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WE: A A LK Locusta migratoria manilensis %92 8% FK506 % 4% & (FK506 binding pro-
tein, FKBP) %9 2 &t , T fi# FKBP 2 & -F 218 1§ Metarhizium anisopliae 1z 3 7 . K 3269, 5 B
S K4 FKBP46 2 B B 3L 4h AL & & , KR 5 2 & PCR 77 ik & FKBP46 A F JE A T2k 38 5%,
KRB AR AR RSP A6 kak @ 4850 49 7 i) 2 FKBP46 & & &F 2 & T 4018 1 &
I 1 B AF R IR TR B2 AR A AR AP B AR R AL M AL B (superoxide dismutase, SOD) | it A AL 4 B (peroxi-
dase,POD) . B> &AL (phenoloxidase , PO ) Fw= fif -2 B Z Bt A2 45 B B4 (acetyl cholinesterase , AchE ) & /M
g Hrn, ERET, ALK FKBP46 KA B A K #1200 bp, 2% & 4T & 4 55 kD, FKBP46 %
RAERRRE AR T A FE, LV AR T AT R ZRE, AR P REAZTH 1774
FKBP46 3 R £2 97 3w %, R B 69 AR AT K Z 45, 9 A1 A 1 22 s 1 Rk 209 4.88 45 F 6.84 4% .
FKBP46 %O 54 @ FTABARAFARAL I, FI0RMGEF LT EHANL56%, 2F 5 TEE
TR B AT, A T K2R A 49 4R 37 B POD . SOD PO Fo fif 78 AchE &34 54 @ F 4218
B kA 2R R F AR, R Y FKBP46 35 B #8405 ) 7R T2 70 32 69 5298 2 A6, 51K 56 AR & AR 47 Bl e
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Abstract: In order to clarify the function of FK506 binding protein (FKBP) in Locusta migratoria ma-
nilensis and illuminate the effect of FKBP in the resistance to Metarhizium anisopliae infection, the ex-
pression profile of the gene FKBP46 from different tissues of adults and in the midgut of nymphs with
different instars was analyzed by using qRT-PCR technique. The FKBP46 gene was cloned, and its ex-
pressed protein FKBP46 was purified. The effect of FKBP46 protein on the infection of M. anisopliae
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and the activities of superoxide dismutase (SOD), peroxidase (POD), phenoloxidase (PO) and acetyl
cholinesterase (AchE) were measured. It was found that the full length of FKBP46 gene was 1 200 bp,
encoding a 55 kD protein. The FKBP46 gene was expressed in all tissues dynamically, and its relative
expression was the highest in the fat body, which was 1.77 times higher than that in integument. The rel-
ative expressions of FKBP46 gene in the egg and adult stages were both higher than that during the first-
instar nymphal stage, which were 4.88 times and 6.84 times of the latter, respectively. The results of bio-
assay showed that, when FKBP46 protein was combined with M. anisopliae, the cumulative mortality
of L. migratoria manilensis increased to 85.56% on the 10th day, which was significantly higher than
that with M. anisopliae infection alone. Similarly, the activities of POD, SOD, PO and AchE in L. mi-
gratoria manilensis all decreased significantly. These results indicated that the gene FKBP46 could pro-
mote the infection of M. anisopliae by inhibiting the activity of protective enzymes and detoxifying en-
zymes in L. migratoria manilensis.
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Metarhizium anisopliae

M HGRE T EM EHE H AT 2SR,
T2 A TR BRGE ML X, 2 R R R T
Tl LT A B R A2 s R AR 8 . 2000 4L
K, IR A Y RO B8 I, Iz NZEXT A
SRGEURA I BT A, W S Rl ot 8 k2B (T4 I0F AN
A REMS,2020) o 4112020 -4 46 , YD IR Schistocer-
ca gregaria K EEE T WAL K BEE BT HAA 5 |
PRI A5 20 2R G542, 2020) . HAETPTIA
L e 1 RO DA LA 250 TRk BE AL
SRR EAEYIBG A 25 R A R
TR TS Y R B R s BT
2P R NS A7 0 ™ R M A 22 B T S e
(Lomer et al.,2001) . DAZRAE R A 3 1A Yy B5 16 X
ANETCE, HICHRE TIChi eS8, 7z W T
Al A 7= A R H B o

