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Shimadzu 23 &) ; AVANCE TII 400 MHz #% % H: 4R
A, 7 A 4 72 (Bruker ) 23 ] 5 1550 BEAR{Y, Ther-
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1.3 RWHE
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FREFAE 60 CRYARIGAMER T8 5 h 218
., BT (D) A E RS AL+
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FI AR
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W, HEBCGE R H 2 %, 10 000 r/min B.0 10
min, WL, SHER 78 RAERSR ,75% ¢ P
UL, kT RIS 3 25 DA 20
1.3.3 FHEZHSE ., gifk SR D3250 K
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HEAT AT, 13 11 0.1 mol/L i R 28 vh ik (82% ) Rl 2
5 (18%) Vel o Wi A 1.0 mL/min, &0 )% < A
245 nm,, FRiES AR A B AN |
AHE CEFURE P FURRE IR A A S IR | 2 B RN
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B AR G 5 B R 5 A, DS R
4 000~400 em™,
1.3.6 LR FREL 20 mg HMEP A
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WG FEAE TR
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(1 mg/mL) FFESHAL, A AUIMAAS TR 0T 2k B
(12.5,25,50,100,200 pg/mL) ] HMEP I FMEP,
YRELRESR 24 h e W IR SR AL LW LA 100
pL MTT(0.5 mg/mL) , Pk E2H5 5% 4 h J5 5545 i,
HIA DMSO (150 L), T RgAn A 1Al & £L %
FGEE KK 490 nm,
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1, F I8 ELISA B0 & e B A5 e
1.4 SitsaHm

FFA RIS B 48 FH Origin 2019 B34,
i SPSS 25.0 6 52 [H] 22 57, 45 SR DL P-4 {H +
FRifETT 22 (SD) " o , P<0.05 F 718 B35 Pk 2%
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Fig.1 HPLC chromatogram of FMEP and HMEP

F1 FHESHENSEEAR(WRINELL)
Table 1

Monosaccharide composition of polysaccharides

from M. esculenta (molar ratio)

S, % s
FMEP HMEP
HEHE 1 1
HEHB 4.50 0.34
F5U4E 0.02 0.33

2.2 LIRS

Kl 2 S FMEP Fl1 HMEP &4 BB g 2kt
GBI GRE R, ZHE4E 3 415 em™ AR IR A4
T O—H @I, 78 2 927 em™'
2 360 cm™ IR MOIESE C—H 4R R 37,

b U
Transmittance/%

3415
1 1 1 1 1 1 1
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Fig.2 The FT-IR spectrum of FMEP and HMEP

TE 1410 em™ F1 1650 em™ &b i) 5 W Y 06 4 BH 7
H C—H F1 C=0™,1 270 cm™ & T O—H 7%
PRS2 B WS 7R 1 546 em™ Ak i) IR AT
FW] C=0 FEAERTFRIR BN, 2 I i 220 9 SR b A
1 200~1 000 em~" {7 [l P 79 W Wi 0 2 IR oA A7 7E
M MR A BR 1711 150 em™t Y PR AY I FRORAFAE C—
O—H™ 7E 1 030 em™ Ab ()W i e e 5 21 2 i
C—O—H MRAEIRZN, 7E 896 em™ Ab A W i
AlfeS p-WE T B A O™, 5 FMEP A Lt , HMEP
7E1 270 em™ Fl 2 360 cm™" b A 0 1 1 Wi U
£ 1 030 em™ A B FF RIS, ZIME S C—
H .O—H 1 C—O0—C WA &, Z5R KV,
I Ab 325 A 2 i TR 2 B T ) C—O0—C R
2.3 ZHEEIRS

