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Effects of benzamide and sodium carboxymethyl cellulose on
mycelium polysaccharide synthesis and antioxidant activities
in Lentinula edodes

WEN Jiahao, WANG Qibin, ZHANG Jie, ZHAO Liijuan, CHEN Qiang, GU Yunfu,
XIANG Quanju’

College of Resources, Sichuan Agricultural University, Chengdu 611130, Sichuan, China

Abstract: Lentinula edodes polysaccharides exhibit diverse biological activities. Currently, most L. edodes
polysaccharides are extracted from fruiting bodies, resulting in low yield, high cost, and short harvest
period. Therefore, enhancing polysaccharide production has become a research priority. Epigenetic
modifications regulate the synthesis and metabolism of secondary metabolites through various
mechanisms and play significant roles in microbial secondary metabolism. To investigate whether
polysaccharide synthesis in L. edodes is influenced by epigenetics, this study utilized L. edodes strain Xin
808 as experimental material, and analyzed the effects of different concentrations of two epigenetic
modifiers [benzamide and sodium carboxymethyl cellulose (CMC-Na)] on mycelial growth, cellulase
activity, polysaccharide production, activity of key polysaccharide-synthesizing enzymes, relative
expression levels of the enzyme encoding genes, and antioxidant activity of polysaccharides. Results
showed that although 4 pg/mL benzamid and CMC-Na reduced biomass compared to the control, they
significantly promoted the growth of L. edodes mycelium on solid culture medium and increased the
polysaccharide content in the mycelium. Cellulase activity decreased compared to that of the control, but
the intracellular crude polysaccharide concentration increased, reaching 2.31-fold (benzamide) and
2.01-fold (CMC-Na) as compared with that of the control. The activities of UDP-glucose
pyrophosphorylase (UGPase), phosphoglucose isomerase (PGI), and a-phosphoglucomutase (a-PGM), the
enzymes associated with lentinan metabolism, increased. Under benzamide treatment, these enzymes
exhibited increases in activity, increasing by 2.21-fold, 2.38-fold, and 2.19-fold as compared with enzyme
activities of the control group, respectively. However, the relative expression levels of the encoding genes
were significantly downregulated. In vitro polysaccharide antioxidant capacity increased in variant
degrees. At the concentration of 0.2 mg/mL -OH scavenging ability showed the most pronounced. These
results demonstrate that adding benzamide and sodium carboxymethyl cellulose at appropriate
concentrations influences L. edodes mycelial growth and polysaccharide synthesis.
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1.1.2 LHAEFRE

PDA #iF5k: L HEE 200 g, HEM
20g. BifE 1520 g, Z&1E/K 1 000 mL, FEH
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1984), & X4F min &4k 1 umol ABTS Jr 5 1) il
Oy — NS I BAAL(U) s AR R i S A S
P R SR FHZE P, 8 LA min JEAE 1 pmol
BT — B AL (U)s A A A
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DI C AFEMEXTR, DLEBE TR R as At
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Ay A s, AKX Q)ITE.
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TRIFE@AMZEMEL 2017), PLIICKZEE N
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MBI, 30 °CKIEHAMIAT] 5 min, [0 fHR
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PGM (nmol/min/g fif  )=[(4,~4,+0.009 5)/0.031 7]/
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(3) Tk 220 DR W R 4 0 W AR e R 1k
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1.2.7 AKX BEBERNERRESH

K TRIzol LR HURA 221K RNA, 40K 453
YERETH(ND-1000 Thermo Scientific) kil RNA 4
an RS BE AR L, BOREA O A PR DA I 2 e ke
i B8 iz % s ) &2 (Aidlab  Biotechnologies) 5
BPAES N cDNA, —20 °CIR-1F.

