W B 224 Chinese Journal of Applied Entomology 2013,50(4) ;1006 - 1012. DOI;10.7679/]. issn. 2095 - 1353.2013. 139

& ¢ & flightin WRZREXREERRIERN

RAE" HEH KR

(AT R2F R B2 58 B B 310058)

W B flightin 55 % BT HWE Drosophila melanogaster 1114 €4 WL, 3 FLGE (i FHLILLL . 3 Fh 28 £1 6 20 45
L5 1 2% 4 A0 00 R A ) T 9 A0 1T, (LB LA K 0 43 A 19 38 KL Nilaparvata lugens Stal {1 7R [ 58 ] 2%
IR A . AT LK A sk 38 CE cDNA B BIAR i PCR 338 7 548 G flightin 3 [H ORF 4 K, 44 3
JE 4B FL B K pGEX-6P-1 W L5 28 BEH Ik S-56 B G (GST) b /& ik, 0 % ik 201K 6 A K o KT 1 3 36 ok
Rosseta, 76K [ R R FE PTG 1) 4 £ F 15 5 63k flightin, 755 T R PR 963k 2 1, 4675 T 15 K O 71 ¥ 1 3
{611 GST HUb 34T Western blotting 5 i GST-flightin il 2 7 4125 1 3 15 i T B E 5 , 3 138 b GST HE 4546 T 8
GST-Mlightin, #E T Fi1 6 A5 19 6 1990 58 47 70 24 S ) 46 T 545 S PR 00 22 SR B0 . R , i 00 10 o0 46 10 22 o2 e it 1
HT T e s R ) % 7 B 48 UV P flightin O 83525 5 46 L R flightin {76 K 18170 1 ot o
ik, 76 S T M e O H O] B 2 3k T EL Mlightin FLAE B ol T 28 3K L AS B S aE— 4 BF 04 TG AL B
Mlightin 5 F0E 8 F1 AR BILR & RUB8S AL 4T T T 360

A WK Mightin, U Rk, L BHIE, BAMER, REER

Prokaryotic expression of the Nilaparvata lugens flightin
gene and its differential expression in different life stages

ZHANG Xiao-Qin™ HU Yu-Qiong ZHANG Chuan-Xi™"

(Institute of Insect Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract  Flightin, located in thick filament, was originally found in the indirect flight muscle of Drosophila
melanogaster. It is important in these muscles both for structural integrity and sarcomere function. Prior to this study,
differences in the muscle components of macropterous and brachypterous adults of the brown planthopper ( BPH,
Nilaparvata lugens Stdl) had not been studied. We amplified the flightin gene from the ¢cDNA of macropterous female
adults and inserted it into the expression vector pGEX-6P-1 for fusion expression with gultathione S transferase ( GST).
The recombinant vector was then inserted into Escherichia coli Rosseta. After optimization of the expression conditions at
different temperatures and concentrations of IPTG, high level of expression of flightin was achieved. The soluble expressed
GST-flightin was purified and used to immunise rabbits for preparing a polyclonal antibody against flightin. Using the
prepared antibody, we searched for flightin expression in different developmental stages and in two-winged forms. We
found that flightin was uniquely expressed in the adult stage and only expressed in macropterous female adults. No positive
bands were detected in eggs, nymphs and brachypterous female adults. This study provides a basis for the study of wing
muscle development and wing dimorphism,as well as for research into the interaction of flightin with other proteins in the
BPH.
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B 10 AT T2 AROHE O I G AT L, A 4
ELHRAT IUAN ] 4 RAT ML, R SR R R,
EHETAT L 3 B a ] B S A s 3 b B e e 5 T
[F) 2 TR AT LU 3 ok 42 o) 35 AR A o Bk ) 2
FEA A, R AL ' AT E= S .

