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Purified Polysaccharide Activating the
Complement System from Leaves of Diospyos kaki L.

Yung-Joo Jung, Hyug Chun, Kyung-Im Kim, Jeung-Hee An, Dong-Hoon Shin
Bum-Shik Hong*, Hong-Yon Cho and Han-Chul Yang
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Cold and hot water fractions of Diospyros kaki were screened to determine its anti-complementary activity. Flour
of Diospyros kaki leaf (250 g) was boiled at 100°C for 3 h and passed through a membrane of 10 kDa molecular
weight (DK-0). DK-0 was precipitated with ethanol and refluxed with methanol to obtain the crude
polysaccharide (DKC). DKC-1 was isolated by ion exchange chromatography on DEAE-Toyopearl 650C, and
DKC-1¢ was purified from DKC-1 by size exclusion chromatography on Bio gel P-60. The anti-complementary
activities of DKC-1c at 1000 pg/ml. were 85.4 and 61.1% via whole and alternative pathways, respectively. DKC-
1c was determined as a neutral polysaccharide composed of glucose (29.0 mol.%), arabinose (24.3 mol.%), and
galactose (16.2 mol.%) with the molecular weight of 66.6 kDa. Results of agarose gel immunoelectrophoresis
revealed DKC-1c, as a complement activator, cleaved C3 into C3a and C3b via both pathways.
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Diospyos kaki leaves (250 g)

Extraction with hot water (12 L) at 100C for 3 h, twice
Centrifuge at 500 X g for 20 min
l

Precipitate

Supernatant
(DK-0, 629 g)
Concentration using Masterflex prep-tff
with 10 kDa membrane (MWCQO)

Retentate Permeate
Precipitation with 4 vol. of ethanol

Centrifugation at 550 X g for 30 min

l
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Precipitate

Dialysis against tap water for 2 day
Lyophilyzation and extraction with
methanol at 60C for 2 h

I
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Ion exchange chromatography on DEAE-Toyopearl 650C
(stepwise elution with D.W. to 2.0 M NaCl solution)
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Fig. 1. Extraction and purification procedure of DKC-1c from
Diospyos kaki.

Immunoelecirophoresis
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FAIA WHE 1% agarose gel plate(5X5 cm)2] wellol 5-6 L
A Joading®t F 4°CollA & 9087 1A H71YGE(2.1 mA/
cm)S A & A C39] &3} ARE AFs] Hst
& 1% anti-human C3 serum®] ¥-7-¥. 1% agarose 3ol
22t 217195 (1.0 mA/cm)S 4°CollA oF 7A1ZF B3t AAld
5 373 (precipitation lineyS FR13ATE AMA gel 0.15
M NaClg9e2 3 A= M3l 7l Bid e A3
& Coomasie briliant blue RG-250%2 FAAF|ZL thA] &4

AlA C39] F3l Fde A

Helo2RE HEXNH 45t CligRel 22 H MM
AZANZ e vt F, Fig 13 2ol B 25082
2L SFTE 7HIE 100°CAX 317 §< EFFE3
o €5 FEEL 500X gollA 2087 AHESEN FE
T g2 A FU3 RASR AFEsi] ¢ FF A
SHADK0E YUt DKO= Masterflex prep/scale-tff™



Anti-complementary polysaccharide of Diospyos kaki 881

Table 1. Anti-complementary activities of fractions in each
purification step

Anti-complementary

Fraction activityITCH,, (%)"
DK-0 426
DK-E 215
DK-M 6.5
DKC 444
(A) Ion exchange chromatography
DKC-1 67.6
DKC-2a 444
DKC-2b 26.0
DKC-3 492
DKC-4a 554
DKC-4b 324
DKC-5a 28.6
DKC-5b 44.8
(B) Size exclusion chromatography
DKC-1a 613
DKC-1b 67.2
DKC-1¢ 854
DKC-1d 78.8
PSK? 584

DAl fractions were tested in triplicate at a concentration of 1000 pg/
mL.

JPolysaccharide-K (PSK) was used as a positive reference.

