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Overexpression of Vvmapk affects growth, stress responses,
and virulence of Beauveria bassiana

CHEN Jinfeng ", ZHOU Youshan'

1 School of Biological and Chemical Engineering, Chongqing University of Education, Chongqing 400067, China
2 College of Modern Health Industry, Chongqing University of Education, Chongqing 400067, China

Abstract: [Background] Mitogen-activated protein kinase (MAPK) plays pivotal roles in cell
proliferation, differentiation, apoptosis, and stress responses in eukaryotes. [Objective] To
identify the roles of Vvmapk in Volvariella volvacea for applications. [Methods] Vvmapk was
overexpressed under the control of Vvpgd promoter in Beauveria bassiana, and the roles of
Vvmapk in the growth, development, stress responses, and virulence were examined. Compared
with the wild type, the overexpression of Vvmapk in B. bassiana increased the pigment level and
conidial yield but did not affect the growth. The strains overexpressing this gene displayed
higher conidial germination rates under heat shock, salt, and UV-irradiation stress conditions
than the control. Furthermore, Vvmapk overexpression endowed the fungi with stronger
virulence against Galleria mellonella but weaker antagonistic effects against Fusarium solani
and Fusarium oxysporum than the wild type. The relative transcription levels of BbBrlA,
BbabaA, and BbwetA associated with the conidial development were significantly up-regulated
in the recombinant strain. [Conclusion] VVMAPK positively regulated the conidial
development, pigmentation level, and virulence of B. bassiana. The findings laid a theoretical
foundation for the functional identification and applications of V. volvacea genes.

Keywords: Beauveria bassiana; \olvariella volvacea; VVMAPK; stress responses; growth; virulence
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Ao MB R E AR, VPSR DI RE Y
B A, ATAE D gl 25 DR D RE T 9 9 IR Bt
febtRE e L FACHT BRI (0 8 AL 5 A T vofs
% Vvmapk JEERRA AR R ol R IE, E
KREH . A7 x i i 5ok Fies 55 07
T4, NN B W] VVMAPK (568, A g
KL [N Ty BE 1372 A0 P S AHE LAt s

1A

1.1 #m

BRR AR . BaE V844 FBEFIGE T A&
A — MR, ST LRI ik
340k 71 1 (Fusarium oxysporum) . J& 5 8k 71
(Fusarium solani) . Ek ffi B & & (Beauveria
bassiana)Bb0062 . 2 4& pK2(bar) F14& #1 7# AGL1
DR A7 T RS 2 Be A= ) 5 A2 TR B
T AE S5 ot s R FT I (Escherichia coli)
DH50 &2 A 40 il 3 R4 W HR A R w
(EK). KiEiE(Galleria mellonella)ll [ Rt
s R A PR
1.2 EFE

LB #5355 5(g/L): B AN 10.0, LR
5.0, NaCl 10.0, HEH; 15.0; Hrpm A&k g
50 ng/mL W-RIRES: &= 4T KT E 5% b+ i
Y. YEB KigfSk(g/L): BREIF 10.0, BELEH
1.0, REBE 5.0, MgSO,4-7H,0 0.5, FHfiEk: 15.0;
P ALY N 50 ug/mL RABEH R TAFT
WAL . A FoHs #7235 (Czapek-Dox medium,
CZA) (g/L): HEHE 30.0, ZE A 2.5, NaNOs 2.0,
MgS0,-7H,0 0.5, KC10.5, K,HPO, 1.0, FeSO,-7H,0
0.1, pH 7.0, PDA £33 L): 200 g £+
GYI /NS, 3k 20 min J5 g, FEREW M
A 20 g A BE, 115 °CKIE 30 min, IM 485
FrH(g/L): 2-(N-RLHE) Z B R [2-(N-morpholine)
ethanesulfonic acid, MES)] 7.8, #ijZj ## 1.8, NaCl