flightin $5c 5. % 30 T 5 1 8] 422 AT AL, JF
HEN T2 o 33X Bl 25 10 2 55 UL 0 45 4 A
el 2 7 AR . o E R R PRy
flightin,, Reedy %% (2000 ) %& ¥t flightin W] 58 F1 L BR
HEHABEAERFR, &YW Z, Mlightin H5HER
Joi AL RAT WL 4 LT FLAR 5 2 3 i 0 0 R 51 9
SEAA AR BTSRRI B R s LA AR G, T R R
DT FL) ) JUAT 25 A g 2k 1 o [F AR, 2R LA ik
Bl & W flightin X SR 1) ] $22 AT LRI 22 19 K
JEdL AT A, BBR T flightin 5 RUDLZZ B8 fn 1
40% ( Contompasis et al. ,2010) , [F] ], flightin #
WA 2 Al %o T 42 TRUAT ALY 45 A8 2 R R & b A
& Z A H (Barton,2007) o

#5 K& Nilaparvata lugens Stal J&—Fp B f #
RIS 2 H R e, R R A K A
AU SH A il e AT KRB I TR T, T R A
BORSER T RATRE S o HAT flightin HAE S0 b A7
WFFE , A Al B U ) 2 A 58 A8 AR B R A
ARG B b, T R AN B IE R R, A
TEUE O A AN 5 A Rl o A R B
LR L, flightin 78 H AR Y 0 7] B & 458 4 + 40
BEAET o ARBIFSE 38 1 3k flightin 1 K FEH
aifl 1 flightin /Y 8 484 A, IR T a4 & 1l w5
THRZ kU, A AR lightin £ 58 BEHT
AR e S8 o H ] flightin () 3638 22 B T W1 AR
WA

1 #Me57E%

1.1 ##
L1.1 fkftdik o5 i e Calk A 7 I %

R R BE, 7E25 9 (28 +0.5)CfHIE,L: D =16:8
6 R K5 9%

1.1.2 K Fn R fL  Escherichia coli TGl Fl

Rosseta [ #f 1 /F: & S 90 = (R 77 5 s B 2 Mk pEASY -

Blunt # KW [ 424 (8 A0S 1 T 7 A o 19 50
(R ST S - I S i S 1 3 L N B/ T TS
{fi Fi5p ¥ PCR F=4) 5 pEASY-Blunt cloning vetor i
4,37°C %42 15 min, JCE VK B AT H T 3% 4 S

%) s % kA pCEX-6P-1 I Novagen /A7,

5 Trizol W [ 1 i 5 (R A M H AR AT FR 2 7] 5
M-MLV Jg %% 5% fif . T4 DNA Ligase, PrimeSTAR ®
HS DNA Polymeras (% 5 A B e H = ff B AR RS 4
AR T AL ) \Taqg DNA Polymerase ( ]
F IS HE) . BamH 1T F1 Xho 1 N V][ . DNA marker
(DL5 000) ¥y Takara A= %) T8 ( Ki%) 22 6 4=
77 s DNA /Nt 5Ok 4l 52 | R 3 4 A/ 1] i i) & ok
HBE T R R W BR A R 54T & | 2B 77, SDS-
PAGE Hiyk#n#fE 25 1 & Formanta 2N &) 7= 5, N, N,
N’ N’ - FE 2 Z e (TEMED ) (TPTG ( 5 N %-B-
D-T A FURETT) (=N & R N R R AR
A RN A 5= &, Protease Inhibitor Cocktail EDTA-
Free ( 100 x ) 25y Thermo Scientific ;= [, 30%
Acrylamide/Bis Solution 4 H Bio-Rad 7\ ], ¥t i
W& (elution buffer) : 50 mmol/L Tris-Cl, 10 mmol/L
0 5B 25 B H K (reduced glutathione ) , pH i &
8. 0,PVDF iy Millipore 23 & ™ iy , BRAR 13 S AL W)
Ml HRP Fric B9 1L 50 % 16 W B BB 1R 5o
B2\ ], Anti-GST £ 7 & P4 W B Proteintech 2
Al BRIRSE4 AT (Freund” s Adjvant Complete) |
FEAELF (Freund’ s Adjvant Incomplete ) iy
Sigma 7\ A& FZ i, Western HRP Substrate ( fk % &
W) W F Millipore 247,