40 T LB Metarhizium anisopliae J&=—234E
Y B MU S LT, TR A Wy i
H T 72 (Quesada-Moraga et al., 2006) , H:fz 4L ALl
F BRI o o AT 7 R AR RE S R N
RSB, FEER I LT MR SE— R 51
SMEFVERT , ZF e (AR RE HE A IETE B ORI , T AR
A FER, RS, I WERER  RA TR
11 3BT (Gillespie et al.,2000) . 4>, 43 15 1 41 571
] LR YA 5 45 KIS Locusta migratoria manilen-
sis VUL K2 Locusta migratoria tibetensis FINV M /]y
W Oedaleus decorus asiaticus F£ P i) Z2Fhils b, 58
i A R il FH [R) R 2 (Milner et al., 2003) ,{H5
EEBGAH L, HAFTEBBERCRAR BB A (1) i
Yy (Lomer et al., 1997) , fE—E R F R 1 &riEE

IHES N H

FK506 %% 4 # 11 (FK506 binding protein, FK-
BP) & —ZLENE M FEMEAEEE, BA
JOR 5 — I 2= 1 — i 52 S 44 T (peptidyl-prolyl-cis-
trans-isomerase, PPlase) i 14 , PPlase H& % f# {1k 2 Jik
BYCER BRI 2 R R 3 N v R SR () A 4 Pl =
e e, R A B S B ) — A BREDBE if
T 52 ) JE 4 T 1 8 11 5 PR A B A P Rl R AR RS
(Harrar et al., 2001 ; Galat, 2003 ; Barik, 2006) . 4
FK506 15 FKBP 4 7 J& , FKS06 %5 4 1 37 AR fb 2 45
¥ 2: il FKBP f# PPlase i 1 (Xu et al., 2002; Yu et
al.,2012) . FKBP FIFKS506 1) — 0 & A A nl ) i 45
VAR 05 M , BRI A6 T A0 AEA% R 42 5 r , fif
GoPEANML A= e PV E H ( Geisler & Bailly,2007) .
A, FKBP 2 545 Z M an il 72 , (45 8 1 s dr
C= N0 B Y (SIS s SN 2 S ) O R
(Jayaraman et al., 1992; Wang et al.,2007) . 7RV &
PSR AP R AT L AE R b R B
BT — BRI R R G0, LR KA
A%, IEHEYUIE R AR P R G (Wang et al.,
2013). FKBP A y—Fp Ao ie i 1k i, BAJE 1540
JEL SR R AR R E IR AR T DA SR Y S
38 E 5 25 D1 E (Wang et al., 2005) o #EI 7E 2%
R R e ad B v, 390 FKBP 7] B8 2 il 25 F i
B SO, 7 2 e T A2 2 FA 30, i g Yo s e o
B, R, ARG 1 50 FKBP46 5 K Il 5
HAEAR W CIEAS [ L 2RI [R] e 2 g SRk 1 40
DL S FKBP46 & 1% 4 i 2R B TR L R R
FIE 7RI 2 W QLR P S 38 AF DG BTG PR 1) 52 i,
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T FKBP46 P4 45 W7 KW 40 588 (3 A4 1, LA 3
R AR TR e R A B o 3R AR A RIS A
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1.1 #F#

AR - 4 f SRR TR TR PR IMI330189 Sy 4%
S A R , B R R B S A A B IR
%+ (potato dextrose agar yeast, PDAY ) i F£ 5t |-,
28°C R} F% 15 d, R/ R A8 B B AE T 4C
UKF L A H

PR U/ INAZ < AR R SR A S 6 2 ] R 4
FEFRRE , 73R (3042) °C AHXTR B (60+5) % )
114 L:10 D B9 N AR SR 568 Th AL, 4 [F]— i
(]9 A R/ IN—B A s 5 % 21K 60 emx Wi 50 cmx
1= 70 cm (7R USROG 14 L2110 DR (30+
2)°C AHRHRIE 60% S5 T FE o a5 i /N i
P 5412, 1 A v E RO R B B B i
b, FETRBE (2542) °C AR B (70+5) % 6 JE 3
16 L:8 DN TR FRAf b i 35 2 1 It Am]

Br 323k . PDAY 535 3 i 40 W B4 3200 g
W20 g FERERY 5 g IR 20 g, ZRIKER R 1L,
121°C & JE K 15 min; LB (Luria-Bertani ) g {4 3% 5%
BT AR 5 g JIRAE IR 10 g AR 10 g, 7508
KEA AR TLAE 121°C H i N K# 15 min (5K
E3,2015).