FIIH SYBRGreen JLhiill 3 > S g 3L A
B SRR o B IE H 5197 5 L3R 1,
JC K Z A . Cham Q Universal SYBR Qper
Master Mix (Vazyme) 10 pL, I FiF5|¥4%
0.5 uL, cDNA 1 uL, ddH,0 #Me % 20 uL, )
%M 95°C 5 min; 95°C 155, 60 °C 15 s,
72 °C 30's, 40 PME¥; Rpl4 N2 5L (Xiang
et al. 2018). MHHE L HE —7 W), IER
fit thk . PCR S AE CycleriQ5 (Bio-Rad) F 4T,
BASRNE 3 AR . AR EE S LUK
N FEaRIA, B RS A AR R K- i A5
Y=, Hirp ACt AN S NER Cq 2
7=, AACt R ACt (L5 5 ACt (WP HRA)Z 2% .

*1 BWMERESIFY

Table 1 Primer sequence of the target genes

H AL ElE712 ]l

Target genes Primer sequences (5'—3)
LeUGP_964F GACGGCCAAGGGGTTATTCA
LeUGP 1128R TTGACCGTGGCTCAAAGAGT
LePGM_578F CCCATGCCGACGAATACAGA
LePGM_1128R GGTGTGAGCGTAGGTCAAGT
LePGI _1190F TCCATCAGGGCACCAAACTC
LePGI _1330R CGGTCTTACCGAAGGCCAAT

1.3 HE\EHH

SERSHAE ] Excel HEA TP I {E bR HE 2211
G5, SPSS27 B iEATHL N R Jr 24347, LSD ik
K56 22 5 i &P, ORIGIN B 4-4A,

2 ERE4

2.1 FEIRE R PEL ARG PR U RNER
X} B 3 B 22 K RIS
A 2o 0 R A [ e B 2 T s R PR R 21 4

RN P A 4 R 22 AR KR, BB 224 K
L P AR FE AR (R 2), SEER g IR,
FE 0-4 pg/mL V& EEVE I Y, PR BT A S 4 B
WEMRUE R 2K, HREE WS, fEEER
BHTHE U AR IR F 4 pg/mL I, 25 H R
2 FBLLT 2 RANAL FRAL P B 22 AR TESE 9 Ry
Wk F] 3.25 cm Fl 3.44 cm, BNFIAZH(3.09 cm)
FEE T 4.8%F1 11.0% 581, MU B 4t 4 pg/mL
J5 . W2 KR R I, R
W B AT BB X TR 22 AR BE R ON . A 5T kR
4 ng/mL VBN J5 8 K T S50 A T I B2
22 FHEBIRMEREFUEZWNARRTEFEA
&SN

R T AT EE PR BT AL FRR, PR RR X
JoT R BB SR I R RE DD B R A AR AR, FRATTI
FE T IR ST 27 4 22 B i OGSl 1 15 M o 45
R, T8 4 pg/mL 4 RN R HY L £ 4 52 B
REFETR, BT 808 TR bR A 5T 2% 4 fidk ity 114 il %
PER A AR (K 3), SRR,
PR i Ak B ) R S 2 ) 1o AL W I (Lip) A T
Pk, (B34 5 3O o S ALY B (MnP) I PR AT,
TE R G e FN R L 27 4 Z AR BE T, R &
AWt 43 5] R 5 BRI 87.1% 11 88.7% 5
I T R PP AR Ak AN [R] R il (Lac) i M A9 AR
A T 2 TR R Ak PR S P o A P G Ak BT R
iGVER 48.52 U/mL, JXBRAY 52.4%, TR H
SR P S A E] 113.37 U/mL,
JEXTHREY 2.34 1% A5 KM, R LA 4R
IR BN GE AN AR E B S AP NGl 5 (50
T2, T 2R A U] RT E Xo A d ST R R
ARG A AE
23 FHEBRMEFREFUZNAR AT EEER
2R EREZESEMEMN