1.2 7%

1.2.1 flightin KA MZHREFFHE R
FEATIE 14 KB s 4 (Xue et al. ,2010) 1Y
fightin £:[X ORF /%3], A primer premier 5 % 4 7E
Fe 50 o 4 i) et T R GA 0 IR iR S
Hoh N5 A flightin 3”35 UTR X3, I
YR B K E R 723 bp, W flightin 1) ORF (630
bp) 77 51 B A I 7E W i 43 ) b g U AL R
BamH 1 F1 Xho 1, 3I¥FEHUIT :flightin sense 5'-
GGATCCATGGCTGACCCAGACGCAC-3" 1 flightin
antisense  5'-CTCGAGTGACA-GACTCGTGGTTTA-
TGATAG-3", F#5 W E A g H () ¢DNA S #14
#47 PCR, PCR 1Y 4% 1 72 : 94°C 22 % 3 min;
94°C A5 P 30 5,55°C 18 %k 30 5,72°C ZEf# 30 5,30 4
PEFR, 72°C IR 10 min, PCR ¥ 1% ¥ FE (1)
TN A R F UK 48 5, I UK Il WSORE I R/ H Y
FE A Bo

1.2.2 BWEFREREE KEr B A5
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R B 3% 45 31 pEASY-Blunt (1 5C B 4K [, 3 L
PCR ¥ 5 1 pL #KR 5 ,37°C # 15 min, i
B AL TG M SCRE R MR . & 37T C K,
TEZCN T 8 R (Amp) F01HE 1 128 55 77 , D6 00805 7%
PCR %50 o S 0 55 0 1E 0 09 181 v PR B 35 77, 4
SEUHR 2 JoRE OB ) 48 T L 28 1% e RE 1) Bt IR Mk
Jie v, vk 48 s LD ) Y H Y B

1.2.3 RizHEHE KEiVEHE B
T4 7% 31 16°C i 7% % 4% 3] pGEX-6P-1 3 ik 2 K
H, JOF f E 4L AR pGEX-6P-1-flightin ¥ fL A
Rosseta R IK W bk . 28 37°C i ¢, Pk BE 18007 7%
PCR %576 , 10 45 7 1E 0 9 TR B 3% 20 ®) T , B 2
e A 1 TE A R Y R B TE R s UK A R AR
(2T

1.2.4 FE#&FE PRPCEEEFMOHERER S
mL Amp LB ¥;3E3Lep [ 37°C (220 r/min 53 12 h,
BB P 100 L 2B 5 mL LB 85 35 Herp
TE 30°C 220 r/min Fl 37°C 220 r/min 14 N 5
BHEFRZ OD 600 Sy 0. 85 FHANA IPTG fifi HL 28 ik J&
351 0.1.1.,10 mmol/L, %S # ik 12 h J5 it 4
R P R R, B0 S B L 3 A SDS-PAGE £
I H B A RIRTE O /N iR IR Y 25 3 b Bk i
RIRBORBIF W — D LS TR E B SR
ko MEEE T mL % 100 mL Amp (&3 JE N
25 pg/mL) LB MK K5 3£ K v, 180 v/min 5 3% &
0D 600 4 0.8, /1A IPTG i 5 12 h J5 Y4 14
8 000 r/min B> 5 min, ] 1 x PBS B & B H
A 4 mL 1 x PBS ® £, 3 /it A 1% Protease
Inhibitor, & F oK [, HIH 7 5 B 7% 2 78 35 5 12 000
r/min B0 5 min, AR B 1 B A] ] T AR
aife,

1.2.5 flightin £ix EF AL KR 1
x PBS. # B 09 25 1 £ & . elution buffer 43 H F{
0.22 wm i 3 , A6 8 S I AL P 30 min, BR
WK i A R TR T S A I 10 mL 1 x
PBS, % I GST glifb At +, i v (438 5o 2 Hr A At
AL T A 1 ~2 mL/min, OREE AR
8 A5 FRE i 1 IR) R 1 5 v A, i B AR
TEEMTAE b R W 75 0.2 ~ 1 mL/min, #RJ5,
JH 5 mL Elution buffer JE , 73~ 1 ~2 mL/min,
s A | U B9 W 1K P Centrifugal Filter Devices
(Amicon® Ultra-4 ) # i€k 45,6 000 r/min 4°C &
> 20 min, B P84 WA B Sl 24 S R0 4 R