5 : LA-Taq fif§ . PrimeScript™ RT Reagent Kit
with gDNA Eraser . TRIzol , B2 il 14 P Y] it} BamH1F
HindlII ,pMD19-T #{4& . SYBR Premix Ex TagTM II
(Tli RNaseH Plus), H 7< TakaRa 2\ &) ; 45 [ Marker .
K KT W Escherichia coli JB7% 7540 il BL21(DE3)
FINI-NTA SEFZHTHE, b 2N A YA RA
JRr IO & R IO &, L BRI &
A FRA W] 5 8 ALY AL (superoxide dismutase,
SOD) . i AL W i (peroxidase , POD ) & Il 2 571 £ ,
R U A ) T AR RS U4 pET-21b AR AT I
JAZ S UM DHS o R A 52 55 %8 (A7 s LA 34
S o V2

%% : PRX-250B-30 & RE N T4 , 72 0 g
BEFEAR 290 (4% ETC-811 PCRAY, FL st AR EATHT
AR PR A 5 Sigma3K 15 ARl & A B O AL, 18
Sigma 2 7] ; HPX-9052MBE % i H1 % 3548, |
RIS A FR A Wl R 7845 ) 5 ABI Fast 7500 7%¢
Y65E 5 PCRAY , 55 [H Applied Biosystems /A ) ; Nano-
Photometer NP8O M1 1w 436 Y6 1, 7 [ Implen 2

] ; VERSAmax 4= K i Fr{Y , 52 [ Molecular De-
vice 23 Fl 596 FLEGAR AR, AU 50 B AR P R A PR
] DYY-6C B FLUKAY, S —AUER T
1.2 FHi%
1.2.1 ALk FKBP46 3B 6 %

¥ ] Trizol #: (Rio et al.,2010) $2 B4 V. Kl A%
H1 5 RNA Jf: J2 5 5% /3 cDNA, DL cDNA 1E MR |
FKBP46-F/IFKBP46-R 5| ¥4 1 FKBP46 KX (3
D) A5 ¥ A TAEY TR (R A R
Al . 25 pL PCR KW 4K 5 : cDNA 4R 1 pL .
dNTP 2 pL. 10xPCR Buffer 2.5 uL . Tag DNA Poly-
merase 0.5 pL. 10 umol/L I F i 51 ¥ 4% 1 uL.
ddH,0 17 pL. PCR JZ W 5% 4 : 94°C Fi 22 P 5 min;
94°CAEME 30 s, 58°C IR K 30 5, 72°C HEMH1 90 s, 134
30 MEHR 5 72°C B EEFH 10 min; 4°CAR7F . PCR =)
FH 19% By B EE R v kR il , U1 1 [T sidb , 3% 422
F| pMDI19-T A, R G AL ARG
JAZ S AN DHS o T 5 38 2 2R 5 8 R AT B bE
e, ARATPH M 5w B R TR PCR B iF , JF 3% 4 T A=
Y TR (i) B AR AR . >R DNAMAN
pitAT H 0 AL R T 51 B LA K w8 1 L7
B 2549 4y A I 5 A1 SignalP 7E £k 4% 2 (http://
www. cbs. dtu. dk/services/SignaLP 43 #1 15 5 ik ; &
https://web.expasy.org/cgi-bin/protparam/protparam 7F
LT HWWEASF . 15 HEL K/ SMART
(http://smart. emblheidelberg. de/smart/set) 53 ¥ 14 5F
45K 58, A FH NCBLEUE 2 v BLASTP (http: //blast.
ncbi.nlm.nih. gov/Blast.cgi) #1712 JE 12 /7 51) [A] I P
5307 o
122 B#&RGeRE LSS