0.3, K,HPO,0.3, MgS0,-7H,0 0.3, Hil 6.25,
Z. T T 7l (acetosyringone, AS) 0.038, pH 5.3,
HEPER AS 758 i K, R FR IS A3
55 °CIR A . IM MR FR 0L . AHEST IM
PREEFREE, A, BlE Ry 15.0 g/L, HiAh
J 3 TR] IMOB AR S 37

ZMW: 0.3 mol/L NaOH I . HAI -
1 mol/L Tris-HCI (pH 8.0) 5 mL, 0.3 mol/L HCI
20 mL, ff ddH,O E % % 400 mL. 30% (&5
B0 B e Ve P I TR K A R 3 7 IS 4 0.1% HL 81
WhNE] CZA ¥ifst b, HITEkBnEEE LT
AT o SRALENG BRI . 5.0 g S FELBE N5 BN AR
) 10 mL JCE K R HHIERR A, #% 1:400 HE@IHESN
F| CZA Bige ik I AAT R A K .
1.3 FERFIFLE

30% (ot PR AR 2 0 B B A W A
KPR IR P R ER R A 3 PCR 51405 IR
DRy A RS RHEAT R RIS & RNA
PEBORA N & A 3 SR &, Promega 23 H];
FastDigest BR il A% B2 N VI EcoR 1, FEEL & i
IRBHE A ] ; DNA - 2 Ak A Bk 3 O ) &
2xSYBR Green qPCR J5 7 . 2xKeyPo Master Mix
(Dye Plus), 2xTaq Master Mix #l1 ClonExpressII
One Step Cloning Kit, Fg Gl MEREE YR B
MABRAH . PCR {XFIHLEE LAY, Bio-Rad 24
Al SEEFEOEE T PCRAY, B A AR ey
ol BRXEEBREEON, B RREEY
AR A F] 3 Micro Drop MM 730 GE T,
R TERAEA R A A KA, dE
IN—HYIRHECA PR A A
1.4 BTSN

R rigs V844 FBRE + 32 °CHiFR 20-30 d
K 794K, KAl 752K 75% L BETHEE 2 min
JEFTCHEKBE 3 Ik, BIR 30 s, SR F900k
Yl 1 emx1 em B)/hBe, & T PDA Kigdt |,
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32 °CHEFE 7 d RIS 22, VB Ja ki I8 i1kt
1.5 E%E DNA #HEiRAVHI &

W Bia V844 TAKELFNE PDA K73 |32 °C
Bigr 7 d, FIREA B 2212 % F 0.3 mol/L
NaOH 2L i, B F PCRAYH 95 °CHIl# 3 min
PEATE 222408, SRIG A 106 pL H AR 538
5, IR WD A DNA itk .

1.6 E%% Vvgpd EEBE1TH PCR ¥ 12

PCR W AKZ (20 pL): 2xKeyPo Master
Mix (Dye Plus) i {5 ¥ 10 puL, Vvgpd-F/R 5|
P1(% 1) (10 pmol/L)#% 1 pL, DNA #ifz 8 pL,
PCR J2 W F: 98 °C 3 min; 98°C 10s, 55°C
5s, 72°C10s, 30 MEH; 72 °C 5min, RIGH
1 Vvgpd JE KR 13 %65 1 ATG /i 1 220 bp B .
1.7 E%E Vvmapk EE /) PCR 318

FHE RNA 48U G Lo T 22 (k rh 4
HURNA, 23 % 57%3k1% cDNA, LI cDNA W
bR #EfT PCR ¥4, PCR W IAZ (20 pL):
2xKeyPo Master Mix (Dye Plus) /< v/ {2 5% 10 uL,
Wmapk-F/R 51#1(F 1) (10 pmol/L)#% 1 uL, cDNA
B 1w, ddH,0 #ME 20 uL. PCR S 25 [H] 1.6,