i [ 3 A 41, FMEP 1 HMEP (%% 14 3 9@ 3%
H1,3x10°~5.5x 10 b KAk 2AT RS, X R 2T
HIARAE 7E 5.0x10°~5.5x107° 1 4.3x10°~4.9x
107 [ UG 2 F TR PR R 1Y) o A1 B AR A 7Y 1 1Y) 57
K5 AU, FMEP Fl HMEP 7 5.0x10°,5.2x
10°,5.3x10° {5 51485 a-D-H &M .a-D-H %]
BFEA a-D—FFUHEA ) 4.5x10° fiER 2 H B-
DR Y 52 1 B R 2 G B
PSR —3, DL S5 RUE  HD RBAR E = b
ZH a-F LT Y
2.4 FHESHEERIMNMEEE
2.4.1 HMEP fil FMEP X} RAW264.7 [ I £Jf g 3%
HIEPERSE I &l 4 iR JHMEP (50~100 pg/
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mL) Fl FMEP (12.5~100 pg/mL) 34 5 342 ik 5 w5
AMPEARYIEGFE (P<0.05), TEBTHHKEE N 100 pg/mL
if ,FMEP F1 HMEP () 41 i 3% {8 15 1k 43 5 0
(182.5+17.65)% A1 (142.07+8.24)% , ¥4 i} 4¢3
A0 i AE (P<0.05) . LA 45 HMEP
FMEP A~ A 408 1 HL BB E A e sz, 53¢
MRIBOHRIE —2, LAk, 28 FMEP 4b B 40 i
BEFE R T HMEP A0, KM% He HD Ab 3
FD Ab PR T RE £ 5 o I T 2 BT RAW264.7 FL I
S ) G BTG

2.42 HMEP il FMEP X RAW264.7 5 Wi 41 s 7
WG T PR S 3 EAE T I W A4 L A i
BRI TE R AR DL R AR AR e 02, 5
HRAE YR —Fh S22 B AL, B 4
TR PE R AR D TIRE , AR WA E G s R A
DEGE ) FEtRZ —BY, W PEZLRe I E HEMP 1
FMEP Xt RAW264.7 E W40 VAR /520,
& 5 7 ,HMEP 1 FMEP Ji 2 % & 5 12.5~100
pg/mL B RAW264.7 2 Al i) 7% Wi AR H S & 1 0
(P<0.05) , 7] HMEP 1 FMEP REFLTE RAW264.7
L I8 200 L P B 1 P O B SRR AR Y e N 8,

spectra of FMEP and HMEP
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e !

Fig.4 Effects of HMEP and FMEP on viability
of RAW264.7 macrophages
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Fig.5 Effect of HMEP and FMEP on phagocytosis
of RAW 264.7 macrophages

2.43 HMEP Fl FMEP %} RAW264.7 W 41 fifg
NO Zr U REI NO 236 T Y W20 B 53 1A 1)
BN R FZ— IS 50BN IR AT, s 6
fiton, 5% BR41AH [, HMEP Fl FMEP H3 fig o 3%
HesR B VRANAE NO BYRE, 7E 12.5~100 wg/mL 5
MR BEVE IR P, S T 2 AR 5 S RAW264.7
AL NO #Y7™£E (P<0.05) . 7E 25,50, 100 pg/mL
WU T, FMEP 19 NO 43 W £ 43 5l A (34.27 =
1.32),(35.29+1.25), (34.08+1.70) wmol/L, ¥ & T
HMEP 1 (28.71+1.36), (28.05+2.52), (26.42+
1.30) wmol/L FIAERIZH %) (32.47+1.30) wmol/L, LA
AR SRR AR L, 2T 2
VR THR A PR RE 10 35 45 = RAW263.7 ZH il NO 1Y
43l (P<0.05)

2.4.4 HMEP F1 FMEP X RAW264.7 5 41 He 4
PR F A sE e 5 Ak A% I 20 B T 43 22 Foh 20 i
U TNF-a IL-6 F1 IL-1B , ZEALIAR G 28 5 £
WO FEZ R IIEE, R, T Ll A TNF-o T1L-
6 FI IL-10 A 53 WA PEAS S5t i G e i 5o e 0™,
WE 7a Pis, S5XF R L, £ 12.5~100 pg/ml
T & e Y BN B9 HMEP FI FMEP 3l 305
RAW264.7 40143 TNF-o &5 W& THE (P<
0.05),25 pg/mL FMEP 3 5 W 41 i3 3 TNF-

