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Abstract: Hericium erinaceus polysaccharides as the main active component extracted from H. erinaceus
have many biological activities such as anti-oxidation, anti-tumor, and immune regulation. However, there
are some limitations in solubility, bioavailability and activity intensity of natural H. erinaceus
polysaccharides. In recent years, certain progress has been made in the studies of chemical modification,
and structural features, having effects on the biological activities of H. erinaceus polysaccharides. In this
paper, the recent advances in the study of chemical modification and biological activities of H. erinaceus
polysaccharides are summarized, and the chemical modification methods of H. erinaceus polysaccharides
through introducing new functional groups to substitute hydroxyl groups on the polysaccharide chains are
elucidated. The changes in the structure and physicochemical properties of the chemically modified H
erinaceus polysaccharides are introduced, and the alterations in biological activities and the underlying
mechanisms of the chemically modified H. erinaceus polysaccharides are analyzed and discussed. It is
expected that this work might provide a theoretical basis for further exploration of modification of H.
erinaceus polysaccharides.

Keywords: Hericium erinaceus polysaccharides; chemical modification; structural characteristics; biological

activities; mechanisms
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Friedman 2015; Wu et al. 2019), Hekai 7521k
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HITEPE 850 (Wang et al. 2019¢), AJ DI 752
T R B 22K SR SR B U A5 3

W R B, WSk % 20 5 A OR3P B 2
(Cui et al. 2023), PHTTHRIEE(Yu et al. 2021), P&
fb(Wang et al. 2018), I (Cai et al. 2020),
5 B 1 BE(Chen S et al. 2024) . {F¥ &
(Guan et al. 202455 ZFiGME. EHEZHM L

P v 5 AL S5 A (BB 2R . R B2 Y
SrF AR UIADC, KR ENIREA R ARA
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TR 22 W A Ak 2 5 K6 RN T 1 T e b AE A B X
Bilo MEAh, SETHS s SRR (R R
PRRIRE FE 55 S B A Ak ik AR TR, S8t
ZERIAETESL e . 2R SRR EE . R,
2 G0 L B ) M Sk g 22 W 5 0 Y L v R
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A R B R H S (He et al. 2017).
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Table 1 Structural characteristics of Hericium erinaceus polysaccharides

Pl PO P2 AL Sy BT 275 3CHk
Sources Extraction Monosaccharide Molecular Glycosidic bond References
methods composition weight
/kDa
Ttk UK Fuc/Gle-HCl/Gal/ 163 - Li et al. 2024
Fruiting Hot water extraction G1¢/Xyl/Man=
body 0.098/0.009/0.476/
0.369/0.004/0.043
oK FEEL Rha/Fuc/Man/Glc/ 18.3 (1-)-0-D-Glc, (1—3,4)-0-D-Gle,  Wu et al. 2018;
. Gal=1.47/0.93/ (1—6)-0-D-Gal, (1—3,4)-p-D-Man, b1 /5
Hot water extraction 1.36/8.68/4.08 (1—>3;-a-Rha, (1—>2)-B-L-[137uc PRI 2022
Wu et al. 2018;
Gu et al. 2022
POKFREL Man (5.13%), Glc 12.713 - BER 2023
Hot water extraction (43:02%), Gal (51.85%) Liao 2023
POKFREL Glc/Man/Gal= - - JE#E 2021
Hot water extraction 1-47:0.21:1.00 Zhou 2021
oK HEEL Glc/Gal/Man/Ara= 16.15 - Luo et al. 2020;
Hot water extraction >0-80/42.30/4.58/2.29 Qin et al. 2017;
Ren et al. 2017
UK - - - TRICSE 2018
Hot water extraction Xu et al. 2018
TR E Glc (67.0 g/100 g) 5400, 290 (1—)-B-D-Glc, (1—3)-B-D-Gle, Wang et al. 2019b
Alkali extraction (1-3,6)-B-D-Glc, (1—6)-p-D-Glc
TR Glc 538 (1-)-Gle, (1-3)-Gle, (1-3,6)-Gle  gk225m%E 2009
Alkali extraction Zhang et al. 2009
T4 B EL B Glc (53.5%), Rha 5.6 (1-)-0-L-Rha, (1—)-p-D-Glc, Liu et al. 2021
Enzyme assisted (10.0%), Man (1.2%) (1-6)-p-D-Glc, (1—3, 6)-p-D-Glc
extraction and Gal (0.4%)
fiF-iwpc i Bh I Gle/Gal/Fue = - - 5% 2016
Enzyme-microwave 12.07/6.23/0.02; He et al. 2016
assisted extraction ~ 18:79/10.22/0.49;
14.52/13.91/0.52;
20.84/19.07/1.57,
9.14/8.79/1.19
(HEP from different
geographical origins)
B2 POk HREL Gal, Glc, Man, 36.1 (1-3)-p-D-Glc, (1—6)-p-D-Gle, Hu et al. 2021
Fermented ~ Hot water extraction G1¢-UA (1-3,6)-p-D-Glc, (1—6)-0-D-Gal,
mycelium (1-)-B-D-Man, (1—-2)-a-D-Man
HG-BOOESINHIR  GleGalFue =221 - - AT T4 2016
Enzyme-microwave 7.71:1.39 He et al. 2016
assisted extraction
WIRRZ  PUKIER - 433 - EHiF 2011
KEEE Hot water extraction Wang 2011
Liquid
submerged
fermentation
extract

T -FRsuik R R

Note: -, not specified in the literature.

SRR - M I 125 Hh 5 R P 14 SRS TR 5 M e T
BCAY 4 G )R] SE BRSO BT AR, T e gt
B R AR R AT ) DX SRt M BBOA, As m BROP U
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T2, RBIR-MAE R EE R 1.4, &N
MR 59 °C, W BT R 2.6 h, AT 3455 K HL
FREE 0.457, TK4E08 55 (2009) 18 1 G20k R - Nk i 1
SEEL T K AT Sk w2 W SRRt R
FH B B B2 00 v AR AT M Sk 2 22 W 20 ik PR Ak 12
WiJa, 2 F Ry Rk R R, KSR
W, X R R BRIV A ol AR I T B
HORBEAE
1.2 ZERLIEim

M Sk 1k Z W0 LA B i 2 R 5 2T

®2 BABEESRUFRIBHEDRRRMER

HHZ R RE R EBR Y . AR i
BRI B IR S 2%, 15 3 20
RAEWMPEHN, I, Rfne
FEM I A R 5, AR 22 W5 I 7K 1 AN g 7K
P (Li et al. 2023),
w20 WA A 7 VA4S 2 R I - it
WE L AR Ak 7255 (Wang X et al. 2022), %
e85 (2018)id 12 2 R T2 % 6 Sk 1 2 WA 718
Mi. 7E LA, LA B e S5
(DR = B AN @A N R ET b Y G B U I VAT RS

Table 2 Classification and reaction path of chemical modification of Hericium erinaceus polysaccharides

fF T [ SRR CE G 2%
Chemical Reaction path Typical degree of ~ References
modification substitution range
@ﬁﬂf‘i/ﬂ: HSO, ',;50 Na 0.4-2.0 Huang etal 2019
. r OH 7 r ) -
Sulfation . B ‘ .
(8} - NaOH ) i
on 0T on o
L HO J ¥w/ L U\ho . J
2Ttk [ o] e 0.1-3.0 Wang X et al. 2022;
Acetylation ; (/év\ N~ . X Li et al. 2023
| nd of U’_ Hdf o 0‘:’
AL ) . i poCt § 0.01-0.20 Xiaet al. 2021;
Phosphorylation o p.o, Zhu et al. 2024
o CHSOH T~ °
o o on o~ T
g ) H.PO, 0\,.
wo” | ™on
a
fififk, o f_ou 0.01-0.30 Yang et al. 2020;
NaSeO, o
Selenium . i 1. /{,\7\ N Zhan et al. 2022
\()/% .. o \() )
| ud OH U’_ . iid on 07
H—Se —H
I
(]
¥ 7 34k OH e r o 0.05-0.20 Ren et al. 2017;
Hydroxyethylation y 0 — U/é{’\ RE 2020
Ho on o | o on 0‘:’ Renetal 2017;
\m-('nml SOl’lg 2020
R ;. W 0.1-2.2 Xie et al. 2021;
Carboxymethylation ) o 20 i Wei et al. 2024
| a CICH.COOH o
(&) NaOH (4]
|l O o @ " i on o
Ay, BN 0.1-0.5 Stengel et al. 2024;
Sulfhydrylation \/— \/ Kosaka et al. 2025
) ]
1 o R-SH a
0 (8]
HO oH 0 HO od o]
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B T A e A 1) 2 AR B T A% S 2 2 W 1 T
SOk RNIREE 30 °C, WHE 3 h, KK
1:34 g/mL, ZWALZHEECRE 0.609, 7EHAh
ZHEM BN, nvbiE 28 2 ik
NaOH 1A & 5 AR R A% Lh R B, R [A] I
I A J5E AT RE 52 A B S M A5 A (L et al
2016). XL Sk o 22 M 2 A SR 1A 2R
RS RO SR T i — P&, Lk
THEMM G S TR RRE -
1.3 BEERILIEIH