Millipore Co. Bedford, MA)$} membrane(10 kDa)S AH8-5}
o % & 4] E99 ethanold F7lsle] zEA EFS
FANZS. FehL AFeHA F 2 1F5 ethanol
71H8-8El DK-ES 4 FHES FAAR & $A0=
3§ AAh QRS AAS] 18t methanolE FE(60°C,
Lh, 4 3)3ted MaAE<Q DK-M#H ZohgdF F#<l DKC
£ At 2UPFHF DKCERE #FRA &4 tdRs 4
A7) fsled Aol SRS 5 & SHSFE FIFS
71 DEAE-Toyopearl 650C column(CI™ form, 1.7X30cm)®
FHNZ 5 ZFF E 02, 04, 06, 20 M NaCl §do=z
AHZ SENA Y FEDKC-1, -2a, -2b, -3, -4a, -4b,
-5a, -5b)2.2 F2]=Att DEAE-Toyopearl 650ColA & &
L 4 FHl DKC-1&8 4% acetate buffer(pH 5.0,
50mM) S =9 F FYg acetate buffer® HH S
Bio-gel P60 column(1.6X95 cm)®1 4 -0.2 mL/min®] #&S=
4°CollA size exclusion chromatogrphyE a3sle] 4712 &
(DKC-1a, -1b, -lc, -1d)o.2 #3530 t). Bio-gel P60°1A <]
2/ 882 DKC-1cE Shodex OH-pak KBS8O5(SEC type,
8X300 mm, Waters Co., Milford, MA) columng A}g-8}ed
HPLC ZolA 9] GA w9} Exrgs SISt

1.0 1

Absorbace at 490nm

Fraction number

Fig. 2. Size exclusion chromatography of DKC-1 on Bio gel P-
60.

DKC-1 was loaded on Bio gel P-60 column (1.6x95 cm) and eluted
with acetate buffer (pH 5.0, 50 mM) at a flow rate of 0.2 mI/min.
Each fraction was collected by 4 mL. V_: void volume, V. inner
volume.

10kDa ol4¢l s&dE AUt #2YE ethanolS AME-3}
o AXNA FFH DK-ES 9& F AAES 5470=%
& & methanoldl]l £2A1AH methanold] 7H&-A1-S JUehlis
DK-M3} E-84¢ 20dH DKCE drh 747he] Al5¢]
Pz BA4L =33 AIN(Table 1) positive reference?] LPS
of wlgh $Awk 1000 ug/mLolA] ITCHS0(%)2] #kel DK-0,
DK-E, DK-M, DKC &9 426, 215, 6.5, 444%%Z e}
Wigith 209F DKCZHE JuA &4 848 A7
9)3}] DEAE-Toyopearl 650CE ©|-83} o]2wg =A=En}
EdddE AA A3 ge] gRoz FIHIUN o9
grA AL 243 A3K(Table 1A), FEA AL H|F
2 g DKC-1°0] 7§ =4 JEhH67.6%) FEA 24
242 »g PSK(584%)RT ¥ BAL Rt DEAE-
Toyopearl 650ColA H|E2 &R DKC-15 Bio-gel P60°]
2)3) size exclusion chromatographyS 33+t DKC-1-2
Bio-gel P602 AM&3td §&3% A (Fig. 2) DKC-la, -1b,
-le, -1d9) 479 FRo= HIHEJT 7t G FEA &
e 24% Az guA 4L LPSET BE FEdA =
A Uebo DKC-1c7 B8 EE(DKC-1a, -1b, -1d)°l ¥
A S8 B 85.4%)% HERI AT Table 1B). Lk
AAZREAANN oA B4 ERFNIE ojE Y
Eich. BA thdF DKC-lee HPLCAHOIA @Y peakE
UEMY T 59 columnAolA EFE dextrang ©] 83t
column W& AFA 7t EAFY plote ZHE AATEF
DKC-1c9] E2H3g A4bgt A3 DKC-lee 66.6 kDa 8%
o] BAgS yehle Ao2 FAEA(Fg. 3).
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Fig. 3. HPLC profile and the molecular weight determination of DKC-1c.
DKC-1c was injected into the column of Shodex OH-pak KB805 and eluted with 0.2 M NaCl solution at a flow rate of 0.5 mL/min. The
molecular weight of DKC-1c was estimated as 66.6 kDa. "Kav = (V,-V_)/(V-V,), V,: elution volume, V: total volume, V,: void volume.

2Fo] 43.8%°)3 AAF 16.7%, TA 334%S JERIS
1} jon exchange chromatography’dolx ¥2l® 2 2&9] 3}
e 2AH DTS B4 FEQU DKC-19] FF A
ghako] 62.7%% DKCHT} 20% A= Z7h7} o]Fojxon
HE2F gEo|ng 02%9] 499 S JeEpi9a o
A FHFE 18.9%= #AAHAT. A, AT ¥l
ZOEFFDKCO)NA 7P Bo] E3HH arabinose®t rhamnose
o A2 DKC-194+= 71.2mol.%S 17.1 mol. %o~ z}z}
544 mol. %St 02mol%E ZAdE AL JeEhgod
galactose®} glucose®] A-F-oAE 3.8 mol. %2} 2.0 mol .%ol
Z}zb 122 mol. %%t 259 mol. % & Zo02 Z71E At
DEAE-Toyopearl 650ClA #&¥ &4 %E < DKC-1&
Bio-gel P60IA #&E]§ &98E DKC-1c9] 3489 =A<
gR1st A} Table 29} 7o) AFTFL 43.8%1M 69.5%2
2 FEJoY AT Dl de 747 16.7%9F 33.4%0

