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Separation, monosaccharide composition and molecular weight analysis of

polysaccharide from G. lucidum mycelium
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2@ 2K % 4, i3 DEAE-Sepharose Fast Flow # 4 & 4&
1, #) B FH Ak AR & 35 (HPSEC) %l % 48 28 5 69 46 )%,
R Z 4 BOK it PMP AT £ & 46 RP—HPLC @l 2 % 45 4
w g EAEA R, B A B LA A R E (SEC-MALLS)
MZHEUHEHSTEMw, FERES TREFLZS 5
TEREKMX ZAWEHENTHRFELEZMMEL, EREF.
S B AR E 3 A S B4 GLMPL,GLMP2 4= GLMP3,
HPSEC #: il 3t %% & A 8§ 4 1 4 51 A 93. 58%, 97. 64%,
99.19%, % # 4 M » # %4 R & W GLMP1, GLMP2 #
GLMP3 ¥ &R ¥ EH A FH. FAEBR. A HBE,F L
e R HEL T AR 0 A A B R MR, A2 BB R RO & F
SEC—MALLS# X, GLMP1,GLMP2 # GLMP3 # Mw 4~
A 4.526 X 10°,4. 603X 10*,3. 760 X 10* g/mol,3 A % ¥
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Abstract: The polysaccharide was extracted from G. lucidum myceli-
um by submerged fermentation after previous hybird optimization.
The polysaccharide of G. lucidum mycelium was separated by DEAE
Sepharose fast flow column. Then we used high volume exclusion
chromatography (HPSEC) to explore purity of three polysaccharide
fractions and complete acid hydrolysis and PMP pre column derivat-
ization RP—HPLC to measure the monosaccharide composition of

them. At last, multi angle light scattering instrument combined with
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device (SEC—MALLS) was used to measure the Mw of polysaccha-
ride fractions, while the slope of curves between the molecular rota-
tion radius and molecular molar of moles inferred the space conforma-
tion of them. HPSEC results showed that the purified of GLMP1,
GLMP2 and GLMP3 were 93. 58%, 97. 64% and 99.19%. Mono-
saccharide composition analysis showed that mannose, rhamnose,
galacturonic acid, glucose, galactose, xylose, arabinose and fucose
were contained in GLMP1, GLMP2 and GLMP3, however they had
different molar ratios of monosaccharide. SEC—MALLS tested the
absolute weight-average molecular weights ( Mw) of GLMPI,
GLMP2 and GLMP3 respectively were 4. 526 X 10°, 4. 603X 10* and
3.760 X 10° g/mol and it suggested that the conformations of the
three polysaccharide fractions maybe were polymers which were high
tightening and having branched structures.

Keywords: G. lucidum; mycelium; polysaccharide; fraction; purifi-

cation; molecular weight
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HHT, 56 T R 208 22 1k Z 55 19 0 9% 32 200 3% R i 4k
S 43 MRS G I S 0 AR B O 2 8 i W A A
0 % 2 TR B e S A e B A 1R R 19 51 10 AR 2 TR 22 TR 2 B Y
2R iR 22 W 3 s Ak S R R A B UHE B £
i (HPSEC) \PMP # i A7 4E 1k 5 AH & %0 A a3l (RP—
HPLC) £ ff i S 1804 (SEC—MALLS) 25 45 A 43 BIWF5E T
B R 22 W BORE A I 43 F A A LA R E R G e Rt
— X AR 2 2 W AT R RO R B ST R S A R AR A
L MRS
1.1 #RE5EE
L1L1 M 5iH

2R SRR AR IR A

B B+ 32 4 #E ¢ : DEAE-Sepharose CL-6B %Y, 2% [E GE
Healthcare /A 7 ;

1 R AR UE T : Dextran R %1, £ Sigma 23 7] 5

HEE s BB AE 12 Fh OB AR HE > 97 %0, 5 Sig-
ma-Aldrich 237 ;

W ik 2l , [ Tedia 24 H 5

1-7% 33— F -5l 1 bk iRl ( PMIP) 0 99 %, 26 [ Acros Or-
ganics A ;