B2, 130 7 TE A R e AL, 2 BR B B Gt
UL P HUTTRL , DLZ TR A AR (. FKBP46-F/
FKBP46-R N5 ¥4 1 FKBP46 $:] (% 1) ,PCR J2
PR R SR 1.2.1, PCRIZYIZ 1% SIS HEE
LUK RS L 8105, FH BamH TR Hind TG4 3R]
it 1) 7= ) 22 2l A IR 4 A pET-21b 8044 , 38 i 4
R A VR B R A TR 32 25 41 g BL21 (DE3) o
407 5 FRAT A BH PR SE B AE B A MR B2 A 50 mg/mL
ANTHRAMNIBWMKREEFE D TI37CH R R
ODyyg u N 0.5~0.6 B}, JII A 243 B4 0.5 mmol/L 11
579 3L -B-D-H AR FUBE 1T (isopropyl B-D-1-thioga-
lactopyranoside, IPTG) ,20°Ci/5 515 12 h, BE0UL
LETRIAR ;300 W B JBEERE 5 s, B 157 5 s, B4 99 M
W5, F4°C .8 000 r/min 754 T B> 15 min, BUETE
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W R A2 A R4 T 8 1 4lifk, R SDS-PAGE H
PR 45 Ak 3 1, I pH 8.0 1) 20 mmol/L Tris-HCl
SRR R R E N | mg/mL, £ . R IR
FIAL B 798, &7 pET-21b 25 484K () BL21 (DE3)
PR PEECE 02 R BT R
1.2.3  FKBP46 2 Bk ik oy €

K Trizol y2:H B AR V. e b e e, HR A ] 2 21
(PRBE 52 kL AR iz RS N8 FiAs
] & B B B (BR e |14 W O fA  2~5 t et i 1 A
iz )RR A Y RNA, I 8 I 23 6 6 BE T 4%
FE il RNA B BE R4G 1, B OD,g, ,./ODsg o FUIELTE
1.9~2.2 Z i) , 2k Fi PrimeScript™ RT Reagent Kit
with gDNA Eraser iz 7] & , 4% B £l H] 95 B & i eD-
NA % 1 4%, -80°CIAFE& .

FEFNCBI A R FKBP LA T3,

S5 G 7R S0 FE AT AINAS B AR R R S 2 KA AR
13 FKBP46 5:[H () DNA J¥41], #I| H DNAMAN 6.0 #X
PEBEH 2 2 B PCR §™ 16 51 49 J 3k R 3K B 75 51
Y& 1) . LIS E M B-actin VE NS QF/
QR NG| Wi T qPCR Y HG |, Kl FKBP46 JE K TE 2
R B AN R4 AN R & 7 0 P R P R R e
K, 20 uL SR & : cDNA 1 uL,SYBR Green
qPCR Master Mix 10 pL .10 pmol/L I F #5144
1 pL &K 7 uLo SN 4514 : 95°C WAE 1 2 min;
95°CAEPE 15 s,60°CiE K 1 min, ¥ 14 40 MEH . 5
MREARW 3 AN EYFEL R 272k (%,
2018) , 53 LA FKBP46 J R I i s ARE FIT 14 st
I P ) B8 F MR ES B H I SE R ek i T 40
M (= B4, 20165 5K 4145 ,2019) .

x1 FTRASIYMEERFS

Table 1 Primers and sequences

LA Gene 5|4 Primer %1 (5'-3") Sequence (5'-3") JH# Purpose
P-actin ActinF GTTACAAACTGGGACGACAT RS

ActinR AGAAAGCACAGCCTGAATAG qPCR reference gene
FKBP46 QF ACTTTGAGGCAGGAGACAGG E A

QR TCCCACACTCTTCCGCTTT RT-qPCR
FKBP46 FKBP46-F CGGGATCCGATGTTTTGGGCACTTGTTTTGG LA v

FKBP46-R CCCAAGCTTGTTTACATTCTTTAGTTCCAC Cloning of the target gene

TR A5 BamH VR Hind TIE§YI{7 45 BamH 1 and Hind 111 restriction enzyme cutting sites are underlined.

1.2.4 FKBP46 %& G 34 & T L8 12 4 1 09%h

FRIL0.5 g 4 Fo MR 7 TR Pk IMI330189 18+
3T 0.05% -3 80 I e 5 14T, Bt A Im k11
BB, 0 0.05% IR 80 ¥ WA B B AR B Hy
4.15x10°4~/mL, & o PREBCKE T & &k, 4% Bt [
5% INAFEYIN , SR 5 #ie B BT REAAR R LE 12 1A FK-
BP46 TR, H 1 g TCAZ25k+1 mL 4R M 1 mg/mL
() FKBP46 £ [ , 121 J5 15 2] FKBP46 & [ 1H A,
S AR TR 7 85, I 1.2.2 v B AR 1 f 4 0k B
L H.

