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medicinal and edible fungus. Spectacularly, it was used as a traditional medicine and health food in
China for thousands of years and the cultivation of G. lingzhi has been expanding rapidly recent years.
Polysaccharides are considered to be the most important active ingredient in G. lingzhi. [Objective]
This article focused on the extraction, purification, structure and immunoregulatory effects of a novel
polysaccharide purified from the fruit bodies of G. lingzhi. [Methods] The polysaccharides of G.
lingzhi (GLP) were extracted with boiling water and purified by DEAE cellulose-52 column and
Sephadex G-100 column. The high performance gel permeation chromatography (HPGPC), PMP
derivatization and FT-IR method were used to analysis molecular weight, monosaccharide composition
and backbone structure, respectively. The splenocyte proliferation was analysed by MTT assay. The
potency of polysaccharides on the phagocytosis and cytokine secretion of RAW 264.7 cells was
determined by commercial kit. [Results] The molecular weight of GLP was 1.93x10* Da, the
monosaccharide composition of GLP was mainly composed of glucose, galactose and mannose, with a
ratio of 3.3:1.3:1.0. The anomeric carbon of GLP has a B configuration. GLP resulted in a significant
increase of lymphocyte proliferation and could also enhance the effect of Con A-induced T lymphocyte
proliferation and the stimulation index of LPS-induced B lymphocytes. In addition, the phagocytosis
and cytokine secretion of RAW 264.7 cells can be promoted by GLP. [Conclusion] GLP may be
developed as a potential immunoregulatory drug.

Keywords: Ganodema lingzhi, Extraction of polysaccharide, Isolation and purification,
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[ (1) % 2 8 Ah Ganodema lingzhi S.H. Wu, Y. Cao &
Y.C. Dai, HAWpris A AR,

AR MEFARAE R 2, N LYk T
SR, SR K B BE U A 3R 45 2 B (Water-soluble
polysaccharide isolated from the fruit body of G.
lingzhi, GLP), i#st HPGPC. PMP #:mifTAE 1 M

ZIANMI AT IR R A FRAL MR s A PEAL R 2 b
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E1 JLRIERRZ
Figure 1 Ganodema lingzhi collected from the experimental
field

1.2 EFZERF

AN BUERE . OB, HTEENE. CRILBE. K
B BTRATBESE AR ES . B RR . HRR, £
Sigma AT ; RAW 264.7 (/BB B 40 i
%, ATCC No.: TIP7L)4iffl, ATCC & F#fsEH
Ly BE4EIME . DMEM £:3:%, Thermo Scientific
o)y —SEACERINEGN &, rE A TR
;s TNF-a, IL-1B. 1L-6 ZHAf ARt 7] 4
% BD Aw]; HAHI A Hraig
1.3 EEMNEE

AR A, 56 PerkinElmer 2w ; i
Z.0HL, BECKMAN A+ ; CO, 4l =4, M
Thermo A wl; 4N EEEETT, S£E Molecular
Devices 2vrl; FLASRURTHENL, £ VirTis 22l ;
ez kAN, 18 Buchi A ; BIE BB, HA
Olympus A r 5 BEREAX . BEFR{X, 2 Bio-Rad
o8y ST LLAMERHY 3, 26 Nicolet 2Aw] .
14 KWHZE
141 AIFHRBRZWHELERE

T FH ECRAE 5 |00 N T A8 R 2 75214 DNA
wAT P 8, 51wy s k. ITSL (5-TC
CGTAGGTGAACCTGCGG-3/)#il ITS4 (5-TCCTCC
GCTTATTGATATGC-3"), PCR W AZ (30 uL):
Mix ZZopi 15 pb, . TFUHE5147(10 pmol/L)4%
0.5 uL, #H DNA 1 pL, ddH,0 #MEZ 30 pL.
PCR J Wi &14: 94 °C 5 min; 94 °C 1 min, 55 °C