4 pg/mL % H G R HY S 41 4 2R A b 2
XPEF AT 808 BAIMR B L P 2 AR R R B
FRWMGEE 4). BRI P S804k Py gt
RRREAG, AR ERH THRAHZHENAED &
B o R H G B A BT B M Y 2 0 2k R
11.11 mg, %NTHRZH(7.22 me)dRin T 53.9%; I
A B ik 34.71 me/g, EXTHAZH(15.04 mg/g)
(1) 2.3 £ 5 R W LA 4E RPN WS LN 205 5
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1 10.58 mg, BRI 46.5%; M ZHE
WP 30.23 mg/g, BXTIEAIIEE 101.0%., %
A PP A B ] T 224K (R e R0
ST 808 NP 2 BE B R R, L 2R H e
AL AR R R 2
2.4 KEPEBEFRPEAE RN REIEST Z1E
ARk EEEERIAREESEN

7E 4 pg/mL ARV EET | 28 H e AR 3
SR 2R Z AN S T A 20 A R O L
H 2B (P<0.05, W& 1) PR W ma # 4 b AL
iR Ak il 2 [ (LeUGP) 3 35 1t T ¥/ 2 XF B 41 1)
30%—31%, MR A 2 Wi A8 6 g SE DN (Le PGM) R 3R

N EX IBAR 31%-40%, R %8S
FEEL R (LePGI Rk 5 TR ZEXTE Y 22%-25%
LeUGP Fll LePGI JERTEWIFp b T SRk o i 2%
Z5(P>0.05), KHFEREXT LePGM S 6
Y 200 TR H 4T 4 N (P<0.05), Fikh
BaHE KL 9%,

R FE Ok e R i 21 4 2 Ak B I 5 )
T AN ZHEA RGERE T 3 RO Y 16 M
(B 1) 7% F R RN R R S 21 i Z AN AL BT B R
A SRR B (PGS P43 312 90.91 Fil 85.65,
JEXTREAY 2.38 Rl 2.24 A5 B A A0 AR 7 i
(PGM)FERITE P, (B P FP AL BT T HYE

®2 FEIRERPREMBRPREAEZNR G EHEELE KM

Table 2 Mycelial growth of Lentinula edodes under different concentrations of benzoylamide and sodium carboxymethyl cellulose

ib e AR
Treatments Concentration/(pg/mL) Growth radius/cm
3d 6d 9d
Xt HE Control 0 1.41+0.010 be 1.81£0.026 ¢ 3.09+0.026 b
i 1 1.38+0.030 ¢ 1.81£0.026 ¢ 3.11+0.036 b
Benzoylamide 2 1.42+0.026 be 1.85+£0.017 be 3.11£0.036 b
4 1.56+0.036 a 2.00£0.026 a 3.25+0.066 a
8 1.47+£0.050 b 1.87+0.036 b 3.21£0.035 a
R LAY RN 1 1.41£0.025 d 1.85+0.026 cd 3.2240.017 b
Sodium carboxymethyl cellulose 2 1.55+0.026 b 1.91£0.017 b 3.23£0.026 b
4 1.68+0.026 a 2.23£0.020 a 3.44+0.026 a
8 1.50+£0.017 ¢ 1.88+0.020 be 3.25+0.017 b

T B PR ERE (n=3); A —FI A/ ING FREOR 2253 .35 (P<0.05). TIH

Note: Values are expressed as the mean+SD (n=3); Different lower case letters assigned to values in the same row indicate significant

difference at P<0.05. The same below.

*3 BMRLE T ESE KR REREES

Table 3 Activities of Lentinula edodes lignin-degrading enzymes under two treatments

b3 PR AR A Hod AL YE
Treatments Lac/(U/mL) LiP/(U/mL) MnP/(U/mL)
T HE Control 92.61+2.37b 0.37£0.14 a 820.98+19.10 a
A HIBEME Benzoylamide 48.52+5.05 ¢ 0.15+£0.07 a 714.79+32.32 b
R ILLHEE N Sodium carboxymethyl cellulose 113.37£6.80 a 0.47+0.20 a 727.88+5.06 b

T4 MMLEBEFHTEEEVERBANESESE

Table 4 Biomass and intracellular crude polysaccharide content of Lentinula edodes under the two treatments

b3 EEL7/i oy

Treatments Biomass/g

JL N 2
Intracellular crude
polysaccharide concentration/(mg/g)