B[] — LU A0 25 30 Kol 3 A et it | TS LAk
FH12 h 52 B30 Sk/E ALK 30 emx FE 12 emx 5
9 cm [ JC R AR, FHE T BE S AR 26 4, B T
TR 30°C DRI 16 L:8 D AHRXHEJE 60% ft A=
EWNL B i 4 fa T SRR TR TR PR IMI330189
01 B V7 T0ORT FKBPA6 F5 1 AH 751 B A #1 A K G 25
] b B, HE A R Bk IMI330189 1 1B PR R Y
M A TR A T A B, R WA A g S e v i 5 i
ST 2 uL A Y TR SR I U R 8.3 %106 FK-

BP46 & [ 151 BRI M, F4~ A2 AR R 1 g5 T
H AL FE AN B SE A g S i v B AR S 2wl &
1, 2R A5 A IMI330189 {1 F & 77 W e , a7 B 4a] i
FKBP46 £ [ 1 7], A~ E 2 R 1 g DA
PEAT 0.05% I35 80 VA T 2 L 75 4 o5 7% 11 ] M 6o R
PSRRI, vk L P A BRI RS AT S UK,
FANTEE 30 K080 . ARYERIG BT, 1R 24 hJEH
THFVECH , AT e B e 25300 4 o, A H i s
HAIETE S A S, LS 10 d.
1.2.5 FKBP46 &Gt F K2 i AR KBRS0
BT YURAL BE 12 h %) 3 % he b 4 R 15 3k/(E
AT 30 emx P 12 emx & 9 em [ TG B A= £
ZHR1.2.4 J7iE AL PRI , B b P E AT 3R, B
153k, WHEH 2 RN EE 3N EE 45
BT S ity fige 351 o R ST v g 2 2 TE TR B3
SPRER T, A1 mL B0 19 0.7% A= 313K, vk - 0F
JEFEY, T 4°C 12 000 t/min 578 F 2520 15 min, B |
THRAE R IO, F A DGR E PE i e o A4
il P2 BRI, 1V B 3 2 I Bradford % 5 52 5
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T, VAR s 1A 1 R bs i kil ERR i 2, F
B HR AR 595 nm b IR 5L OD A, TR 1
WRE S B o i, B TS R

POD F1 SOD A9 3 P 5 771 2 Wl 5] 6 1
VLR BT, A FEREE 3K, IFE3TCHMET
R 0 B A AL 1 g IR R B 2 R
14~ POD i J1 803 (U/mg) , LA AR Z 508 (7 1 mL
SRR AR 3835 509% B () i 1R 14> SOD i% )
Hif7 (U/mg) .

1y 4 AL T (phenoloxidase , PO) 15 P4 2 2 fR A
T1 B FIEE A (2010) J7 I LAE AL , 7 96 FLEE IR
M w4 50 A B g 20 p A1 10 mmol/L 4 2K i
180 pL, M E T 37 CHIRFFRIL T, 7E 420 nm 3K
I E G B, () 1 min 05 1K, 01 h,
A 3R, B IC S AL R Y #8 A 77 Softmax Pro
6.1 BAFH-AT , WG J1 55720 OD min™ mg ',

Z. Tk R ek, 155 Tif (acetyl cholinesterase, AchE) {i%
P[99 5 2 B8 Han et al. (1998) 77 ¥ - RS ek sl , 1
96 FLEGEHRARAEFL HP KU 50 pL.0.1 mol/L 1
pH 7.0 B R 2% Wi 50 uL .45 pmol/L KAt —f
FOEHIER 100 L A11.5 mmol/L Y R ZBEARFH 100 uL .
TG ET 37 CHEFR{UH , 76 405 nm P T, A56% 25 s
5% T YOGE A, 0 5% 15 min, B8 190 5% K Ab
P AL ZE A 45 Softmax Pro 6.1 #4364 7, 15 )1 B
{35 OD min""mg™',

1.3 HiRaH

K H SPSS 19.0 F A4 %f 12 g Bt i A7 B PR 2R

224387, W Duncan FCHH & i 227 304722 57 o & 1k

2 EREHM

2.1 FRIF %48 FKBP46 K EER

Wk PCR ¥ 1445 3] FKBP 22 N4 K 4, K &
k1 200 bp, it 400 2 JE 2 , i 1 NCBI 341 H
XA HE o AR W R FKBP LI i 44 M FK-
BP46. F|F SMART (#3751 T H. /> Hr FKBP46 2 %k
TR %91 , 45 5 7R FKBP46 5 [ 15 45 306~397 3 44,
MR 2 [0 4778 FKBP_C M Z AR ST 25 #3k (F 1),
J& T FKBP_CHZEEM IR Z—.
22 BREBWMRESLHWL

¥ FKBP46 5 M4 A IR AR pET-21b 13815
#2H F£IA K pET21b-FKBP46 , K H 5 A KT
BL21(DE3) J5 , Z IPTG i 3£k, #E H i E G
FKBP46. 211 109% 5 74 M5 T e 458 B Ha, ik A il 4

M, 05 R/ R 55 kD, S5/ MESE . K
R IR 1, 2B R FE T 4lifk , 15 3] FKBP46 41
HHE2).

