR) st v A= 4 TRA FAdo] AdEF f
2 (ek 50% FE)HEe Ad=2 RYy. o]# s Alae HHZ
89 B 09 PW-10] BHAASY nAAZe} RAZ
pathway % 422 2% 4312 & L8 223 4

AT

HiF R MA cligte| 24 R4z gMsls
w3 frel g4 o PW-1o] BAAS RA20S A
& F43t A2 Hrsly] 98 Ca'' o]eo] MElxom
AAE T Mg 'who] EAjsEs vA A E7] HEFuhe
Fhdoz ALt ¥ARE SA4E 543 A, Fig. 4B
Yebd mkel 2o] 1,000 pg/mL =14 IACHsko] <k
35% o] muA gEd AL JeEoen PW-1 250
ng/mL7bA] RA 2 Bdo] F43] Assithrt HES Kol
= 53 v 9EH AFS BT wEk PW-1

- = a
BAZE ki BaE s Qlvk35). BAA 243 ARe B < FRRE Afrste] BAA st AR dodS At
iﬂﬂ T3l C39] &4st Wl wet A nHA =} ele £ k. o g BAA Y RARE nAAR
ARE FAE e, 1AFRY EAYd= Ca B o} 2 Aol FAE askA Fon, Al o7 ™
Mg” R, R R E Mg who] e Aoz st gl o Hhgo] dojur] Mol &Aster s o ofs 3ty
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Fig. 4. Effect of calcium and magnesium ions on complement activation (A) by PW-1 purified from Korean pear wine and
its anti-complementary activity through alternative complement pathway YThe anti- complementary activity was expressed as
the inhibition of 50% total complement hemoly51s by Mayer’s method. PSK a known immuno-active polysaccharide from Cono/m

versicolor was used as a positive control.

¥The data were expressed as mean=+SD of three separate experiments. @, in GVB'"; O,

in Mg -EGTA-GVB ; ¥, in EDTA-GVB ; W, alternative pathway activity.
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avar & 5 ATHE6).

2RI HAMT Y3 ost 3 M=o Y
Kabat?} Mayer® (22)¢l] 9Jgt 1B A SH4SHHL 12}
TS TAO A Al EAE0] HAA &St ofgh HA 9 &
S8 WHOE 7Y A8 F BAS &5}
A A Qo] EAT A= 2 FuA &4
= BAAE Z2t3 ATk 37). B PW-19
R A G/go] BAA &/dstel 7|18 ARNA, Z& A5

Aol A 71 a3 Aoz IR C39 843 R E
ZAMSHAT dutd o2 BA A7 EA438tEH C3= C3ast
C3bE EAHEZ(36) A5} F4A FHS A7 &
12} A719% S A3}t anti-human C3Z ©] &3} 23
HAHA7dTS FFoZH C3 ZINHES TH3A o)
At} Fig. 5(A)o] Yeld vle} o] A2 {3 PW-13%
FHE 71BN A A vEEAIZ] A

o
T
ol % shel Aol WA AL BT = AT e

slell 7103-S F1E 4 AT

PW-1& Mg '-EGTA-GVB % EDTA-GVB 4H3-A
AN ¥ESAIZl F 1 #3) AHES ##3 A= Fig. 5(B)
4 Fig. 5(O) &l Jehd vle} 2oh 40| 2S BF A AS
EDTA-GVB™~ ¥r&AlolXE C39 4317} a5 A oo}
17he] 27Ao] #FE Wk Ca' 0|22 Helzog A7
g Mg -EGTA-GVB  HE&Ald A= 2709 734l &2
H Ak Wzt A7 G5 Ao A welZHE 3 HA|
ARALE C35, 7 HA FA3dLe &34 C3ast C3be
EFEA VAT AAAEYS 1E& 2 o 7|2 w-EA
GVB ol A= A ARl

HA 7o) 83 whi[Fig. 5(A)], Ca™'& Agz o
AAZ w-gA A= A HA HA7FAe] A Foll
Ao 2 Yehgd e ZM[Fig. 5(B)] 713 ¥-3-Al ol BA<
gAs7t AR ZEsA AAEASS FAT 5 Ak
Fu=2 A 43Ut AP HA Ze F-EDTA-GVB)
o M= Fig. 5(CO)AH wellZF-E A WA I3 dgke] &2
Aok weba] PW-12 BAAle] nd 429 H 32 F F=2

fr e At o2

(A) (B) (©)

Fig. 5. Crossed immunoelectrophoretic patterns of C3 con-
verted by PW-1 purified from Korean pear wine. Normal hu-
man serum was incubated with the samples in GVB"" (A), Mg~
EGTA-GVB ™ (B) and EDTA-GVB ~ (C) at 37°C for 30 min. The
sera were then subjected to immunoelectrophoresis using an-
ti-human C3 antibody to locate C3 cleavage products. The anode
is to the right.
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