TR Ay SR IR May 20, 2022, 49(5): 1629-1637

Microbiology China DOI: 10.13344/j.microbiol.china.210861
http://journals.im.ac.cn/wswxtbcn Copyright ©2022 Microbiology China All Rights Reserved
oI4R A
DIk | 4=

60 (Vvhsp60)

RAAT, R, REBE ZH FAF AT AR

1 Bkl R2EBe E HE T, B 201403
2 VLA ERE AR AR, Y9 FHE 212300

WRIIZS, taless, REBE, L0, Za, B, BUF FasHREER 60 JEH (Yhsp60)HE W fE B2 7007 R ARIE T BRIk ]

AR 2B IR, 2022, 49(5): 1629-1637

Chen Mingjie, Yang Huanling, Yu Changxia, Jiang Ya, Jiang Jianxin, Yang Huaping, Zhao Yan. Bioinformatics analysis and
relative expression of Vvhsp60 gene in Volvariella volvacea under low temperature stress[J]. Microbiology China, 2022, 49(5):
1629-1637

B E: (FF1ADZIEAMpan, AREFARFFFEETAANRE A, TAEZH
WEAQRRAEFHME, WAyt panms, (0] 5 RLEZALEES 60
(Vvhsp60) SRR A2 oG % &, HIFEATTEFEE RGHRBAF A R EF b ks, [Fix] &
Vvhsp60 #ATA W1 &F oM, AKBRHRAFE K V23 AMIKEH R VH3 A Ftt4, A
) E B R AEE PCR AR SRR M8 R HGHFF /5 KR T EE B LART Vhsp60 KR 6 &
BARF. [4R]Y 33 Vvhsp60 & O RAEG TR, RETHEES, EL&EKF@EHKN
REEMFER, BFROBEES. KEBELEEERFT V23 5 VH3 BLAKF Vhsp60 £ H
W RXE, ME VH3 P RZAERE ST V23, N Vhsp60 A FH 9 RA T S THA B TIERE
I AR i B T M, 2 AR IEE R E AR Vhsp60 AR AL TR ES T & O AR HLIEHY
SR LE, FOABOKA LT EF Vvhsp60 KB ¢ &k, [448] Vvhsp60 5 F #FKB A2 AL, FF
BT vAEF Vvhsp60 £ B 8 &k,

FKEER: Ha; KEMG; BE G 60 £ B (Vvhsp60); FAF % K F PCR

EEWME: iR 244m H (2020-02-08-00-12-F01479)

HR A ST R A [R]

Supported by: Shanghai Science and Technology Agricultural Development Program (2020-02-08-00-12-F01479)
#These authors equally contributed to this work

*Corresponding author: E-mail: jiandan289@126.com
Received: 2021-09-18; Accepted: 2021-11-29; Published online: 2022-01-19



1630 (/ST Microbiol. China

Bioinformatics analysis and relative expression of Vvhsp60
gene in Volvariella volvacea under low temperature stress
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Abstract: [Background] Facing temperature stress, organisms produce a large amount of heat shock
protein in a short time, which can restore the conformations of damaged proteins and enhance the
tolerance of organisms to stress. [Objective] To preliminarily explore the relationship between heat
shock protein Vvhsp60 and low temperature tolerance of Volvariella volvacea, and thereby lay a
theoretical foundation for further genetic improvement of V. volvacea for low-temperature tolerance.
[Methods] The bioinformation of Vvhsp60 was analyzed. The expression of VvhAsp60 gene in low
temperature-sensitive strain V23 and low temperature-tolerant strain VH3 under low temperature
stress and under heat shock-low temperature treatment was analyzed by real-time fluorescent
quantitative PCR (RT-qPCR). [Results] With no signal peptide, Vvhsp60 is not a secretory protein. It
exerts biological functions in mitochondria and cytoplasm and is a bidirectional transmembrane
protein. Low temperature significantly increased the expression of Vvhsp60 gene in mycelia of both
V23 and VH3, and the expression in VH3 was significantly higher than that in V23, which suggests
that the high expression of Vvhsp60 gene may help enhance the low-temperature tolerance of VH3.
After heat shock treatment, the expression of V'vhAsp60 gene in the two strains was significantly higher
than that in those without heat shock treatment, indicating that heat shock can induce the expression of
Vvhsp60 gene. [Conclusion] Vvhsp60 gene is related to the low-temperature tolerance of V. volvacea,

and heat shock can induce the expression of Vvisp60 gene.