Mk 3k 2% 22 M %) B T A48 1 2 0 0 B B TR
JE A LB 2 B R L A A Ak 2i ol vk, %
WAL H 5] AGEAE 3 A9 H A R AR
Hl, wRE T2 A fbE, itk
HyReRevE KA i bE . B ETT 12 0 BB R
B R B s = A AL . A
BeL BERRTE KBERR R 15 (Xia et al. 2021),

KTk 4 Z B R L B i s, B
e (2023) i o R IR Gk ER A R, XT4ifk
HIMF Sk o Z A EA T B M . SCI B o, IR
b Z WP IR LA &N 7.95%, RIS ALY
B TR A S 2 22 R I BRCRG BE AR . B R fb 2 b
Y BB E 5 B A 3 2 B (BRG] e B . e )il
[ FIRL 46 ) B A DG, il il LA B IR & L 131
IS N7 I P AT 5 e AT AR M B
1.4 TR{LIEIR

il Ak 22 4 DR L 3 2 A AR s PERRAE , AR

5T L, 05 22 BRI AR R G A
B2 S AR AR FH (Chen et al. 2017). £
WEA AL AE T 8 1L b 2 -1 A B, R4y K
S b S Y R R S i e R TR R A
P25 T AR I EE (Zhan et al. 2022), HEZ
WA LG 1 7 v 2 R A TR - S G R M 2 A1 I
L4 225 (Yang et al. 2020),

Ak Z W A AB b, RS IR - 7 AR iR
WIEE NG T8 2 WM. Qin et al
(2017) R FHZ J5 ¥k XA 3k 4 22 W R AT Al AL B
WL AR U | TR RSN ISR B S, R
Hiles T 9 FASRIBUCEE Rlifb M . LT
PEAS AL 25 1 R AT R AN S T i 400 mg, IR %

90 °C, JWBtiEl 8 h, Al alik 13.98%.

A% G TR - ST R 7 P A R 1) e T ot
PR, ARG e S0 ik SR Ao k22 B ™
AR, IR S0 4 B AL 22
Btk A mEM R M E . PR, T
PO I PR 0 Dt ST 7 P i i) 5 () KA 52 5 A=
Vg PR HLEE AR (Lin er al. 2023). i {ill
Z5(2022) 7EPUIA I PR A1 IV G 152 4 11 4 Ak 3 it {4
A, A R E I Sk 1 2 WEAOK I & A
Y, Wk 481.79 pg/g.
1.5 22 Em

Z BRI R LA A5 0 IR L e
FRERBUR N, fEZ M5 AR 3L,
AT i A e . R AR B AR A, X
M3k 1k Z W A IR eSS A S S RE AR B, 4R
T Sk s Z2 W R T % (Ren et al. 2017),
1.6 Efbib=z1&im

B LB ik ah, R AL . st fb
PEREE 10 S Ab 2 A8 0 e W T 4 R o 0 3k
RGBT . SR, A T HAh 2 B K
Z, HE R S Ab B 1 R TR A Sk 4 22 4
AT TG . BBL, R AT DLIF &M Sk 4
Z W5 B B AL A IR R, 38 SR M R 4 B
IEHR 5 7, P[] e 3 0 Sk 4 22 0 1) 3
oV B A W e, AR TR Sk 2k 2 W T Rk
i FH B

2 BARHR K SR SR

Wk i 2 W A R AL . LWL Sk E
Mila, ZWEE AR 3L SR L A A Ort, ke
A Sk a 22 WE R SRR AR, SE I Sk ol 20 Y
BT BmarSRoEE . AiE S, 3Lk
P SE PR T
2.1 FFEMDFEN

M Sk 4 22 W 0 1 2 8 T b R A B
T 55 S N A% AF T e 2 5 B2 M SO T
2, IR BRI TG A Sk
BEWEERRKE, o FEifnfEE SRR
K.

A2 3 3 AR A Sk 2R L L R
s I RHAE, TS, HRERE
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SIABUR T Z 054 B 23k, i Sk 4k
2R TG AR . B BIR Sk o5 2 b2
B4 7= 4 114 FAIE T2 B F B BE R &1 AMFRAIE 0
B BT o 0 Sk 2 Z2 M AN [) Ak 2 1B T 28 760 1) B AR
FE LT AMR (SR 3) /R T Z ik =250 1y A8
k., WG SO A T O B
2.2 SRMEER

M 3k 2 220 1) 43 Ta) R B R TE RN B e
DAL EREN, WfEE . HiKEH
S5 ) — A R e X BB A F R AE S R AR 4%
FTE B R AR o 3 A0 B AR 0 A B [R) 3%
N, AR Sk 7 2 M RE S T B Ry FLAR e 1Y =
AR WEGE A TG, Frik— LI B 24 R4
RS, S 2R Z R i LA T

R AL . BRI 5y = B E L 5] A

3 KSR FIEIRRIEIEHFE

o5 G R fur ANV DR U, S N 0 S A 1) R R
MEAER, BRA P, ff 2 Ear R
WIPE S . 2 2364k o 3 1o 3 5 Sk M A 5 |
A2 (A7 BEA$8E v v F B, KT L far s /N, X
A 45 R B i PR 55 TR AT RS i . 2k
FHUK B R, BmeiKYE, nTEES S
Oy F RS MR RE R . WA AL E S| ARG
R, SUBGTTRAMMEE T RER, XA E
ISR /N, A2 DT Ik B 32 T 01 DR T £ A=
YroiRemiaERIZU Z A AR . Ah, Rk
TR B 35 T B3 e 4 () 4 BEL R il 5 1 e %
B A NI

ek ah 2Rtk # i n, HERme ks
A AL, W R R E AT
H, 5% (SEM) F132 5 i 485 (TEM) B0 2 /s A& 0 i I

Table 3 Spectral characteristics of chemical modification of Hericium erinaceus polysaccharides

g ] Bt FRIER S E= BTN
Chemical Degree of Characteristic absorption peaks References
modification substitution
AL 0.457 S=0 #1270 cm™ I C-O-S ## 834 cm™ JElH 2021
Sulfation The S=0 bond at 1 270 cm™" and the C-O-S bond at 834 cm™" Zhou 2021
0.94 S=0 ## 1259 cm™ Hl C-O-S 808 cm™' EHF 2011
The S=O bond at 1 259 cm™ and the C-O-S bond at 808 cm™ Wang 2011
2.61 1237 em™ (1 OSO; 19 S=0 M4z, 820 cm™ Yy C-O-S Myfifl  5RAZ5R5E 2009
| Zhang et al. 2009
The S=O stretching of OSOs~ at 1 237 cm™ and the C-O-S
stretching at 820 cm”!
LA 0.609 1 640.28 em™' () C=0 UM M4EIRSN, 1398.14cm ™' ) C-O 1 #RIE% 2018
Acetylation BRI TR SN Xu et al. 2018
The C=0 stretching vibration at 1 640.28 cm™ and the C-O
stretching vibration at 1 398.14 cm™
B2l 0.0795 B 2023
Phosphorylation Liao 2023
ffifk 0.1398 1078.35 em™" (1) O-Se-O RSN 617.31 cm™ 11y Se-O-C Fiffi  Qin ez al. 2017
Selenium YRz
The O-Se-O stretching vibration at 1 078.35 cm ' and the Se-O-C
stretching vibration at 617.31 cm '
0.000 48179 ZHEAKANKIAIY OH ik sl & A R G (A eSS 2022
3326.12 cm ' B E 340039 cm '), H C=0 {h&iiRzhIE M Gu et al. 2022
1641.36 cm ' B % 1620.15 cm’!
The O-H stretching vibration peak of polysaccharide nano-selenium
exhibited a blue shift from 3 326.12 cm ™' to 3 400.39 cm ', with a
concomitant red shift of the C=0 stretching vibration peak from
1641.36cm ™' to 1 620.15 cm .
B oHAL - 1363 e AN FRAY-CH,-RiAT IR 5l Ren et al. 2017
Hydroxyethylation The symmetric -CH.- stretching vibration at 1 363 cm™'
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ZHEREDEHMN 25, WL 25 F9 B0% 1k Bk
BRALS . FETECHLRE B AR S . [ gk (CD) Al 48
INALSEAB A X 22 W B 2 25 F (LT e 42 ) 1Y)
SR, UL A R A 0 P s A% Bl R AR b, B
T BB (AFM)FIZINME X B ZEUT (SAXS)H
A, e E M RIEBMRTEEENIES . WIPE.
RS IR BRI E S5, BT
TR R . S AR T RETT R . R B
TR A, T EAE I 24 0 — 2 gh A
R, R 2 T AT A 3 5 TS BUW R
25 ) BRI, e I 2% 0 2 ol i Al R A
b, INTTZ5E G 1) B Ak 2 06 3k 50728 - PN/ [
PHEAER DT, SR8l 20 = 25 4 T AR 1
FERLT o sk % A A 16 Ve S L A 4
UM, Wk Z b A1 e R 5 %

