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Physical and Chemical Properties of Polysaccharide Isolated from
the Fruiting Bodies of Morchella sextelata and its Antioxidant Effect
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Abstract ; This article mainly studied the extraction, purification, structure and antioxidant effects of a polysaccharide
(MSP) purified from the fruiting bodies of Morchella sextelata M. Kuo. The polysaccharides of M. sextelata were extrac-
ted with boiling water and purified by DE-52 column and Sephadex G-100 column. The molecular weight, monosaccha-
ride composition were analyzed by HPGPC and HPLC. In order to investigate the neuroprotective role of MSP , the antiox-
idant activity of MSP against the H, O,-induced cytotoxicity and the underlying preventative mechanisms in rat pheochro-
mocytoma (PCI12) cells were illustrated. It was shown that the molecular weight of MSP was 287 588 Da(287 588 Da) ,
the monosaccharide composition of MSPwasmainly composed of mannose, glucose and galactose ,with a ratio near 9: 1:

6. MSP can considerably enhance the viability of PC12 cells exposure to H,0, and increase the activities of antioxidant
enzyme like SOD, CAT and GSH-Px. It inhibited cell apoptosis via reducing caspase-3 activation and down-regulation
Bax/Bcl-2 ratio. Accordingly, MSP can be used as a promising neuroprotective compound for nervous diseases treatment.

Key words: Morchella sextelata ;extraction of polysaccharide ; PC-12 cell ; antioxidant ; neuroprotective
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i E T HIC R BRI 5T 00 RS 40 00 438
TR PO T R ST AR AL
B 2 T2 AR S Y K A B I K SRR
ARSI, S A 2 T R AR R, H TR G
S JH TR IR 93 B DA I T T 22 A B H R I8 7 )
AT DA RTFRE SRR 0E . ek,
TN TR AT 5 g JR e, v [ 2 R R
B AR, O Ak B B 3 TR ( Morchella im-
portuna M. Kuo et al. ) .-L Ik EJEH (M. septimelata
M. Kuo) K /SR 2EHEH (M. sextelata M. Kuo) 4§ 5
ot AR M (L A ) IR 1 752 T 7 T S 4
BT, RO R RE

AL RN BV 2 A AT Bl AR YIRS A AR
o GEEEOCT A WA A BN AR Y ] A AL
YEVI BT Re i AR N BT AR AL RGN B, 4ERE—Fh A
YA s, T — HAP AR T (BREE R
W2 R, i B A AR TR ) (oxidative
stress ) o BIFFE & BT 100 F A 590 5 8 AL E )
A EAC T T3 S 00 40 LA 43 PT 5 B 5 T R 4 AR
LA E BT R P B A A 22 B AT R (neurode-
generative diseases) "' . ELRH Z Wi B A L B 1B AR
AT E, e A R B i R ' SE L M 2R AT
PESRIR A A=, X T BT Va7 A — e iR L

BT DL BT AR S B N T A B B 7S IR
JHE B S i K B BE TR AR AR 7S I =F i T 20
(MSP) , >R I = 2 BE I 5 1% (435 (HPGPC) 58 B MSP
()53 55 D 5 , G Ak PMP-AE i AT A= 23 B H: b 2
1, =L BUE I H, 0, 4 5 PC12 211 A9 41
FEVERYGMAE T VPAG AR AP I8, g N TRk
182 JHE B DR A D800 T A S (A

1 HRSEE

1.1 #E5iRF

R BRIV B TR A L ( PC-12) Aok bl ol = 2 o
ARG 64 0E S5 A Gibeo 28 H];
DE-52 #1 Sephadex G-100 3§ H| Whatman 7\ &) ; DP-
PH TCA } MTT Il [ Sigma /A #]; SOD ,CAT ,GSH-
Px [ MDA 55| & 14 H 35 = K23 Al RNA 42 B
BN XTI WA B H Invitrogen 23 7] FE4E, RNA 7¢
JEME R & [ Selleck AW, HA R K 4
Mrati,
1.2 Hl&ABFERESHE(MSP)