Keywords: Jolvariella volvacea; low-temperature stress; Vvhsp60 gene; real-time fluorescent

quantitative PCR

g (Volvariella volvacea)E4325 @& T4 ZAEM, REAPSEERAMAETEAST, #
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ASHIF G AE B 45 4 5 DR A 00 e ) it |, X
PIE T Vohsp60 B AT AEYE B 22501,
S AR B IR BRI R Pk V23 R AR
BRI TAGR AP VH3, JERIHSEE 0
EH PCR (real-time fluorescent quantitative PCR,
RT-qPCR) IR IR iE b 22 FR33055 = e IR
JHR38 T TR 22 1R Vvhsp60 FE PR A AR
b, VIR TG T Vvhsp60 5 F a5 i IR
PERIOC R, AR AT AN IR RV (a8t 4%
R B PR AR A
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1.1 ##
L1.1 Bk

MR bR 78 BT T RO R A e 2 T
G I PR P AP R AR R R 8 B bk V23 KX v23
AT AR AR IR B bR VH3,
112 FERXFFUERBEFE

Redzol i &, AR AEYH ARG R
/N #); PrimeScript’ RT Reagent Kit with gDNA
Eraser S 545351857 £ . SYBR® Premix Ex Tag " 11

PN R &, TaKaRa A+,

Y4, Eppendorf 28 F] 5 ¢ Y6 € it PCR Y,
Applied Biosystems A H]

IR B ARG AR RS TR0 | SR A
PSR R AL, Bl BRI T A A PR F]
1.2 EFHEMNHER Vvhsp60 EYERES
1.2.1 EFEHNHEH Vvhsp60 R FH RS

R A g 2 TR 5 v PGB 1 S [ 5 ) el
FERE SRS, £ NCBI H 2 kAR5 H 4w s X
JEA, SR H T P HIE B T, fE
GenBank H* BLAST Xt DNA 41U, 4l &
A £ BN F B RN (GT-AG) £ BR Al RE Y
W& T, P HEE T Vhsp60 FEHH
TR GmtS X P4, %i'5 -k VVO_10610,
122 EXRBUMERSH

L PGEE 1 Vivhsp60 A A BRI M I
k. WANENL . BB R R AR A
5 5 7 B 43 3 {1 ExPASy ProtParam .
SignalP 5.0, TargetP 1.1, TMpred Server #l
NetPhos 3.1 Server fEZ 43 #!'7,
123 RAFELEHIHEE

i1t ClustalX [FlR EEXT S, ff %4 MEGA
6.0 (ZEUERIA N bootstrap values 1 000 replicates;
neighbor-joining) ¥ i R G A T .
1.3 {REMBTELE Vvhsp60 ERFE RN
EEN
1.3.1 EBEHELEMNLEFRERKE

FETEPE V23 Tl VH3 e 31 B 5% A 4 B 3
RRiFREL b, 32 °C RIEHE TR 4 d, HISRITHE
JEHEAT 100 mL Eh8 S5 3 4 BiRRU A B S R RE i B3
AT, 32°C. 150 r/min REEEESR 6 do A PIRRER
—HROr ELVKHRO °C) 0 (X)), 2. 4. 6,
8. 10 h; 5 —#BAr#EAT 40 °C # 2 h kb3S,
FHEKIFEO O)FAEE 0 TR, 2. 4. 6,
8. 10 h, TEW M PR 22, RIEBRIES
FICHR[13], WA, —80 °C fRIF& .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1632 WA

