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Fractionation, structural characterization, and immunomodulatory activity of
polysaccharide isolated from Ganoderma lucidum
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Abstract: Objective To extract, separate, and purify polysaccharide from Ganoderma lucidum with alkali from the residue after
water extraction, characterize the basic physicochemical properties and structural features in detail, and study the immunomodulatory
activity in vitro. Methods The polysaccharide LZJ-015 was isolated and purified from the dry fruiting bodies of G lucidum by
alkaline extraction and ethanol precipitation following Q-Sepharose Fast Flow ion exchange chromatography column. Monosaccharide
composition and molecular weight of LZJ-0.15 was analyzed by high performance liquid chromatography (HPLC) with PMP
precolumn derivatization and high performance gel permeation chromatography-multiple angle laser (HPGPC-MALLS), respectively.
The detailed structure of polysaccharide LZJ-0.15 was characterized by '"H-NMR, “C-NMR, 'H-'H COSY, and 'H-"*C HSQC
spectrum. The immunomodulatory activity of G lucidum polysaccharide was test by RAW264.7 cells phagocytose neutral red
experiment. Results The molecular weight, molecular radius, and M,/M, of LZJ-0.15 were determined to be 24 700, 46.6 nm, and 1.019,
respectively. The monosaccharide composition was confirmed to be mainly composed of glucose (92.3%). LZJ-0.15 was —3) Glc
(B1—and—6) Glc (B1—linked glucan indicated by NMR spectrum. Moreover, G lucidum polysaccharide exhibited good immunomodulatory
activity in our study. Conclusion G /lucidum polysaccharide LZJ-0.15 from alkaline extraction showed better immune activity than the
polysaccharide extracted from water, which would be potentially developed as an effective immunomodulatory agent.
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RZANZIHEBHEDFRZ Ganoderma lucidum
(Leyss. ex Fr. ) Karst. 8032 Ganoderma sinense
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1 NESHR
1.1 g

RZHLHRNE ChED GRAARM, mhE
WERFPRNA R EENZ L EBEY IR Z
Ganoderma lucidum (Leyss. ex Fr.) Karst.o 57 F
PR fh: HEERE (Man). BRZ5HE (Rha). %) s
R (GleA). FAPERR (GalA). H&HE (Glo).
B (Gal). ABE (XyD. BUHfARE (Ara) K
1- % 5 -3- 1 L -5- Mt e bk ] (PMIPD 45 ) 5 3 [
Sigma-aldrich A #]; HARR 9 E =53 Hr 48
1.2 XEE5EE

DD-04 ¥y WML, KA 2P0 A R A A
LABOFUGE 400 R & &.0: )1, 32 [E ThermoScientific
AH]; Agilent 1260 2 = 808 AH (1A%, 36 [E Agilent
/AH); DAWN HELEOS II #, Z[H Wyatt A,
Agilent DD2 500 MHZ # S % RESLIR B TEA, 3£ H
Agilent A #]; Nexus 470 {# B AR 21 B TEAX
(FT-IR), 3£ Nicolet A#]; EIx808 BYEFHR{L, 2%
BioTek A,

2 FHE
2.1 ZHERHEE
IRZHRERL 60 B, BN 258 KK « FRECZGHF

FUBY 200 g, 42RHRLEL 10 10 IO ANZEREK, 80 “Chn
PIEE 2 IR, FEIK 2 h, B0 (4500 r/min, 20 min)
I EE EIER, S0 CHEZIERSE 2 200 mL.
N 3 REARFAM) 95% L BE/K, ZHiRE 48 h, &
£ (10 000 r/min, 10 min), WEEITIEEBEHT,
W HAr %N LZ. BB 4k8:N 0.25 mol/L NaOH 2 L,
60 CHM#AIEI 1 h, $2H 2 X, B0 (4500 t/min,
20 min) & EIEWL N 1 mol/L HC1 H il i
W, 50 CEZHIEAKLEZ 200 mL. AIA 3 fEAF
1 95% L IEK, EiEE 48 h, B (10 000 r/min,
10 min), WARGTIE ZIEHT . RIS 75 Z 0842 2 Fil
mh, MG H AT SN LZI.
22 ZRENSBELL

