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Abstract In order to explore the role of Metarhizium anisopliae in the midgut infection of Locusta migratoria ,
the full-length sequence of Pr1C gene was obtained from the transcriptome sequences of M. anisopliae strain
IMI330189 and primers were designed to clone and express the Pr1C gene. The obtained Pr1C protein was mixed
with M. anisopliae IMI330189 spore and its toxicity to the locust was checked by using bait-feeding method. The
expression level of intestinal immune-related genes in locusts was detected by fluorescence quantitative PCR. NCBI
Blast results showed that Pr1C gene belonged to the serine protease family of M. anisopliae with a full length of
2 126 bp, and its protein size was 71 kDa. The bioassay results showed that the mixture of Pr1C and M. anisopliae

IMI330189 could significantly increase the virulence to L. migratoria. The expression level of five genes Defensin ,
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Persephone , Tube, Relish and Dredd showed an increasing trend in all treatments, but the treatment with the mix-

ture of Pr1C protein and metarhizium induced a faster change than other treatments and reached to the highest level

on the second day. The treatment with M. anisopliae induced slow change in the expression of genes, and the high-

est level was observed on the sixth day. This study indicated that the extracellular protease Pr1C of M. anisopliae

could significantly increase the virulence of M. anisopliae and its infection rate, providing a theoretical basis for the

further development and application of biological preparations for controlling L. migratoria .
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PR E T ABIEE LY, Kucera 76 [ Ut {4 BE
BT SR IR T B ORI T SR AR i Sh 2 1 il
FRTE L T4 Hh TR R A 2R RS ) 5 R AR R
F, BEERER LI UL AT AR R
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KR AR T Z A S, St Leger
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BEREYI R B ST . 7E 28°C 2544 F . 1] PDAY X5
FRAEEREFR 15 A BN AR TR G T 4C IR
6 FH R 2 0 o B R RN TH A A
T

1.2 fHiHiE

RGBT KR Locusta migratoria FpEE Ry A8 55
B SRR . RIS DRTE N AR RS SR A R
A AR 258Ky - TR (30+2)°C LB FE 60% .1/ D=
16 h//8 ho ] — I [E]EAL /N — S0 Wi 4 7%
B FEHSE(60 em X 50 ecm X 60 cm) H 3 fief 22 B 4]
. FFEEAMEL/D=16 h/8 h iR (30£2)C,
FAXSRRE 605
1.3 #EHE

LB WA B IR e BE R 5 g AR 1R 10 2. %
ksl 10 g, #b K E A ZE 1 000 mL, 121°C & JE K
K15 min,

PDAY [l {435 57 5 . Th 4% 38 (25 je 7)) 200 g,
g 20 g. HEME 20 . WERERY 5 g  ANKER E
1 000 mL,121°C & JEKF 25 min.

W R B SR AL  RERE 2 g, 3IR K 1.8 g AKE R
£ 100 mL, 121°CEEKHE 15 min,

W22 KB SR B B IR BE 2 g, BERRHY 10 g, i
W20 g, BERR A — 8 5 g, #bKEZA A 1 000 mL,
121°CEEKE 15 min,

L4 FERFRME

RFN FEAFE TransZol Up Plus RNA Kit(4:
4 , PrimeScript™ II 1st Strand ¢cDNA Synthesis
Kit (TaKaRa), DLL2000 DNA marker ( TaKaRa),

RNA spin column (4345 ), Proteinlso® His-Tag
Resin(43.4:) , Trans1-T1 Phage Resistant Chemi-
cally Competent Cell (2= 4:) , To#% B2 7K ( Ambi-
on) , B NG & (Axygen) , Frk # PO & (Ax-
ygen) , Ex Taqg DNA R4 (TaKaRa) , & 45 . LK
CBE S NEE N = E o 2D 55 . A SO TS |
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WX b T AR TR A R H A .