1.2.1 #ZHERR

AR B UL A MSPHY L B i R AR A N
WREETE T 37 C R, H200 g /SR H
SEARZMEIS M 1 L 95% Z BN 77, 8500 22
Bk O, B AR T A 20 f5RFR 4K, 95 C
JKIE 6 h, A HEI3 ¥ ,6 000 rpm 2.0 i,
SRIG IR ZE U AR, We i = W m A 9 R T K &
Pt it AR BETE , BT 6 000 rpm BE.OUERULTE , 1L
VE FHIG fE 2K, A S A5 AR Savage 12071 (5
Py IE TR =4:1,V/V) RIZUIRG; , #0532 5 R
LR, EE R E R EARS BRERFE Y
2233 6 000 rpm B0y, BRFER B Savage iR 7], Il 78
TR 4 5 R, WUR DLVE W i e 28 7 500 kD 73 F i
BHTARTKENT 3 d, TS 2R 20,
1.2.2 #5445 5 %L

FRELS g MHZBHRES % T 50 mL Z818K
B BR R UUHE, LIE WO E] DE-52 £F 48 K (4.5
em X 80.0 em) 43 VEBEH K 0.5 mol/L NaCl,
PEWEHELEE R 1.0 mL/min, BRI 3 mL, R FH2R 19
TRBRVE AN , 45 Ik JId W o M W R A 7 Ve 44, i AT, 1%
08 £33 MSP 2l alif . FREL MSP 24l i 1
g, Wl T 288K B 0 B 2 UTUE , 1T W R
Sephadex G-100 %&£ (2. 6 cm x 100 cm ) #4743
25,0 0.1 mol/L NaCl 5 & P& B, 4 il e 10l 3 B2 Ay
1.0 mL/min, 5 F 28 B i 18 726 A T A0 B8 0, WAC 4 4%
VRN PR I, i 4A , B AT, ¥ U T A B MSP 4
o
A o
1.3 NEKFEHIBE SHE(MSP) 4 F= R L HEHR N

==

rE

I R B B B (HPGPC) 5% i I
MSP 43T | it brie T 3R T iR &
(T-500 . T-110 . T-70 \,T40 1 T-10) , Water GPC #{f
AT 30T o E i PMP-AERGAT A 1 70 MSP BLpE 4
o FREL20 mg MSP & F HIEHE H , A 2 mol/L
WMBRVA W 2 mL, B4 /5T 110 C/Kf# 6 h, 345 MSP
IKFERES . 4 mol/L S A Ak 4R /K ¥4 Wi i Fi & pH
ER 7.0, FF L4k FR RS 5 mL, 2.0, B V)
FefirAefb o K bt HEA TR A SOl R O T M
MSP FKffE S 45 B 200 L 4350 & T 1.5 mL &0
B SRS ) B A IR A 0.5 mol/L PMP H
PV 100 L 1 0. 3 mol/L A S fkAHZ ik 100 ul,
IRA1)E BT 70 CORE I N 30 min, B =
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JCE 10 min; A 0.3 mol/L Eh MR %W 100 wL
RS E AR IR SRR A B, IR 4%, 2500 10
min, /NOFEEAWLZ T ORISR K, B
IR A, PR L, 2500 10 min, 57 3 &5 HH A5
B FE, BKMESRZ 1.0 mL, 1 0.45 um L&
JEJ5 At HPLC AL 50 #r . 3% s 404 0.1 mol/L
WimzEL (KH,PO,-NaOH, pH 6. 8) Z& thifi-ZJfi5 (84:
16) AR5 30 °C, Kl 1< 250 nm , AF 0. 8

mL/min, FEEEAFH 10 pl,
1.4 MSP BEHEFBKREEHANE

k¥ Oktay 261" 1) )5 15 5 o DPPH. [ py 5 1%
5 S S B F R RIS BRBE I E . FE A
(40 mg) ¥ ffAE 10 mL 25 857K rfr , i B Al A5 3 vk
JE(0 ~5 mg/mL) o KM Ve 15K BT BR [a]—il
EEE 3K,
1.5 MSP 3¢ PC12 {Apain Rk EE RIS

BOGHRUA: K 30] PC12 4 LS B 6 x 10° 4~/ L
SERL 6 FLARFEFN , 555% 16 h 5, 5 K3 5L, U 80
pwmol/L H,0, 4b# 30 min, Z J5 % % H,0,,PBS 1§
UE 2 i, AN [R] v BE (Y MSP #3555 6 h, 1l
PBS IAWIE VIR A PC12 410, R JH SOD . CAT
GSH-Px 2450 & 5 40 i v SOD CAT £ GSH-Px 1)

