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Identification, polysaccharide composition and antioxidant activity
of three wild Ganoderma strains in Hainan Island
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Abstract : In order to explore the efficacy and activity of some wild Ganoderma in Hainan Island and the rational utilization of
wild Ganoderma. The morphological and molecular identification of three wild Ganoderma collected from Hainan Island was
carried out,and the monosaccharide composition and antioxidant capacity of fruiting polysaccharides were analyzed. The re-
sults showed that HN-1 was Ganoderma sinense ,HN-2 was Ganoderma australe ,HN-3 was Ganoderma mastoporum. Different
Ganoderma showed a difference in the monosaccharide composition and molar ratio. HN-1 polysaccharide is mainly composed
of mannose ,xylose and rhamnose with a molar ratio of 1:0.29: 0. 14. The HN-2 polysaccharide is mainly composed of man-
nose and glucose,and the molar ratio is 1: 1. 7. HN-3 polysaccharide is mainly composed of mannose ,xylose and glucose ,and
its molar ratio is 1:1.98: 1. 8. The polysaccharides of three Ganoderma have strong antioxidant capacity,and their antioxidant
capacity increases with the increase of polysaccharide concentration. HN-1 has the strongest antioxidant activity, followed by
HN-3,and HN-2 has the weakest antioxidant activity. The results of this study provide basic information for better protection
and utilization of wild Ganoderma resources in Hainan Island,and have certain reference value.
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R K S N R S B o N IR DR (EE N
Rz RERIG AR R R 2 2R A
TohIRE G REE WAL AR PR R

VT AR R Z T R R, AT B A R 2
IR T SR AR O, 2 A BEIBOR B =, T
B Az R ol ) A AF 5 2 % R P b A —
oo TEXFIEHT , X R 2B A B AP 28 1Y 1IE 8 A
LA KR PRI A A BRI B3 5, FURT, B e
5B R C A — s ER T 4
HTE B IR0 28RN 3 B WAL , 30 T A % i plg 5 B 2 R
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FE SR A T 5 AR LR 9 A SRR X
=R R Z 53045 i HN-1 (HN-2 il HN-3
1.1.2 X5

=IO (TFA) | LR\ LN (Merck , T8IH])
18 5E-3 - F -5 - P bk R ( PMIP ) 3 A &4l ( Sigma, &
) \DNA $& 5] & (OMEGA 2wl 15 D3390-02
E.Z. N. A. TM Fungal DNA Kit i& 7] &) . % 25
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A RHE A AT BRZA 7)), oAb 35 X S 0 A 4
R TR A o
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(Thermo Fisher Scientific, 3 ) .
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1.2.1 DNA I 4 ¥ 2 5

W7 SRR T T JC TR K I VT, 2 g Sk

TR, R TR & 42 B DNA L R 519
ITS1 ( 5'-TCCGTAGGTGAACCTGCGG-3") #1 ITS4
(5'-TCCTCCGCTTATTGATATGC-3") %f DNA #479"
YA S SO 5 A kA A T
TR L) B A BRA R HEA T T o
1.2.2 22 F F400 % Mg R B

RZTFINET 60 CHHT 3%, FRES0.0 g
REFIMB AR, BRI 1:30(W/V) A ZEIR
7K, 90 CoRIEHEI3 h, $2I 2 W, & IFUEWE 50 Cig
7R e i 2.2 30 mL, 833 3 000 Da it & , [a) %5
ﬁ*ﬁﬂ/\ﬁﬁifﬂ 173 ) Sevag A V/;Mj]: Vi J'VP;) =
4: 1) IR ZE %5 E 30 min,5 000 rpm, .0 10
min, 5 G YR SAKZ AL Z A AR AE R
BT, ER 2R B TCE AR A BRE 28, T4
13 95% WPRSEEST, BeJi 5 000 rpm B0 10 min 25 17,
AR T BRAT , W O R AP - R s
1.2.3  RAEFARIRAF AT A

PURHE A PR ER S R 2 2R Feng % 1Y
T I , AT RE R A2 A ) 24T HPLC 43475
Horpr BOHR B AR E VS WA D-H 88 4% ( D-mannose,
Man) . D-AR ¥ ( D-xylose, Xyl ) | L-ff, 2= ## ( L-rham-
nose, Rha ) . D-% 23 ¥ ( D-glucose, Glc ) | D-2} ¥
( D-galactose , Gal ) , #% ¥ ( ribose , Rib ) | D-a] 7 1/
( D-arabinose , arab ) |, L-# % ¥ ( L-fucose, Fuc ) F5 i
i, 3B EC A S mg/mL, [FSER IR G o 235 300
L FVR A AR HE R 5 300 wl 0. 6 mol/L. NaOH
W, E T 2 mL B TP ORIR G Y5 I 150
pL FRGW T 5 mL A B ZEZI L b, i 150wl
0.5 mol/L ) PMP(0.435 5 g/5 mL) H EEEWR , TiEiR
1RA1;7E 70 CHEFF R SN 120 min; B CE 10 min
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1.2.4  ZHATAM DS &
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AR E 10 min, ¥ 215 FT T3, 0 600 L HYEE
Je N, T, ant E S R N, W3 9, ek
VWP TFA; BN 150 L 0.3 mol/L NaOH i
W ST I %, A0 150 L 0.5 mol/L (1) PMP HI
BTV, eI TR 2T, RIFEAE 70 °C A HEAR Hh sz 120
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Table 1