IR AL FE R BB N T AREAE (T 3R L i
TAEG CEEHID . 7 1% ETC-811PCR X, 1 [
Sigma3K15 ¥ 55 0L, THZ-D & 15 IR 3R 1 28 (4g
LA SR HPX-9052MBE $5 i H #7246 (|
YFEITY , ABI Fast 7500 5255 B PCR {445,

1.5 PriCEERRESRIE

FIFHTE 22 4 K85 Fr B TR AR 1 ffJH Tran-
sZol Up Plus RNA Kit(4x34:) NERE 15 1 22 42
BURE S B RNA, PrimeScript™ 1T 1st Strand ¢cDNA
Synthesis Kit % 5E8E i cDNA, il . Rzl
Y Fl. 5'-ATTTAATGTGCAAAGCCGGTG-3' il
R1. 5-CAGATGCTCAGGACGAGAAAGT-3' it
Pr1C S #E47 PCR ¥ 34, ¥ 34 & 44k 95°C
3 min;95°C 30 s,58°C 30 s,72°C 1 min 30 s,36 4>
PEFR;72°C 10 min; ACLRAE, T HE S5 19 B 7™ Py itk
Friale, 5 pMD-19-T Easy k4. A5 it
PSR TY) A Trans1-T1 Phage Resistant
Chemically Competent Cell JE5Z 2540 M, ] F 2%
PUPEG e PR bR . PP SE R4 PCR K56 B0 )5
B AR T A LD 2 /1Y

AU i A T 1 1Y) % Ak R EUBORE I DLl
AR S Nde 11 Sal 1BV S B 514
F2. 5-GGAATTCCATATGGACTGCAACGGT-
CAC-3"(Nde 1) 1 R2: 5-ACGCGTCGACATT-
GTGTCCCCTTTCGACTC-3'(Sal D #4F PCR, ¥
1 PrC 4 KB F B PCR 3734 4549 :95°C 3 ming
95°C 30 s,60°C 30 s,72°C 1 min 30 s,36 ™MEH;
72°C 10 min; 4°CLR4F. ¥ PCR =#yaifb a5
W] (Nde 1/Sal D, BEYI. [B10E B A B 5
pET-21b A& i 17 3% 2, 3% 87 W) i Ak K 4 18
BL21(DE3) & #%  F F 20 S Ptk o e P s e, M
i A BH 1 v R v B BRSO, E AT B D) . PCR
YE . K IRUEE A I B S R A T IE S 3Rk R H
[ 1 PriC 22k 0.

PRBCEA pET-21b-Pr1C kL) R AT I F
7%,37°C 220 r/min, {G L5 % 12 h J5, WHL 4 mL
A A 200 mL LB 8532 5500 =i, AR 51
TR 2 hs BRIG I IPTG, Z 4 i % 0. 5 mmol/L,
20°C .150 r/min S8 F% 8 h, 7 000 r/min B5.05,
IER, A 20 mmol/L Tris-HCI(pH 8. 0) £%

MR TR AR, 7E 400 W, TAE 5 s, [BIFE 5 s B
PRBAARANNE 15 min, JAFIrE B E A,

H i 2 5 0 R H] Bradford 2% D352 5 7
2, AR LS A O PR L B {AE 595 nm
AT OD A, AR E S i
L6 Xt cigpENNE
1.6.1 Xigab#

RIS 3 AAEHEL 50 - DA K 1. 8 mg/mL
1) PriC 285 H 5 2 il 73 & 2. 5 X 10° A/ g B S AE A
IMI330189;3) ¢ 4 1. 8 mg/mlL 4 PriC % (4 + {1
T 2.5 X10° 4/ g 194 fi T AR IMIB30189,
LARIAHFFA BL21(DE3) (354 pET-21b 25 #iff) i %
FEIRM R AR 25 LR BRI A A 3R X B AR
5HEK.

1.6.2 155 oy B #

FRIGE 2 2 85, A 5% (V/m) # Y10 1R 5.
HR AN [7) Ak B v 22 28Kk v 4B TR 96 5By A1 PriC 2R
FIRY & 0 T 1 1k Hh 98 7 i S R R
PriC # A WA BE , THEA [m) b B b B f A &
A TR A PriC 2 B &, AT AR & 20 S A
SAEYIMNEZ R IRY . ACHRAAE .