SR Z 0
Total intracellular crude
polysaccharide content/mg

X8 Control 0.484+0.016 a
KH WG Benzoylamide 0.32+0.024 b
e B AT Y R 0.35+0.014 b

Sodium carboxymethyl cellulose

15.04£1.490 b
34.71+0.621 a
30.23+1.641 a

7.22+0.262 b
11.11+0.770 a
10.58+0.363 a
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i g
Benzoylamide
A g
ﬁﬁj%_ a a T
K32 10} I I |
£57
S %=
EZS o5t b b
= Opn b b
SEQ b B I
,%‘45 I
[«
&
5 0.0 — — —
7% 272% 27G%
5 9 5 E Y E U B
_— E O ] —_
= 5 2 2C° ©2°
N N N
= f=1 =1
L L L
m m m
LePGI LePGM LeUGP

1 FHLIET 2SR X BEBEEREA)REHE®B)

e F EET 4 2564 i) it

CMC-Na Control
B
a
150 -
=2
2
=
w5 1001 a a
£
1
g 50t b
53 1 "
= b
0
22 % =228 =22 °¢
£ ¢ = g ¢, & g ¢y =
52 8 g§L 8 g8 9 &
22 ° 2C° TEC
N N N
= = =
(%) v L
o) ) )
LePGI LePGM LeUGP

AN REFOR 54 N 22 7 .2 (P<0.05)

Fig. 1 Expression (A) and activity (B) of key enzymes involved in polysaccharide synthesis under the two treatments. Different

letters indicated significant differences within groups (P<0.05).

PE(P<0.05), v 2% W B g () & VR RO Ol i
2 ; UDP-# 2 Wi 2 R AL B (UGP)TE ¢, 2R
FH Tk Jri (b B R HE Pl 138.021, 298 FY RL4T 4k
RENAIXRE IR 2.06 1 2.21 5.
2.5 FHABBEMERREAEZNERLIETE
A PRI S IE N

JIT A A BRZE 1 it PR 22 A4 98 B YR R ARl
PERY DPPH H HESHFRAE I (] 2). 7E 1.0 mg/mL
WL, PR B Ab PR AV IR Rk 97.25%,
3R TR W A 4E R BIAL PR (P<0.05), AP

A HRZH T BRACR B B E L T IR (RS
15%—20%), 7K H i Ak JHR 20 A 453k 3 i 40 6
AR BT BRACR

ML AT O IE bR 1A i 25 5
R AL BRZHAE 0.2 mg/mL B A SRR R
(74.84%) , F2& H SLET 2 AL PRATIE R e btk 7
I, 7€ 0.4 mg/mL ik K {H(78.48%), X
HRZH T BRI RAR(0.2 mg/mL ) 56.26%).

FAE B L (-OH)YE BRAE 1 & 4b FHLZH 5 B
RE AR BN o T B SR B VA B n i T R, SRR

o AL YR H RELT 4 3244 ~o— X1 —— HEAEEC
Benzoylamide Sodium carboxymethyl cellulose Control Vitamin C
A B C
100 ¢
§ 100 + /_’°\9—0 ’.\:\ﬂ_o\e: Q@§100'
E — & 2 I e T
¥ 5 o80f . kLo Iz, %0
& g g = =2 60
=S 60 "5 E5 |
Ao R o a0 2 |
g B O @2 N
B A L Fiigar B o =
02 04 06 08 1.0 02 04 06 08 1.0 02 04 06 08 1.0
EZ0 NS E2 i E2

Polysaccharide
concentration/(mg/mL)

Polysaccharide
concentration/(mg/mL)

Polysaccharide
concentration/(mg/mL)

B 2 FiHLIE AR S X DPPH (A). O™ (B)F1-OH (C)&MZE
Fig. 2 Scavenging rates of intracellular crude polysaccharides against DPPH (A), O* (B), and -OH (C) radicals under the two

treatments.
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AR HEFY, 7F 0.2 mg/mL B}, 2K kA Ak B g
TH B R E5 15 (53.41%) , PRI AL FEZH A 45 AT B Ak
88 i AT X BR L (P<0.05)

