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Effects of six detoxification agents on the growth of mycelium and rela-

tive expression level of LeV-HKB virus in 9608 shiitake mushroom

BAO Dandan', LIU Ya’nan', DUAN Nini"?, ZHANG Zhifeng"?, ZHANG Yingjun"?, LU Yunfeng'

(1. College of Life Sciences, Nanyang Normal University, Nanyang 473061, Henan, China; 2. Henan Engineering Technology Research
Center for Mushroom-based Foods, Nanyang 473061, Henan, China)

Abstract: To address the issue of varietal degeneration in the cultivation of the 9608 strain of shiitake mushrooms, a study
was conducted using PDA medium as a control to investigate the effects of six different detoxifying agents on the growth
rate of mycelium, as well as the activity of laccase and carboxymethyl cellulase, and the content of the LeV-HKB virus.
The results indicated that compared to the control, the growth rate of mycelium treated with viruszole, 1.5 tablets of ber-
berine, 1 tablet of berberine, honeysuckle, and shiitake polysaccharides increased by 9.33%, 1.80%, 4.76%, 2.44%, and
0.39%, respectively. In contrast, treatments with kanamycin and ampicillin resulted in decreases in mycelial growth rate
of 5.26% and 14.62%, respectively. Furthermore, the enzymatic activity of laccase in the mycelium increased following
detoxification treatment compared to the control. The activity of carboxymethyl cellulase after treatment with viruszole,
1.5 tablets of berberine, 1 tablet of berberine, honeysuckle, and shiitake polysaccharides increased by 39.19%, 31.08%,
11.49%, 10.81%, and 2.70%, respectively, while treatments with kanamycin and ampicillin resulted in decreases of
22.97% and 0.68%, respectively. Among all treatments, the greatest enhancement in both mycelial growth rate and car-
boxymethyl cellulase and laccase activity were observed with viruszole treatment. RT-PCR and qRT-PCR analyses of my-
celium grown on different media revealed that viruszole treatment essentially eliminated the LeV-HKB virus. In conclu-
sion, viruszole treatment significantly enhances the growth rate of shiitake mycelium, increases the activity of carboxy-
methyl cellulase and laccase, and effectively eradicates the LeV-HKB virus, providing a scientific basis for the high-quali-
ty production of the 9608 strain of shiitake mushrooms.
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KA BENLX H 5, L E 8 M B, FA Ak
3 RER . XA L PDA 85973, pH 6~7,
FrRe it AN B H (B 55 7R O 1% R 1 s 18
734647 250 mL PDA 5375 (1) = A R 8 A B L
B B F5 75, P pH & 6~7, 5 IS K T , 55 °CH 15
AR B G, IR AR . e REEREQ
AMBREED 4 BN 1.5 F (150 mg) + 1 F (100 mg)
(1) ER TR /NBER s S ARAE RS 7R 0 - FREL 200 g - A
50 g SHRAE, A A FE N B & B 20 min, f5 4R
R ELE O PDA FH A 5 09 8 M5 752 2 I
25 mg FIELF AR Fr e B 2 =ik N 100 pg-mL™';
Fran SRR FREL NN 25 ¢ I 2 B i B KK
(@A 10%; R R R IEFRESETHHE R R
TEH L PDA ¥4 14 55 °CH, 20 B In N R Bk T Ry
100 pg-mL"' ) RIPEHE R R EH RS 2.5mL, 7725
RN

TR 22141 2%« BREURORL R /)N 1R T B e Nt 3 ~F- it
WL TE 25 °C 859 12 d, 285 DI L Hp A= K HE 3%
[ B 22930 2 mm 43 N\ PDA 1 77 FE R B 1% 97 3
b, 25 cClEIRIG M. B ERE P E 2k
(HAT 6 mmD 73 AHENE L PDA 15775 EREFR 12 ds

#1 AWt
Table 1 Experimental design

ﬁe}iment Ki 7 4E Culture medium
A(CKD PDA
B PDA+ICER (1.5 )

PDA + Berberine hydrochloride(1.5 pieces)
C PDA+HEIEZR (1.0 1)

PDA + Berberine hydrochloride (1.0 piece)
D PDA+&HR4E(50 g)

PDA + Honeysuckle(50 g)
E PDA+R A % (100 pg-mL™)

PDA + Kanamycin(100 pg-mL")
F PDA+E & F5 % (100 pg-mL™)

PDA + Ampicillin(100 pg-mL™")
G PDA+ 1 2 4 (10%)

PDA + Shiitake mushroom polysaccharide(10%)
H PDA+i #1M:(100 pg-mL™)

PDA + Ribavirin (100 pg-mL™)

