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Abstract : In this study,Morchella esculenta polysaccharide( ME-P) were extracted by hot water extraction from wild M. escu-
lenta in Xiaojin County,Sichuan Province. Fourier transform infrared spectroscopy ( FT-IR) ,high performance liquid chroma-
tography (HPLC) , gas chromatography mass spectrometry ( GC-MS) and nuclear magnetic resonance (NMR) were used to i-
dentify the structure of ME-P. CCK-8 method was used to detect the drug toxicity of ME-P and to explore the antitumor activi-
ty of ME-P in vitro. The results showed that ME-P contained pyranose ring,and the monosaccharides were composed of man-
nose, glucose and galactose with a ratio of 4:4: 1. The polysaccharides are characterized by a novel structure ,which is charac-
terized by the alternating linkage of 1,2,3,4,6-D-mannose and 2,3 ,4,6-D-mannose as the main chain,1,6-D-glucose and
1,2,6-D-galactose as the branch chain,and the connection of 4-D-glucose and 1,2,6-D-galactose as a repeating unit of ter-
minal monosaccharide. ME-P is non-toxic to macrophages (RAW 264.7) and has a very significant effect (P <0.01) on
proliferation. The proliferation rate of RAW 264.7 can be as high as 79.5% at a mass concentration of 1.25 pg/mL. At the
same time, it had inhibitory effect on mouse colon cancer cells (CT26. WT) and gastric cancer cells (MFC) ,and the inhibi-
tion effect was better at low concentration. When ME-P was 1.25 wg/mL, the inhibition rates of ME-P on CT26. WT and MFC
were 28.20% and 34.23% ,respectively. This study shows that M. esculenta polysaccharides (ME-P) in Xiaojin County, Si-
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chuan Province is a novel polysaccharide composed of mannose, glucose and galactose ,which is non-toxic and has significant

inhibitory effect on tumor cells. The results provide a scientific basis for the development and application of Morchella polysac-

charides.
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Table 3 Chemical shift of H atom of ME-P
TR 12 # Chemical shift
Sugar residue HI H2 H3 H4 H5 H6
1,6-D-Glcp 5.22 3.42 3.86 3.68 3.74 3.60
1,6-D-Glcp 5.19 3.97 3.56 3.41 3.68 3.73
1,6-D-Glep 5.11 3.91 3.80 3.65 3.56 3.74
2,3,4,6-D-Manp 5.06 3.83 3.67 3.74 3.57 3.66
2,3,4,6-D-Manp 5.03 3.93 3.77 3.60 3.71 3.41
1,2,3,4,6-D-Manp 5.01 4.01 3.85 3.94 3.76 3.53
1,2,6-D-Galp 4.98 3.77 3.88 3.64 3.67 3.48
4-D-Glcp 4.90 3.88 3.68 3.74 3.57 3.66
1,2,3,4,6-D-Manp 4.85 3.65 3.74 3.57 3.83 3.50

HMOQC R85 B B 82 40 E i A G & AR P65k
A5 LIRS 5 5, 7T LOK AT s L 1]
AW H1/C1(85.22/8 108. 1) BIIHJ& K 1,6-D-
Glep 1) H1 5 C1 MALIRFE S 155 KRR & B 14
H1/C1(85.19/6 99.4) .C I H1/C1(8 5.11/8 100.6) .
D % H1/C1(85.06/8 109.2) E I H1/C1(85.03/
5104.8) F % HI/C1(55.01/5 104.2) .G & H1/

C1(54.98/598.2) HI&H1/C1(654.90/56102.2)
[ H1/C1(54.85/897.8) 435k 1,6-D-Glep .1 ,6-
D-Glep .2,3,4,6-D-Manp 2,3 ,4,6-D-Manp ,1,2,3,
4 ,6-D-Manp 1,2 ,6-D-Galp .4-D-Glcp . 1,2,3,4,6-D-
Manp (1) H1 5 C1 (#4155, 50515 H-"H COSY Ji
HA ~TIEARXT I (DL 7) o R4S SOBE BRI IR 115
SRR IRIAJE C2 ~C6 {5 k%, 253 4,
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Fig. 7 HMQC spectrum of polysaccharide ME-P
%4 ME-P i) C EFHLFEMDE
Table 4 Chemical shift of C atom of ME-P
TR 2 # Chemical shift
Sugar residue cl 2 3 c4 s 6

1,6-D-Glep 108. 1 71.6 78.8 70.4 60.6 73.0
1,6-D-Glep 99.4 70.2 67.0 72.9 70.6 68.5
1,6-D-Glep 100. 6 73.4 69.8 66.9 62.6 69.7
2,3,4,6-D-Manp 109.2 69.9 73.5 69.7 62.7 68.6
2,3,4,6-D-Manp 104.8 79.2 66.8 73.0 66.7 71.7
1,2,3,4,6-D-Manp 104.2 76.8 70.0 81.4 60.9 60.0
1,2,6-D-Galp 98.2 66.8 82.7 72.9 70.4 66.9
4-D-Glep 102.2 68.7 73.7 82.7 67.1 73.6
1,2,3,4,6-D-Manp 97.8 66.9 69.7 72.9 73.2 70.5

ZE4 LA b HPLC \FT-IR ,GC-MS F1 NMR f 45 51
7R, ME-P i H 8545 (Man ) \H 458 (Gle) FFLbE
(Gal) ik, Ll hy 4:4: 1; H—R M2 1,2,3,
4,6-D-Manp 5 2,3,4,6-D-Manp 32 & % 2 B 28,
1,6-D-Glcp 1,2 ,6-D-Galp 1 H %% ,4-D-Glep 5 1,
2,6-D-Galp ZEHAE Jy AR s i) 52 B, 28 Scifind-
er FEFTAE R BN, ME-P Sy —Ff 45 K 35 550 1) 2288 (WL
K18).