X LT R Y

M DL 4.

® 4 WERIBRAE SRS RAR R EYEMS

Table 4 Higher-order conformation and bioactivity of chemical modification of Hericium erinaceus polysaccharides

2.3 AR

RIRZHHE T A R R, XU
ey F NG F R 2, 255 3800 T 451
B, K MEE . 2B 5] ACE K M3
W1 RE &k 2% 48 = 2 W 10 5 % P (Laffargue e al.
2023). SRS A AN A, e
KA FEIA EAE R, 1 3R 2 0 6 a] 9 &0
o, IR T . Blan, SR FH B A T
% 2% R Sk o 22 B 22 3 B R AR AB A I Y
il P DA Ui 19 7K A 5 M Ak Ry 58 4 K IR
BOKEIRE 2009), 10 ER A 1 gk 4
ZHETE 40 °CIY R RIS EE M 10 mg/mL _FF+
% 20 mg/mL (B 2023), HEILFBERRIL
GBS, R B R E S T
FETH H A, HESR AT (R R HERRAE
WD THEMIRAE, (e

et R R A HWpiE LR 27 3CHk
Chemical Higher-order conformational transition Effect on bioactivity References
modification
Rk BEBELS A AT AR s o> T EEMURAERS I SRR e, PUREEETET  Huang ef al. 2019
Sulfation The helical structure loosens or unwinds; the ~ Immunomodulatory activity 1;
extensibility of the molecular chains antiviral activity 1
increases
LAk SRS, A RN SRR N UM TEYEY, S EPET  Long eral. 2022
Acetylation Hydrogen bonding weakens, molecular order ~ Antioxidative activity 1;
decreases; flexibility is enhanced immunomodulatory activity 1
B AL OrFHEHLATRE BRI OR AR NI i PUMRTEYEY, S e Xiaeral. 2021,
Phosphorylation The charge density of molecular chains Antitumor activity 1; Laffargue ez al. 2023
increases; conformational rigidity increases immunomodulatory activity 1
itk WA ISR, BORTRNES GO AL Pra sk, Hobb sk Yang et al. 2020;
Selenium By TR IR 1 S D Zhan et al. 2022,
. S . Cheng et al. 2023
The conformational changes are complex, Antioxidative activity 11;
depending on the binding modes and sites of  antitumor activity 1;
selenium; these compounds can enable immunomodulatory activity 1
nanoparticle loading
R SRORPERGE s WRTEAS (R FFET IKIETET, ST Ren ez al. 2017,
Hydroxyethylation Hydrophilicity enhanced; helical structure Solubility 1; KETe 2020
well preserved immunomodulatory 1 Ren et al. 2017;
Song 2020
R AL OFTHEMNE; S5ARERE TR WIRENE SR, BUMRIGTET  Xieeral 2021,
Carboxymethylation 8y Immunomodulatory activity 1; Zhang et al. 2024
Molecular chain extension; significantly antitumor activity 1
decreased crystallinity; solution viscosity
increased
HiHAl BRI I 7T RE F 2R U R RERGORG R 1 Stengel er al. 2024;
Sulfhydrylation Hydrophobic domain formation; potential Mucoadhesive 1 Kosaka et al. 2025

spontaneous self-assembly into micelles
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2.4 HBETMFEEM

WSkl Z WA 2B I, o arEtE S
Fe e M ) AR AL AL W] 8 548 M L A i 5 A B 4
FLER AL B YA O . b2 B R 5] A
F14) 35 P L4 5 ) 22 0 1) 9 T PR AT AR o R AR R
Y, b A% Sk % 22 0 1 51 A g0 K AT R
Zeta HLAANE B EHR S, MR (-13.00+
1.27) mV 3 % (—42.10+2.69) mV (i fl 4 25
2022), ik A BESRAMG fh i A v 220 1) 8 e 3
SKNEE A, SRR A B FE B,
0 H oy 2 i B o [ AT A AR S 2 22 Y
X B TREIE (XPS)BEIE S, Mgk
WG 5 22 W i i A e S, A ROk T
ORI R, HERE T RIS 0

b 246 i X A Sk 2 22 WA e M IR 4R T I
YRR 35 5 TR PRI tb . BFoE R,
Tl LA I RE A% B 25 B AR 2 M R kLA, TR 3 —
SYECERTE R, SR BN, B f5 0k
OYECHE R, G T RLG HEP R4 T
B PEGEMRIEQIn er al. 2017), XFIEHAY
0] 4 55 2 1A R A ) 394 R e [ 4R T TV VR
(UN Ry
2.5 MEMRTM

M S 1k 22 W ) Ak 2408 i 4 S 2 el AR 22 M 1)
SrFE R WA K ER D, RS
WEBEF G AURGARAS, DT R Wi 2 B8 S i AR A 7
Ho AL2EEM B IR I . AliAk K 2Tk Ab S5 ik
MR Z RSy i . R ICE BRI A AR,
ZHER T WE T . BRI 5 | ) B R 5L ]
AT HE N Z R R AT, L HE R SO0 AR 43
TR, WA T BE T s AL A8 i Ul i
T4 Zeta HUALZEXTE [ (-13.00£1.27) mV #&
T 2 (—42.10£2.69) mVHE 3R 43 ik 2k Gl I
& 2022), JARLIRAE, VRSB VAR
TR 2 1 I Ak A A8 T T 3 2 5 | A B 7K
PEILF, e TR BK S S, TR B0
WLk 2h ey, TTRESERE 2 26 S o . BLAk, 1
BT R R B BEAL, SRS R
JE TR
2.6 FLILM

FLAL 8 W SRR A K T AR B T A RE T

M Sk s Z2 W5 0 Ak 27 A i 2 el A8 43 SR K - K
A B BK B SOE U A 45, T
FHAACERE . WA Sk 1k 2 Wi 2 235 4
PR, BKPERG SR, FIREE ) 7E K St
W R, B RURR E I FLI . R R H RN FL A
PE, ERLIZHEN AR, Bk &R
5 AT I e v A FL AL AR 2 1 (Huang
et al. 2022),

B Tl AGKEERIS, Al ik ol 224 1ot
REARRE AR RIS N2 AT s for (G U =5 2022), ]
REIE B — o B LR, SR LRI

3 BARNE K 3 S AR A v

Z W A 27 2 RN 45 48 R 2 LB AP i
MAYEEEEN R (Zh et al. 2025), KR
ZW] D ot Z2 R 8 i =8, e L
RS, SO 08 A A 4 1 e 1) 38 i sl R 7
B EYIEE . Gt b2 B , Sk 1k 2 hE
FEAARA A i S5 5 vh 28 B S R Y AR
o BT, KT A Sk 1k 2 0 AW
T T I 98 R 2245 B8 A6 (AR A1 A BB 7R 1) 3% 1 56
UESVE ML BB, B B R G R
Y P B IR S AR X A B o (H A AR
285 SR i i B A T T, R SRR
TG MM PR T BB R e, RIS fh s
B Sk 1 Z2 M e D REME B d JT & I 25 8 3%
S QTR 1) o FH A S B SR A MBSk gk 2RO
) A2 A i A= T 1 AR AL LI 1
3.1 MEMEM