A~ EL[ 15
3 S

1.6 MSP xf H,0, #5H PC12 A AT M
AR VEE] 1.5 T 200 L) S 44 e e a5
& 5e Il (Invitrogen, WP E ) o RIS BEHT S, R ] Alexa
Fluorl 488 Annexin V F Propidium iodide ( PI) 3 [X.
O30T A0 AT IR AT AN, 5 Bh T H S A0 T R R
(Life Technologies, £ ) 52 %41t
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Fig. 1
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B (Sigma, /) 524 PC12 410 RNA $2HL, Bax
5l #). F: 5 -CTGCAGAGGATGATTGCTGA-3", R 5'-
GAGGAAGTCCAGTGTCCAGC-3";Bcl2 5| 4. F.5'-
ATCTTCTCCTTCCAGCCTGA-3', R:. 5'-TGCAGCT-
GACTGGACATCTC-3' ; N & # [N % $: GAPDH . F.5'-
CACTCACGGCAAATTCAACGGCA-3', R 5'-GACTC-
CACGACATACTCAGCAC-3’, i SYBR Premix Ex
Taq 127 & ( Selleckchem, S [F] ) , 5 i 30 ARG
1.8 Caspase-3 FHFMHENE

R A PR 7R 1.5, SR A Caspase-3 Activity
Assay Kit 58 & (= K, ) . ke PCI2 41
JL, A 20 R, vk 2R 4 min, B B0 IR
B EIWHLINE Caspase-3 {fitk. 405 nm Z&4F T
BEHOFSEIT .
1.9 HiELERSIT

2 AH SR BIE LIS E £ FRifE 22 (x £ 5) 0K,
BLFHGE T SPSS17. 0 #4770, Z2 2H S LR
FH ANOVA #6565 ,P <0.05 #i- B g FEER
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2.1 HEA4UER

200 g IR R T AR BOK BT B S IR
HERHLZHE 24.6 ¢, 18R N 12.3% , A5 g o5
TR L 22555 DE-52 2748 4% (4.5 em x 80
em) 53 B 46 0.5 mol/L NaCl Pl B 7551 MSP 24
i 1 244 mg, #2835 53 F i A Sephadex G-100 (4.5
em x 100 em) 43 85 4Gk i J5 , 15 31 MSP 44 i 368
mg, MSP £i {1 #3%0.91% , % HPGPC jllj g ,MSP -
Y15y F it 287 588 Da, 24 PMP A i fi5 4 43 #r , MSP
H H 0, 8 A B FUBE LR, T2 9016
(B1),
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801
g
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5} [
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5 FELYE-PMP £744 (A) & MSP-PMP fi744(B) 89 HPLC &iE&E

HPLC chromatograms of PMP derivatization for five monosaccharides reference substances (A) and MSP (B)
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2.2 MSP EHEBFBRIMR

DPPH J&—Fh g 1 T 4% AP i 1 H
Feusbrae iR e A Pt E L RE I ERT T L 3E
Ik PRV RVAT P 00 % 38 23 £ P 5% €0 1) £ Y AR Ak
MSP [ H 3 B B8 1 I 22 25 R AN &l 2A froR , MSP
1 IC, [HZ9H 1. 68 mg/mL H EA KB CER, B
AR YU LRE T (R C T RHMEXT ] Ve,
HIFR R A S FEW LR A S50 5505 40 i
MIFET, BRI, 52 A H T8 oo T3 A AL = —

P ZE ) OR P AE . aniEl 2B o, MSP vk EE 5
YL fE J1 B IE A 6 M, MSP 1 1G5, [H 29 Ny 2. 45
mg/mL, F] WL H R E A9 B B SRR IS RRAE T, HAEAR
RV B 55 ) A5 ) A 0 BH A X B Ve dE8 2, 1S
T 2] 85 T A AR /Y Ve, fnfEl 2C Af bl
MSP [l B2 B, JH ) 8 40 B 25 I i B g T, 78
IRV MSP AT B TIE BRAE T, Bl B Y
BN HE N, 1IC,{HEZ) N 3. 25 mg/mlL,

107 a usp 099 4 wsp B 08
§0.9-+W A 0 g}O.S- —o-Ve /’%/4 §07
Z 081 ] Z 0.6
= 0.8 2
g // so4  ETos
& 50 0.7 & Koy
.S / #r.=
T 2067 %’ o 4 ~E 03
o e LS <
2057 ) 02
I & 0.1
041 9 : — 1
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e iz s

Concentration(mg/mlL.)