NO 43t

40 -

E—JHMEr
Y rmep ab a ab
Ny
s.l HE f 1
\%25 ; i %
%20 i i %
U E
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A= : =
ezl E ==
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Mass concentration/(pg/mL)
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NO 5 i 2 HI 51
Fig.6 Effects of HMEP and FMEP on NO production
of RAW264.7 macrophages

o HHE N (289.96+49.00)ng/mL, B i % T HMEP
[(188.56+13.60)ng/mL] FEEAIZ] [(97.76+2.00)
ng/mL] . H1E 7b AIHI, 7E 25~100 pg/ml iR
5 Bl PN, FMEP fil HMEP ¥ fE g 25 42 7 B v 200 i
BT 1L-6(P<0.05) ,50 we/ml. FMEP ZHAY IL-6 &
15 M (240.40+24.28 ) pg/mL, = T HMEP[ (125.17 +
5.95) pg/mL ) AR ZH [ (28.98+5.26) pg/mL] (P<
0.05), il 7¢ fron, SXFRELIALL, 7E 25~100
pe/mL JT VK BE VS [ 9 FMEP F1 HMEP 4k 2
J& , EWEAHM TL-108 AR 25 4 98 (P<0.05)
A, 100 pg/mL HMEP 33 W6 20 i 43 Wb 11—
1B 5 (118.4523.10) pg/mL, B Wit & T 1 21
[(84.3123.10)pg/mL] (P<0.05), VA 45538
HMEP #il FMEP 4b 3% RAW264.7 41 g i) 50 55
TG TE A BESRVER , HAE 25~50 pg/mL ik
FEYL N, FMEP 0% NO TNF-o F1 1L-6 43 i+
¥ T HMEP, RZR VR THRAL M E L E £
W ) SR T M v T AT R

3 g

AR5 R AR A WA R Ry 2K Ak
PR W 2 WAy U P 9 2 T 38
o KAL BB NG A 5325t HMEP Fl1 FMEP B fp £
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Effects of Drying Methods on the Structural Characteristics and Immunomodulatory Activity
of Polysaccharides from Morehella esculenta

ZHANG Lijia', LIU Jing', HAN Le', HUANG Wen'?, LIU Ying"*
(!College of Food Science and Technology, Huazhong Agriculiural University, Wuhan 430070
’Hubei Key Laboratory of Fruit and Vegetable Processing and Quality Control, Wuhan 430070)

Abstract To investigate the effects of drying methods on the structure characteristics and immunomodulatory activity of
polysaccharides derived from Morchella esculenta, fresh M. esculenta were separately subjected to hot—air drying (HD)
and freeze drying (FD). Polysaccharides from M. esculenia (MEP) extracted from the two dried samples were purified by
macroporous adsorption resin column chromatography, yielding HD-treated MEP (HMEP) and FD-treated MEP (FMEP).
The monosaccharides of HMEP and FMEP were consisted of mannose, glucose and galactose while with different molar
ratios of 1:0.34:0.33 and 1:4.50:0.02, respectively. HD treatment caused the break of C—O—C glycosidic linkages in

polysaccharides chains and enhanced the abundance of a-configuration in polysaccharides from M. esculenta. Both HMEP
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and FMEP improved immunity by inducing phagocytosis and the secretions of NO, TNF-a, IL-6 and IL-1B of RAW
264.7 cells. At 50 pg/mL, FMEP stimulated RAW 264.7 cells to secrete NO at a level of (35.29+1.25) pmol/L, which
was higher than that induced by HMEP [(28.05+2.52) pmol/L] and the model group [(32.47+1.30) pmol/L] at 50 g/
mL. At 25 pg/mL, FMEP stimulated macrophage TNF-a secretion to (289.96+49.00) ng/mL, which was higher than that
of HMEP [(188.56+13.60) ng/mlL] and the model group [(97.76+2.00) ng/mL]. This indicates that FMEP exhibited higher
immunomodulatory activity than HMEP. After comprehensive consideration, freeze drying would be recommended as a
suitable drying process for use in the preparation of immunomodulatory polysaccharides from M. esculenta as functional
foods.

Keywords Morehella esculenta; polysaccharides; freeze drying; hot air drying; structural characteristics; immunomodu-

latory activity