FEHR 10 mL By H 208, 14548 A 50 mmol/L
pH 2 8.2 (TR EL 2 i 0.9 mL, 7E 25 “CHLAH
#5230 min, FLA &S P IMA 0.2 mL1.2.6”
Pc ] 407 P9 AN ) J0 o e B 1) Z2 BERE L SRS A 25
mmol/L {487 =W 0. 08 mL, k%4 LIRS 30
5,25 CHEAR bk G S 10 min, F A0 AV B2 2 80
mmol/L (¥ HCL 0. 2 mL, /K& HE KV 5 min, $ K
Ry 180 rpm, SR 5 TEREFR A 420 nm L0 5E W'
JEMH . 25 A DAL B KA 2R A, X REZE R
80 mmol/L HCI A 48 28 = Wy, FHMH: X i Ay AN [m] v
JEM) Ve, =WREFEBCFIME,

Ape —Aun
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1.3 #HEHH

K Excel 2010, SPSS19 #5444 &b 380 9% , I FH
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2 F#R
2.1 BHERERSEEMREHULST

# HN-1 \HN-2 Fil HN-3 FS2RRE & A 1TS I 7
J¥ 41 1 4% NCBI, 43 5 3% 15 /¥ 51 %5 MK968730
MK968731 MK968732 , [m] iif 4 . I )7 45 S 7E NCBI
B iE 4T BLAST HUXT, [A]EF7E GenBank 34K
[ e R B P41, A RE il 25 4K 4 2% 5 Z 0 1 AR
LAY R 51 (R =99% ) W R G R B W,
[RIEst PAB 2 (Amauroderma subrugosum) RAhZo M
K1 Haf LA, HN-1 (HN-2 fil HN-3 #8J8 TR 2
i ABAE FAFR 5332 b, 52 (6. lingzhi) FE BS54
G, HN-1 5 KT318604. 1 ( G. sinense) #H UL & JE &
B R B PE = 99% ; HN-2 5 KT318590. 1 (6. aus-
trale) FHLLE =99% ; HN-3 5 JX840350. 1 ( G. mas-
toporum ) FHLIE =99%

SRREP AR TSR R R AR WL AR 1, =Rk
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Characters and habitats of fruiting bodies of three wild Ganoderma

it

Sample HN-1

HN-2 HN-3

LEARNCY Hi%5.8~6.2,50.9 ~
BRI PR A 6,
A PR R, A B
LS, B 55 2
A€

[EAR)

Positive

HREEAR 17.8 x22.5, 1
Diameter and thickness(em) 1.3 R 4.7

W R R O, B
AW IR, AOLEE,
]S, N A

P ZE B , 5 AR 13,5 x18.9

BB O, DAL TR, R w5 AR A [0 3R
20, NG, AR JE A E] 7.8 em
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2:5% 1( Continued Tab. 1)

i

Sample HN-1 HN-2 HN-3
T e
AT A6 EREAVNOREL 6 AL 8 W BOLH
I s " "
Length of stipe( cm) FIAAELAT K 18.5 JCBIN JCB
iy HE M ki i
1pe shape
HI Dl WL IR 6, KRR
Color and taste of (5 0k TR VM 0, o0k B (AR 0k

mushroom meat

H bR
Habitat

AR

TRASHRHL, LR B AT
N E,

L8 (G. sinense)

73

A RAETEART b, BT A K
BRIl A — AR Y
Wik

M RZ (6. australe)

A KAERMEI B A L

ToH £ R 2 (6. mastoporum)

Similar species

Ganoderma sinense (JFL14081236)

89
HN-1 (MK968730)

25 Ganoderma sinense (KT318604.1)
Ganoderma mastoporum (JX840351.1)
Ganoderma mastoporum (JX840350.1)
HN-3 (MK968732)

Ganoderma oregonense (MH277958.1)
Ganoderma applanatum (MH114666.1)
HN-2 (MK968731)

93 “Ganoderma australe (KT318590.1)
Ganoderma lucidum (MF476200.1)

Ganoderma lucidum (MF476201.1)

Ganoderma lingzhi (JQ781855.1)

Ganoderma lucidum (MF476198.1)

Ganoderma lucidum (MF476197)

0.11

Amauroderma subrugosum (AJ537386.1)

1 REITS FIMENRERER

Fig. 1  Phylogentic tree constructed by Ganoderma based on ITS sequences
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2 3WMBERERSHE
Fig. 2  three species of wild Ganoderma
7 A-1:HN-1 iFfAi, A2 . HN-1 #57f ; B-1 HN-2 1F i : B-2: HN-2 7 ; C-1 HN-3 {Effi:C-2:HN-3 75 /fi, Note:A-1:HN-1 front,A-2;HN-I back;
B-1 HN-2 front:B-2:HN-2 back;C-1 HN-3 front:C-2:HN-3 back.