1 min, 72°C1min, 30 ME#H; 72 °C 10 min, 5%
B T 1.0%Z A HiEE At v Uk R I, R 100V,
LUK ] 20 min, PCR 4kl &4% J5oks H i 5%
WHEAT VIR A, SifbrE ik A TAY TR
(E) A RS w0 B N TR s R ZHE
(40 - 45 A 38 [ A= 1 HOR B 5T H o0 (National
Center for Biotechnology Information, NCBI)%¥i(#&
JEH#E4T BLAST Hexf, fE GenBank H 3R AR
PR RETFA, LR R 2 (Ganoderma applanatum)
YERHMZ, KA Neighbor-Joining it i 245 &
B
142 RZHEZEERI

K BBV 3815 R 2 LM R
MR FSLRT 37 °C FHET. B 200 g RETF
FARZHEIT A 95% Z (2 L)BEAS. 24 h J5 =i
5000 r/min #5.0> 10 min KBRCEE, i AR T
THRREAE T 20 5 FRGi K, F95°CKif6h,
FAEERAE 3 K. iR, 6000 r/min .0 15 min I 4E
B, RIGWUEZRIBW S , JOK CREREDIR 467
Yy, PFAFHIEEIT ) 6 000 r/min 2.0 10 min 14
DUE, VIR 100 mL 4fi/K%5f#, K Savage Bk
. FESHIA 5 f5 AT Savage BRI (A5 E T
f=4:1, (KFL)RIZIIRG , #E )20 1=
W, BN Savage HARMEMAREN. &5
6 000 r/min Z.> 10 min Z:pRr=#1H5% R 1 Savage
WA, BRI AR ST

W DTTE I R, RSB AS (IH T =
7 500 Da)%f R 2 ZHEHITiENT . BN T EDTA
kK 5 min, R HE HENTAE L F e 3t —
Ui, AIACKRRE AR, A&
—i, KB 48 he FJFHEIAGEKE  HrfrE:
PR KN IO SRS, SRR R Z 2.
143 HEZESRAN

Beil 10%AY9 R 2 A Z B W, PLAb 3R I
DEAE cellulose-52 & 132 #t41: (4.5 cmx80 cm),
B EFE 10 mL M Z AR (ERE S I, BT 5 g
REMZHE), VBN 0.5 mol/L NaCl, ik
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JE R 1.0 mL/min, B 3 mL, SRR
PR, A IR PR R e AR, E T, R
TR, 1558 2 ke

FREUR 2 Zpfaidh 1 g, BT RIBK
tr, 8000 r/min &.0> 10 min B ETTE, FIHWK
F£ %] Sephadex G-100 &t i1 (2.6 cmx100 cm)iE4 7
Sy, FH 0.1 mol/L NaCl e, 4 il vk fid 8
BE R 1.0 mL/min, SRR R A ISR, 1K
SRR VEMEVEIR, s . BT WIHETIRERR
2 ZHE(GLP)4L
144 GLP >FEME

K FH 1 B30 I 5 355 (5,35 15 (High  performance
gel permeation chromatography, HPGPC)illl%E GLP
(571, HPGPC AU . Waters 2695 =44
WAHOIE RG, B4 410 RE/I S, %
TSKPWXL 4000-3000 A, stk 0.3 mol/L
4 NaNO3 £ 0.1 mol/L ¥ NaH,POs3 (pH 7.0). #E:ifi
il 30+1 °C, e A 0.6 mL/min.
1.45 GLP BiEEMNE