3 it

FEM AL AR, JC IR 0 ER
BRASAEET, KRS CHAEH (Keating & El-Osta
2015). AP B EAE 0 0 5 T+ 5
S DNA R B, T i $a 35 R 26 5k
(Donohoe & Bultman 2012; %345 2015; Chen
et al. 2022), HMEESINAGIR B JLLF4E 25 7] S
4 1t BE B AH ELAVE R, R ) EE 25 A AR E
(Liang et al. 2024), 7K H BEREAE R —F/N 1k
B0, T REIE AL 5 ) 20 B P 4 A a8 A% (461 G A
Tk Jiie B M — A AP RR INAD RIS %), 1T 9
212K 112 2 AL B (sirtuins) TR 2, B i As
[Al 221K (Zheng et al. 2020), ARSZHEH, W0
4 ng/mL & P HELF4E 22 B (CMC-Na) Fl FH g %
S R 22 A K K RS . PRI CEAR)
SR HEIE TR 22 AR K MRS TR WA T R 22
B AR, 7 A R R SR Y R AT R TR
FhBSE I 5500 L IR CEAR 9 d, BARS IR 45 d)2=
Sto oK H L BB 2 E AL R A R, 1
CMC-Na 7E ¥ {4 s o] E14 fin k% 77 3L 56 B (Huang
et al. 2018; FHLZE 2023), HEIRFIRE T
il T 224K (AR R0 T A 4B 808 ML N
MR, 2R B BER A SRR B
o X —IG R, I R R H IR AR
FLLT Y AN 0T g 18 Ao T g A A A i &, BOE
52055 A&

2 T L2 4 25 4 (CMC-Na) R 2K H it e 1 g
ARG 22 WA I AR A28 114 6 B It (O ol 21 2 e fit
A R ), H 2R Wi 2 30 S5 19
PEFEEF(PGI: 2.38 fi; UGP: 2.21 %), XFP
PE A F 22 5 0] e 5 P Rl AL & 90 (4 43 F 45 4
SRR G R H R vT RE T 5 SRS PO As S
ol A R R A e R B ek . (AR
&, FERFRIRKOE (AR AL 5 S AR A 8 4
—3, FORPIFMEEYIBR T 52 ma B % s K,

i T RE A 2o 5 SR R R A AL R e O IR Y 3R GA
(Obata et al. 2004), F55lJE7K H BT LePGM
FE R AR S B RE T AT RR S T4k
TPk 7 s A T D RE A 56 . T BB R R L
BRI, RIS Ak H S B R A R (a0 A
LR BE AT IE 2.3 %), AIfE@ Sty
S A DG BE PR B 5% s (AR = 4 il 5 i B
1), HEHENME RGN, aksi
B .

Z WP A RE 1 32 FLEE R RRIERZ ), N4y
Tt HLfr oA SR AR AR K AL A U S
% (Zhang et al. 2018 ; Fernandes & Coimbra
2023). AMEFEH, R B AL R A TR 22 A0
ZWHTE 0.2 mg/mL I %} DPPH [ i SL I ER 2 2 )
HEZH B 1.52 f% . 3X AT REE 2K H I frie b B mp
UCAR Z2 W5y S5 (3 5 FLAILSRE ) (Wang
et al. 2009), MHREF P ETEH: . RH Lk
N ] AE Z2 B 51 AR B 2L (-CH,COOH) &
A, AU 0T Z2 05 00 K P P R R I T
(Wang et al. 2023), 7 T H Y AL 24 o,
TS o S oAb A F RO EAE A . TR
FH £F Y R R I X A 4 TR 22 1R 2 b
T T 2 W ) ELARHILTR B 5 UE— 20 T e 2 hE 4
F 537

(RN

MRS e B SBY; FHAM . oK.
SRR S s B B A SRS 5 PRaR
A WICH G IR SO KR

F 25 v R 7= A

PRI TEAAFAEAT ] T A M) i b 8 ) R ol
W55 K2R
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