1 MFWALVLEPG KKYAQTVSKP FHISMASLDV VHSENELVTV
41  NVNFQNAEFI LCNLQKNKIL QTSLDLNFEA GDRIAFYTSG
81  KGRVHLTGYL IDDDDVDDDL DIDAEAEESE EDVTPQKNAI
121 KANKQEKRKS VGQTPGKPVL KKSKMDSEDE DGDDDGDDFD
161  DDGDSDLESL GDSDEEMEVE SEEDDGEEDE DSELEETPPQ

201  KHQQGKKKEK QSAQKQLQDK QTNTPNEMKK KKNKGHDAAT
241  PNTPTVQANG TPETQSGKKN KKKGGETPGD KGANTPKPPQ
281  AGSPQTPQKK LLEGGVAVED TVVGSGPVAK PGREVTVYYT
321  GRLKQNNKKF DETVQGPGFK FRLGKGEVIK GWDIGVTGMK
361  VGGKRKLIIP PHMAYGAKGS PPVIPPNSAL VFEVELKNVN

1 RI k82 FKBP46 & A B EBF 5
RARFEHEREME
Fig. 1 Amino acid sequence of FKBP46 protein of Locusta

migratoria manilensis and the conserved domains
Pl v R IR TR ) FKBP_C 48 R ARSF 45 F 3. FK-

BP_C superfamily conserved domains are underlined.
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M: 2 IBRIES T 5 1: IPTG 5 VIR 2: 4
{1t FKBP46 & [ . M: Protein marker; 1: the super-
natant after IPTG induction; 2: purified FKBP46,

B2 FRiE¢H2EHE B FKBP46 FIRIA ST R AL
Fig. 2 Expression analysis and protein purification of FKBP46

protein in Locusta migratoria manilensis

2.3 FKBP46 ZERERB = RIAE

FKBP46 H R 775 7. s e e i e iy 2 AR |
s MR EL AR IR K SR DR L A 2k, Horp
T T 5 R R v 19 28 e g, 2 i i R AR BE v
FIR Y 177 45 5 HR R e e R e rb iz v A R
TR, SR A ARE R B 1Y 1.6 1 £ 5 {HLME Lk AR
H b AN IR BTG 25 25 ¢ (F=0.56, P>0.05)
FKBP46 J [FI 78 ME B AR 7 7 o 0 AE X 23k i o
15 R AR RE v R 1 1.43 F% , S e R HUIR
oy R A i 22 5 1 3 (F=137.92, P<0.05) . FK-
BP46 HEDILEME s R T ) 2R 43 ) A T i
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4
ey

HHFEIA e R S A I RE ST

111

A RE H 2 3K 0 11 86.43% 1 81.89% , 76 ME I A HL L.
R B Rk AR XD (B 3-A) . FKBP46 $E [
FEUE R R RE R A R T BB

FKBP46 PR 7E A7 W B | 135 05 i B A |
2~5 i gl K b g oA SRk FE R A b g

o e A I A #e 1k B (F=95.80, P<0.05) . Hik
S BT 2k o, SR 1 i e v ek Y 4.88 4% s
3% 218 41 5 W s vl rh B Ik AN RRE
A3 29 R 1 W i rh 3R Gk HE 1Y 78.33% ., 74.04%
52.38% F147.25% , 2 IIZHE N = BEAE AR Gl i e

ekt i, o LI b ki1 6.84 4%, B PlipMeph Rk (K 3-B).
= Bt Male  © B Female
5 20raA a 8r B
3 aa a
m.‘gé 1.5+ b 6 - b
%Kgl.o—aa a s 4
' s
%2 0.5ﬂ 5
= a
£ 00 - - ] . . I_I_I 0
HE #E B:S5 Bg £2 3 8 W ES EES B <= = =
¥ d: 52 5t £ g7 & ®E G gz §-8f 25 &3
5 S EfS &% = 3 £ £ 2 KT e
g E o E =5 S5 S5 ¥y By
= == g 8 g £ £
= ® 2 = &
- Q [32) < wn