AT PMP-HERTRTA L 0T GLP B Bp2E i o)
HERAFREL GLP 20 mg, A Z|IHIEREH, Z/E
A 2 mol/L I BRIRYA R 2 mL, 7E 110 °C 444 T /K i
6 h, A3 GLP KA o KRR ShiE L 4 mol/L &
ALK RORE pH b, AR Sk i
FESFRBEZ 5 mL, 6000 r/min 5.0 5 min I4E i
. 1.5 mL B0 HIIA GLP /KA#FESK 200 pL
CAREPR AR ERIEAIRD), IMAMREE A 0.5 mol/L /) PMP
BV R 100 pL A1k 4 0.3 mol/L i & A Ak al s
W 100 pL, $R¥%J5 70 °C /KA 30 min, ZJ5
i 10 ming A ERER%E (0.3 mol/L, 100 pL)i
3 pH =i 125, A ERBUN 2R 5 e 4
B, ERAVZ. KAHETIA IR,
PSR ET, IR¥%E 6 000 r/min £5.0
10 min, FEEOMH, A8 2K E5KME
1.0 mL, 0.45 pm JERETUE, WARUEWGHETT HPLC
M. TSR SIS 0.1 mol/L BifRER
(KH,PO4-NaOH, pH 6.8)Z% rhifi: 215 (84:16, 1AFH

Fb), HEHEAAEF 30 °C, K K%k 250 nm, 1A
R EE N 0.8 mL/min, FEAIFRES 10 pL.,
1.46 GLP ZI5h iS4

I oL S 2L AMETEA BT GLP 1 B R
M, BUGLP % THEM 5 mg ABMET, A1 g
R RS 5 R R, EALEHE . HRES
TG 4 000-400 cm ™, FHHE 32 W, HPER
J4em .

1.47 GLP Xfp24HAaAYIE5E(E

JCREUE, B F%A IS (35 mL) JCA Hank’s
WML, FEAER LIRS E —eb i, RIS
PR LS B, B R . 48 200 H
it , FH Hank’s &8 2 ¥k, AFYK 1000 r/min 25
0 10 min, SRIEKEANIAETE T 2 mL 58 &R R
v, 4 A Sh A BT AT S AR A, 9 2
We iy 3x108 4N /mL.,

(1) GLP X B AR A IEFH A il o He- 2
BT 2 fLINA 24 £LIEFRMR, AL 1 mL, mA
LI TC B ARk B R 2 2 4(0.05., 0.10., 0.50.,
1.00 mg/mL) 100 pL, PAREFEMERIC GLP VE A FATE
XTRE, RN RFLAE D 2S FIXT IR, & 37 °C. 5%
CO, AN FRFE TP 35 72 ho R FREETRTT 4 h,
Lz £ FiEW 0.7 mL, fIA 0.7 mL A&
/NI S ) DMEM 85355, R A MTT
(5 mg/mL) 50 pL/fL, 4kZedEsE 4 h, FERasd ),
BALIMA 1 mL BRI, #EIR% 2 s)iRAT,
i s fhot . SRJGrHes] 96 fLEF IR
o, BEALA A 3L A TR, R S Al
LA 570 nm KM E ODs7o fH

(2) GLP Xt ConA 7 S-A4/N B T bk 2 41 g 384 4
ISR o PRI S) 2 FLIMA 24 FLIE SR,
fLimL, FALN75 pl ConA W (HH4T 7.5 ng/mL),
HARHAER |

(3) GLP X LPS /55 //N L B Itk I 4t i3 5 11
S, RN ER A 2 FLIMA 24 FLEE IR,
fL 1 mL, EFLIN 40 uL LPS (#14F 4 ug/mL), H
RERER] |
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TEE VRN A ERE S, RAW 264.7 4Lk i 2x10°
ANImL 4 96 LA, AL 100 L. XFFRZH(CK)BEE K
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W ST HPELTIA TR, TRV 3 IR, AR (VKSR T
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0
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(@ mLAL)H kTR, SRR E ] b BERAHE
B3, /N i 2=-1p (IL-1B) . 14
ffif25-6 (IL-6) IR SRFE R F-a (TNF-0)) ELISA i
FE g Hor 4 1L-1B L 1L-6 A1 TNF-o i R ¥R
B RS IER & . HIREPMEE Aot
JEEETHE 450 nm I T IE OB (OD ). Pids
TR B B AR AR, X0 ODaso fE MNALFR, 21l
AR LG LR R, 15 R RE, Heh
AR AR S P R B
2 GRGHH
21 ALIREBERZHMBELEE