1.3 MEIEFRKETTE

13.1 A#EBLAKRzEMNE XH 7 X%
DR TR V& AT, TR A2 (mm) 5 4R KA (dD
B LR CRif 22 AR KR P o

132 #8 ARTASFELBEEN T FHERE T
H R mE 24K 12d J5, 0001 g BRZ2RTES S8 hn



513

BEPEPE, 55 6 PIBERE IR 9608 7 4 14 22 42 K Tt LeV-HKB J # AH X 1 7 1) 521

X B&HF 5T

25 mL ddH.O, 40 °C7K ¥ H1i2 #2 2 h, 5000 r - min’'.
4 °C'F &0 10 min, 35 9 2 M B . KA
DNS V20 5 P R 1 4 3R i V5 1k, SR FH AR TG H
IV TR DN 7 R T A 5 DAY KR PR B R AR
Nk BT, G M R AL N 1 min fE F 4L
1 umol KB, B 1 MBS PE S (U

1.3.3 &% RT-PCR A& KRR 7 4% B PR AE
PDA #5774k | 25 °C 58597 15 d, &I IS B 4
4, 1§ il E.ZN.A.® Plant RNA #2 BUR 71 & 42 B &
T B 22 R RNA. T 51 90 (3R 2) %) F 46 4 2%
LeV-HKB [P 5t X 3kt 47 44 . M4 Reverse
Transcription Kit (with gDNase) 2 %% 3% 2 771 & ) i
i & . cDNA, Jx N 2% F : 25 °C 10 min, 55 °C
15 min, 85 °C 5 min.

=2 mEY

Table 2 Virus primer

Tk
BE MERIGY L
. Amplification
Name Primer sequence (5-3")
length/bp
LeV-HKB  CTCCGTAGTCGTCAGATTGTCC 589

GTGACGCTACTACCGATTTAGCC
Actin GGAGAAGATTTGGCATCACACA 258
GAAGAGCGAAACCCTCGTAGA
W I e sk AR df il i RT-PCR K% 55 , =
MK Z 22 ul, 4% 0.9 pL cDNA, 1E | 4] 5] 9 %
1 uL, 11 uL enzyme Mix, 8.1 uL DEPC AbFE/K. 7
43 B 8 TR S 25 1: 95 °C 5 min, 94 °C 30 s,
58 °C 30s,72°C 30 s, 3t 30 MiE* . RT-PCR /%%
FEMNE 1.2%B e Wl eI LIk, T-8EI A8 &R Gk
RT-PCR 451",
134 43 # % qRT-PCR & & #&

AR I 25 2

(R 20 7 41 15 1 #5455 5 P qRT-PCR A&l 5] 4 (3%
3). MK RN 10 pL: AceQTM gPCR SYBR
Green Master Mix 5 pL. 5] # (0.25 pmol - L") %
0.5 uL.cDNA 2 pL.ddH,0 2 pL. S3 41 :95 °C
5 min; 95 °C 30 s,60 °C 30 s, 72 °C 30 s, 3t 40 M
o B qRT-PCR R M EH 3 K. 4 qRT-PCR [
NS BE RD CtH, SR 222 ki %
1 HHo B AR O SRk B
%3 qRI-PCR3|#FFER
Table 3 Primer sequence information for qRT-PCR

EX S S A1 (5%-37 IR

Name Primer sequence (5-3" Amplification length/bp

Actin GTGTTACCCATACCGTTCCC 89
ATCGGTCAAATCACGACCAG

LeV-HKB TAACACCTTCTGGCAACT 132
TCATCGTCATAGCGTTCA

14 HIEAIE

K H Excel 2010 4b B %4 A1 4E B, R H SPSS
19.0 1T ZH B E MM . K H Norm Finder.
Graph Pad Prism 8.0 /) #1 #& &5 Ji 75 5 T A1 € F A Il
g,

2 R

2.1 6T EFIAIEN BFIEE L% KHIFN
FT P 1 AT SR AN [R5 1) AR B, A 1 22 )
AR, AR R IR IR EAE R, 5 12 K
(AR SR ¥ N ST RS TUENTEZATE A
22 6MEREFLENEWHRLE KIEEIFME
H1 4 W] R, 5500 AR LU, Mt 25 771 A 2 i R 2%
SO T T L2 AR . R REME 1S M EE R L
FrsE R IRAE A 1 2 B AL PR R 22 A

1 125 RARAEEFERLE KRR

Fig. 1 Growth status of mycelium in different culture mediums for 12 days
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Table 4 Effects of six detoxification agent treatments on

the growth rate of mycelium (mm-d") FIZ5 45 22 B8 AT 49 B4 5 29.51%3.28%20.22%
o SIS O s 19.12% . 11.48% 8.74% A1 0.55%. 5% 1 PDA #
AT 2611202380 EU AN ] o 5 77 Ak B 1) 2 B R AR 4R B VS A
B 3.676£0.231 ab +1.80 B RFEEME 15 AEER 1 AEIER . SRIENE
C 3.783+0.063 ab +4.76 s % Bl AL B 43 1 2 & 39.19% + 31.08% + 11.49%
D 3.699+0.214 ab +2.44 10.81%.2.70%; R AL EE R R 5 5 R 0255 M
E 342120.094 ¢ .26 PDA #H Lt 43 3 BEAK 22.97%F1 0.68%. DL L4558 %
! SO0 ¢ e P, 25 I 7 A BT B 555 7 R 1
G 3.625+0.050 ab +0.39 | ) i
H 3.948+0.081 a +9.33 AIFR R P A T 12