*1 KXEFFASIY

[1I5 PCR =¥ 4R A5 5 %% Wimapk &K ORF A Bt .
1.8 ®hE R 18

L Wgpd-F #il Wmapk-R H51#1(% 1), LU
1.6 A1 1.7 [DSC i) e BE R, K545 Vvgpd J&
[KI 1 Vwmapk 3 [K] ORF #E 19 J5 8l £47 PCR &
G PCR WA (20 puL): 2xKeyPo Master
Mix (Dye Plus) R WiRAAW 10 pL, b FiE519
(10 pmol/L)#$ 1 uL, [FIHBE4S 1 ul, ddH,O
#ME 20 pL. PCR RN A4FF 1.6, [Efi PCR
PRI E 4k VWopd 33 7R Vwmapk FE[K
ORF Fil i3 i BL.
1.9 WEFHFE

W il B 2o W] 5 40 Y O e 4 R 8
& pK2(bar) I, 2 i {4 Z $# B ClonExpressII One
Step Cloning Kit WiH] BH#EFE A RETT, 76
PCR ¥+ 37 °CHRi 30 min #E17i%E 2, b K
FFIE o BRI ) KB AT RN 3 LB W M43
FRIE, 37°C, 180 r/min £53% 16 h J5 ki HEH
A S HUTRL, 240 EcoR IRFUIFRAS BHME: i
B, B BORLR AR R BE R BRZS W) I 1 A
31K pK2(bar)-OEVVmapk [ IEAf M

Table 1  Primers used in the study

Primer name Sequence (5'—3")

gbrlA-F GACCAGTTCAACAGACAAG

gbrlA-R CAGTAATCTTCGTGCTTCTC

gabaA-F GCAAGTCTCCAGCCATAT

gabaA-R CTCCTCTTCGTCATAGTAGTC

gwetA-F CGCAGACGAATTTGACTT

gwetA-R GCTGGTGGTTGAATACAT

Vvgpd-F CAGCTATGACCATGATTACGAATTCGGAATACTAACCCAGCAATC
Vvgpd-R GCTTGAGCGTGCTCAGGCATGATGACTTAGGTGCGTAGGA
Vvmapk-F TCCTACGCACCTAAGTCATCATGCCTGAGCACGCTCAAGC
Vvmapk-R TCTTCTGTCGACACTAGTGAATTCCTACAAGTTGATGGT
gVvvmapk-F GAGGAGGCATTAGCTCACCC

gVvmapk-R GATGGTGGGTTGGAACGTCA

PtrpC-R CATTGTTGACCTCCACTAGC

actin-F GTCAAGTCATCACCATTGGC

actin-R GAGGAGCAATGATCTTGACC
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1.10 RATFEFELIXI

I T FEL o e AR 98 B 40 4K pK2(bar)-
OEVvmapk 7 A FF1# AGL1 H, #£ YEB K5
eI AR B R 50 pg/mL AR B K P 7 O
ve, FLAS% B, DL Vmapk-F il
PtrpC-R (& 1) 5| ¥)ilE47 I #% PCR ¥ 14 B ik 5%
R FF I . PCR R K R (10 pl): 2xTaq
Master Mix 5 pL, . TFU#5[4(10 pmol/L)%
0.5 uL, ddH,O 4 pL, FIKEAZEPEI AGLL
5 R NAKZRIEA . PCR W /4 : 95 °C 5 min;
95°C30s, 55°C30s, 72°C90s, 25 PMEH;
72 °C 5 min,
1.11 BHERZKLLE