SR Ak [ 2 4R A A R R A R A A

R EWY BRER . = S ke oK 2B TS ER A L P R
SRR AT Al 1R 2 4 B2 R R A BR A A
11,2 FEUHBEL
A (32 43 . Waters 1525 %1, 25 [ Waters 28 7 5
AR 3% 7 55 : Aligent 1200 %, 2 (S BHE A BR A 7 5
2 BEOGE B . DAWNS 51, 3 (5 Wyatt 247 5
AT LG43 6 6 BE . 722N B, b RS % B 22 AU RS A R
B I 4 A XBE E AT AR (3. 2 em X 25 em) : BSZ-100
B, WP AT AR

JE 5 7% A X . RES2-2 B, |3 3 58 AE A AN #8285

fEIR K S 8 -2 80, V09548 & 35 17 B LA A T s
1.2 FAHi&
1.2.1 REWAEHMESRENSEGL WEAJRESE. K
R 22K Z BEIRC W R W 50 mg/mL MKW BRI B
DEAE-Sepharose Fast Flow £ (3. 2 em X 25 em) , F H 3R
LA G 4 2 A AR DRk 100 45,58 1 kL pH 7.8 1Y
0. 02 mol/L Tris—HCl ¥ W N e . 55 2 L 0. 01 ~
1. 00 mol/L NaCl ¥& ¥ 1 0. 02 mol/L Tris—HC ¥ ¥ B
Ve N 8 mL/min, & 4 B USE 1L 5 B (B
0.2 mL, 3t 1.0 mL) FIZE B AR AR I F 490 nm 40 22 1% 14
W SRR . WO AL A F R 4> F il 3.5 X 10° Da iy
BHTAS BN 48 h BR 4L 5 ¥ %R T 1% GLMPL, GLMP2 A
GLMP3,
1.2.2 45 2000 w8k BUHE L 68, 1% 7% (HPSEC) 43 87 68
B4 5% k(14 ], GLMPL ,GLMP2 #1 GLMP3 43 31| it 1,
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WHEZY g 10 mg/mL [ /K W, 25 0. 45 pen S L U8 I8 I 1 A
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(1) BEGh 1 58 AR K At < K 22 Wl 90 53 S0 T 7K T Bl ke
29209 5 mg/mL PVEW . T 500 pL R T B2 L
A 2 mol/L TFA ¥ 500 pL, RS G A N 34, &
F 110 CHEFE KR 120 min, B ¥ 505 5 0, AR 0
BB AR T EE 3G 1 mL BAKE# .

(2) RA MR AE PMP i 24E 46 : L 100 pL AR & S0
PRUETR (25 50 BT 4k ok BE 25 0 3 mg/mL 42 47) 5 45 K ]
0.6 mol/L NaOH ¥ W IR & %), Bl 50 pl FRIE G W T
5 mLEZER A . A 0.5 mol/L f) PMP Fl B2¥5 WK 50 pl,
BEWIRA); 70 °CF KM 100 min #r, B ¥ H0 & = R
0.3 mol/L#y HCLI W 60 oL thAl pH. K ERE 1 mL. 7
AR 1 mL ST, 4R 5 08 P AH 78 43 42 fik, #5085 3 R L
ML 3 W ABR £ 2 40 n PMP 3] R4 28 165 19 1 90
0.45 pm BEFL UG B 30 #4379y 22 W R K R T
PMP fif = Ak J5 1 5 1R bR AT AR Ak Jr ik Al T

(3) RP—HPLC 3% 55 Kl 2% « 4% 8 B 2] 46 00 4%
(DAD); 8 3% #%: ZORBAX Eclipse XDB-C;5 (250 mm X
4.6 mm i.d. ,5 pm) ;i ENAH 0. 1 mol/L pH 6. 7 BEfR b 22 vft
W—2NEV/V=83/17) s K B4 : 245 nms AE IR 30 “C s Ui
.1 mL/min; PEREARFL. 20 pL
1.2.4 SEC—MALLS 43 #7

(1) SEC—MALLS—RI & £ . 5k FI R~ #l Bk 3% f1 2
£ 13 S BLSTHSCBE T 25E B (SEC—MALLS) It 4 ke 9 1 39 4
T (Mw) ., £ 7 B R 8 (Mw/Mn) J 34 J7 AR ié % 2 #&
(RMS) ., Z i BEWOGE U (MALLS) K 2 633 nm, ]
T 28 (Mw=1. 18 X 10" , Mw/Mn=1. 10) fi 4 ¥ ¥t 17
H—Ak . RF kB 038 56 8 45 00 4 K 4R &R 9 Shodex
OHpak SB-805HQ il Shodex OHpak SB-804 HQ 7 # {4 i
FE A B AR 22 3 0% K I #8 (RI-150, Thermo Finnigan,
USA) .