Z WINPT E A6 TR 2k A 2 W EE b PRt
[RFIEEST, WS Fan . R4 M
SRR s Z BRI S RE T, AT
R PLEALTEE(Chen Y ef al. 2024), MkiE £
A 85 EBA — % bt A iE P (Wang et al.
2018; ¥ty 5% 2023), i 1E [ 4E A k2
1& i e A L PT S AL TG e — AP 3 i . &0 5 A
A= e BT (LT . BEARETT . R K MESE) L
Nt ZWEEER Gy SIS . TGN 2
7 AR A S ) ) 2 i 2 2 A =k s 2 MR AR AR TS
AR A & .
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B iR 1k Rk
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Fig. 1 The biological activities of chemically modified Hericium eri

M S s 2205 | B rEL Ay BE AT (B PR B . TR
HEAF), BeARCERPTE LTS, A E S|
P2 E 547 1E L 3 (A ABTS ) AR B4 F A
B, DIRRME S SRS TR, M
il 4 Jm AL E Ak . R HE (202 1) 22 6% R Ak i e
WSk 7% ZWiHE 4 DPPH H i 5L . ABTS A 3k,
FHA R, BANETFAHEMRES, WKk
b ZHEXT B B BE B ECso B 53 514 2 0 B AR
43.70%. 53.09%. 66.79%. 71.35%; W {b1x
SLLEZBHEM: DPPH A ML FIEIE A t 2L hE
BERTREMZN, FEWEST 150 pg/mL
i 3R AR I 3 R (B s i 2023). T2 W 2
Pk 55 7 5 1 AT LSO 22 0 B b S5 Sk ik 1) &
T, it R e iR, U b s iR
(Wang et al. 2019a). ZBEALAGHR 1Sk 4 22 bk
BN 0.609 FF, XF DPPH A3, #HA
P LN 42 BH 2 A PR A i KB B R 0 R
2B R 21.9% . 80.6% . 75.6% (1414
2018).

At Ak 27 08 M X6 0 Sk 2 22 W i e S R T

250269-

naceus polysaccharides (HEP).

W AT REAEAEAR VR . B W Ak 1 5 iR fk
AR, AT 5] A ey 3 R SV R A
HiJERE J1(Zhang et al. 2024). k&1 il 2
BRSPS AL Tl 1) 5 B R 7, FEAR N T §54k
SRR BT SR AL B TE PR L, 40 GSH-Px
TRx F1 SOD %%, REA R ARG g
AR R A S 53 (Cheng et al. 2018),
AL iR T 2T S AL TS P At 2 AR R
FRNIESL, Qs fb 4R 7R A 24 (Zhan et al
2022), HAEFHLHI DL 2A TR AT LS A
Sk 4% 22 W A oAt Ak 27 A8 M-t T BB 9 b SR Ak
T, AT HE— 2 S B E .

TE—EVLRN, B A 1 bl A B BE
FEI IG5, VAR T AN S R - I o 5 1Y)
T R A A S 2 2 BB RE 43 3R 0.82 Fil 0.94,
FHEC R Z AR T B S B T-RE 1, L SOD i
T HHRE T 27.53%F1 102.49%., HUFCEE A%
X Z2 W BB RO AN B S, T e ) AT R s
B 7 BELE K, FEiciG PESE A, R A ] R 3R 2
WEIIRIEA S, RE A P TE 4k o
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Fig. 2 Biological activity mechanism of polysaccharides. A: Antioxidative activity (Zhan et al. 2022); B: Immunomodulatory
activity (Yang et al. 2022); C: Antitumor activity (Xie et al. 2020); D: Gastroprotective activity (Wang et al. 2018).

AL, B S B UG K A T 2 B EE AN
Al FL B(C-2. C-3. C-6), AJREMRH A [E]1
BRI I B AR TR], R PR S A 22
o MM Mg hm, BifdfAa
B (nmgR . . iR AL ) AT BE 1R BE 22 A Y R

fpel sk, SRR R, BUUHER
FIARTREZ: 1 35 A8 2000 1 AR B2 (U R
AR R T IN B Z), R T M s % B M
A o 22 Wl o3 T i R A R R A R R
Wi e VR B R, W R IRA M SRk
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EIFR | 4Rk

P T RGSE
3.2 REIPATIEN

Sk s Z2 W LA S e, HAERIAL
il 32 L I Zo T 1 T e RGN 2 Y
JEE N2, g I 20 B A AR EL 4R 1) 9
(Yin et al. 2021). ZWHE S0 Z AR A1
SR, AR B VAN S R
FAE, TGRS DI BE(Deng er al. 2018; 4%
W% 2021). Yang et al. (2022)if 1 1A 4MSEHIE
SC, MRSk 2 HERR S U RAW264.7 4 igH NO
B P R AIEA -6, FI4IEA2%-10, T
-y IRRFER F-a 077 A A RAR 550 T %
i1k, i3 NF-xB. MAPK F1 PI3K/Akt i jg 42
g% (Bl 2B).

M 3k 20 220 3 2 b 2= A8 i 6 Loy T 5 R
fififl, wlEE R A iE M, IR
T AR Y AR B 2 R T R AL T S LA O

x5 WERIBRAES RN R RIFTIENE

] o Ak g 20 M %) B0 R R 15 PR S 25 M S5
WU, WHEBUCIEZER . B . B
B MO R A IR SR g S A ]
RAE T 25 F 2SR AL | L ff 20 A1 B SR K
PR, TS ) JHL 5 Ao 8 4 i 3R TR A2 AR R )
R,

AN TR B 5 3 7 =k s 22 WS ) 7 47 92 4
TRRE L X R T BRI e R
Wior FHIZ AR k. BifRfb . WAL AR 2 5k
HRBE I s Ak 1 M e T M, (HEAERIAL
il FN SR BNV AFTE B 25 57 (3 5). BRIRIb B
AT 5 AHT B R 1R B TR I (A1 34 5ik 22 W 5 e v 40
i 2 TR A2 A ) B R B AR T, 0 O
JRI3EBE , 1755 G A4 Y RO £ 40 Y 43 D8 O R A
PEJE AT AL T (Chen X er al. 2023), ik &1
M Sk 7 22 ELAT B i B AR AR PR R 1% 3 g
71, BEARCEUE MR AP B MAPK FI

Table 5 Spectral characteristics of chemical modification of Hericium erinaceus polysaccharides

BPETH T TRk itk REA
Immune activity  Sulfation Selenium Hydroxyethylation
FERRAEN EE . SRZ RIS PUAL R e 1 T FIRFE ) S B T
Major Direct and robust immune Antioxidant-mediated synergistic immune Sustained mild immune
enhancements activation regulation stimulation
L O S eap® O HAESRITTAMLIERE TS © EFRAEA ST . NOT
Core 152 A e HLAH AR 71, BEWEARMIAT S ET, NOT @ fedER RN S AR
mechanism EWE A TEN . NO @ 1438 MAPK il NF-«B {5 5K, #I# i oM /e, 2
Bt DCs j/k: p-p38. p-ERK #l p-INK F[THY  RZARGNNT IL-12, IL-15,
@M% MAPK FINF-xB {5 35, il kB Fil kBB & HREA#R, JFfE  IL-18, NF-xB ) mRNA %Kik
A I 1 DCs 235 p50 F1 p65 A @ Increased macrophage
(D Enhanced electrostatic @ It exhibits strong antioxidant activity and ~Phagocytic activity and NO
interactions between electron transfer capacity, enhances production
polysaccharides and immune  macrophage phagocytic activity, and @ Promotes interactions
cell surface receptors, increases NO production between dendritic cells and
significantly increased @ 1t enhances the MAPK and NF-xB natural killer cells and
macrophage phagocytic signaling pathways, stimulates dendritic cells ~Upregulates dendritic cell
activity and NO release (DCs) to express p-p38’ p-ERK, and p-INK mRNA expression of IL-12,
@ Activation of the MAPK  proteins, increases the degradation of kB~ 1L-15, IL-18, and NF-«B
and NF-«B signaling and IkBp proteins, and promotes the
pathways expression of p50 and p65 proteins in DCs
GLIEERY IR B | R SR AR A g2 RIS E VR T
Distinctive Rapid and potent immune Strong antioxidant capacity and Enhanced solubility and
advantages activation selenium-dependent immunity stability
e XS ] RSN 22 3 5% il P2 XU 1o BEAE MR P