N LHE R Z 1) 1TS (Internal transcribed spacer)
JFAREG LK 2. HWEH SLZ3 5
Ganoderma lingzhi Rii—1~4r3%, 5 Ganoderma
sichuanense 172 Ganoderma lucidum HAA 53T 1Y
FHKFR HARER R, FAIFMRZEKREH
B SRS SR, A SR Y S E A5 R S HE —
M, SLZ-3 5HM 2R 2 Ganoderma tsugae IR
R Ganoderma applanatum &R B AL, kR
GERBEW YT, ARSI E AN TR R 20
S b g e E A R 28R Ganodema lingzhi
S.H. Wu, Y. Cao & Y.C. Dai.,

90 ~ Ganoderma lucidum (GU213484)

Ganoderma lucidum (JN588572)
Ganoderma sichuanense (KY364247)

SLZ-3 (MF476197)
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Figure 2 Phylogenetic tree constructed based on ITS sequence

Ganoderma applanatum (KF605647)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



830 A

Microbiol. China

22 GLP HEafks

200 g RZFEEHUKIZRGH R ML b
28.8 g, 8% N 14.4%. 5 g R 2 M LHi% T DE-52
R YEF (4.5 cmx80 cm)43 4, 7E 0.5 mol/L NaCl ¥
JEAS2) GLP 24l 1 452 mg. FZ5d o TifikE
Sephadex G-100 (4.5 cmx100 cm)sr & 4ifbil s, 15
#| GLP 4fi% 397 mg, GLP 4 15% 1.14%. % GPC
WI5E , GLP Y43 ¥ 1.93x10* Da, 438N 1.14
(1 3)

25 PMP HERIRT A 4007, GLP 3238y H @2 b (1
P2 12 min). 200 (Of B B[R] 24 30 min) LA
K2 FL B (% /it ] 36.8 min) 4L, &R
Glc:Gal:Man=3.3:1.3:1.0 (& 4).

2.3 GLP 45 igEn

GLP F4FAE I e 32 %2 H PR FE 3 365, 2 925,
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1) Z2 A R E W e (1] 5. 3 365 em Akt BRLAY i
WSl O-H IMPgadRsh5 e ; 2 925 cm™ a4
BAYIEREH C—H M4iiRshs e, 5 1 430 cm™
Ab YR e 2 FE A —CH, FI-CHg S TETE; T
1 618 cm™* 4bH B B SR IG S C=0 Bl ;
1 120 cm ' J& C—O-C 145 5l (0 FR A i i i
889 om ™ 25 A7 5 /N At W A e S SHLTRY (1 bt e A SR AR
I B-FROAH S F R W SO . i 5 R R GLP
(0 5kt B AT
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Figure 3 High performence gel permeation chromatography
of GLP
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Figure 4 Chromatograms of PMP derivatization for the
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Figure 5 Infrared absorption spectra of GLP
24 GLP X ®ZArIEE(ER

GLP X T S i o fe s st e, 4
GLP ¥k 0.5 mg/mL i, BE40A R 0.281, B &
TXIRA 0.231 (5% 1) 7ESLBn e T N, B GLP
WL R, OO LA R 4 FEAE T BaE . GLP X
ConA THALRY T WL AR PLsEFaE Ess, 28
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Table1l Effect of Ganoderma lingzhi polysaccharides on the proliferation of immune cells
2t i payilst RZ LR Concentration of GLP (mg/mL)
Cell CK 0.05 0.10 0.50 1.00
T K A 4 0.231+0.004a 0.237+0.011a 0.251+0.008b 0.281+0.012c 0.284+0.013c
Unprimed splenocytes
ConA 1E1bH T 41 0.196+0.003b 0.206+0.005b 0.231+0.009¢c 0.203+0.011b 0.176+0.006a
T lymphocyte activated by ConA
LPS 1E4b i B 4 0.211+0.004a 0.276+0.013d 0.281+0.009d 0.247+0.01c 0.188+0.008b

