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Effects of Ganoderma lucidum crude exopolysaccharide on the mycelial

growth of Pleurotus tuoliensis under normal and high temperature

SUN Huixian, ZHANG Jing, GAO Qingyun, GUO Yuxiu, SUN Ning, BAN Litong, LI Yiting

(College of Agronomy and Resources Environment, Tianjin Agricultural University, Tianjin 300384, China)

Abstract: To shorten the growth cycle of Pleurotus tuoliensis while mitigating the adverse effects of high temperature on
its mycelial growth. In this study, Ganoderma lucidum was used as the test material. Crude extracellular polysaccharides
of G. lucidum (GLP)were prepared via liquid fermentation and precipitation with ethanol at concentrations of 70%, 85%,
and 100%, abbreviated as 70% GLP, 85% GLP, and 100% GLP, respectively. The effects of these extracellular polysaccha-
ride fractions on mycelial growth rate, recovery rate after high-temperature stress, hydrogen peroxide (H,O,)content, malo-
ndialdehyde (MDA content, and intracellular and extracellular enzyme activity of P. tuoliensis were determined. The
results showed that the total sugar content among the different fractions of crude G. lucidum polysaccharides followed the
order: 100% GLP>70% GLP>85% GLP. The results showed that the total sugar content in the different crude GLP frac-
tions was in the order of 100% GLP>70% GLP>85% GLP. The 85% GLP fraction at 3.0 mg - mL"' exhibited the most
significant promoting effect on the mycelial growth of P. tuoliensis, with the fastest growth rate reaching 7.13 mm-d", and
significantly enhanced the intracellular and extracellular enzyme activity of the mycelia. The addition of crude GLP
promoted the recovery of P. tuoliensis mycelia after high-temperature stress. Among them, the 85% GLP fraction showed
the optimal recovery effect after prolonged stress, with the fastest recovery rate of 5.54 mm - d"' at 12 h. Meanwhile, it
reduced the accumulation of MDA and H,O, in P. tuoliensis mycelia, improved its stress resistance, and thereby mitigated

the negative effects of high temperature. In conclusion, crude extracellular polysaccharides from G. lucidum can promote
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the mycelial growth of P. tuoliensis, significantly enhance intracellular and extracellular enzyme activities, and alleviate

the accumulation of H,O, and MDA in mycelia under high-temperature stress. The results of this study lay a foundation

for the efficient and stable development of the P. tuoliensis industry.

Key words: Ganoderma lucidum exopolysaccharide; Pleurotus tuoliensis; Mycelial growth; High-temperature stress
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1.1 #H

R T 2024 5 12 H F 2025 4£ 5 A REK
LR PR S TR S e . R R
ZEMEH R TNOL B A RIE T RER =&
FH B R O
1.2 RZRaIMEZHES & KA NE
121 RERAKAE RHIEEFE:H 200 g HRE.
20 g i % FE .20 g TR K 1 L PDA K985, 4 %%
TAE MR &R . FE I R 2B A 4
FERE R, 25 °ClEERE % .

PR IR AR 2 A KBS E W B R R 2
WRBG TR PRy K97 . (I 0.5 em T L3R
FT4L.

IRIZ AR R 55 57 - AR 8 ok R [R) S50 1 1 2
Ll R 2B 2 AR R R 2 W d 0 B 97 2 R B A1 T )
WARKE IR . B FR FEICTT : KHLPO, 0.1%, MgSO. -
7H,0 0.05% , (NH.) SO, 0.2% , & F [l 0.3% , JiE Bl
5%, pH 5.0 FFHCH| GF PR AR 7735 40 2% 2 250 mL
FIHETCI Y, BFZ) 100 mL 85 5R3E . AP E 3
Peo B HER e BB IR R TON 25 °C 200 r- min™ %
YikidE 7d.

122 REZRIBESEHEEHEHESEMNE XK
FH 43 R BE DT 7 " 70% 85%  100%%5 3 Fli A~
[V B () WA IR AR AL 401 b R B AT BE UL,
AT IRIERE 3 MR R Z I Z 8, dw's
N 100% GLP.85% GLP.70% GLP, 4 | % i & I
SR FH 2K By Bt B 35 0 a2 3 20 i 40 R 22 0 1) e

EL[12)]
o
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1.3 BRBELEKAE

1.3.1 EAER 200 g LA A& BB G
%20 g (I ELBIBLH] 1 L PDA 853535 . K lCIT m 1%
FRIE B M B AR %E TNOL W&, B il /)
M. B85 M A R E 24K 251G M B R
AR BT o R TR 22 A3 T AR N 328 B TR 22 AR KA
PR TR AL AT AT FLEE