% QFF RIS IHT 250 mL (94> Bk, 5t
FHZER KM 2 ANMFEARFR, 85 F 2 mol/L NaCl #if
e 2 MEEARER,  FH AR AK R 2 AMEARFRED AT
FEo FREL 300 mg LZJ, JiZK 10 mL &, &0, )
WG EFE. EFESERE 30 min, 439003k F KA
0.15 mol/L NaCl ¥ flit., K FH it B2 AR By o e Jid
HobE A, WEERE S . 25N 7 000 SEHTLS FIENT 2 d,
Wl B RGT, RIS2 8 LZ23-0.15.
23 BEEEMNE

PAES R B R AR Byt 3R 2 22 v ) Sl 75
HBEATIEN L 0.5 mg/mL 76 %5 B BN AR HE VR,
I3 M EHARAER 04 104 20 + 30, 40, 50 pL HIXL
FKANEZE 100 uL VE RN TAER, A AR I
6% A A 200 uL, PR IIAM H,SO,4 1.5 mL,
REE L ET 100 CRIKESH, i 10 min,
HUH A EE, 8L 200 uL i 96 LA, 7£ 490 nm
WA RATH . DUbRitE 5 3 RS S SRR AL bR,
W't FEE AR N AR R 2 il b it 2k

FESBGBCH: FREL LZI-0.15 #1501 mg, HIAL
#/K 1 mL, BECHIN 1 mg/mL 2R, 4 HIE
30 uL, JIXWAEKENEZE 100 uL, J5 g/ briE
il F AR B ¥
24 XD FRERS FHEEME

K 1 R R 15 it - )\ A O e B
(HPGPC-MALLS) BHIH A e 123-0.15 Hix
R E R TR

AR IS S5 : (3% F2A Shodex OHpak SB HQ
804/802.5 (300 mmX8 mm, 6 pm); FEHAHN 0.1
mol/L Na,SOy,; MAFFE A 0.6 mL/min; RN 35
C; HAEEN 100 pL.
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FE SR AL B . FREX LZJ-0.15 #£ 5 2 mg, T
BN 400 pL, FEH A 5 mg/mL FI¥E i 0.22 um
IR FLIERE, RIS
2.5 ERIBERNE

KA HT PMP i 4= - = RGRUAH B iizont R 2 2 0k
BESH I SR AT =, FREL LZJ-0.15 BER 1
mg, JIA 200 pL XUZE/KEfR, FEE2 RS,
FEHIOA 200 pL ) 4 mol/L =4 L2 (TFA), JHkEmE
KT INEE T, 78 110 CHIFAFEAR 6 h, [R50 R R
AR, N 500 uL FEEE, PR EMRAGRT, EE
3R, B2 TFA. FEfR 58 B9 BERE S RO 200 uL
KRBTSR, BUH 100 uL, JIA 0.3 mol/L
NaOH 100 uL, 120 uL PMP, 7£ 70 ‘CHEEEM# 1 h
AT A, fTAEEE)E, I 0.3 mol/L [ HCI 105
ul FRFIEE L, 2 5 FH = SRR3R 3 UK, B 25 PMP.
i 0.22 pm PITRFLIE RS B 22 AR %% F -

FrfE i) % . B ATECH) 4710 5 mg/mL [R5
AV 6 uL, AL KAR 2 5 100 L, J5 2474
S RO BTV F) 2 AR

WA TS A Angilent Cig (250 mm X
4.6 mm, 5um); FBNAHN PBS-ZE (83 1 17); &
B 1 mL/min; A~ 30 C; #FFEN 10 uL.
2.6 IxEEHERIEE S5

HY 20 mg LZJ-0.15, Jil 500 pL D,O ¥#f, %
HE 3 ARG 500 puL DO AR, INNKERLE
Agilent DD 500 MHz 8 S A% REFILHR PG, AR
DMSO YENMFE, 25 CRIlEH 'H-NMR .
BC-NMR i. 'H-'H COSY ##H1 'H-"*C HSQC .
2.7 Xf RAW264.7 4R EE F LIRS0

9% RAW264.7 4fid, 40 96 LI, EfL4H
FOBN 2X10%, INZ6553% 24 he 24h )5, FF LI,
PBS Jedifid 3 ¥, &L 0.075% P4 100 pL,