(2) MR S FFHAH: 0. 2 mol/L i NaCl 7K ¥ W& s 7
F:0.5 mL/min; PR B .25 C s if AR & . 200 pL,

(3) FEWR ) 45 - ZME 53 43 3 T 0. 2 mol/L. ¥y NaCl 7k
VW G RES M BE Ry 1 mg/mL, HERE BT ARE & KU Bh A 4
0.2 pm SR E .

2 g5
2.1 REHLGESHENSBLAL

i i3 DEAE-Sepharose Fast Flow £ 59 & JI # L4 50k
AR AR TR AR A 2 A1 A 22 0 T T 2 CIRT 1) 42 B o A U
e E AR 2] 3 A ZHEY Iy 1w 4 9 GLMP1,.GLMP2 Fi
GLMP3 ., 243 20 53 B AT % #h )5 VR T4 U5 8243 #T
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Figure 1  Elution curve of Ganoderma lucidum mycelium

polysaccharide on DEAE-Sepharose
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R BT 2 20 A1 TR MG R S ) 2 Wl R A 2 W —
ST TR B A3 — A @R BUHRBEL € 3% (HPSEC)
FLAT PO L 53 W 2 R0 5 P e 0 A0 R R B R L A
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Figure 2 HPSEC elution profile of GLMP1,
GLMP2 and GLMP3

A HPSEC [ rf i 16 ARG 1 43 bb ml 41, 3 ARy 2 4%
B BE Ay 5 A 93. 58%,97. 64%,99. 19% , /b & % 16 Hy 4 F
it 0.5X10° Da ZEA 1 M/ YT o B, IR 4FF & 11
T ROEARAE SR AR AR AR R AR AE (Y O B B[R] R0 43 8 A
2 TR IE K T R R 2 MR S R AR R
B Fi (Mw) L 1,

1 SV RASHEAUENENS FERGELER
Table 1 The relative Mw and purity results of three

polysaccharide fractions

FE bt 4 7R R E ¥y 534t/ Da uipE/ %
GLMPI1 16 2363 93.58
GLMP2 65 222 97. 64
GLMP3 6 387 99.19

2.3 BEARSWER

12 Al BB AR A% 1) PMP fi5 4= /b RP—HPLC 4 3% [& UL
Bl 3. TEIZ A5 &M T 12 A SOll g i 3 B RO BT

GLMP1,GLMP2 Fl GLMP3 {4 b 41 sy W1 4 ~6, 5
& 3w bR o A Y £ B2 B R X BRORT D, GLMPL, GLMP2 il
GLMP3 ¥ & A H # # (Man) . i)l 258 (Rha) | 2 718 B R
(GalUA) i B (Glw 2 FLBE (Gab) A (XyD | B H7 47 B
(Ara) Fll A4 BB (Fue), Ferreira 281 BF 9% & LW IR IR 12 &
T R 2 2R P Ara Sk B TR BRI 2 MM AR T8 22
2 Hk .

Mar Rib
_ 40 + Fu
E Gle Rha
o> & 30 F 5 =
i”LE : GalUA GleGay Xyl ara
2T 200 Gal
=
E 10 |
0 LM | | | |
000 870 1739 2609 3479 4349 52.18

LR s A]
Retention time/min
B3 12 # %45 PMP 47 £ 44 RP—HPLC B
Figure 3 Chromatograms of PMP derivatives of twelve
kinds of monosaccharides by RP—HPLC
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RP—HPLC chromatograms of GLMP3 by
PMP derivatives

Figure 6

TR B AL AT P Gal & B2 B 20 FT LU 3
BRSO GLMPS b Gle & RHR 2
HUE Gal. T HA 6 Bl oppl & b 07 3R GLMPL
A1 GLMP2 Hp Bl 41 R 2888 3 O B RAL W A W) 35 1R Y
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Table 2 Monosaccharide composition of three polysaccharide fractions

ZHERsr  HE(Man)  RZEFE(Rha) LI (GalUA) #EME(Glo) HFLHE(GaD KB (XyD  FIRAAFE(Ara)  #EHE (Fuo
GLMP1 2.21 2. 46 5.36 1.00 7.67 12.85 6. 44 5.07
GLMP2 0. 40 0.28 0.59 1. 00 1. 45 1. 09 0.93 0.47
GLMP3 0.13 0.10 0.13 1. 00 0.73 0.19 0. 39 0.15