132 PDA 5 R ¥ M %#-PDA 3E5xA6041%& &
HIEL 100% GLP.85% GLP.70% GLP 3 Fili 2 #i 1% &
1 R ZHM 2 B IR B 77 o ) R 20 2 W5 -PDA 5
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Table 1 Formulation of GLP fermentation medium

(g-L'D
e p(HRE p(HEND  pGElE)  pCGHZHD '
No. Potato Dextrose Agar Crude polysaccharide
content content content  content
CK 200 20 20 0.00
1 200 20 20 0.05
2 200 20 20 0.10
3 200 20 20 0.15
4 200 20 20 0.20
5 200 20 20 0.25

FIE, SRJE N 120 °C.20 min =5 K, f51FAR
DL JE S .
133 aR#RELAKERLNKSE  $hik 1.3.1F
KRBT 1 R % B 22 P4, 1 om 4T FLARFT AL,
ralEEM AR 1.3.2 it i gR A MR 2 K3
134 FiEhia w24 KK Bhik 1.3.1 &
KA BT (1) R 3 1 22 PR 2R & 100% GLP
85% GLP.70% GLP AN[F]¥ B 1) R 2 2§ -PDA ks
IRtk 50 A B R R b U 2 E 3 4H 37 °Ce
e . 3641 (70% GLP.85% GLP.100% GLP)
FUXEFEZH (PDAD LA 2 h Ay fefi 55 A Y sk 388 s il oy 38
6~12 h, =M B SE RS T 25 °CIR R 15 9% 48 h, If:
WES AN CK) . MEREZEL, 5T &AW
22 KNG UL, F B 2 R AR R R
1.4 SEMPIRNE

Z {R sk R LRI 5 IR RS AR sl 52 41 4k K il
T VE S SR F DNS V2 52 FF il A S0% Bl 0% 1, SR
ABTS V2 5E FF b BB S M SR H A 60 AR By ik ) &
A (POD) G, R R EERA
PR A =) 2 At 0 X550 6 43 ) e A 0 AR Ak AU
(CADVEME G EMHEEE N (MDA & &
1.5 BuRSH

K H Excel 2010 #2047 H4ls Gi it 73 4, R H
SPSS 26.0 X H4f A7 22 7 B 2 % 50 T o

2 GR50
21 REEHZENREMIMIZEERS R

EEMNFN

g5 B 2 fros, 70% GLP. 85% GLP. 100%
GLP AP 1) R 2 M S H 22 Wi 4 7343 265393 8 3,70
239 52490 g L' 3 NG H, 100% 3K B £ P B
DURTIS I 2 W13 R i i, /& 85% GLP 119 10.4 1%, /&
70% GLP [ 6.7 f%. H H 100% GLP & B & &

1, N 95437 mg- g, 85% GLP HBE & S &A%, N

715.61 mg-g', ~H ZEF W3, 70% GLP [ & &
T W& 2 1a], H 5 100% GLP 1 85% GLP % FAN

EK% o
*2 REZMIMESREESE

Table 2 Yield of crude G. lucidum exopolysaccharides

Hor (GES wCERHD

Fraction Yield/(g-L™" Total sugar content/(mg-g")
70% GLP 3.70 830.86+6.30 ab

85% GLP 2.39 715.61£18.27 b

100% GLP 24.90 954.37+£17.83 a

W FFIA /NG FRERIRTE 0.05 K FEREZE. .
Note: Different small letters in the same column indicate signifi-

cant difference at 0.05 level. The same below.
22 REMIMAZHEN B RIEEZE KT
221 REJIMSHEMNE LA KR E R EMDF
HMEHra HR 3 AT, 70% GLP 453 1) 2 HER
TR EE Cp, JE TR N 0.5 mg - mL! i e 22 2F KT B
P, N 6.68 mm-d', B CK & F M T 25.09% .
100% GLP 4173 Z ¥# 3.0 mg- mL" 78 I3 I, B 22
AR B CK 35 42 &1 23.03% , (H LE 7S Ik &
0.5 mg-mL" B0 B 22 1 A K R B AT B A A
#i1EH . 85% GLP 443 f£ 1.5.2.5 1 3.0 mg-mL"'
WENEZAEKEES CKHEREEZSR, Hh
£ 3.0 mg-mL " IR A KGR A B, 3k 7.13 mm-d,
B CK B2 $E 0 33.52% . GBI AN R BE AN R 414y
X 22 4 KA 2 W, R B 85% GLP 1E K
9 3.0 mg-mL" B X B 22 A K R AR A et
I, JE4HEHL 3.0 mg-mL"'85% GLP BEATEHEEI E ik
5.