A

0207 —e—4 ——NaCl ¥ 7016
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1010 €
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1 E 20 min J5, 3 7%, PBS PR4ifE 3 ¥k, &SLIN
AU 2L 200 pL, 540 nm A0 & FLROGE (4)
fHo [EIN MTT 50032387060 RAW264.7 4H i 155
FIVERT . B WERE J1 DL RAW264.7 4 i 75 I v 1 41 52
5 A 55 MTT 0020 f s 5E S5 A B HHER TR .
3 ERESH
3.1 EXRBUMRSH

F Q-Sepharose Fast Flow 238 # th i i1 73 B9
aifb R ZZ 05, 4K AT 0.15 mol/L
NaCl (LZJ-0.15) Jefit 2 N5y, RABRR- AW
PP MEBHATRE I, 5 R 1-A FoR, KBed 5
FERBAK, 0.15 mol/L NaCl ¥l 4l 2 i/ % Ky
10.2%. >R FBRER- K Ey AN 2 LZJ-0.15 453 rh s bl
S, trEd i 1-B s, RIEFRAER 5
LZJ-0.15 FEFEE RN 90.1%, J5s:HE %4 50T
JERE AN 5 R AN G BTG PR R 9T o
3.2 HEAFREURS FEEIHN

KB vk 5 1 )\ A B O G B U B2
ARW5E LZI-0.15 IAXT 70 TR 70 1A & ik
RE (Mw/Mn), REGSEEWE 2 B, HE 2
AT LA H LZJ-0.15 3% AN4H 79 A 22 min JF AR5 M
K, #) 30 min 4G5, 30 min 2 J5 0 N EEIE .
LZJ-0.15 WX iR 24 700, 73 FF4RA
46.6 nm, Mw/Mn N 1.019, Mw/Mn ##EITT 1 %
WA 75 s — ), I BT DA 2 R
ZAGF T LB FR, FTLL LZJ-0.15 & — /M X 4>
TR EAXS B — 2 5y
33 BRABAERS

K PMP KERGfT4E HPLC 5%+ LZJ-0.15 ) H
WELL AT e, S5 3 B, LZJ-0.15 [
PR ER Gle, HERESHN 92.3%, H4t
A /DER GleA. Man A Z¥EE (GIeN). ©F
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Fig. 1 QFF chromatogram of LZJ (A) and standard curve of Phenol-sulfuric acid method (B)
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Fig. 3 Monosaccharide composition analysis of LZJ-0.15 by HPLC
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34 ZHEHEIREE S

LZJ-0.15 BRIHRIEE W 4 s, 1145 H-f0
BC-NMR i (K 4-A. B) 1, SLARL0%
SR 644 F1 647 (WoKIEER, FkmrLy:
RN 6 102.5, #EWT LZJ-0.15 FE DL p A E R
(R AR . 25 A SCiiaRaE! LK. "H-'H
COSY il 'H-"C HSQC i (K& 4-C. D), #Elkr
LZJ-0.15 FEN B-(1-3) Fl B-(1—6) R M,
BRAE R B EEALHE 3 MIEL A: B-(1—-3)-Glep, B:
B-(1—3)-Glep, C: B-T-Glep. 3 Fh &L IE L 2E
RERSAE VRGN 1 Frow, 76 'H-"C HSQC 1 a] LA
B 3R 3 7 Sk SR R Sk B &1 5, A: C1-HI
(102.56/4.41), B: CI-HI (102.53/4.68), C: C1-H1
(102.56/4.44) . HiEFETREE B A B350 5 Nk
WAEMES 29N C2/H2 (73.13/321) . C3/H3
(74.75/3.41). C4/H4 (69.54/3.31). C5/H5 (71.3/3.59).
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Fig. 4 "H-NMR spectrum (A), BC.NMR spectrum (B), "H-'H COSY spectrum (C), and 'H-¥*C HSQC spectrum (D) of LZJ-0.15

£1 LZJ-0.158) 'H- 1 “C-NMR £ZFUFBE (D,0, 295K)
Table 1 'H- and '*C-NMR chemical shifts of LZJ-0.15 in D,O at 295 K