2.4 SHESWMBEHEEE— BE RS HEBEA (SEC—
MALLS) 4> #f

3t R 25 97 0% (RD R I 25345 5 A6 HUR (907 4R 4% 3 A4
LAY RE R LK 7, SEC—MALLS 2 3% 38 £ iFE M &
GLMP1.GLMP2 il GLMP3 [ 4 %} & ¥ 4> F & (Mw) 43 Jl
g 4.526 X 10° 4. 603 X 10*,3. 760 X 10° g/mol, % 5 2. 2 tfs
FriAS pg kX B 4y F A — 2 5. HPSEC 7k,
RPN 22 E e S5 R — o 1 25 5 M LR SROBE A A R 0 A5
FRE G B 34 4 T hE R 25 B OK L O RRME TR RN RO 2 MR 4T T
i, SEC—MALLS B 400t 2 Wi RE 5 B 1% vh 41 00 46 40
Gy F i TOW AT AT AR €035 R bR R AR UE S I E AR
TR .

UE AN, 43 F 5 4 A G B0 AT B Mo/ Mn (9 HAH 7R 24 %

{ELER AR S 4 F B 0 AT B B B Ay HOEE BB R . XA
TR Mew/Mn P 17, 3 3 A1, 3 20
P8 Mw/Mn HAE 20 B & 1. 559, 1. 360, 1. 125, 3 B
GLMP1 1 GLMP2 B 438, 1 GLMP3 4318 43 1 [X 8] 8¢
7. TAh ASTRA B 43 H7 Al 3RASHE S I 4 42, B H 43 F e
24 RMS 541 FE /R B0 TR 1 O Ml 4k T A4 1% 06 & it
LM o Fm. Wyat"IH Y o /N F 8% T 0. 33 i K4
FRrR-DEEHLNIRIEH G ;1M o HAE 0. 2~0. 4 A LI
IR Ar ¥ ST B 5 s HERRHRAE 0.5~0.6,%
IR FR—ANTMML G 3 DK 2N o (551
0.3~0. 4,% ¥ GLMP1,GLMP2 I GLMP3 ¥ %% H &
H R ES R F R AW Kb GLMP2 7 g & 5kE
4,

e

T
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Hsf ] Asf ] sf ]
Time/min Time/min Time/min
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B 7 %45 %8RS (LS RIEMNE 6 E#%H
Figure 7 Chromatograms obtained by SEC with LS and

RI of three polysaccharide fractions
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Table 3 Molecular characteristics of three polysaccharide

fractions by SEC—MALLS—RI

Protfa Mw/
i N RMS/nm Mw/Mn «a
Wi dn/dc (g e mol™ 1)
GLMP1 0. 145 4.526x10° 86. 3 1.559 0.38
GLMP2 0.142 4,603 10" 61.2 1.360 0.31
GLMP3 0. 141 3.760x10° 20.6 1.125 0.34
1 3/
3 g5

B OR AL IS 0 2 2 T P MR R 2 R B AR AR I R 2T
22 1M 2 4% 4 DEAE-Sepharose CL-6B 43 & 4lifk 15 5] 3 £
B9 4y GLMP1,GLMP2 Hil GLMP3, HPSEC #ll 3 4~ 4% 4%
ZHREE R T Y — M 2R 4. PMP fiT 4 4k
RP—HPLC %% % 75 GLMP1,GLMP2 1 GLMP3 ¥ &
Man,Rha,GalUA ,Glu, Gal, Xyl, Ara f1 Fuc, 5 2 §i # i& (%
REWARLZHEN PR A Z R XA fERAZ W
B RSN ERA L, KM SEC—MALLS—RI Il i
GLMP1,GLMP2 1 GLMP3 () %4 %} & ¥ 73 T & (Mw) 43 5
9 4.526X10° ,4. 603X 10*,3. 760 X 10* g/mol, I H4R #& 43
FHERE L1250 FEERB E R IMARE « WAL 3 D20
BOoMEAREAEERHERA S LEMNREY. &
WFIE Jy o 2 T 22 AR 2 A WA ROC FR AT I8 42 b 25 1 BE Al A )
TIZHER IR .
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