3 FKBP46 BEEEFR T VIERRAR (A MARELEH(B)HRIEKF
Fig. 3 Expression analysis of FKBP46 gene in different tissues (A) and developmental stages (B) of Locusta migratoria manilensis
B R RS B AR R . A R/ING SRR R 28 Duncan s ST B 2274 K 3G F P<0.05 22 5 3% . Data in the figure are

mean+SE. Different lowercase letters on the bars indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.4 FKBP46ERX&RATFRERRLFRIL 2RI

BBk P FKBP46 & (A I iml MEAR  RIR S, 56
10 REEHIE TR ] 1.11%, 5384 (1.11%) T ki
FH5(F=0,P>0.05) . PN 4 fo T o e i Ab
BRI, 257 R A0 T 8 i A B ORI in iy A Deip
FTFL 10 KikF] 60.00%, 535 5 T FKBP46 K M
PR ENIRZE (F=200.54, P<0.05) A% FEZH (F=200.54,
P<0.05) . fii 4 fo %% 8 74 5 FKBP46 & [ [ )
AFRA K, H B PET R T, #5110 K
I8 B 85.56% , . 3 e T 4 o SR AR R Sk b 32
(F=40.65,P<0.05;¥14) ., FH FKBP46 & 7] L\
FRTF 4o PR AR IR AR T, $E R
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2.5 FKBP46 EH &I e t8 X EEH SR
2,51 AR L REEIK A POD &A%

FKBP46 5 [ B h 4b B 45 7Kg )5, HAR Y
POD IS MEAESE 1.3.4 .5 KRS XF R Z MU0 B # 25 5%,
JUPES 2 R i AKX R . 4 0 TR i B Pk b
R, POD JEPEFESS 3 JORNEH 5 KNI 25 2 X R
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SR S R4 0 i 25 . FKBP46 & 54 fa
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To 3 22 b TS 2~5 R WEART XA, HAE
55 3~5 R W 35 MIK T 4 F 1 St fE T B 4k B (P
5-A).
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Fig. 4 Mortalities of Locusta migratoria manilensis

in different treatments

Pl s R A8 bR iR . Data are mean+SE.

2,52 AR L REZIK A SOD F a7
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SOD Vi MEFESS 3 Kk Bl fe ey , A BRI 1.29 4%, HAay
BRI SXTRZ AT R EES . SA T EE T
MALHE S, SOD JiE PETESS 3 KNG 5 KA i & & T
Xt RS 3 Rk 8 i, o0 10.77 U/mg, J&
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X BRI 1.47 4% s (HAE SR 2 K S 3 (K% e, LA st ]
T SXRRZ AT ¥ 25 5 . FKBP46 1 541
SRR L AL PR , SOD TE PR 7E SR 1 K I 3 = T X
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TR R AL I, HAES 1 R I 4h S R 2 IR
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253 AR T RIKAPOF MR
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TS 1 R BT X L AR 2 4 5 R EXR
ZIEJE 2R AN 3 REES TXH, &6
TR S AL RS , PO TR MELESE 2 KNSR 4 K ik
FE T RR e HIE S 4 KA PO IS PR IR B i,
14.21 OD-min™-mg™", /& XJ B[ 2.07 % s (HAE S 3 K

e s R BEILT X . FKBP46 15 &1
SRR LR S, A 1 KRB S KR POE I
FL TR IS S o EE R (E 5-C) .
2.5.4 *TAR LK AchE 6%
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A PR S, AchE 1 M BR 265 3 K A4 I8 3 o F X R
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Fig. 5 The activities of POD (A), SOD (B), PO (C) and AchE (D) after treatment with FKBP46 protein
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the figure are mean+SE. Different lowercase letters at the same time indicate significant differences at P<0.05 level by Duncan’s

new multiple range test.
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WFFE % RS AL BB LAl . WX FKBP46 5%
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G3HT, KR FKBP46 3 R B i (R o figg v i 32k
SEAHXTES o R W RE R IRV e i) B BT, 43
WG F 2 e DG ER 11 (Kimbrell, 1991) o A,
HED FKBP46 R X A0 MR 2 2 1y A5 2 B4
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