Potential risks

Potential cleavage of
polysaccharide backbone

EZ P U Huang et al. 2019; Chen X et
References al. 2023

Risk of selenium intoxication

Qin et al. 2017; Cheng et al. 2018

Over-modification may mask
active functional groups

Ren et al. 2017; KEW 2020
Ren et al. 2017; Song 2020
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NF-«B {5530 i, IR B /977 £ (Qin
et al. 2017). ¥ LIAVB M 25 22 W50 45 F T
i R S AR At L 55 AR 2 4 At ) %) AH B AR
I, A IL-18 RIRFN IR £ e 2020)

O3 1R R R E M S 1k 2R SRR o) —
KEESH, Hopmw B WEME: — ), 9 F
S AR R T 22 05 53 10 5 A 0 240 i 5 35
PRS- BRAME PN U e A A5 20 0 K s 22 B AR
TR 5.6 kDa, A B 2 00 K%
ik, ik RAW 264.7 41 NO [IRE ST 3%
TR0, [ R A b 38 CD40 .
CD86 %5k WG YE(Liu et al. 2021), F—
JrTE, AR5 T o] RE S B0 [ A 4 el s
ZARGEA LI . BRoarF AN, fhFBE
REIM o s Z B B EE . UL . A A
GEFLER, AL G0 5% 40 i 2 1R A2 AR 1 A
YERT, B 5 A5 5 30 B0 RE T A e e I 1y
Uitk

BEAN, 3 A A AR B T A S 1 22 W gk
ITiBik RGEME, A A Yy A1 H B i
M, R P RO S IR . R
(2023) ¥ & ) PLGA 1 # il 1k 4% 3k 4% 2 #i
(Se-HEP-PLGA-NPs), #H# T 5t Se-HEP, 0.061—
0.488 pg/mL WKEETE Y Se-HEP-PLGA-NPs Xf
XSRE T R EL AR A B bk B 4 M i3 e 1A 3
PEFETF. Luo et al. (2020)LA EL W 24 i Ay 45 78 %of
FCWFZE Se-HEP-PLGA Al HEP-PLGA-Se 44K i
BRI, RN 2 FhYK BRI LE 0.98—
15.63 pg/mL 78 X L I3 240 0 1% 0 s 33 1 S 2
&, Hih Se-HEP-PLGA 7EM K 3.91 pg/mL I
TEVED 2 S T HAAS 4. AL 20 PLGA 40K
PAURIE T 2 s id v, T Hdgm 17
MG A 22 4 P R MAC R S 8 T o

DL EZ BRSNS R R W], BRERAL . il
N A Sk o 220 e B LU R AR 24
SR P G R VG . SR, AR AN AN A AR L
et R LR UNS =R LA E 2 B 78 S R UK LN
SRt — P IE

TEVEAT 220 NSRRI 53 1) 52 B 1 FH A % 1k
WIEE, RN SEES R AN AT BB RO R T . 3l

i RGN ZHEAER N AP, AT AR
UEFAR S G 2 5 H A i VI A AR iy 2h sk, AT
Sk H SR R P BRI O AR AR Al . 7E L R ) SCik
H T AR Sk 2 20 AR A AR BT S 08 1Y) 928 1 B
BT 3 2o B S TR B, S O A A
ST FN AN IR 4, BHBR IR E T b B 2
BELEVR P ) S e 3 s A FH GRORUEE 2023)5 g
A A Sk 24 22 A VT A o 2l 35 i 1 25 4 5 IR
RE . VR G s bR A LA B A 2 R g £
AR, HE— 25 1 A e Y TG M (Liu et al.
2021), BbAh, TR 2 BERRGOKE 1Y
WSt 2% R G, TE /DN B P S5 B ) Ho iz
E M EE, KAERIFRREfE, hE
HASR AW T 15 PE(Ren et al. 2020),

A PN T P S B0 IR S T B A T A A R T 2 B
RN EYIEE A RO I o[RBT, Ay
2 R I PR B 98 0I5 25 T R 1R D9 3 P B0 B
PERT LR A SC AR . KRR A ST Te A 58
IR AR | — A Ak RN S Ak 27 15 T
Skt Z BRI T T .

3.3 IR

22 W () B0 R85 1k 32 A o R R g AR A
S I b 8 A L [ A R L=/ L R e )
AN G e P45 B 9 = A (B 2C) 5 o —Fp ]
& EL AN R IE IR A (L et al. 2019). Mk
T 22 MR T 1L R 4 R P (IFN-y . TNF-a.,
TL-2)348 58 H0 % 8 154 R FEPU MR RO (aFE A
2018)41, IRE BN G SR LI AN A, At
AT BHWTAN M E I . A s S
Tt S AR ) 4 i 5 Ok R LT R A
FH(Xie et al. 2020; EIRFLE 2023).

WSk g Z W b 2B e, LB e i
IR ERT, X5 T A SRR AL
il 8 S o AN [R) 0 IR i e Ry S 1 43 A
A P S e A Sk 4 Z2 A A BT IR 06 2 o R AL R
Sk 2 (U EE 0.457)% A B 41l SGC-7901
PHIVE IR ICso (IR IR Z MM 425.09 pg/mL T
K% 308.36 ng/mL, T F%37.86% (JEHi 2021);
WA Sk 1 2 WM FE A 500 ug/mL B, Al
A AS49 FAFTS BRI DU14S AYA71E %

250269-13



I F | BABESREOUFRIEREEEEARER

EIFR | 4Rk

H 52.73%. 30.46%, FJFEZME(1 000 pg/mL) T
F% 40.15%. 70.84% (i IiIHSE 2022). Bz ik
55 Tl T 56 5 70 R i 56 AT QU ) 24 R B 2 R 1
RE, AL 38 1 i A BLVE  S e e A i 3R
T 32 AR GE A, VOIS T #5538 % . A Ak o]
FERET HA e, Wi S AN e
TR L FE A MR A A, LA R AL 32 22
AFE . WCER ARG 8 T {2 A kN i EE
M AL N ROS K- BT+, FEDNA
4 1 2k 1K 1) fig B A% . HEPS-Se AT i
PI3K/AKt {5530 TG, 00 ol Feo i 490 o 23 5 A
KHLH Ak . S Mo iR 1S M 32 T
CLFE A M SE 30 A5 B UE S, (HHAEAR N A 52 BRI
AT 5 St 5 i A T RGEVEA -

2R P IIRE IE PE  HH RR P (o A
PR 55 YA 5 (Chen et al. 2018), 7+
I L L 0B N A2 RS B RCR I £
PEPUM IR EYE . Bm TR 2 A R
A, BEAAUMTEAMA RGN E A, (H
JhiRg Al BiE V2% s ARGy 2 hE 5 THE I
WY AL, (A2 ERETI55(5 P AT4E 2014
d YA 2014), BRRRILEHUCIE 0 & B
S Z W 25 A R A Y, 20 C-6 i
R Zs [ RN, EE e C-2. C3f i g 5%k
i, HLEE I 2 RO L 41 I 4 58 (Yang et al.
2013).,
34 RIPFBRE

HT CRE 3 B9 K BUE 15t 97 B i o R
Y, Mom E ZE AR Y . PR PR S 2 EAL
il B R RIS, R Sk i 2 W A 5 DR R
() 5658 (Wang XY et al. 2022; HEREZE 2023),
Wang et al. (2018)id 1t HE 37 L7 T FIHA T 45 5L
75 T BB AU 50 0 K o 220 K B B DR A
H, RISk 22 e E e S U NO
PGE2 Fl1 ECF > SZHIXT H Fh A £ 47 (#] 2D).