AT A AGL1 FIERA R B 1) 20 A= 90
LNVRETTIRATE IM B SRR -, Ak
FETRA T 10 77 70 25 41 A A\ BRAE R T
AT RE, HAES% Fang R
o F 1S Jrik b T 24 24 45 PCR 3 1 A A
#z, L Wimapk-F F PtrpC-R b5 | #)(F% 1)i##47 PCR
ik R4 7. PCR R BIRZR (10 pl):
2xTaq Master Mix 5 pL, F | TE5147(10 umol/L)
£ 0.5 uL,DNA 47 4 uL.PCR [ v 4544 :95 °C
5min; 95°C30s, 55°C30s, 72°C90s, 30>
fE¥R; 72 °C 5 min. KPHPERALFHAER 5 G
0.1%F B B T 250 pg/mL Sk AIBERT H Y CZA
B3k b 26 °CEESE 15 d JEedE, 8B 3 1K,
H A e FF PCR B iE A E 8% Bk e
1.12 EEFRERAE

FH 0.05%0t: 7L -80 2 77 BRIEL R TR BT R, AL
RS AT R R LR 22, RIS ERT R,
PRV 5x10°/mL, B2 pL il 72k i
FiE] CZA AR FRIE |, 26 °CHiR 7d, ME
WIS TE IR,
1.13 BREE~RAE0NE

B 112 BIRAPRRFE 7 d BT TR BRI Y

IR RS 'Y TR, ASRRTIMA 3 mL it
T-80 HY B R, RIZUR G 2 A 1T TR R
R, AR AR 2 o AR,
BRI, 43 A AT B0/mL=N/20x 10°x F
BAERC, AR N 5 AR5 R B4 AR AT R
B, G5 RAE SRR TR R I A A AN BOkR T
R
1.14 SHEBFHERE

W3 e TR IR B PR 2R 131084 /mL,
SRIGURARTE CZA [EAREEIRIE I RIS 647 e
LbER, BAR T30 . AE CZA BRI N 3.5%
NaCl 47 8 38 b 35 5 K 73 26 8 1 B ALE 42 °C
S EIE N 30 min PN E AL R IR A
TE CZA KR HE B AR A 7E D% 400 W
BT ARG g BESE 2 min SE1 T2 A REFR L
AEBRS )43 T F 26 °CHEFE 15-24 ho#E 15h
CRABFEFE 5L 20 h (W8 b FRFE i B R 1Y)
JTRYIEC 1 emx1 em K/NMAEEFRIES, FE 4058
WEFEAA IR, U AR AT 2048 KB 90 746 4%
B 12 MOAE &, St B Fig k%,
B &8 (%)= AU A i < 100,
1.15 SERRHXEE PCR

K5 100 pL ¥ A 1x10%4~/mL 59504 i T2
WATAE CZA K535 | ,26 °CH: 3% 5 d, I ML RNA
FEBGAF SR RNA , PEAT 56 53K 45 cDNA,
HEAT SEI 5 56 5 B PCRPCR WA (10 pL):
2xSYBR Green qPCR {R&5 ¥ 5 uL, . T#5]
YI(Z 1) (10 pmol/L)%& 0.5 pL, Fike 20 f%m
cDNA f#z 3 pL, ddH,O 1 pL, EEHE LIRS
5], PCR W 4544 95 °C 5 min; 95°C 155,
60 °C 15s, 72 °C 30 s, 339 MFEIHR, id KA
&:4F 7 Vwmapk. BbbrlA. BbabaA F BbwetA
BRI Rk E LA actin B9 F AR ABEHE,
55 1 4= Rl (wildtype, WT) ) AH X 2235 B Ho & ok
7 2o F IR TR R BRI 1 R IR ROCR .
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1.16 DHEBFREKXEELSRAEFIAE

1 4 S IR 4y RO M AEYR R 1074 /mL
(5 AR PR , R 10 s IR L B E
Brz W YRR IR, K 30 kR ES IR &) g
HA2 150 mmx* 150 mm AYEFFEILA, 26 °CH5F%E 7 d.
DABR A 118 7 B A R R X B 2H KA Ak 121
FOIERIEIE A RE ST, A IE 3 MY ER .
HEBET 1 K 8 W 4y sCHE 7 76 BT 1 5 % 1LY ]
H ] A TG B K IR T B WK AUPR R, R
BRI 22 % B[R] R4 R
1.17 BE&ANE IR

