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Study on growth and metabolites accumulation of Ganoderma lucidum mycelium
by cadmium stress
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Abstract: Objective To study the effects of cadmium stress on mycelial growth and accumulation of metabolites in Ganoderma
lucidum, and to explore the mechanisms affecting growth and accumulation of metabolites, and to provide evidence for controlling
cadmium in the production and cultivation of G lucidum. Methods The mycelium of G lucidum was cultured under the conditions of
heavy metal ion cadmium concentration of 0, 0.5, 1, 4, 10, and 40 mg/L, and its biomass accumulation, intracellular ROS level,
membrane oxidative damage, anti-oxidant enzyme activity, and ROS regulation related enzyme expression were analyzed. Results
When the concentration of cadmium reached 4 mg/L, the mycelial growth was inhibited. The levels of intracellular ROS, H,0,, and
MDA increased significantly, increasing by 76%, 46% and 325%, respectively, and increased with the increase of cadmium
concentration; The NADPH expression levels of oxidase gene (NOXA), superoxide dismutase gene (SOD1 and SOD4), and CATalase
gene (CAT) were significantly up-regulated. When the cadmium concentration reached 10 mg/L, the inhibitory effect was significant.
The colony growth diameter and the dry weight inhibition rate of fermentation mycelium were 26.15% and 32.78%, respectively. The
total triterpenoid inhibition rate of G lucidum was 33.7%, and the inhibition rate of total protein synthesis was 30.3%. Inhibition of
polysaccharides was not significant. When the cadmium concentration reached 40 mg/L, the expression levels of Ascorbate peroxidase
gene (APX) and Glutathione peroxidase gene (GPX) were significantly up-regulated. With the increase of cadmium concentration, the
activities of SOD, CAT, APX, and GPX increased first and then decreased. When the concentration of cadmium reached 1 mg/L, the
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activity of GPX decreased and the activity of APX increased significantly. Exogenous addition of diphenyleneiodonium chloride
(DPI), N-acetyl-L-cysteine (NAC) and vitamin C (VC) had significant effects on cadmium-induced G lucidum clearance of ROS and

reduction of MDA content. Conclusion Cadmium stress causes the decrease of mycelial production and metabolite accumulation of G

lucidum, which may be due to the inhibition of GPX activity by cadmium ions, resulting in the accumulation of H,0,, causing the increase

of ROS level and membrane oxidative damage, inhibiting mycelial growth and accumulation of metabolites, and regulating NOX.

Up-regulation of gene expression results in an increase in anti-oxidant enzyme activity and expression to increase the clearance of reactive

oxygen species. Therefore, the cadmium content should be controlled within the range of 1 mg/L during the production process.

Key words: cadmium stress; Ganoderma lucidum (Leyss. ex Fr.) karst; ROS; NADPH oxidase; anti-oxidant enzymes

R Z Ganoderma lucidum (Leyss. ex Fr.) Karst,
1881 £E 7 X U< [El BB 2% K Peter Adolf Karsten iy
Y, RETHWNZAWR R Z/AER, SHREH T
MziH a2 ", AAILTHENL. REGHE
6. 2R, =mR. RoER. MR, A4
L P MRS, BARENZ RN ER Y. B
HF R R Z BHA 2R 3AEH, BAXEZE
YER 5 1S H WA BN B VIR .

IAERAR (Cd) SR H ™ E, Cd ZREEE
R TTER L —, AR R, fERFESE
5P, Cd AR AL TR IR, (HAREI JNAIA S
WNHERNEREE Cd i, XTI Bl BIhag
TR B FEARIE R E P2k P E R Cd T4
RN 23.35%, RAZEEEGRH0, R
41 (WHO) Fika ER e LAk HE (FAO) BfE
1972 5 4% Cd 9™ B S5 3, AR T3
th &z R AN, B85 X E BT 7L (TARC)
FN—ZEE . Cd Bt sE e e B A B T A
T BB TEERE TR EEA LRSS AE,
AR I PR AN TR I NG, X2 A B A
S, RZMREETZ Cd I5Ym, NP E 5,
TEEE T RZAK SR, Cd YR 2 gtk
A3, BIEEFNK, BAHERZRAESE, M
[LIE2E RS