I A AR N SZEE AT GES-1 41 I AR R () F
5%, Hou et al. (2022)RAGHRVT Tk 4k Z X}
P H R R R ER, AL
Ar¥r B REAE A SR L U A 7 AT 2
i SN A 2 Rl As, PRI AR T A A B AE S

B, N2 ClnS B i, mipy etk |
ot 9 1 K A o B S K (2023) R T R Ak A0 % i
RN IR 5 N E 2R 40 GES-1
M SR, e B IR AL AR K 1l 2 48 ]
TR AMLTE J7 . (e R AN R B L A1 2 IR
SE. YEfr2 it GES-1 4 A7 M Sh BE S ik A4
SIEE LRSI GES-1 A2k, Mot
Al R, BRI HAT R TR Sk
i Z2 MRS H RS YE T T, LSS PRI
i R S g — PG S R E

4 Fh5RE

M Sk i 220 00 A W s R 5 B R AL
RN, HILRBEAE AL 755 =S (6] S5 4
I . BB BOM R 3k 1 22 0 A2 1 F 5
FEREP T A B, @5 A F A P
S LA B A PR i S AR s 1 . B IS
M Sk il Z B BT Al . SRR L BT
PR3P 15 0 555 5 T e B R Y A
5, HIZS5E H AT RS T A i s,
M ST 5 R ol A 28 8 A AR P9 S 6 DL 36
SR T 3 o RS TN A Sk o 2 8 18
Wi, S5 R AR A AR BTG PR RO 5 C AR IR0 A5
W, AHSRTRESEATI AT A2 2B AR 5 7 34
— PR . ML SEA e | TR A2 4
PEPEAS A SEIRIRR, i 29 FEAE 12 i 24 i 55 U
IR o

RS S 1t 22 WA T 114 T 5 107 T s S A
NI (1) TR, 1l 2200 S i e 35y 12
Widitk; 2) WA B Z ML R ;
(3) X 8 W A0k Sk i 22 B 0 A 4 THT A 28 4 R
s (4) Ead RGEAR N LI I IR B
Wk ol Z R A PSRRI (5) HhRE
S 1 22 WEAE S REP B i F24 ol 25 U 17 FH

1E# Tk

FM: BSCRE | W ABY; KR
WIS KB REAL: STIRIABT e S0
s B RSB PN RRERR S
Wt w3E T RSB

250269-14



Review

22 March 2026, 45(3): 250269

Mycosystema ISSN 1672-6472 CN 11-5180/Q

A 28 9 K= A

I FEAAFAEAT AT T A A 45 v 5 B0 R ol 5
W55 KA o

[REFERENCES]

Cai WD, Ding ZC, Wang YY, Yang Y, Zhang HN, Yan JK,
2020. Hypoglycemic benefit and potential mechanism of
a polysaccharide from Hericium erinaceus in streptozotoxin-
induced diabetic rats. Process Biochemistry, 88: 180-188

Chen D, Sun S, Cai D, Kong G, 2017. Induction of
mitochondrial-dependent apoptosis in T24 cells by a
selenium (Se)-containing polysaccharide from Ginkgo
biloba L. leaves. International Journal of Biological
Macromolecules, 101: 126-130

Chen S, Zhang F, Liu L, Feng J, Zhang J, Yang Y, Wu D, Guo
Q, Liu Y, 2024. Physicochemical properties of
polysaccharides from Hericium erinaceus by steam
explosion pretreatment and its effects on human gut
microbiota. Food Hydrocolloids, 156: 110365

Chen SK, Li YH, Wang X, Guo YQ, Song XX, Nie SP, Yin
JY, 2023. Evaluation of the “relative ordered structure of
Hericium erinaceus polysaccharide” from different
origins: based on similarity and dissimilarity. Journal of
Agricultural and Food Chemistry, 71(46): 17886-17898

Chen X, Shen M, Yu Q, Chen Y, Xie J, 2024. Recent advance
in chemistry modified methods of natural polysaccharides
and their applications. Trends in Food Science &
Technology, 144: 104317

Chen X, Wu S, Huang R, Liu X, Shen M, Xie J, 2023.
Immunomodulatory activity and mechanism of Chinese
yam polysaccharide after sulfated modification.
Industrial Crops and Products, 197: 116549

Chen Y, Jiang X, Xie H, Li X, Shi L, 2018. Structural
characterization and antitumor activity of a polysaccharide
from ramulus mori. Carbohydrate Polymers, 190: 232-239

Chen Y, Zhang N, Chen X, 2024. Structurally modified
polysaccharides: physicochemical properties, biological
activities, structure-activity relationship, and applications.
Journal of Agricultural and Food Chemistry, 72(7):
3259-3276

Cheng K, Sun Y, Liu B, Ming J, Wang L, Xu C, Xiao Y,
Zhang C, Shang L, 2023. Selenium modification of
natural products and its research progress. Foods, 12(20):
3773

Cheng L, Wang Y, He X, Wei X, 2018. Preparation, structural
characterization and bioactivities of Se-containing
polysaccharide: a review. International Journal of
Biological Macromolecules, 120: 82-92

Cui M, Ma Q, Zhang Z, Li W, Chen W, Liu P, Wu D, Yang Y,

2023. Semi-solid enzymolysis enhanced the protective
effects of fruiting body powders and polysaccharides of
Herinaceus erinaceus on gastric mucosal injury.
International Journal of Biological Macromolecules, 251:
126388

Dai YC, 2010. Species diversity of wood-decaying fungi in
northeast China. Mycosystema, 29: 801-818

Deng C, Fu H, Shang J, Chen J, Xu X, 2018. Dectin-1

effect of the

polysaccharide from Dictyophora indusiata. International

mediates the immunoenhancement
Journal of Biological Macromolecules, 109: 369-374
Friedman M, 2015. Chemistry, nutrition, and health-promoting
(Lion’s Mane)
mushroom fruiting bodies and mycelia and their

properties of Hericium erinaceus

bioactive compounds. Journal of Agricultural and Food
Chemistry, 63(32): 7108-7123

Gan ZL, Xie GB, Xie LY, 2023. Potential mechanism of
Hericium erinaceus in the treatment of chronic gastritis
analysed by network pharmacology and molecular
docking techniques. Mycosystema, 42(12): 2422-2441
(in Chinese)

Gu PX, Yin HS, Hu K, Wu XY, Zhong NJ, Guo J, Huang C,
Hu Y, Chen Y, Wang Y, Wu FF, 2022. Preparation,
structural characterization and anti-proliferation activity
of selenized Hericium erinaceus polysaccharide. Food
Science, 43(22): 68 (in Chinese)

Guan Y, Wang C, Li L, Dai X, Liu Y, Hsiang T, Liu S, Wang
D, 2024.
coralloides polysaccharide and its neuroprotective

Structural characterization of Hericium

function in Alzheimer’s disease. International Journal of
Biological Macromolecules, 277: 133865

Guo YB, Du X, Liu C, Chang MC, Meng JL, Deng B, Liu JY,
2023. Changes of polyphenol compounds and their
antioxidant activities of Hericium erinaceus fruiting
bodies in simulated gastrointestinal digestion in vitro.
Mycosystema, 42(5): 1151-1162 (in Chinese)

He JZ, Xu YY, Sun PL, 2016. The comparison of nutrients,
chemical composition and antioxidant activity of
polysaccharides from six Hericium erinaceus specimens.
Food and Fermentation Industries, 42(1): 134-140 (in
Chinese)

He X, Wang X, Fang J, Chang Y, Ning N, Guo H, Huang L,
Huang X, Zhao Z, 2017. Structures, biological activities,
and industrial applications of the polysaccharides from
Hericium erinaceus (Lion’s Mane) mushroom: a review.
International Journal of Biological Macromolecules, 97:
228-237

Hou C, Liu L, Ren J, Huang M, Yuan E, 2022. Structural
characterization of two Hericium erinaceus polysaccharides
and their protective effects on the alcohol-induced gastric
mucosal injury. Food Chemistry, 375: 131896

250269-15



I F | BABESREOUFRIEREEEEARER

EIFR | 4R

[

Hu W, Song M, Wang C, Guo Z, Li Y, Wang D, 2021.
Structural characterization of polysaccharide purified
from Hericium erinaceus fermented mycelium and its
pharmacological basis for application in Alzheimer’s
disease: oxidative stress related calcium homeostasis.
International Journal of Biological Macromolecules, 193:
358-369

Huang FJ, 2023. Study on the preparation and immune
enhancement of selenized Hericium erinaceus polysaccharide
PLGA nanoparticles. MS Thesis, Fujian Agriculture and
Forestry, Fuzhou. 1-37 (in Chinese)

Huang L, Shen M, Morris GA, Xie J, 2019. Sulfated
polysaccharides: immunomodulation and signaling
mechanisms. Trends in Food Science & Technology, 92:
1-11

Huang S, Yang W, Huang G, 2020. Preparation and activities
of selenium polysaccharide from plant such as Grifola
frondosa. Carbohydrate Polymers, 242: 116409

Huang Z, Zong MH, Lou WY, 2022. Effect of acetylation
modification on the emulsifying and antioxidant properties
of polysaccharide from Millettia speciosa Champ. Food
Hydrocolloids, 124: 107217

Huang ZD, Miao HB, Pei DY, Tang XH, Wu Q, Huang ZX,
2023. Active components and their research progress of
Tricholoma matsutake. Mycosystema, 42(10): 2025-2040
(in Chinese)

Kosaka S, Kurebayashi K, Yamato N, Tanaka H, Haruta N,
Yamamoto M, 2025. Thiyl chemistry: cysteine-catalyzed
maleate isomerization via aqueous thiyl radical
processes. Green Chemistry, 27(10): 2743-2750

Kostanda E, Musa S, Pereman I, 2024. Unveiling the
chemical composition and biofunctionality of Hericium
spp. fungi: a comprehensive overview. International
Journal of Molecular Sciences, 25(11): 5949

T, Moulis C, Remaud-Siméon M, 2023.