R AIA VNG F RER R A FERILE 0.05 KPS RE. T
]

Note: Different small letters in the same column indicate significant

=5

REEHE FE LT

Table 5 Enzyme activity determination of

myecelia in different culture mediums U

difference among different treatments at 0.05 level. The same LOREs RN BRI AT YR
below. Treatment Laccase activity Carboxymethyl cellulose activity
A(CK) 1.83£0.017 ¢ 0.1480.005 8 d
w . 1.89+0.073 d. 0.194+0.001 9 b
4399 L PDA #2155 9.33%-1.80%4.76%2.44% ¢
C 2.20+0.019 ab 0.165+0.000 5 d
D . 0 L ) HEAI‘EQX‘R{%D\E#\E‘;
1039//1’%;3@%%& HERIE B2 f}ﬂﬁ D 2.18+0.046 be 0.164+0.003 5 ¢
= — = 4 b /N N m
BERUATHERALENELERELMITERE | 2.04£0.131bed  0.1140.006 9 ¢
PDA 735l 52 3% FEAIK 5.26%1 14.62%. DL E45 8% F 199:0.122 cde  0.14740.000 6 d
B, IR A 38 1 0 B 17 BE A R v A 4 B 22 1 AR G 1.84+0.018 ¢ 0.152+0.005 0 d
Ko, H 23740222 a 0.206:0.005 9 a

2.3 6 FhARE IR X B E 4B M RO
W3 5 Fin, 5% B PDA A B, AN [ 25 77 b

2.4 6MEREFAIEX HEEFRBFHEXRIEEMFN
241 &3 HKB R E S EAMNSAT  @Eit S

M 1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16

2000 bp

1000 bp
700 bp
500 bp

250 bp
100 bp

7E:M 4 DNA marker BM2000: 1~2 43 5 4 4RAE B 72 8 1) HKB J5 7541 Actin BE18 :3~4 43 BN RN B 3 B 774 R ¥ HKB /% 9 A1
Actin BEH] 3 5~6 73 A9 R R KB R LI HKB 7 A dctin FEDK:7~8 7050 1 )7 3R 8 R B 773 LI HKB i #EA Actin FE[K:9~10
RN 1S BERIGIRAE LI HKB B340 dctin SED 5 11~12 734 % 6 2 B H 57 4L 1K) HKB R RN Acrin 2L 5 13~14 233 Joii g gk
FrIE LI HKB 3540 detin FEB 5 15~16 7351005 #L PDA B FR % 1 i HKB R REA Actin FE -

Note: M represents DNA marker BM2000; 1-2 represent HKB virus and Actin gene in honeysuckle culture medium; 3-4 represent the HKB vi-
rus and Aactin gene in ampicillin medium; 5-6 represent the HKB virus and Actin gene in kanamycin medium; 7-8 represent the HKB virus and Actin
gene in 1 piece of berberine penicillin medium; 9-10 represent the HKB virus and Actin gene in 1.5 pieces of berberine medium; 11-12 represent the
HKB virus and Actin gene in shiitake mushroom polysaccharide medium; 13-14 represent the HKB virus and Actin gene in virazole medium; and
15-16 represent the HKB virus and Actin gene in ordinary PDA medium.

2 BHLEREEFEENHREEMESN

Fig. 2 Qualitative detection of virus in mycelium of different culture mediums
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B, A B IR A BRI 22359 3 Acrin FEA
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e 2B FR 9608 7 1 1) LeV-HKB i 5 o

242 #IEHKBHEFZ M54 qRT-PCR
MeERE 3 pros, 8 A2 MAFEREER.
LW PDA ML, &R 1.5 A RIEE & =408
DERS TREBENRAR FHEZM. S
F AN T HERMERACI ST , 7 55 A KL &
35 A i B MR AR B S R EE AR RIS B AR
0, #H Lb % #I PDA, 3 5 A X0 Rk & B KT
98.00%. LA &5 AT, i 5 M ORI F5 KO 7E 6 F
JIt 25 7] A ) 7 A2 o AROR At

12
a
10 %
3 8
2
=
I8 -3 6
o
Follt]
g 4
s b
=4 2 b
¢ d d d d
I s s I e I P
A(CK) B C D E F G H
AbFH Treatment

B3 AEEFE HKB FEEAMNKIARE
Fig. 3 Relative expression level of HKB virus in different

culture mediums
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