ML TE S (ROS) 2 41 A A AR Wi 75
ey, BfEE AR, ST OBEEN ST H
HI 545 . LR ROS /K-FAE & KB ALBEN 2 5
T T Bh AP HRA, AL 2 B4 R
J&, 2ffi ROS 74 5 kRl 2 2520, 8 ROS
KPS o 1k 22 1) ROS BEf% 51 A2 I A 2k A 5 e,
A FREFIER A 5T DNA #0558 SRR N, 75
ARG 1R NS 5T, ROS TEXTIAEE
O S N ke A B AR . BEFE R, Cd BT
PUBIE AN F 842, SN ROS K Bifr 2
D/ PR I BT R R A LR S 87 N5 R N AR R T

B EEANH AN M), 5 S NADPH SZ4LREE (NOX)
WEIK, WoE NOX yEHEM. e aEm AR, R
ZAE Cd i T2 SEEYE AN, BERES &
N, B R A PUEA RS, R A5
HALEY (NPT) RIERZERIRME cd FEERD,
B Cd ia st R Z B 22 i ROS JOn T 22 S8k 451
S B 0 A B

AW RAHESE Cd Pl ks R 2524k,
PRICHN R 2 2 A A K AR = AR R,
[ B R e A K R AR P AR R, i —
i R 2 B iR BRI, N
AR R T R R A SR K, X
T R KA B EEZ R
1 mREERE
1.1 EMRIRF

FE b W 5 b [ A P o RR R L, S
bi0-69729, EH % E NIRZ Ganoderma lucidum
RNA #& Bk 55 & .
PrimeScriptTM RT reagent Kit. SYBR®Premix ex
TaqTM 5357 B K% TaKaRa A F; 51904 Kk
H B4 TAY THEERAR T K. H
Ak R B T = 20 v 4ll; DCFH-DA #R%H
TG RS P v ) S B e A AR
FFT. FFECRIRA G B AL REE AR, CAS
5 508-02-1, FiE5T4=98%.
1.2 EFE
1.2.1 PDA ¥izkE (Ffk) L DR FRIUK
200 g/L, Fi%EBE 20 g/L, BREREE 1.5 g/L, BR A
B 3.0g/L, 484K B10.05g/L, EfEH 20 g/L.
1.2.2 IR FEREFREE  WERE 35 /L. AR 15
/L TERERY 5 o/ L BREREE 0.5 g/L IR &4 1 /L.
4EE 2 B10.05 g/L.
123 SAESERERMREFRE HRELKE
JE I E & JB R UETE T (Cd BA CACI, B il ks e v
W, 0.22 pm FFLIEEES, FFED.

(Leyss. ex Fr.) Karst .



« 3446 -

¢ 3% Chinese Traditional and Herbal Drugs 35 50 & 25 14 # 201947 A

2 HE
2.1 [ERIEFEEIESE

£ Cd A FRZ T 8EIKRFE 737908 04 0.5, 1.04 4.04
10.0+ 40.0 mg/L 1 [l 441 b 355 77 25 o042 P B B
P (d=0.5cm), TAMREAER 3 NEE, 28 C
MEEEFE 5 do
22 RIAKREEES

M 28 CHiFE 5 d AR EEC 5 3 0.5
mm X 0.5 mm 7 5 755 R 2R 2 AR £ PDA WA
RegedpiEgE, 250 mL =MA3EW 100 mL, 150
t/min, 28 C};FE 5d, REMFEFRIEEH . WA
R SR K 5 NN B 4 @A VAW, Cd i
b PR R BT 4 58 04 0.54 1.05 4.0+ 10.0+ 40.0
mg/L. 4N ROS JEFRFAIA A FHEAE Cd ik E N
10 mg/L [ F=EAIMEERIN diphenylneiodonium
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E- IS CEY) FH (5°—>3)
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e 25 AL 60 CZET, A 1 mL il R AR,
0.22 pm JEMEEE E 1.5 mL &, RS BES AR
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Fig. 1 Effect of growth of G lucidum treated by Cd**with different concentration (A) and effect of weight of G lucidum

treated by Cd*'with different concentration (B) (; +s,n=3)
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Fig. 3 DCFH-DA fluorescence staining of mycelia and spores of G lucidum under Cd*' stress quantitative analysis of
fluorescence intensity of DCFH-DA (B), effect of Cd** on intracellular hydrogen dioxide content (C), and effect of Cd2+ on

intracellular MDA content (D) (; +s,n=3)
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Fig. 4 Effect of Cd*" stress on expression of NADPH oxidase gene (A) and anti-oxidase enzymes gene (B) (; ts,n=3)

3.5 CdhEx R EHE LIRS LEEEEFMm

Cd a5, Pridfeigit R RIA &R/ L, A
Tt A S L, E T A A
SOD. CAT. APX. GPX IS .