Concentration(mg/mL)

Concentration(mg/mL)

B2 MSPiEk DPPH BHE(A) EEHE(B)RBERSFEBE(C)HiEYE
Fig. 2 Scavenging activity of MSP on DPPH radical (A),hydroxyl radical (B) and superoxide radical (C)

2.3 MSP 3t H,0, BMBE#i{5HH PC12 ZHRERIRIPI1ER

80 mM H,0, ZhFH PCI2 Zff1 30 min J5,PC12
S 6 IR 200 B P 2 3 B S 3 2 A A 2R R
49.14 £2.02% (& 3) o WIS Rk BE MSP &b 3 4
ML), A A % b T, LR 2 751 i i 34 i A7 1 R
T, 4504 200 wg/mL MSP 4b 3L, 20 M £ 15 285K
#) 80.56 +4.02% , 4kL3 . MSP ¥ BE |, 4 MLA7 I %
WA SRR, 7] i MSP XFF H,0, Mria i finy
PC12 A — & R EN

. a
1001 7

N B N ®
S o o O

AT %
Cell viability(%of control

(=]

6& 012.550 100 200 400 800
& e i
Concentration(pg/mL)

3 MSP xt PCI2 4RI HIRIF1ER

Fig. 3 Cytoprotective activity of MSP
TE BN 3 AN E R BIE « AR, AR 7 HROR 5% 225+
FEHR
Note ; Data were expressed as mean + SD (n =3). Values with the dif-
ferent superscript letters indicated significantly different from each

other at P <0.05 level

2.4 MSPXHMAMENEBRENELRIER

80 mM H,0, Zb¥ PC12 2 30 min J5 , ZH LN
(BT AL I 2R 0 P B S A1, SOD (&1 4A) (CAT ([
4B) Jz GSH-Px ([ 4C) KRR N 51.7 +4.9% |
44.2 £3.1% F150.8 +2. 7% , i 33 A 6] vk & [y MSP
AEFRARBLIS , A0 B N B e A AR TS T B R L 25 DA
400 pg/mL MSP 4h 3 )5, Hi & AL B R AR B T %)
78.88 £2.9% 61.82 +6.8% H182.28 +6.4% , 5
ARSI MSP iy w2 AH L, 25 57 W 2. Al UL MSP
X2 N A A R B AR DA H,0,
A3 B AR R TR AR A 4, ELA— 2 B p 2 R
e,
2.5 MSP #ZRIMMEANFIRE

WE 5 frs,0. 8 mM H,0, 4 ¥ 30 min J5,
PC12 4 i T3 IR SE R T 52 18.9 1. 6% Al
9.3 +1.5% , 4% H145 L4 100 pwg/mL F1 200 pg/mL
MSP 4b ¥, PC12 I TR TR Z 14.8 £2. 1% Al
9.6 £1.8% , & 5XF ML (2.7 £0.2% ) f74E B & 1k
# 5 0 MSP Xt PC12 40 (9 38 58 3 0 B8 A5 B
S

K 6A B7n T MSP Xt F4iififd Bel-2 2 Bax FE[H
FERMEEM, 0.8 mM H,0, £bHiJ5 , Bax mRNA [1)
FihiE FFHE 188.6 £12.9% ,1ij Bel-2 mRNA (132
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B4 MSP BRI ELEER SOD(A) (CAT(B) & GSH-Px(C) (EZEH
Fig. 4 Remodeling effects of MSP on endogenous antioxidant enzymesSOD ( A),CAT (B) and GSH-Px(C) in H,0,-induced

PC12 cells

TN 3 AN B AL FIIM + BifeiR AR PR N 5% 2257 B MoK

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

same group at P <0.05 level
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E RBEAA Necrosis cell

AL A1)
& 38
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n
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5 MSP 3 H,0, 4+ Sk E T
Fig. 5 Effect of MSP on apoptosis caused by H,0, in PC12 cells
AR 3 A EE T « bRk, FH 1R] BI5E 00 A W) 5 B 3R
IRIRVZH N 5% 2 5 i KT
Note ; Data were expressed as mean £ SD(n =3 ). Values with the dif-
ferent superscript letters indicated significantly different from each

other in the same group at P <0.05 level
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LB TREZE37.7 +3% , MSP 43 )5, Bel-2 mR-
NA FEEERE ETF, 53] 73 £3.5% ,Bax mRNA
eIk I PR 144.2 +7.3% . X —IEHEFR I,
MSP Befgi L NI Bax/Bel-2 HR, i H,0,
PRI