Table 2. Changes of chemical composition of the anti-

complementary polysaccharide obtained from each
purification step
DKC DKC-1 DKC-1¢

Carbohydrate % (w/w)" 43.8 62.7 69.5
Uronic acid % (w/w)? 16.7 02 n.d.
Protein % (wiw)? 334 18.9 nd.
Yield % (w/w)? 16.0 8.1 46.1
Structural sugar compostion (mol. %)
Rhamnose 17.1 0.2 32
Fucose 02 0.7 4.1
Arabinose 712 54.4 24.3
Xylose 1.3 1.0 93
Mannose 43 5.6 139
Galactose 38 12.2 16.2
Glucose 2.0 259 29.0

Yo-D-Glucose as a standard.

PB-D-Galacturonic acid as a standard.

*Bovine serum albumin as a standard.

“The yield was calculated from the active fraction of the previous
purification step.

n.d.: not detectable.

A Zhxsle] ARl e A AEHRA wdt A4T
o] AL DKC-1914 544mol%S YERd  arabinose”}
243mol%E FA ZHAH UL galactose?} glucose FHFL
162 mol. %%+ 29.0mol %= kb F7Fsl5it). o] A=
AA tEF DKC-1¢7} 71&9] B2E arabinogalactan'®, pec-
tic polysaccharide*'"} glican®®3h= ohE FRE Zhe OF
F2 FHHEAY " AA gwe Tl g At
olFolx w2} A9 BWAE HAESoF T AR AlEHIUTH

HA| ctebRel 2XAoMe &

AA tFF DKC-1c2] 2+ A =2o|M¢] doseresponse curve
£ A 49, 59 Sl wet AXARS} FHR 2
oAl FEA o] F3lo] Frteshe A¥E YERiUY
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Anti-complementary activity (%)
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Fig. 4. Dose-response curve of the purified polysaccharide from
the leaves of Diospyos kaki.

For the determination of ITCH,(%), DKC-1c was incubated with
equal volume of serum and GVB®, and then the reaction mixture
was reincubated with EA cells. IJACH,(%) was assayed by the
same method described above except for using Mg?-EGTA-
GVB2- and rabbit blood cells instead of GVB** and EA cells.
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(A)

(Fig. 4). DKC-l1ce AsTolMs Ix429 32 B
A AR E3e JERIARE T2t S5k wEl B3
2 249 M) v Jepdth au AA ofdF DKC-
lee F74E9d TAARE 4% A2 BFE B3l 2AAE
A= AR FAHIJLH ITCHS(%)S 1000 ug/
mLe] Tl 854%2. 2 PSK((58.4%) w8 A3 &
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C3 activation ZH&t
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71 st AR FEFH P A A 39 &
438t AR RIS A SH3ich A ohgF DKC-1c9}b wF
23 FAS agarose gel plated] 12 A719%5S AAsiAL
ol THA] 1%9] anti-C3 A7} LEF agarose gel “FollA
22k A7195-S AAEITE Fig. 59 7to] A4l thds DKC-
1ce} o] GVB* bufferdl A BESSE 9= anti-C3 A
o th3l FUT epitopeE 7HA= BH Fo| C3 EIHE2
C3a+C3b®) peako] =71 FA= AU Mg-EGTA-GVB2-
bufferliA= C3a+C3b peake] WA FA=N3. EDTA-GVB2-
bufferoll A #H8-3F Aol M= C3a+C3b peake] A3 FHAH
A &t olE F3A FA hFHF DKC-le= C3E C3a9t
C3bE F3lshz 2 IHAAZAA F2 s Ag
& AUAL oA wbedllA Bl Ao} IAshe A
ojAct. wEhA] o]l AEEE HAYFF= complement

activatord & & & YA

©
Fig. 5. Observation of C3 activation by the purified polysaccharide on crossed immunoelectrophoresis.

Serum was incubated at 37°C for 30 min with an equal volume of EDTA-GVB>(A), Mg**-EGTA-GVB2-(B), (C) and DKC-1, respectively.

Each reaction mixture was loaded to crossed immunoelectrophoresis by using anti-human C3 sera to locate the C3 cleavage products. The
anode is to the left.

2 o
Ao wRy guA SdELS FeBA
(250 )& 100°CA 3A1ZE &% 4
10kDa membranes 183t &
methanol F&& 53 ZOFFDKOE A ZofgHe
A= DEAE-Toyopearl 650C%} Bio-gel P60S A3t} 4
Alatgch AAE DKC-lce 1000 pg/mLe] FEA 247
2E AT 854% AL FHERANE 65.1% &
A AY. FA FFFH DKC-lee EAFFE 66.6 kDa® 3L
AAEY 2o SATDETHFEAN T8 TS glucose(29.0
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