Wi 6 v W, SOD W& 14bEE Cd W FEIIH D
Je ETHE TR, Cd FREIRE 10.0 mg/L I EEiEIA
By, MR BT T 34.2%, J5 FREF| 5%
HAHY . Cd Mrid 2 FR 2 41 i SOD Byt -7+,
TERREBAE NS T RE . CAT BREPEREE Cd 3K
FEMF e BTSN, BTEIKERN 1.0 mg/L B,
PG A Bt , ARSI S T 31%, Cd K
FEIE ] 40.0 mg/L I, AHEGT5 HR L BT T BE 30%.
APX FRiEPEREE Cd PiEN MRS FTHE R
#, Cd R 10.0 mg/L WA sy, AHET X RRA
Pem 7 7.25 5% .Cd A B E S T APX BB 1 .
GPX 7] LU A 25 D H K (GSHD i J5 i 44y,
THBEVLAR E . CdJREREN 0.5 mg/L B GPX
Bt P IR T 24.7%, “FEIKEET 1.0

mg/L Vi PE R N A, Cd iR EIAF] 40.0 mg/L
I, WS L R PR T 87.4%, it IR FE )
Cd e ™ E0H] 7 GPX MBS . Cd WraffixX 4
Pt SRR B M3 20 BT S T RerEs, B
Cd FTEWRE KT 1 mg/L I, X GPX Fig i 41 2%
R APX BEEPEIE R BN, XHE 5-C
AL, P HaO, BIFR 22 0T RS2 BT GPX B PE Y
N SEi AR
3.6 DPI.NAC.VC %23} Cd B R Z A ROS
KERBESLIRGIEFREZ N

DPI /& NOX #il 7], e A 2 1401 NOX Jif 4,
M) ROS 724 . NAC & ROS 157, &bt
Z R ARSI E . ve @k hiEER
THRAFNAE BRI TEER. TR
AR ROS JERRFIN Cd JBE ™ 4 1] ROS HIH FR 2L
TR A M S AL A5 0 (M 22 i E . SR A DPIL NAC.
VC 4B 54T Cd e 7R R 2 W22, DCFH-DA
FOCRE Gt B R K 6-A, TEH K4 T HMNE



* 3450 » ¢ 3% Chinese Traditional and Herbal Drugs 35 50 & 25 14 # 201947 A
A 250 B
154 a
- o b
s =1
[ ‘g be be
&0 g
2 T 104 T =
= S d
i S
g # 5
“n i
g
)
0 0.5 1 4 10 40
Cd/(mg-L™"
C D
157 _
£ '
g g
1 10- T
g g
2 2
# ] 3
w3 P
S ol
= 5
0_
0 0.5 1 4 10 40
Cd/(mg-L™)
A-SOD B-CAT C-APX D-GPX
E 5 CdaxingLigE RS
Fig. 5 Effects of Cd®" stress on anti-oxidase enzymes activity
A B C
400+ 0.3 8-

3001 ~’“
500,21
=}

200 £
Qo1

100 o

DCFH-DA H% 5% 638 5 /%

0-
CK Hy0,

O-
CK H)0,

CK DPI NAC VC
Cd* 10 mg-L™"

CK DPI NAC VC

MDA/(mmlo-g ")

04
CK  H0,

CK DPI NAC VC

Cd> 10 mg-L Cd* 10 mg-L™"

6 SMNE ROS EMFIX Cd PHER ZH LMK ROS. H,0,« MDA KM
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VC #A] LU 2 PRSI N HoO, & &, AHEE 10.0 mg/L
Cd ML I> BIFEAR T 48.3%- 28.9%. 27.6%, DPI
WPEAH H,0, F i P FEEIRAGEA K. W 6-C
] WL, AN HyO0, A0 f5 S50 HRZH AR L MDA & &3¢
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