DLUER A 71 {5 B AR 0 Ol X BE OB Rk
Vmapk # AL TR 3] PDA SE |, SR
5 6x10° A~/mL 43 A= 2 T 0o i L 1
FIMERE, HARS s peR S 0 ik,
1.18 HitESh

I SPSS BFifAT t K ER 4. P<0.01
R EA WD 22 5 (*%); 0.01<P<0.05 K H
H B FEERF); P>0.05 B LB EES,

2 EREGHN

2.1 EHFAMEE

AR EIE 1A B, F3-15H9 Wopd
FHJE 3T (GenBank %554 KF528323.1) 4l
VWmapk FE[H ORF F Bt (GenBank % 5N
FJ9067691)1_T? PCR @l &iE#H:, ARG wepEs|
pK2(bar)# 4k |, £33 EcoR 1BV, LAY
mzﬁmmﬁdmﬁ&@um,ﬁﬁ%ﬁaﬁ
ANAHAF 5 TE— 250 7 A A S R R B TR B
Ftfr 44 A pK2(bar)-OEVvmapk,
22 FRIEFUFHFIE

B A5 H0 pK2(bar)-OEVvmapk 5 4 25 A 4%
ALAFEHF, A VWgpd-F/PtrpC-R 4 51 44 1 5]
2 350 bp &5 A BR(&l 2A), UiB] B AR A A
FATE o B RAT R A %m%%%pmwm-
OEVvmapk 41 # {&55 A BRI B
Vwmapk-F/PtrpC-R 5 [ ¥REY 4 H 1 200 bp E
AT R B, U P 2 AR 2 A BRI AR R

A bp
1 kb
2350
S EcoR 1
Vvgpd-promoter
! pK2(bar)
Vvmapk-ORF
EcoR 1
B 1 ZEH K pK2(bar)-OEVvmapk BIHE  A: B AR ZE. B: F41Ek A B U156

M: DL5000 DNA Marker; 1 F12: if ik Ak

Figure 1

Construction of recombinant vector pK2(bar)-OEVvmapk. A: Schematic diagram of recombinant

vector construction. B: Enzyme digestion validation of the recombinant vectors. M: DL5000 DNA Marker;

1 and 2: Overexpressing vectors.
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A A
£ £
A 3 B § &~ (6
bp & 1 2 3 bp bp & 2123 bp
3 -
g
< T
2 T
o =
5000 o
3000 £ —=
2 000 %
(] ] - e
1000 1200 2
750 k=
500 &
250 0
100 WT  1# 2% 3% 4%

2 FRIEEAATFIHIE

A: BRI E R PCR BE. B: 341 20 A5 A B (118 % ) PCR

KAE. C: Vvmapk ) mRNA KPR, WT: BFA AL 4. 3 RIKH bk
Figure 2 Screening the strains overexpressing Vvmapk gene. A: PCR identification of the transformed
Agrobacterium. B: Verification of the overexpressing strains of Beauveria bassiana. C: The relative
expression levels of Vvmapk. WT: Wide type. #: Overexpressing strains.

(F 2B). #EHGSFRER 4 DA R T E =
PCR K:F. 5 WT ML, 4 MEZEH VWmapk %k
PRURE T e Tk FE AR BN [ RR A vy, b 2#
HI 4k R B SE DR AR XS FRaB 540 52 WT 9 2.4 1%
122 F5(18 2C), LI R 2#F0 4R e 220
RIGAEL, 3444 OEVWmapk-1 1 OEVwmapk-2.,
23 EREEHKMEEZERE

Wl FE R R B CZA KigRdk BRi %
7d, Z5RER: 5 WT M, R EkNE
K IR R A B EUCE, HRAERE &
SN, ARV, A5 B0 B8
R(E 3).
24 TREEKRMZRAEMBLESH

¥ CZA LHE57 7 d BRIVE AT i 40 AT
ZELER WT RSPl 4.7x10°4, B3
IETF 2 Bl FIRTIE =R (Yl 9.8x10°1,
P<0.05), WK 4A FiRs. AT kiR
7 ANFIEMRTE CZA KigR 5t b iy &R T
H 25 (P>0.05), (HTEER AN A 51T,
T FR IR AR A A 96T I R RS B T
¥k WT (P<0.01) (&l 4B).