£3 TERE GLP M ARFEE L4 KEREHEN

Table 3 Effects of various concentrations of GLP on

mycelial growth speed of P. tuoliensis (mm-d")

p/(mg-mL")  100% GLP 85% GLP 70% GLP

CK(0) 5.34+0.14 be 5.34+0.14 ¢ 5.34+0.14 b
0.5 5.18+0.62 ¢ 5.61+0.28 be 6.68£0.22 a
1.0 6.16+0.23 ab 5.78+0.29 be 5.624032 b
1.5 6.21+0.38 ab 6.1240.29 b 538051 b
2.0 6.33£0.22 ab 5.74+0.06 be 6.05£0.31
2.5 6.18+0.11 ab 6.82+0.10 a 5.80£0.28 b
3.0 6.57+0.20 a 7.13£0.20 a 5.36+0.11 b

4 5K 1 A7, 3 FiofH 2 50 5 R 45 5 2
[ 3 L BB L 2 B DL R T[] R — JE IR 5%
W, %4 AN T 0.5 F12.0mg-mL' 70% GLP.
2.5 F1 3.0 mg-mL"' 85% GLP LA /% 3.0 mg - mL"'
100% GLP [ 1 R % B8 22 3% I 8] w] 45 468 7 d
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Table 4 Mycelial growth status of P. tuoliensis under various concentrations of GLP
L . [EEAS N EARE B AL T LS 7] aeEt [EEA S N AR S A T LA 7]
Treat- (me- o) Myecelial Myecelial Mycelial Time of full || Treat- (me- o) Myecelial Mycelial Myecelial Time of full
ment g'e vigor color density colonization/d|| ment g'e vigor color density colonization/d
70% 0.5 -+ EH R 7 100% 0.5  + A K 9
GLP Pure white Dense GLP Opaque white Dense
1.0 ++ A B 8 L0 ++ wH W 8
Pure white Moderately dense Opaque white Dense
L5 ++ WH B 8 L5 ++ WA WE 8
Opaque white Moderately dense Opaque white Dense
20 E| W 7 20 4+ A S| W 8
Opaque white Dense Pure white Moderately dense
25+ lE1=! B 9 2.5 4+ ICIE! B 8
Pure white Moderately dense Pure white Moderately dense
30+ A W 9 3.0+ 1= B 7
Pure white Dense Pure white Moderately dense
85% 05  + IS B 9 CK 0 + IEaE! B 9
GLP Pure white Moderately dense Pure white Moderately sparse
L0 ++ A Liea 8
Pure white Moderately dense
15+ WA W 8
Opaque white Dense
20+ E| W 8
Opaque white Dense
2.5 WA W 7
Opaque white Dense
30+ &H R 7
Opaque white Dense

AR KR RN KA RS, -+ ROR KA RE R

Note: + indicates fair vigor, ++ indicates strong vigor, and +++ indicates robust vigor.

A 0 mg-mL" 0.5 mg-mL" 1.0 mg- mL"

70% GLP

85% GLP

100% GLP

70% GLP

85% GLP

100% GLP

=S\

WA ARG 6 RV 224 K500 - B A A 10 R 2278 KA 0.
Note: A. Mycelial growth status after incubation for 6 d; B. Mycelial growth status after incubation for 10 d.

1 BREELEKEFRL

Fig. 1 Growth status of P. tuoliensis mycelial

- 130

1.5 mg-mL"' 2.0 mg-mL" 2.5 mg-mL" 3.0 mg - mL"




5541

PNEIR, 5 . RZ AN 2RI H IR -5 i PR 5 R % B 22 A4 K A i

X BE R 5T

(CK JF LI A2 9 d) , 1% — 45 5 1 22 A4 K B )
MM EE R —5, KB 1-B 28 7R 10d 5 E £
ARORES , BT B SR 4 3 A GLP 41
I3 I R o 2B CK B ONIRE , Bt 5 i
Ho LLE&ERRI, GLP MU et b1 R %6 b 22 4
K, 3 A] B B G A SRHIE

222 RERIN S HET A R %M shBs 5 e A B
A Heh W AR w2 KRR R 4
B, ¥ H 3.0 mg-mL" 85% GLP #H47 i iE PE I 2 iR
9. MR S ATAL NN 3.0 mg-mg! 85% GLP R 2
FH 22 W5 10 1 R % T 22 1) 2 4 2 T R SR B Il L IR il
WA 102.13.113.61 5 122.17 U-mg", # CK