R2 SHEREE

Table 2 Extraction rate of polysaccharides

RE Ganoderma

JRIE Extraction rate( % )

HN-1
HN-2
HN-3

2.39 +0.05"
1.72 £0.07°¢

2.00+0.11"

TE AN P RN AR R 2 208 i B B35 225 (P <0.05) , F[H,

Note : Different lowercase letters indicate significant differences between different Ganoderma polysaccharide contents (P <0.05) ,the same below.

3 RESERMBEIE(S0x)
Fig. 3 Ganoderma polysaccharide scanning electron microscope (50 X ).
WA RZ HN-1,B; R¥ HN-2,C; R ¥ HN-3, Note;:A:;HN-1,B;HN-2,C;HN-3.

2.3 REZERBEEHERY
2.3.1 ARAEEAERG PMP T4 54T

H A B A o S TR & AR FE AT A AR, JF AT
HPLC 7047, 25 R LK 4, f &1 4 AT OB bR ot
(1) PMP fiT A=W S8 T AP 53 B .
2.3.2 BAEMEAAESOLMEL R

I3 5 B B A E S 9 10 .25 .50 ,100 150

pL #i B % 500 pL #47 HPLC 4347 AR & b
o VA JEE R 7 18 W T RRUEE A T A M (BT U3 43 AT, 2T A
PRA BB ) Ty FR . S5 SRR, 8 b BB A o b
TEAH I B2 91 Rl N R G R I 30 45 R R 3
2.3.3 R X LMK 4 PMP AT 49 547
(] B A 7 b AT 26 0 1) e i Pl A 7 %) R0
HN-1 Z055 A HEER AR 20 HN2 205 &



Vol. 32 G B S BRVGR B T S ML K S AT R 5 195

A H R RN 20 s HN-3 2085 A H 80 ABE Fi
ALK o
A 3 o M v PR P A [l VA D7 8, AT A3

500

400 |-

=
<
g 2
200 |- Il I
! ‘ 67
[ ‘ ‘ 4
;! | \JLJ\M}\‘/L
0 rJ 1 1 1 L ! L 1 L 1
0 5 10 15 20 25 30 35 40 45 50

Time (min)

4 SHEBEMERERBEAYENRERIEE
Fig. 4 HPLC of eight monosaccharide standard mixtures
TE LT8R 2 A ;3 B 54 - AW S - 2 LBE 6 . 2057
BT A0 58 ;S5 M, Note: 1 : Mannose;2 ; Xylose ;3 : Rhamnose ;

4 . Glucose ;5 ; Galactose ;6 : Ribose ;7 ; Arabinose ;8 : Fucose.

R A SO Y EE R L, BRROE WL 40 = kTl
g B A R 2 SILA 22 W Y B 2E SRR S A T 5
AR A A R H S o
2.4 ZEMENEESH
2.4.1 xF DPPH & &y &89 xR At

LAV FER BHPERT B, = kg g B - R 2 20
(HN-1 HN-2 HN-3)x} DPPH B9 BR E 1 42 B H ok
FERTH RIS R (P 6) , 72 BE AN BR R Z 6] A
RAFAIIER R CR , Y2 E Hy 0. 25 mg/mL i},
—BRR 2 2GR 35% ity , B W 1%
W L TE HN-1 2288 538 BR R A i T HA P 4 5 2
ZHRE R F) 5 mg/mL, HN-1 ({75 R K 84. 68% ,
HN-2 5 76.36% ,HN-3 }y 81. 68% , {4} . FH KT
Ve( P <0.05) 5 1C, fEL A/, AT A AR T P ) E 7 8
4 NS B 1Cs fE T RLFE i, HN-1 # 1Cs, i fi
/N, i Bk DPPH fE Jy fig s, Hovk O HN-3 I HN-2
i ER DPPH BE 1 M.