R B Pk CI/H1 C2/H2 C3/H3 C4/H4 C5/H5 C6/H6a, b
A B-1,6-Glep 102.56/4.41 73.13/3.21 74.75/3.41 69.54/3.31 71.3/3.59 68.38/4.13, 3.80
B B-1,3-Glep 102.53/4.68 72.85/3.28 84.19/3.65 69.54/3.31 71.3/3.59 62.71/3.53, 3.47
C B-T-Glcp 102.56/4.44 71.80/3.42 75.12/3.55 69.54/3.32 71.3/3.62 60.51/3.83, 3.83
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C6/H6a, b (68.38/4.13,3.80). HiZiHEsLIL BB 5
MNEWBAE 5058 C2-H2 (72.85/3.28). C3-H3
(84.19/3.65). C4-H4 (69.54/3.31). C5-H5(71.3/3.59).
C6-H6a,b (62.71/3.53,3.47). W% FERIE B C )
S ANERRIR A5 50708 C2/H2 (71.8/3.42) C3/H3
( 75.12/3.55 ) . C4/H4 ( 69.54/3.32 ) . C5/H5
(71.3/3.62). C6/H6a,b (60.51/3.83, 3.83). LA L#%
BEIEIR A dr &5 IR, LZ1-0.15 N B-(1—3) Hl
B-(1—>6) FEFE1) I RHE
3.5 REZFEN RAW264.7 (AR AN LT IS

MTT 32 F T8 I 4 1 B 2%, RAW264.7
1 7 W R P 20 7 9 SO S P A T P A — TR
BEFR. ASSZI6 DL RAW264.7 2 i 7 W rp i 41 S 06
Fifs 4 155 MTT &40 f s 5E Se i i /s A4 B EE
B (FWRfaED RnHEmmEtE. R NE 2, 1]
LB HUKIR R Z 28 (LZ) 7£ 25 pg/mL i B A &
F e RAW264.7 A 2D/, AR
F8¥ON (2.638+0.113). LZJ-0.15 7E 25. 50. 100
pg/mL I3 HA B E L3k RAW264.7 41 i £k
PELLAER, HAWRAEE 7l (3.0074£0.124) .
(3.12040.125). (3.165+0.218) . MEWEFEE ¥,
A DL RS R 2 2 B 4 5K 58 2 B 20 4y #H T A
HHEIFHIEEE RAW264.7 GAVE R YELLRIRE ST, I
AR R 2 204 /3 7E 25~100 pg/mL K5 Bk TS
FEl B B B e B W, HOKIR R Z 2%
Mo ARG ) B EEIE
4 #g

ARSI MK SR J5 B 2l 2 5 i gt — 20 R A 4
BEVVEIR IR 2 2 08, - HiEid Q-Sepharose Fast

2 LZJ-0.15 3f RAW264.7 A ELE - 4L RO 220
Table 2 Effects of LZJ-0.15 on phagocytosis of neutral red
by RAW264.7

WEY) JREK I (ng mL ™) ERiEiEE
it — 2.0124+0.203
LPS 10 3.5074+0.132"
LZ 25 2.638+0.113"

50 2.416+0.198
100 2.279+0.207
LZ] 25 3.007+0.124™
50 3.1204+0.125"
100 3.165+0.218™

XA TP<0.05 TP<0.01
*P<0.05 “P<0.01 vs control group

Flow B 22 # il A s Al AL mide R 2 2 0, 315
0.15 mol/L NaCl P42 Pl LZ)-0.15, Xt
LZJ-0.15 FAHXS 43 o7 B 73 AT RFAIE LA B S0 20 bk
FPo3HT, RIS — BN 27 i &N 24 700, 43
T4 46.6 nm (¥ —KRE, W — Dl
YA B DL R YR R AT 4 T, E
LZJ-0.15 &—Ff B-(1—3) M B-(1—6) EEEHIH K
BE. lId RAW264.7 Ao Frii 20 shs, Wb R
T KSR R Z 200 A R 2 2 W20 7 () S e Ty
TETE,  RIBRAE 22 hE 2 o) e L B G A S e R
Yo A5 9 705 2 Hp 24 B R R N R R A v
IR Z AT R ER AL T E A

SE K
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