1.6.3 A4l %

B HEIUR 12 h B QIR 3 I B TSR 1)
FHRME R (KX TEXE =30 cm X 12 em X9 em) , &
8 30 3k, HE RIS IR TR 41 . K TR B 3 O A
Fiedg 30 3k (1 )4 g 15 B CTE K A Y B 5 L
SRIG AT B8 i SRR v RS AR PR EE AT 5 WK
B HORCE 24 b5 R R IR R RORT B 2 1
KL FE T HORAE G B iE Sl %10 d, i E
PN ASE YRR YRS T
1.7 ERERAEESKRIN

PR 1. 6. 1 AR [a] 9 b BEFN 52 HEAT BETT X B
HRAL AP EFN] 24 h RS BRI RS 1 K
BURE R A a) b 1 d BORE LR 4 R, BAEE T
WO e 1 Sk, A AL RO 5 Sk, YTIRCP
0. 750 B HEFRER /KI5 U o oh Ml i it VR R0 R 5 T
—80 CIKF - 1. i TransZol Up Plus RNA Kit
(& 4O #HEUP g A RNA £ 5, PrimeScript™ 11
1st Strand cDNA Synthesis Kit 25 3% 355 cDNA,
it POEER PCR 519 (R D3RI @ A2 A
>*% 3k Dredd., Defensin, Persephone, Relish,
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Tube FIRFHATRGI , NS Bactin, VFEF
F:95°C FAS 4 2 min; 95°C 15 s,58°C 15 s,68C
30 s, 40 DMEF . 22T IE S B A W] A B S RO A
2 PP ST G o

®1 AXETRARNKEEE PCR5Y
Table 1 Primers used for qRT-PCR

FEH 2 F% GIL7 27 [GRS)
Gene name Primer sequence
Dredd CCTCAATGTTACCAACTCCA
TGGCATCTGACAGTGAATCT
De fensin AGAATGCTCCACGCCGAACGC
CCGTCGCAGCACTTCTCCTAG
Persephone ATTCACGCAGAAACTCGTC
GCCGCAATAAGGCTATGT
Relish CACATCCTACAGCAACGAATC
AGAACAGCACACTGAGAGTCC
Tube GGAAACAACTCGCTGAAACT
GCTTGAATAAAGGGATAGGTCC
actin GTTACAAACTGGGACGACAT
AGAAAGCACAGCCTGAATAG
1 250 500 750
—
RF +1

Specific hits

1.8 BIESITESH

W AT R A R IR A R =15
K100 %0 AFIE RG4S R SPSS 20. 0 8t
TR R T 22001 BT R A GraphPad Prism
6 B EAT B e hE

2 FHRE5HM

2.1 #ZEEMRIEAE PriC EEF S

XIS LG PriC e 553 A4 R R iz 5
54K 2 124 bp, gt &4 707 A SR 1Y &
FIRP A I RE R 55 28 A B A 1 2 1 il LA AR o 19 [
PPE IR B 9700, 7 5 v & IR S8 5% I 45 4 35k
(Peptidases_S8_5) i Ik (22 2 R £ 1 W Z ) 45 44
3 (Peptidases_S8) , VIl 743 1h 7Y 22 23 iR £ (1 il JULEK
#HH (type VI secretion-associated serine protease
mycosin) , Fn3 254538 (fn3_5), 2% PoS1 & M il A
KA AR EEA A D

1000 1250 1500 1750 2000 2124

Non-specific Peptidases_S8_5

hits I
Peptidase S5

PA_PoS1_like

T7S5 _rycesin
Superfanilies peptidases 55555 super

-
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P

idases_S8_S53 superfamily

Peptidases_58_5 | 35

Peptidase S5
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Peptidase S8 superfam

Peptidase _S& supe

1 PriC EBEMWN S

Fig. 1 The prediction and analysis of Pr1C protein structure

2.2 SMEERINEQES PriC FAZRIAH IR R

it PCR DSRETR cDNA iy 33545 1 2 124 bp
1) PriC 3 B 3 8) pMD-19-T Easy %
&, 3645 T 4 816 bp B4 ik pMD-19-T-Pr1C,
DIHOMBNR , R 514 F2.R2 47 PCR 4731, k1%
T %A Nde TRl Sal 1 W EGYI S0 PriC 3N R
Bt % Nde 1 #1 Sal 1 X4 545 A F| pET-21b #
ARE L R D7 A5 T) 3R A% 7 567 bp MY ALK KR
Wi pET-21b-Pr1CCE 2) SR J5 s Joobr % AL 2 K I FF
BL21(DE3) W, L NPutkimk, 57158 7 S A E
ik pET-21b-Pr1C Wfb+. MEA LT R R
FeRiEAT PCR FIEGYII8E . iF B 46 AR B ) R B IE
. HIPTG X H 2K B iris 53R 08, 45 21
AL F AT AR 71 kDa 1) Pr1C & H (K 2),
2.3 ZETHE IMI330189 5 PriC A IB 5 ¥ EEE