2.5 ME-P pgy¥ St

52 H X AR, ME-P 3003 B w20 g 24 h
Je R B (P <0.01) fie sEARMIHFE AV E T, 75 1. 25
g/ mL YR JEE (Y 240 MO ) A, 39 5 R AT A 79. 5%
£ ME-P JIFEWEANAE 48 h (255, 259 21 2 et
B3 (P <0.01) 42 i 4 MG 505 1, 7E R 0 10 pg/
mL SR ] K 53% (WL 9) o LA &5 RFE W] ME-P
XHE R SR e 25 aEt: , HA W nsE ]
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Fig. 8 Primary structure of ME-P
Hrae H1,2,3,4,6-D-MEIH b 42,3 ,4,6-D-ML H #8050 .d g 4 1,6-D-MEIE AT 251 5 1 Sy 4-D-NE I A0 s h o 1,2,6-D-nik g2
LW, Nole: a,e are 2,3,4,6-D-mannopyranose; b, f are 2,3 ,4 ,6-D-mannopyranose; ¢, d, g are 1,6-D-glucopyranose ;i is 4-D-glucopyranose ; h is
1,2,6-D-galactopyranose.

45K Proliferation ratio (%)

S CK 1.25 5 10 20 LPS
ME-P (ug/mL) ME-P (pg/mL)

CK 125 5 10 20 LPS
[ ———}

9 REIRE ME-P &2 RAW 264.7 4HA6 24 h( 7)) 48 h( A ) FHIEEE
Fig. 9 Proliferation rate of RAW 264.7 cells treated with different concentrations of ME-P for 24 h (left) and 48 h (right)

1 CK hyas HXT R4, LPS (IR £ 8 ) MR . H2s AXF R4 LR, * P <0.05, " * P <0.01, Note: CK is blank control group,and LPS
(Lipopolysaccharide) is positive control group. Compared with blank control group, * P <0.05, ** P <0.01.

2.6 ME-P X BhJeE 48 R B0 400 I E FA e 10 pron. S HAME,7E 1.25 ~20 pg/mL
2.6.1 ME-P 3ty R 45 0 7% 2a i, CT26. WT #) 47 %) e BEJE N, ME-P % CT26. WT 4 Jifd fi% 3 5 A5 310 4kl
%A YERT, Horb 76 ME-P Bri kB0 1.25 pg/mL i), A
ME-P %} CT26. WT il ifg 38 4 (1) 310 ) 52 56 2% (P <0.05) MV ER, ELINHIZd =, o0 28.20% .,
50

i 40 i *

g 30

i N

% 10

® 0

CK 125 5§ 10 20 MAN

ME-P (pg/mL)

B 10 RERE ME-P 432 CT26. WT 4058 5 B3 #I 2=
Fig. 10  Inhibition rate of CT26. WT cells treated with different concentrations of ME-P

7 CK A 2s FX IR AL s MAN (CH B2 BB IK) I BREXTIRAL . 525 X IRAL b, * P <0.05, * * P <0.01, Note: CK is blank control group,and
MAN (‘mannan peptide) is positive control group. Compared with blank control group, * P <0.05, " * P <0.01.
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Yang 251 5T 26 W 2L 08 B 22 M 45 i 988 200 144 7
A IHIVE D, A0 T 5 ik 45.32% 5 Guo 1 &
R WG I A B BRI E R, B
AR OC &R, W E A 10 mg/mL B ) i % AT ik
99.43% , FATIEER BN, ARHR B )2 i o 2 B x0T
PRI FR N CT26. WT 4 5 i 30k 1E
2.6.2 ME-P 2\, 8 /4 4m e MFC 49 47 4) 15 )
ME-P X MFC 4if Jifg g9 b 45 SR an &l 11 frow

50
ok
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% Inhibition ratio (%)

CK 125

ME-P Rh BHZE 0 6] 75 e S 90 161 9, Bt e 3 T
ZHERAN G VR S5 . 72 ME-P B ik 220 1. 25
pg/mL RIS g/ mL i AR SRR 4 3 (P <
0.01),1M 24 ME-P (i FE Ry 1. 25 wg/mL B, 41
TSR I3 R 34.23% , Ly 17 R BLHOKS
ZAERENS W IR MFC 40/, B X TLR4/NF-«B {5
ST WE R . BTSSR R IR A F
B 2B MFC 4 A 1 8 25 3 il VR H o

ok

5 10

20 MAN

_
ME-P (ug/mL)

11 RERE ME-P 38 MFC 48R /5 B9 H )
Fig. 11  Inhibition rate of MFC cells treated with different concentrations of ME-P
1 : CK 78 (A EAL, MAN (CHEE BB S FHPEST IR . 528 (I B4R b4, * P <0.05, * * P <0.01, Note: CK is blank control group,and
MAN (mannan peptide) is positive control group. Compared with blank control group, * P <0.05, " * P <0.01.
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