Iy EE R T 46.11%.32.34%+40.96% . INIITHL
22 IR R 0 T 22 S M R T AR S A 2 W
X HE, AT HEIN R 2 22 W ] DU R X 41 4 =
il A SR G AR PR P Je8 Tt e Bl v P i 3 T
K,

3.0 mg-mL" 85% GLP X 4 7 % ifd 4 B3k 14 1)
R g R B IR (R S, i in T R ZH 2 ks R A
(1 1 R % b 22 (1 S S BE TR 1.82 U mg !, i
ANYIBEEETE N 12.00 U- g, 5 CK 4 5l B & 31
7 91.58%-.83.76%. HIMUEH,85% GLP nJ LA L
P 1R % 40 9 P AR TS  , AR 2R 58 e
i R 4R B A5 A

®5 BHLRAENKEINEEM

Table 5 Intracellular and extracellular enzyme activity of mycelia

e LR YRR P8 Bl pUIKE =R E =Nl 2R TS A R
D Cellulase activity/ Xylanase activity/ Laccase activity/ Catalase activity/ Peroxdase activity/
Treatment r N 1 4 a
(U-mg"H (U-mg" (U-mg" (U-mg"H (U-gH
85% GLP 102.13+9.17 a 113.614+2.50 a 122.17+£7.13 a 1.824+0.63 a 12.90+£3.13 a
CK 69.90+6.10 b 85.85+8.61 b 86.67+11.96 b 0.95+0.08 b 7.02+1.75 b

23 EEMEFRHTRZRIIMEZENARER
22\ S H AR E IR0

MR B 22 Az KA 6 1) 07 8 45 SR, 49 il 32
0.5 mg-mL" 70% GLP.3.0 mg-mL" 85% GLP Al
3.0 mg-mL"' 100% GLP %5 3 MR ARIKREH, i —5
PRI AR GLP 4530 1 R 4 R 22 i o 1) 4% fi
Rk I g Rk 6 B, i in 1 3 # GLP 1%
Fr PR 22 1) PR O TR E AN [ 3 I () %R R B
T [ Pl 3 e TE) B PDA 2H CAb B R 28D , 1 ELFiE
5 WA I 1) R RE K , GLP o) B 22 1K 5 i i 3 SR 3
AEBEER . 412 h gk, 70%
GLP.85% GLP 5 100% GLP H 5 £ Pk 5 4= K ik i
P10 % A AN [R] e 38 B ] R SR R AE, 23 o
4.82.5.54 F1 522 mm-d"'; 1fj [F] 33 b 2R X} FEL 40 (PDA
HOTE 12 h Whid 5 1 e 22 Pk 2 AR KOl AN
4.18 mm-d", ZHIUIN GLP 7] A Zoin b s e il 5
1R 4 b 22 B AR AR, B 2 R AR v i 1 )
A 22 3% A 35495 H. 85% GLP X K I [a] vy iR ol 3
Ja H R a2 A KR AR AR T H A 2 Fl
GLP.
24 REMIIMEZENBRERLSRMERT
FUERAR_BEEEHIFM

BT 85% GLP %% fift H R % = il W 18 1) 2%
RECONEZE Rk — BRI 85% GLP Xf H R 4
i E 12 h JE A S AR R T A B

*6 =RMBETE GLP MARGELIRE
ERIEERIF M
Table 6 Effects of GLP on the recovery growth rate of P,
tuoliensis mycelia under high temperature stress

(mm-d")
b3 [ eI 18] R S
Treatment Stress time/h Recovery rate
70% GLP 6 4.2840.45 bed
8 4.344+0.15 bed
10 4.73+0.48 bed
12 4.8240.37 bed
85% GLP 6 4.28+0.13 bed
8 4.294+0.21 bed
10 5.13£0.38 bed
12 5.54+0.52 b
100% GLP 6 4.38+0.31 bed
8 4.2740.16 bed
10 5.18+0.27 be
12 5.22+0.47 be
ALREXT G4 PDA 6 4.08+0.49 bed
8 3.79+£0.25d
10 4.03+0.24 cd
12 4.18+0.14 bed
ZAXIRA CK 0 5.78+0.31 a

OLITEZM . FH B 2 AIAT I T 3.0 mg - mL 85%
GLP &, AJ LA 25 ek /D> e il W 38 f5 1 3R 4 48 i 1N 1)
MEMA SN AR, 85% GLP 44 4 i
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@ A /% Malondialdehyde
O jd % b A Hydrogen peroxide
a

w60 a 520

3 b 118 n

£ 0 {16 2
22 112 & E
118 30}t {10 =E2
=g los ¥ %
S 220 ¢ los 2%

= 04 2

S 10 t 1Y o)

ki 102 =

§ 0 : 0.0

85% GLP Jb3E XTI ZH PDA
Kb FE Treatment

A FA/NG FRERORTE 0.05 KRR .
Note: Different small letters indicate significant difference at 0.05
level.
2 SEWMERELTA_BMIEHUESE
Fig. 2 MDA and H.O. content of mycelial under high
temperature stress