[ 6B i T 4H Y Caspases-3 AY{E P, 0.8 mM
H,0, AbHf5 , 40 A ) Caspases-3 7% 4 i 3% 71 &1, 2
iK212.5 9. 3% , il o A [6] ik B 1 MSP Ab B 5,
Caspases-3 i P4 I 2 A%, 43 51 o 199. 4 7. 8%
(100 we/mL MSP) 1 161.9 +5. 1% (200 pg/mL
MSP) .
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6 MSPXf H,0, 97§ PC12 ARG HIRIFIEAHLE A. mRNA RIXKFE;B. Caspase FHE
Fig. 6  Protective mechanism of MSP on H,0,-mediated cell injury. A. mRNA level ; B. Caspase activity
BB 3 AR FIE = drukiR AR FREERIR N 5% 225 R KF

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

same group at P <0.05 level
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TSN B R, AR SEAL TR S A
SRR AR T T BT B 4 A B R
AL IR B 2 B A AR SR A AR AR
BB F 45 T, AR SCE 5B ie 1 MSP Xt
T A B TEERAE 1. MSP Al XIF ER DPPH A i
3 ,1C5, A4 1. 68 mg/mL, LBl FHe 1 Z 4 TIP-1(1C,,
H1.72 mg/mL) " TR EE L B TMP-A (1C5,
2.2 mg/mL) "' iy AT WL, MSP BLA5 % (¥ DPPH
H I 5L IEBREE

AR IEETE ALRE & (SOD (CAT .GSH-Px)
S AL T W R IR BRI . AR MRS e A A i 2l
A R S AR ARG, DL A A T s o AR
() H ER A ER AP SR 0 O i o S AT L —F
i AEAUATE B A B BR80T B, BBV AL
J L A BT, T AR B A AL ) & A A
o MSP RI AL B LA E T, —J7 i, H A
B AR H b SR VE BRBE T, O3 — 5 T, MSP g
e AR RN RS AA LI R, B E RS
SOD ,CAT ,GSH-Px 453 4, 1k LA L P 77 1 i 1
e THU A M2 P R

EAWIEERY] L H,0, /v S A 40 45 e B8 Al £l
PC12 JJ5 ARG I3 0 M 26 40 B 58 I At B R 1= 4t i
PR PR R Jy P 41 B 6 T~ ( programed cell death,
PCD) , & iy HE R 40 B E 09 A PFET: . 40iE
FT RS IR Z — A ERAREAS (NIER) |
X3R4 i HE R P B 2 Bax/Bel -2, @ i 2
PE Bax 335 K FEAIR Bel-2 ik, RRAS I 55 Lok /4 Ji
FELAT , U870 U5 1 48 ( reactive oxygen species, ROS) [
PR R AR R e AN AR R T B A% O RO
fir, Caspase Jifg 2 75 240 I I8 T rh 49 vl o 241 €5, ) 0
MR C nf A5 Apaf-1 B4, 524 pro-Caspase-9
TE R T2/NE, At 5 Caspase-9 1Y 43 24 F1IIE
Caspase-9 1#— 43 2 FI G T U A9 Caspase-3[20] ,
Jo 3 R AR AR T R RSO AR VR o TS MR RE
TG PC12 20 M v i) 22 224 355 Ak 2 11 I8l % T
( mitogen-activated protein kinases, MAPKs ) , 1% i &
AT LA T lE 9 Caspase-3 Jf HLJH 5 Bel-2 ZMERY
Fiktm, DA S MIA T, A58 &L, MSP %
REMS I Caspase-3 % E, I8 BEIE Ik Bax/Bel-2 b
1B, 38 2ok 3% P 7 T B9 AR D, el H,0, 4 [ 1% PC12
MM T, S 2 R E R

FET LA 530, MSP 3 ixF 2% fif 804k s 07 >k 0 il
H,0, 4T/ PC12 AR T, AR R B85 F 1

MSP HA L R B d BT BRAE ST, 2 —FhBAR A b
AN T 52 T i R A W R N TR BT SR A Tl R
(SOD ,CAT GSH-Px) 4, BEAEHIRAE 41 5 A 28 1 A A9
AT R 3 Gl M Caspase-3 {1k, [A] [
% Bax/Bel-2 FCfEL, SEBLM I T i1 o

AT, o S N ARSI ST R L, R s
PRI, S PR 1S B AR I, B T
It B SRR DRI T AT R ik, A D DU 114 19 3
LRI AP Z — N IRE R R A PR A
P AR AT LI —Fb B A 1 2 ORI PR T D RE &
AT A o
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