25 TAREEHKNESH

O3 HE AL TR Y R I I &)y AR SR 00 25 R
R WNER 3 REHFRGEIFREBIET R, HE
5507 KRk, FEERTRIAHER , KR 4y i i)
BRBET R EM AR, 55 46 X, WFKE
PR AR KIS IR &y i RBUE T R B E ST WT
(P<0.05) (Kl 5A), 174K Mg 21 HUY 2 BUE RS
B (LTso)34 0 3.5 d, o WT B2 EFEH a4 R

OE Vvmapk-1 OEVvmapk-2

3
et
Figure 3 Growth of overexpressed strains on CZA
media.

WRIEFEUFECZAEFE FEKNEE
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A _ B
15 100 - COWT
= ” 3 EH OEVvmapk-1
E * Z‘ 80 - i Bl OEVvmapk-2
5 s HH RE ko
o 10F = oH
= S 60 HHi
X = mmi
£ £ i
] - £ wf i
= 5F 50 HH
= = i
= b= L HH
= £ i
o &) HH
0 0

WT OEVvmapk-1  OEVvmapk-2

B4 IFRIEFERKSZBEQ)MIELE(B)
Figure 4 Conidial yields (A) and germination rates (B) of overexpressed strains. *: P<0.05; **: P<0.01.
The same below.

>
w

120 - @ Tween-80

. - WT WT
< 1007 & - OEVvmapk-1
= ¥ OEVvmapk-2
b 80 [
'::g
g 60 - OE Vvmapk-1
2
= 40
=
=
§ o OEVvmapk-2 [N
vmapk-
0 ® o« .
3 4 5 6 7 =
Time (d)

5 FREFHRTARFIENSFN A BHEGERGIT. B: 2259 ) RETIEREE FPpR S
Figure 5 Analysis of virulence of overexpressed strains against Galleria mellonella. A: Statistical analyses
of the cumulative mortality. B: Penetrating ability of the strains through insect cuticle.

1do 7ERPAMEIE 9 K, IREEHARLZ  WEIDRRRSIEE] 83.1%, HALH MM Ik
Cegr i R R RRE, MARKI R 2208, B 73.2%. 765 2 KA 3 K, Ffb 70018 Kbl

i WT B 221 57 i (18] 5B). JTREBIIE R E LT WT (P<0.05) (11 6C); Al
2.6 EREERXRREERIHINERE BE, 7615 d PEEAL T XS IR T 50 7T B 0400 B 5 L

Mk WT Fl RIEEMRIN IR A LR BT WT (P<0.05) (8 6D),
DI MRS B RA M HIER (B 6A.6B). 2.7 idFRik Vvmapk HEE HESEBFE
AR WT X6 Bz 4 ) T 0 R e e vl 15 84.9%, B HRILIERRERMRIE
b Tl ik 81.0%; Hkk WT Xt2efsi ) M ARSE I 5 Wimapk XFERT 1
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a=§ ZULNEVING I ol PR S ek Y R iy L E i e S )
TRE RN TR RIA R, 4R ER
FeALbR &R, PR R AT B RGN BbbrlA
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Figure 6 Antagonism of overexpressed strains against pathogenic fungi. A: Inhibition effects on Fusarium
solani. B: Inhibition effects on Fusarium oxysporum. C and D: Statistical analyses of inhibition rates on two

pathogens.
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Figure 7 Expression analysis of BbbrlA (A), BbabaA (B) and BbwetA (C) genes in overexpressed strains.
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