Phosphorylated polysaccharides: applications, natural

Laffargue

abundance, and new-to-nature structures generated by
chemical and enzymatic function alisation. Biotechnology
Advances, 65: 108140

Li H, Feng J, Liu C, Hou S, Meng J, Liu JY, Zilong S, Chang
MC, 2024. Polysaccharides from an edible mushroom,
Hericium erinaceus, alleviate ulcerative colitis in mice
by inhibiting the NLRP3 inflammasomes and reestablish
intestinal homeostasis. International Journal of Biological
Macromolecules, 267: 131251

Li H, Wang Y, Zhao P, Guo L, Huang L, Li X, Gao W, 2023.
Naturally and chemically acetylated polysaccharides:
structural characteristics, synthesis, activities, and
applications in the delivery system: a review. Carbohydrate
Polymers, 313: 120746

LiJ, Hu X, Li X, Ma Z, 2016. Effects of acetylation on the

emulsifying properties of Artemisia sphaerocephala
Krasch. polysaccharide. Carbohydrate Polymers, 144:
531-540

Li W, Song K, Wang S, Zhang C, Zhuang M, Wang Y, Liu T,
2019. Anti-tumor potential of astragalus polysaccharides
on breast cancer cell line mediated by macrophage
activation. Materials Science and Engineering: C, 98:
685-695

Li Y, Guo SX, Chen J, 2021. Research progress on chemical
constituents and pharmacological effects of Tuber
(Pezizales, Ascomycota). Mycosystema, 40(4): 873-894
(in Chinese)

Liao BW, 2023. A study on protective effects of polysaccharide
from Hericium erinaceus and its phosphorylated derivatives
against injured GES-1 cells. PhD Dissertation, South China
University of Technology, Guangzhou. 1-104 (in Chinese)

Lin X, Mu J, Chen Z, Zhang Y, Ye X, Gao X, Chen W, Luo Y,
Li B, 2023. Stabilization and functionalization of
selenium nanoparticles mediated by green tea and Pu-Erh
tea polysaccharides. Industrial Crops and Products, 194:
116312

Liu X, Ren Z, Yu R, Chen S, Zhang J, Xu Y, Meng Z, Luo Y,
Zhang W, Huang Y, Qin T, 2021. Structural characterization
of enzymatic modification of Hericium erinaceus
polysaccharide and its immune-enhancement activity.
International Journal of Biological Macromolecules, 166:
1396-1408

Liu Y, Shi Y, Zou J, Zhang X, Zhai B, Guo D, Sun J, Luan F,
2024. Extraction,
biological activities, modifications, and applications

purification, structural features,
from Taraxacum mongolicum polysaccharides: a review.
International Journal of Biological Macromolecules, 259:
129193

Long H, Xiao J, Wang X, Liang M, Fan Y, Xu Y, Lin M, Ren
Z, Wu C, Wang Y, 2022. Laminarin acetyl esters:
synthesis, conformational analysis and anti-viral effects.
International Journal of Biological Macromolecules, 216:
528-536

Lu KK, Zhang YQ, Yuan Y, Ming J, 2014. Progress in the
studies of the structure-antitumor activity relationship of
sulfated polysaccharides and its molecular mechanisms.
Food Science, 35(23): 297-302 (in Chinese)

Luo Y, Ren Z, Bo R, Liu X, Zhang J, Yu R, Chen S, Meng Z,
Xu 'Y, Ma Y, Huang Y, Qin T, 2020. Designing selenium
polysaccharides-based nanoparticles to improve immune
activity of Hericium erinaceus. International Journal of
Biological Macromolecules, 143: 393-400

Meng ST, Xu YZ, Wang ZY, 2014. Research progress on
chemical modification of polysaccharide and their
biological activities. Natural Product Research and
Development, 26(11): 1901-1905 (in Chinese)

250269-16



Review

22 March 2026, 45(3): 250269

Mycosystema ISSN 1672-6472 CN 11-5180/Q

Niu C, Liu Y, Yang Y, Wang R, Li T, 2023. Advances in
sulfonated modification and bioactivity of polysaccharides.
International Journal of Biological Macromolecules, 253:
126400

Qin T, Ren Z, Huang Y, Song Y, Lin D, Li J, Ma Y, Wu X, Qiu
F, Xiao Q, 2017. Selenizing Hericium erinaceus
polysaccharides induces dendritic cells maturation through
MAPK and NF-«B signaling pathways. International
Journal of Biological Macromolecules, 97: 287-298

Ren Z, Luo Y, Liu X, Zhang J, Chen S, Yu R, Xu Y, Meng Z,
Li J, Ma Y, Huang Y, Qin T, 2020. Preparation,
characterization and controlled-release property of CS
crosslinked MWCNT based on Hericium erinaceus
polysaccharides. International Journal of Biological
Macromolecules, 153: 1310-1318

Ren Z, Qin T, Qiu F, Song Y, Lin D, Ma Y, Li J, Huang Y,
2017. Immunomodulatory effects of hydroxyethylated
Hericium erinaceus polysaccharide on macrophages
RAW264.7. International
Macromolecules, 105: 879-885

Shi XS, 2018. Study on the efficacy of Hericium erinaceus

Journal of Biological

polysaccharide in tumor immunotherapy. MS Thesis,
Northeast Forestry University, Harbin. 1-39 (in Chinese)

Song YL, 2020. The influence of hydroxyethylated Hericium
polysaccharide for interaction between DCs and NKs in
mice. MS Thesis, Fujian Agriculture and Forestry
University, Fuzhou. 1-55 (in Chinese)

Stengel D, Jorgensen AM, Polidori I, Kapitza P, Ricci F,
Bernkop-Schniirch A, 2024. The power of sulfhydryl
groups: thiolated lipid-based nanoparticles enhance
cellular uptake of nucleic acids. Journal of Colloid and
Interface Science, 654: 1136-1145

SuY, Li H, Hu Z, Zhang Y, Guo L, Shao M, Man C, Jiang Y,
2023. Research on degradation of polysaccharides during
Hericium erinaceus fermentation. LWT, 173: 114276

Wang X, Wang Z, Shen M, Yi C, Yu Q, Chen X, Xie J, Xie M,
2022. Acetylated polysaccharides: synthesis, physicochemical
properties, bioactivities, and food applications. Critical
Reviews in Food Science and Nutrition, 64(15):
4849-4864

Wang X, Zhang Z, Wu Y, Sun X, Xu N, 2019a. Synthesized
sulfated and acetylated derivatives of polysaccharide
extracted from Gracilariopsis lemaneiformis and their
potential antioxidant and immunological activity.
International Journal of Biological Macromolecules, 124:
568-572

Wang XY, 2011. Studies on preparation and activity of
sulfated polysaccharides of Hericium caput-medusae
(Bull:Fr) Pers. MS Thesis, Jilin Agricultural University,
Changchun. 1-36 (in Chinese)

Wang XY, Wang M, Yin JY, Song YH, Wang YX, Nie SP, Xie

MY, 2022. Gastroprotective activity of polysaccharide
from the fruiting body of Hericium erinaceus against
acetic acid-induced gastric ulcer in rats and structure of
one bioactive fraction. International Journal of Biological
Macromolecules, 210: 455-464