B4 Microbiol. China
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MR . S sk iR Gl Bk RNA i
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ERNERM T, I AACy X Vvhsp60
SRR T2 . SE SO E i PCR Y SO A &
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e, oK B AR S BRI XS R
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1.3.4 HiEIE
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ZRARE, P<0.05 XnEFBFE, R
Excel /fE&

2 X504

2.1 EIEMHER Vvhspo0 EMIEEF D
211 EXRBUMRS T

i/ ProtParam FTEL T, 45K ER
Vvhsp60 f7 563 2R, 77 1i~ 59.32 kDa,

F1 IRRKNXE=Z PCR A

FHAN 5.46; AEERBOY 29.44, AREE
BOR; BOP R R-0.071, RIKFEK
P 74 MR EEIR(RLA AR+ B EIR),
67 i IE AL B IR R A IR+ A TR) . 17 7k
T F ] Vvhsp60 NELEE SRR, A& T
I lad TargetP 1.1 Y1790 40 0 8 47 B~
Vvhsp60 i FERA [, i#—7jin] PSORTB
M55 4, MAF RIS R AT LA i, Vvhsp60 &
2R R A R, e
Mr 2R B H4E Vvhsp60 Fai i 2 178 SR04 FI 41 i
BRI RSB FAE . IR T (8 1)3R
W1, Vvhsp60 &5 1471 B PN 1] S0 TR A1 ) A 7 55
gt Aty ELBN a8 , TR E R
TR B R . BERRAALS BT (B 2) 8,
% Vvhsp60 54 24 NZZAPR(Ser). 22 N5
ZPR(Thr) J 3 AP R (Tyn) BERR AL 51
212 RJEREWMEEDSN

Fgk Vvhsp60 &[5 ZFEH K HSP60
AR & B[R, R X A 2 iy 2 5L 1y 4
il MEGA 6.0 ## RGRK AR, S5 IE 3 fir
TN Hl Vvhsp60 -5 [RIFFE A B 6 TR 0 XA B %
(Agaricus bisporus)J& T Rl—n3, HARKEMIE
Tk, W/ 2 A BL(Moniliophthora  roreri) MCA
2997 %ﬂﬂﬁﬁ%}%(Gymnopus luxurians) FD-317 M1
BT AR RIS, RERREIRL.
2.2 RIEMMBTEL Vvhsp60 EREBIRIE
ETK

LG E B PCR Al VH3 Hl V23 Bk
0 °C M 0, 2. 4, 6. 8. 10 h J5 Vvhsp60
LD A IR, SR 4 7R, TEHA
RIRAC BRI FE Y, Vvhsp60 FE PRIAE AR B H 1Y

Table 1  Primers used for RT-qPCR

LA Gene 1E 19151 %) Forward primer (5'—3) S 519 Reverse primer (5'—3")
Vvhsp60 GGAGTCGTCCGTCATCG CCCTTGCTGCGTCATAG

tub CCAACACTACCGCTATCTCC TTCACCTTCCTCCATACCCT
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1000 ¢ Tvipred owtgrar far:Vvispal  FACIR U Bk V23 1E 2 FRIE B a
. e W, Bk VH3 H V23 1 Vvhsp60 328 5 g
o, HENG R Vvhsp60 TS AR AR R
-Loorn LA MR TSR, 2] Pohsp60 SEPR HEE LS
=2 000 YT ¥4 1 28 DITAH G .

_3000} 2.3 ZRHAERELE Vvhsp60 EEER
000l ;‘Eﬂm_TE’J%LEEﬂc

PR V23 il VH3 G AL )5, FEAE 0 °C

w5000 00 200 300 400 500 600 THHBEO, 2, 4. 6. 8, 10 h i Vvhsp60 F K A

XPFRIKEUANE S FE 6 im. & 40°CHPL2h

1 B35 Vvhsp60 BEMBBMAMEIM gy IR, R Vohsp60 SN

i->0: HINAMEGEL ; o->i: M4 NIRjELk

Figure 1 Predicted transmembrane domains of
Vvhsp60 from V. volvacea. i->o: Inside to outside
helices; o->i: Outside to inside helices.