b2y |

SEUL N A B 1) R ZE G, TR (A T R

EIBE LA S FEXT IR, TR A A R —

M 1 2 3

kDa
200.0

116.0
97.2
66.4
443

29.0

20.1

14.3

M: Premixed protein marker (Broad); 1: Pr1C 2 H(Jjiig); 2: PriC %
H( ki) 3: CK

M: Premixed protein marker (Broad); 1: Pr1C protein(precipitation);
2: Pr1C protein (supernatant); 3: CK

E 2 SDS-PAGE BRI AR P RIZR PriCER
Fig. 2 Detection of Pr1C protein expressed in
Escherichia coli by SDS-PAGE
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B T 10. 0% (FETEE K 90. 7%, TELHE AL,
TR R AR Y SEC I RWIIET:, K A7 R
B, B3 10 K, BEKH] 60. 7%, PriC b3 Y
SRR AL FRZE T2 BIEE 10 K, RIS A 705 R AR
F63. 3%, " FHZIBEA B EHEF(P>0.05) (HEXf
TEAIAH L, 22 F B3 (P<<0.001), ¥ &ER 5 PriC
RAE R R T R, 255 10 RIEARE] R
A 30. 0%, HHAWACH B A AE B 5

IOO_M
80
o 2
< E 60f
RE
."&(% 40F —=— CK
——PriC
ok % IMI330189
—e— PriC+IMI330189
G 1 L ' L 1 1 L 1 ' A
1 2 3 4 5 6 7 8 9 10
IR/ d
Time

B3 ARELETEFEER
Fig.3 Survival rates of Locusta migratoria under different treatments

2.4 kiedfFeEiRE TiEEXERRN

BE R TR I 25 SR (T8 4) S8 7%, RO A T )
Jei > W N 5 A S A DG 3 R 2 5 R KO AR L T
R, SRR, G LRSS 2 R
EPHME ETF 4 RERBIMKE L. 28 6
K PRk 5 35 B i i s PriC 8 (1 Ak B2 v g 3t
HTEAL G 26 2~4 RFR & SR B4 5 A
—3L B A~6 K5 AN FFRIIEEH 2~4 KM
SRR E R R B (i AR A PR (P<<
0. 01) s ZRAEP AN PriC TR G AL S S R R 7E
B2 R EIEREARER, B 2~4 RIG K&K
P AR A4 K 5 NI Rk 5 H A AL FR AL EL A7 AE
e i35 25 53 (P<C0. 001) SRR 5 6 K 5 A~
Feik i B 1 AR T S 40 T Bk Ak B W] D S A RN
Pr1C 2 (IR A Ak L J 5[] 9 BE A% i 35 3 in 2R (e 7
B MR IEER R AR Y 3 T RS | AR 7Y AR AL e
PE RV o

Dredd Defensin Persephone
R S 401 e . €3 Pr1C+IMI330189 a
2 €3 Pr1C+IMI330189 2 €3 PriC+IMI330189 o 29 IMI330189 5 §
Eig 2ol @Pric a g.gm- 22 PriC i = B
g IMI330189 & 2.l &9 IMIB30I89 fé 2 N
&5 o = CK 7 &
m o S m o b m o
=2 .2 10 N =2
5 | ! s g TZNEN:: o
=0 ry 6 = 0T s 6 2
fiF]/d  Time a iii]/d  Time L iiE]/d  Time e
Relish Tube

401 151
g Pr1C+IMI330189
& 30f PriC

£9 TMI330189

20r @@ cK

10}

FAXT IS B

Relative transcript level

FAXFR R
Relative transcript level

mfE/d  Time

FfE/d  Time

E3 Pr1C+IMI330189
€2 PriC
IMI330189

VAR i) /NG F R R 0.0 UK P22 5 B 3
b Different lowercase letters indicated significant
differences at 0.01 level