Wang XY, Xu R, Yin JY, Wang YX, Ma LY, Nie SP, Xiong T,
Xie MY, 2019b. Physicochemical, structural and
rheological properties of alkali-extracted polysaccharide
from fruiting body of Hericium erinaceus. LWT, 115:

108330
Wang XY, Yin JY, Zhao MM, Liu SY, Nie SP, Xie MY, 2018.
Gastroprotective  activity of polysaccharide from

Hericium erinaceus against ethanol-induced gastric
mucosal lesion and pylorus ligation-induced gastric
ulcer, and its antioxidant activities. Carbohydrate
Polymers, 186: 100-109

Wang XY, Zhang DD, Yin JY, Nie SP, Xie MY, 2019¢c. Recent
developments in Hericium erinaceus polysaccharides:
extraction, purification, structural characteristics and
biological activities. Critical Reviews in Food Science
and Nutrition, 59(Supp.1): S96-S115

Wang Z, Zheng Y, Lai Z, Hu X, Wang L, Wang X, Li Z, Gao
M, Yang Y, Wang Q, Li N, 2024. Effect of
monosaccharide composition and proportion on the
bioactivity of polysaccharides: a review. International
Journal of Biological Macromolecules, 254: 127955

Wei Y, Cai Z, Ma A, Zhang H, 2024. Rheology and gelation
of aqueous carboxymethylated curdlan solution: impact
of the degree of substitution. Carbohydrate Polymers,
332: 121921

Wu F, Zhou C, Zhou D, Ou S, Zhang X, Huang H, 2018.
Structure characterization of a novel polysaccharide from
Hericium  erinaceus  fruiting  bodies and its
immunomodulatory activities. Food & Function, 9(1):
294-306

Wu F, Zhou LW, Yang ZL, Bau T, Li TH, Dai YC, 2019.
Resource diversity of Chinese macrofungi: edible,
medicinal and poisonous species. Fungal Diversity, 98:
1-76

Xia S, Zhai Y, Wang X, Fan Q, Dong X, Chen M, Han T,
2021. Phosphorylation of polysaccharides: a review on
the synthesis and bioactivities. International Journal of
Biological Macromolecules, 184: 946-954

Xie L, Shen M, Hong Y, Ye H, Huang L, Xie J, 2020.
Chemical modifications of polysaccharides and their
anti-tumor activities. Carbohydrate Polymers, 229: 115436

Xie L, Shen M, Wang Z, Xie J, 2021. Structure, function and
food applications of carboxymethylated polysaccharides:
a comprehensive review. Trends in Food Science &
Technology, 118: 539-557

Xu B, Wang HL, Lin XY, Chen YY, 2018. Acetylation

250269-17



I F | BABESREOUFRIEREEEEARER

EIFR | 4Rk

modification of polysaccharides from Hericium
erinaceus and its antioxidant activity. Science and
Technology of Food Industry, 39(8): 50-55 (in Chinese)

Yang J, Zhu B, Zheng J, Sun L, Zhou D, Dong X, Yu C, 2013.
Stimulation of lymphocyte proliferation by oyster
glycogen sulfated at C-6 position. Carbohydrate
Polymers, 94(1): 301-308

Yang W, Huang G, Huang H, 2020. Preparation and structure
of polysaccharide selenide.
Products, 154: 112630

Yang Y, Li J, Hong Q, Zhang X, Liu Z, Zhang T, 2022.

Polysaccharides from Hericium erinaceus fruiting

Industrial Crops and

bodies: structural characterization, immunomodulatory
activity and mechanism. Nutrients, 14(18): 3721

Yin Z, Liang Z, Li C, Wang J, Ma C, Kang W, 2021.
Immunomodulatory effects of polysaccharides from
edible fungus: a review. Food Science and Human
Wellness, 10(4): 393-400

Yu R, Sun M, Meng Z, Zhao J, Qin T, Ren Z, 2021.
Immunomodulatory effects of polysaccharides enzymatic
hydrolysis  from  Hericium  erinaceus on the
MODE-K/DCs co-culture model. International Journal of
Biological Macromolecules, 187: 272-280

Zhan Q, Chen Y, Guo Y, Wang Q, Wu H, Zhao L, 2022.
Effects of selenylation modification on the antioxidative
and immunoregulatory activities of polysaccharides from
the pulp of Rosa laevigata Michx. fruit. International
Journal of Biological Macromolecules, 206: 242-254

Zhang AQ, Ma X, He RJ, Ge Q, Yang K, Sun PL, Zhang JS,
2009. Structure and conformation analysis of sulfated
polysaccharide from the fruiting bodies of Hericium
erinaceus. Food and Fermentation Industries, 35(3):
64-67 (in Chinese)

Zhang XX, Zhang WW, Ni ZJ, Thakur K, Zhang JG, Khan
MR, Xu WD, Wei ZJ, 2024. Effects of different chemical
modifications on physicochemical and antioxidation
properties of Lycium barbarum seed dreg polysaccharides.
Food Chemistry: X, 22: 101271

Zhou Y, 2021. Study on sulfation modification and biological
activity of polysaccharides from Hericium erinaceus. MS
Thesis, Heilongjiang University, Harbin. 1-44 (in Chinese)

Zhu H, Xie L, Zhang W, Yu Q, Chen Y, Xie J, 2024.
Extraction and properties of Cyclocarya paliurus leaf
polysaccharide and its phosphorylated derivatives.
Industrial Crops and Products, 210: 118205

Zhu L, Gong H, Gan X, Bu Y, Liu Y, Zhang T, Chen J, Xu Y,
Shi S, Li T, Li B, Wang S, Wang H, 2025. “Processing-
structure-activity” relationships of polysaccharides in

Chinese Materia Medica: a comprehensive review.

Carbohydrate Polymers, 358: 123503

(B o 325 STk ]

HPerE, WOEN, W, 2023, T M5 K 41
X 42 4 AR R G Sk i V97 12 1 AR AV AE A AL
FWI2ER, 42(12): 2422-2441

e, FRE, WM, RUNE, Bmat, SBIE, B,
B, Mia, T8, MI577, 2022, WfbGk ok 20
HIIAE . A5 RAE LTI aaE . BB, 43(22):
68

g, HE, X, FHE, SRk, Bk, X,
2023. AEHLE T fb R v Sk T 2 W 25 R I bt
AALIE LR, AR, 42(5): 1151-1162

S, IREERH, PMEE, 2016, AS[E] L H B 3R W
oy e A 2 A NP AL T . B A
Tolk, 42(1): 134-140

BRUE, 2023, ALK 4 20 PLGA GUKbL il £ K H
GEESERAE F ATSE. AR 2R 383, AR
1-37

IR, MEE, BT E, B, R4, WU,
2023, i FTBE P36 M o B LR S . 2R R,
42(10): 2025-2040

Ay, FRNA, BiiE, 2021 BRSO ERERERE
Bk 25 B S 2 TS PR F ST . B, 40(4):
873-894

BLER, 2023, Mkkak b K HB IR LT Y%t GES-1 41
HU8 5 RO BB I 9T, AEREER TR e s, T
M. 1-104

AR, sRATY, R4, BHE, 2014, HERILBIE ZHBT
Ji IR T A K O 2R B F LRI S . B Rk
35(23): 297-302

FHEJE, R, FIEA, 2014 SRR AR
YNGR MR . RIS 5T E, 26(11):
1901-1905

AEA, 2018, Mk Skas 208 BB S REIRIT AT . AR
MOl K= 1383, /R, 1-39

REW, 2020. F& 2 ILA0ME Sk a5 Z2 8% /N AR SR 240 Jif Fn
R A ok IR (TR I 8=/ Ny N 2 71 b o
3¢, fEML1-55

FHF, 2011, NGRSk B BRER T 2 0 (1) ) £ -5 1S ISR
MO K83, K& 1-36

rfs, FAEW, MRERE, BRXEE, 2018, MEkiEE ML
Pk Ak 18 4 R Eo A AL TE PR AR 5T & Tl B,
39(8): 50-55

kAR, T, MIRZE, B, BIF, R, SR,
2009. fRFRES LIRSk B 2 M S SR a0, B
HREETL, 35(3): 64-67

JEHE, 2021, M5 Sk D 22 B A0 B R 1k 18 1 B AE S T AR
PRIPTL RS, WBIRE. 1-44

250269-18