F ke HBLA —F,  J g Ta] AR I R A A
Vvhsp60 H&DR ik by, Bl IR B 38 B ]
AIIELS Vvhsp60 BEPH ik fa B WAk, (HTRI
IR TE R VH3 B Vvhsp60 FEE ) 26k K5 g 3%

ARXT R 3K 1 15 8 25 T M IR e, T L
AR TR 7E AR 38 3 2 v S B R A B A A
— 3, UL B U Vehsp60 SRR Y
REEL, REEST Whsp6o FEHR K&EE
Ko ZEE R, POBAEIERT DI Vehsp60
BE IR A R IE K, A RO B N R 4 B 22 A v
Vvhsp60 BRI FRIER, A BT 88 & 5 i Xk
T W38 F) i 52 BE T

NetPhos 3.1a: predicted phosphorylation sites in Vvhsp60
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Sequence position

2 E%E Vvhsp60 = H BYREER 1L L2 750
W2k BEEMR(tyrosine); {02k .

2102k . 2% R (serine); Zr{A4k . J7%2 R (threonine);
i {E (threshold)

Figure 2 Phosphated site prediction of Vvhsp60 from V. volvacea. Red line: Serine; Green line: Threonine;

Blue line: Tyrosine; Purple line: Threshold.
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100| Agaricus bisporus var. burnettii IB137-88 (XP_007333179.1)

56 ! Agaricus bisporus var. burnettii H97 (XP_006455860.1)
Volvariella volvacea V23 (VVO_10610)

Pleurotus ostreatus PC15 (KDQ33327.1)
Coprinopsis cinerea okayama 7#130 (XP_001835743.1)

Amanita muscaria Koide BX008 (KIL65294.1)

Plicaturopsis crispa FD-325 §S§-3 (K1190495.1)
10— Laccaria amethystina LaAM-08-1 (K1J93903.1)
I—Laccaria bicolor S238N-H82 (XP_001880247.1)
50 Hypholoma sublateritium FD-334 S5-4 (KJA17251.1)
Hebeloma cylindrosporum h7 (KIM35975.1)

Fistulina hepatica ATCC 64428 (K1Y49679.1)
4[ Schizophyllum commune H4-8 (XP_003031435.1)

95 Gymnopus luxurians FD-317 M1 (KIK62428.1)
Moniliophthora roreri MCA 2997 (XP_007853365.1)

—
0.01

3 EOEE HSP6O MAZKAEBER 5T N ARILHE HSP60 & %75 BEE AR KR L
KBR300 5 B A bootstrap H JRAH
Figure 3 The phylogenetic tree of HSP60 from fungi. The accession numbers of different fungal HSP60

protein are in parentheses; At the branch nodes are 1 000 bootstrap replicates represented as percentage
values; The distance scale is expressed as the confidence value of unit length.

D& 6.0 %
T ovV23 aV23 =40°C2h V23
g 20} X s VH3 § 50t . *
¥ £ 15¢ * oo B :
He & 5 30} :
= 2 10¢t * : EE 20+
EE *E
£ 0.5 & 1.0t
0.0
B 2 4 6 8 10
o2 4 6 8§ 10 R Ak B 1]
ARG A PR B (1] Low temperature treatment time (h)

Low temperature treatment time (h)

5 KIBEAIEARREAET V23 1 40°C 2 h V23
4 RBAIEARFRSE Vohspo0 BEBEMRIE  th pyhspeo EE B REE T

T Figure 5 Relative expression of Vvhsp60 gene
Figure 4 Relative expression of Vvhsp60 gene during low temperature process in V23 and 40 °C
under low temperature stress. *: P<0.05. 2 h V23. *: P<0.05.
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s VH3
4.0 240 °C 2 h VH3
3.5t
3.0}

FHAS Feik 4t
Relative expression

1

0 B 4
I 38 A 2 st ]

Low temperature treatment time (h)

Bl {KimAIEARFETET VH3 F140°C 2 h VH3
H Vvhsp60 EE R RIZELT L
Figure 6 Relative expression of Vvhsp60 gene

during low temperature process in VH3 and 40 °C
2 h VH3. *: P<0.05.