B lymphocytes activated by LPS

T Bl 3N EE KPR ELR, R FEERORAIN 5%z 5 B K-

Note: Data were expressed as mean+SD (n=3). Values with the different superscript letters were significantly different from each other in

same group at P<0.05.

AR BE ORI, PR BE RS I L v B A G
. i GLP X LPS i&fLi B ik B 40 A i A 14
V%8, 1 0.05 mg/mL i GLP sRAERSHT M i
EWEIEER, RUEEREER GLP (1 mg/mL)X}F
TEAEIY B bk B A0 A G S AR T E LA PRI FH o
25 GLP % RAW 264.7 BB RE H B9 5200
KR PELT 20T GLP 423 RAW 264.7 4
IFFWERE I T PEA, S5 6 iR, GLP i
RAW 264.7 4175 W21 19 RE 1A B B e e
M. AT HREFER GLP (25 pg/mL)EFE)E,
RAW 264.7 iy £ WEAF P 25 L0 BRER T T 3

0.45 ¢
%

0.40 ki
~ 035} %/ j

#

%

*
\_‘*

=)
=)

T
\‘_'

0.00 /] y - i, -
0 25 50 100 200 LPS
GLP#JE
Concentration of GLP (pg/mL)

Bl 6 RZZIE(RHE RAW 264.7 RSN LT

Figure 6 Enhanced phagocytosis of RAW 264.7 cells by
GLP

o BEA 3 AMEE N TFIHEREDR. 525 PO IR i,
*. P<0.05; **. P<0.01. TIq].

Note: Data were expressed as meantSD (n=3). *: P<0.05; **:
P<0.01. The same below.

1 f%. 50 pg/mL GLP HfE #E4E A5 BHPEXT R (LPS,
10 pg/mL)#EE . 100 pg/mL GLP {275 WA FAH He 45
BRS04 2% R (P<0.01), 5 T FHE
Xif B4 LPS.
2.6 GLP X RAW 264.7 ZlAf14> 33 NO 8951
ZelbrEth 2 . B Griess VL) NO &,
G bR S, T RS [ B2 A A VA TR
B B2 Ae bR, D HAE 540 nm R EYMOGEE
EP\AbR, 220 NO e bRER LR, &7 77
FEUR . Y=0.032 2X+0.096 8, R?=0.996 2 (X Hfit
DIBRIE SR EE , Y SN PR Se(E), 2 Il Ay &
FARWECRETE R . 0-3.3. AR v 2k A4 [l )= )y
F, RS EANEAENT RAW 264.7 ZHfl:
F¢ FIEW I NO VR, A5 R 7 Fos . 5%
KB GLP X} RAW 264.7 4l fe ks 3 e P B H
A RAW 264.7 41535 NO,  FH7E A7
YL 25 pg/ml gl BT RE A SR A 2 2
(P<0.01), H.&5lH41(100 pg/mL 1200 pg/mL)Y
FHPEXSRRZL LPS RCRAEY . Ak, FREAEE GLP
5 RAW 264.7 i dL[ml 5557 48 h, NO [y & ik F
i, il 48 h JFETRE, Ui GLP X RAW
264.7 A5 NO 76— i ] N e E VR
2.7 GLP 3 RAW 264.7 R4 i 2BAE E F B 520
GLP fiE &5 RAW 264.7 4l h TNF-o
EKF, TESCIRE R P IR AR C R . GLP
WeRESh 25 pg/mL BF, 4EAEH TNF-o 195 5k 5]
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