&3 3 MEBERENEFAFTEMEXRY

Table 3 Linear range and regression equations of eight monosaccharaides

it Bl 77 7%

Regression equation

Monosaccharide

LEESES

Correlation coefficient

H &4 Man y=365.38x+2.324 2 0.999 9
AME Xyl y=311.35x9.825 17 0.999 8
FLZ=HE Rha y =377.68x +3.276 8 0.999 9
Wz BE Gle ¥ =338.56x-5.682 1 0.999 4
L2 W Gal y =383.47x-7.253 0 0.999 6
%Ki Rib y=370.58x-6.453 5 0.999 9
FTHLAFIHE Rra y =377.49x4.352 8 0.999 7
OB Fuc ¥ =383.54x-2.984 3 0.999 8
F4 REZBBIBARRERLL
Table 4  Composition and molar ratio of monosaccharide of Ganoderma polysaccharides
¥ PAREZH A JFEIR L
Polysaccharide Monosaccharide composition Molar ratio
HN-1 Man-Xyl-Rha 1:0.29:0. 14
HN-2 Man- Glu 1:1.7
HN-3 Man-Xyl-Glu 1:1.98:1.8
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Fig. 5 High performance liquid chromatogram of three kinds of Ganoderma polysaccharides

TE:ACHN-1) LR, 2488, 3 . U BOCHN-2) 1 e il 2 7

1:Mannose,2 : Xylose,3 : Rhamnose ; BCHN-2) , 1 : Mannose,2

W HN-1
@ HN-2
—A— HN-3
~w— Ve

|
3
wRE
Concentration (mg/mL)

B 6 ARRZZHEN DPPH #iERREE
Fig. 6 Scavenging capacity of different
Ganoderma polysaccharides on DPPH

A

2.4.2 stEA g dkeEng
SAREPA R 2 T IR Z RN R - OH i PE S
ZWEMR A TE AR R B RO OC R, WK 7, 752
BEE R N 0.25 F10.5 mg/mL i, =fh R 2 %
BEXT - OH By ¥ R 38 22 S 80/ AbAE 28% ~35% 2
], 7 BRI/ NBUT 24 HN-1 > HN-3 > HN-2 ; 4 22 4
Frir R BN B 1), I BRFRER B E T, HN-3 13
B d i, i85 1 66.34% ,1fif HN-1 F1 HN-2 B35 R
BRILAKHA 5 2 28 v B 4 50 2 1S mg/mL
B, HN-1 93 R 232 7 = R 22 B I K 7= HIN-1 71 HN-
3, VEBR I FER K HN-1 > HN-3 > HN2, W5
daf DL Y, HN-1 1 HN-3 (4 1C,, 6 A7 7F i 5 2%
5 (P>0.05) , i8] HN-3 F1 HN-1 %} - OH ™ ({35 %
RE 1B E LT HN2(P <0.05)
2.4.3 ABEM BT FRE
S R SR 2 X AR E A BRI [
FE Bl 2205 ot it vk B 0 P i I 1S hn (K18, X 2 h

b
|9

b
|9

ZiME; C(HN-2) 1 H R WE, 2 ACHE,3 . #4515 . Note: A(HN-1),
Glucose; C(HN-2) ,1 :Mannose,2 : Xylose, 3 : Glucose.

W HN-1

A IlN-g

|
.
WEE
Concentration (mg/mL)

B7 ARARZZEXNZEEBEFREE
Fig. 7 Scavenging capacity of different Ganoderma

polysaccharides on hydroxyl radica

WE M 0.25 mg/mL #25%] 2 mg/mL B, HN-1 \HN-
2 F1HN-3 (5 B A0 0 3% LI, 2 MW M 2
mg/mL &5 3] 5 mg/mL I}, =Fp ZHETEHER RIS
TEIER/ N, MRS sh il LIE H  HN-1 (HN-2 1 HN-3
(1) 1Cs FH H [R) 77 76 . 3% 25 5% (P < 0. 05) , HN-1 1y
TC.so e I, o0 68 460 Y PR 6048 o v 1 3 v 1 A
PIFPZ 0. Y 20 T W A ) 5. 0 mg/mL A,
HN-1 1 3% B R o 78. 62% , HN-2 1) 35 [k % N
69.54% ,HN-3 [IEERF R 72.35% AHAS 2 LT
Ve,
3 g
3.1 BERETHETEST

AR RN R N T e N (7 W 1 R
S AP N B A R 2 A KR AL T3S % TR R RN
i R R RO R Z A KSR T 21
B, HAT, R 5 O 80A 2010 1 R 28 IR A
T8Fh =z 2 B R A28 R
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x5 FREZENBBEBRIFMHIRE

Table 5  IC,, for free radical-scavenging capacity

1C5y (mg/mlL)

2 o .

HN-1 1.69 +0.02" 1.70 +0.08" 1.93 0. 12°

HN-2 2.08 £0.07* 2.15+0.13* 2.73 £0.15*

HN-3 1.71 +0.04" 1.65=0. 11" 2.29 £0.08"
e SRVLE 2 L E IR S0k (K M EUEYIS
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Fig. 8 Scavenging capacity of different Ganoderma

polysaccharides on superoxide anion
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