3 & #

IGIR B R RE MR ) T g T R, S
P SR G ORI A, T ER 2 Tl
PO R R, PRITH s IR B AL R iR o i
PR R, PO 11 HSP6O S — Fh W R
F, RS A AR e 0, 2 5 E R
A A iE s e . AL E JE R, HSP60
Z 3 38 I 7E HSP70 (P B T 18 42 A8 1 8 (1 5
TP FRZRA R D BE , AT DA 3o 2 5 2 b 14
A E AL BEBR L T RE BT 1k 4i i g 712224,

AT 5T e FF R 2 A1 T AU R B ke V23 R
IR PR VH3 R SCia b kL, 8 38 R 26 F
0 °C FEATALIRAL FEAT 40 °C #4984 2 h 5 BRI AL
PO, 2, 4, 6, 8, 10 h, FJf RT-qPCR JrHfrik
W Vvhsp60 SER Rk A8 b . AR A TAER]
BA— B8N TR FE i AR IR N 24 RN, R
ST 1 Vvhsp90 Fll Vvhsp100 S IR R A2 1
B R EAT THFE, XF Vvhsp90. Vvhspl00 F
Vvhsp60 BT AWM B 2o kAT 7L A,
BRI 3 F0ER TR AR ARL 5 J PRAE X 2 38 K-

LIRS HMR[13-14], KPP B
T2k Whspl00. Vvhsp90 Fl Vvhsp60 3K
PR E, A BT 9 Bk IR P 8 Y T 52
P HY Vvhsp90 1 Vvhsp100 LR SR IR
[, e ZARENE R Whsp60 3EH )5
IR E TR TR B PR VHS o A 0k i 0 3 TR
TR E R V23, X5 Sk i g AL ok iy T
B vy R (0 T AR B 0 Sy B 3R 1 e A
filh, X AT S Ak, AT AT B
SOEWILIRR T 2 Fh PSR 1 7E B 46 I N 25
g P ASSOR R REPGHEE 1T Vvhsp60 K
NPT T RGN AP B b, e LA
b, PRSI PO E B PCR FORWIFE T
IR 38 K AR5 S 5 TEAR IR T R4 T 224K vh
Vhsp60 FER R AERIARL, 455380 Thsp60
FE RN AE TG R PR VH3 s Rk, i 5k
WAL PR OB T T Vhsp60 FEEMRE, H B
T & TR IR o RS B2 ) B (Pleurotus
ostreatus) ", [FAE A& B0 W 38 15 Bl #% 8E H
HSP60 Fih (141 i 5K 22 i T 5 L 1) (3 35 20 A
WSS R RN, PUEE R Vhsp60 FEAE
Z BRI 8 ) AR R A B ETE TERE
AR AL B R AR, MR R PR VHS T 2214
W Vvhsp60 B A B 2 v T IR U
ERE V23, B HEN Vvhsp60 5 &4k A etk 2
A—ERADCHE, AiEdsH, POECE BT HO
BAMFERER, SRR
I 40 °C eyl A HIRE B2 ) - 48 h FHRE B SR
3.d Ja, A REE B KRR RGO, 45

2 B AR 1 0K B S IR R 22 BT T B e
BB EEMERAPY; 7E 42 °C P IRFES T
HWEAER, K (Oryza sativa)%1 i BT
P B 3R 0 AR oY 2 R A B I 4 T 24
b Vvhsp60 FER () %35 W B TR R T
B F X AL, R HOEAE IS S T R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1636 WA

Ik

Microbiol. China

Vvhsp60 R E 4, #IEF Vvhsp60 1] fE
RIET B ER, 5 B i TR P m
TR AR E B E T T S, IR R H )

ok
He

, DETHR R 1 gt X Rl ) T A2 12 o

ZE b, A5 R Vvhsp60 5 5% A i 4

BAAMOCHE, 0 HIEAE AT DISE N vvhsp60 F
ik, A BT m Rl i mR iRk
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