B4 ZEERIZESE PriC B IRE S AN REEREXEEERREMEHEXNRES

Fig. 4 Relative expression of 5 immune pathway-related genes in Locusta migratoria treated with

Metarhizium anisopliae extracellular protease Pr1C at different time points
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B BRI A B AR O L 32 25 IR T AL ARl
Pir s A2 B HUR AR KO B R B AR TP
G WA A L A W R CTR A i R AR A
— ERORERZ BN 2 580 . ASCl R &
KRB AN (I Pr1C, IR BN TARDRI R M 1

J5 AR KT b F L 25 5 % I 2 58 1 L A B 1 G
Pr1C FIgrE IR G /E AL, RIS FE T R 0]
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I T e R TR B A A R e e B B
ZRAR R Y TR P g B T S R B R i A
TPCK J& 1 QW h fi7 Sl % 6 4 4 oK & A B i 1
IRU S AR I — 4 SR R A S A
HhEE I Pr1C AN TTAREHS  Z I LARERS T 30 R s 4R
FAETE, A] BE A SR R B A AR Y
NLGRHG  FBCIE P il gk B4 1 v 32 K 45
a8 SRR 5 e S T R B B AR 5 e
B B I RIS TR T, IR TE
AT A5, RIRTERUE | & A SR A R
i PriC N TAEE R 2~3 d W, A E H i
IR A A B4 - SBT3 B ARl Bl
N DL B TR S I i 3 AT B e ok (0 R 9] S E
Gy A A A T WS U A SR 5T DT AR T 4
R AR e, 3 {15 S48 1 A A1 2 1 R 5 1
(AL FRZA TR ] T A b L

Toll Ff s G E12 (IMD, immune deficiency
pathways) 2y F 2 S iR A48, 7E s L Sp rh il B
GAERYT . AR AR R Y B T BRI
525 F Persephone T 454, G Toll 42 SPE
%75 Ry Spétzle, G VEM Spétzle 5 Toll Z K4
&S T2t Toll AR YO - 6 F BiFhE ke 0 Ak
KT (myeloid differentiation factor88,MyD88)Z: 5
G RE AR Tube  Pelle F&H [ 3655 , H e & T 5L
B s A T kB ONFwB) ARG e st R 7 Dif
(B IR AV SO o A2 HEHT TR IR 199 23K 14 T HR40 909 Jot 71
AR, IMD i&#4E 8 5 Toll i & UrInl /E HI Y
B2 SLNE» TR T LT A 2ok A v 27 32 B 4 o e
HR R B T T AU (ROS) )RR T 3850376 12 B 9 I
I, IMD 3842 BS54 T W8 T AH G 4548 B
(Fadd) FIAET- A G HY 2 ced-3/Nedd2 4 il 4 12
FIF (Dredd) 3 R 3R 3K , 1258 P 1) 3R 38 (2 i A% 5% ok
BT kBONF«B) I 5 ] 5 Relish 3Rk
Relish [R5 IR e FEATT R IR Y 7 A5 K40 905 5L 1A 1Y)
AR B ER (defensin) f&—Fh g & 2F bt 24 R
RS 3T 1A ICHTE 22 RPN 2 5 R it
PR 75 A0 S L A ) AR B M i S0 v [ R A
EEZECHEZEMMEM. 7EX RIRER 754 PriC
TR Ao T ) ) I 5 A e g 28 R IR £ 2 5
A HEAT RN IS & B A8 IMD & 42 Dredd , Rel-
ish P FEIR 22k k45 38, Toll k42 Tube, Pelle
PSR ik B, B AT WA SRE R AR T

1A h Toll A2 F1 IMD & #2342 5 il b iz 1 4
PE SN 5 (AT T W o Jk R 3838 1 T DA TR F
POV R 00 7= A 5 | it e o i S8 S

M IR T LB M ANE A B Pr1Cy i@t A
T eHm i O SO0 B R EAT T AR ek
DU R 6 S A G e L IR AT T 5% K1Y
RO J5 IR 75 VR AW 98 % 2R L FE R ey i i
VEFAMLE . MR G A R 50 F 7 25 5 o] DAk 3R, S AR 7
JfL 4R AR SRR P AR Y RIs i R R R
KA IEAE A S DR B A5 30E — 25 T R A R AL B 2 T
KFIFIFIE .
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