T EALE S &N 0.98 pmol - L, 8 PDA 4 (4b ¥
IR B N BT 42.35% . PDA 41 i) MDA
& & N 50.53 nmol - g'', 1M 85% GLP 4 1) 1 £
MDA & 5 40.23 nmol - g, % N T 20.38%.
DA &5 B L 85% GLP 2H 43 Al i i 5 2 PR A & 1L
B JE B R W 2N f A ST S &
A R A LTS 5 1) I S A AE 20 N () i
AR R T R AR 400 4 0 A i 25 ) S D e A
IR R A ot T 2 S R ) R 35N o

3 W4

THEZHEE BN EGHET B
S FRAY, B E B 10 AN LA SR & b
RN AR AT, A 2R A 2 R o B Al
TR B E& B 5 v AR 5y FLAG PR B
NS ANE A TR A =07 a3 R BE TR A
WA 2 B 7, W LA R 2 TR E N2
WA B, B O Bk, 200 TR &
NS Z B T E AR, A E A —
TEZESE . DA FUUESE , KA1 5 2 B R Vv 2 1
B A ERZE, AMUAFIT B B IR e,
AR AEER. MK FRELZHEERE
(e 0 S FE AN R 3, TR T R PRV PEAE P 4
AW FC R EE &5 e %0, 7E 70% GLP-85% GLP
F1100% GLP %5 3 A2 HEH 77, 85% GLP [4EY)
T T A R, FEAR B 1 R i B 2 AR K R G A L v U
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B R R NEE. EFEENL, RE 85%
GLP 7> 7 i & KT 70% GLP, {5 A Wnid v 2041
T 70% GLP. X—&5REW, T REFFREL
BEAEYEYE R ME— R 3%, HOd e v R 5 2 W5
RN A= AR A IR I R ARV N (RS B |
9‘% [24-25]o

RZZPECOHE L B A PUEEA g ik
Fe LA G P2 7290 A g A A A K DA R 31 A A 9
SN0 2 R AR i L (H R 2 2R e
WA KR E DA s T AR . iR A
WA KB W Wk 1R 25 TR UL R AR R RS
AKIATFICEH) 2 H T EHE NG Guo 5t
LA L 38 29K P 5] I 2R el Wk T R AN 28 2R
REfE it W2 AEK, EORIE N 5.0mg- L
W iE G 2R K. 254 5 SR R A
B A IR AR ER, AEREE LR
AT AR 2K, B S0mg L' R ER AR T2
o E AR AR B RS . FEARREEH,3.0 mg- L
85% GLP {i #F H R %5 T 22 A= K 1 38 5 5 % fR 41
(CKOM EL ST T 33.52%, 21 4 K 1 A R B
5 ETER CK 0 B354 1 46.11%+32.34%
55 40.96% , ik A S 5 il A AR 1 AL CK
SRR EIRE T 91.58% 5 83.76%. 1 HisnRZ
LR 22 08 TT LA 380 v 1 R TR 22 T A 4
H R % B 227E 37 °C R il 12 h B, 5 b %y BR 20
FHEE, 3 Fh R Z AR 22 0 35 mT DAg i B R 2 T 22
W G A K . Forp 85% GLP & 1] LR 3 [%
ARG M2 AL A SN &8, & iR
Joip i B R g B 22 SE A RO . DL R
K, R ZHAMH Z BEA A B i B R 4518 22
A, B M B VS P 8 AT E i PR T LA AL R
GGt BRAR iR o i A A R B, AT
SR 1 R B 22 T A A SR AT, R R R A
Ko HHEDBEEML, & E 2 R ED A K
S ELA NI E AT Cay AR P B A v 17 184 &%
RAS P SRIES 2 (FSk B 246 5k k
B SRR A, BB SR st R L R R LS AT
WU P2 (A% 00 75 3K, LA P~ i R T 45 91 5 T R4k
i

25 L FTIR ,85% GLP 7EiRFE N 3.0 mg-mL"' i,
FON B R B 22 AR KRR AR e i AERE IR
NN R Z M SN 2 B85, v DU B R 3 1 22 4
I 52 v M AN S 9 SRS P, H 85%
GLP AT DA 3 PR B 2 N i At S A & &, A
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