Mo

1.2.6 flightin ZEfEH A& Kaifb)smE
U TR 22 R 55 1 IR 500 wg
aAifbfFmE R S SRR SR, TTREG
JE TR BN 2 S AR 2 R s s &
P15 45 OR 58 2E FR &, 3547 3 WO e
FE o B A4 WM P JE R DR SR S8l Tk IBCIL , 2 L
Tl A& BT .

1.2.7 Western bolt £7F I 20 wg &£ A #17T
SDS-PAGE ik , FLA4EN 2 PVDF I [ %% 5
B (5% LR 4= W56 TTBS) 2] 2 h, # 1
TTBS 1E £ K b Uk 3 W, &K 10 min, % 1:
10 000 A — 47T (Anti-GST) , #% K FiEFE 1
~2 hy B, ] TBS Y 3 ¥, 5K 10 min; 4%
1:10 000 f4 b 45 in A HRP F#ic 19 11 £ 41 4 1eG,
FEIRMFE 1 hy A TBS ¥k 3 Ik, &K 10 min; ]
Western HRP Substrate {k2¢ % 6 & 4,

2 H#REHH

2.1 flightin 5 B 1855k

PAK 0 48 K B cDNA i 4 AR, i 3 i
DL s i 51 4 3 15 2048 A flightin & [N ORF
AR IR 3G X E S (B 1:A) . @it 1%
%) 3R B B I F K, W] AR B AE 723 bp Kb A B
AR S 2R, 5RO RO R BER B RNV AT 8
LR S M 2 DD 1 i, 3% 45 3 pEASY-Blunt 5e B
BRI PR BESEE o TRl I P v A AR A [R] A
WE T FPA R E R Y. P BE S 723 bp, 5 5% 5%
HME — o Hoh flightin IF T BEHE (ORF) O
630 bp, Al 4 ity % 209 A~ & 5 iR 5k 5 9 & 1, T
Or TR0 25. 49 ku, ZEERR FF ) L DR R
[ flightin 1< 27 4> aa, FFFIAHBIE R 49% .

2.2 flightin EERIEHEBE

¥ pEASY-Blunt-flightin & 4 #% & i ¥, 4 3
1% 1) 35 B8 BEE I FBLIK , 7E 723 bp AH I 9 R /N B
WS (B 1:B), ¥ EY) IS M 5 D) ik
J& , AR R IR AR pCEX-6P-1, I 45 % e 4 1y R 0k
BRI A\ F 3B TR R Rosseta, 38 1 8 7% PCR %
SE L 1% 1) BN B U Jee H Tk S 7 78 A L R /N B
FED R R B, 2 W 3 3k 2R A A Ty (B 1
C)o

2.3 flightin E 4 & B B i 5 %k X #1 western
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Fig.1 Cloning of the flightin gene from the brown planthopper and construction of its expression vector
A. flightin Z [ PCR 4" 3%, M. DNA %% F & 4% 5 1 flighsin B B BE PCR 7= %), B. @ 4 3 ¢ i & pEASY-Blunt-
Slightin W 4] % 52 . M: DNA 4y F & b5 ifE 5 1. 5 41 52 & [ b pEASY-Blunt-flightin; 2 : F 41 5% [ 5 4% pEASY-Blunt-
Slightin % BamH 1§ Xho 1 3UfiGY) . C. 5 24 33K b pGEX-6P-1-flightin [ 7% PCR %5 . M: DNA 4 FHiAR7E;1 . &

20 235 Bk pGEX-6P-1-flightin 5 7% PCR F B¢,

A. PCR amplification of flightin gene. M: DNA marker; 1. the product of PCR. B. double digestion of pEASY-Blunt-
flightin. M: DNA marker; 1: pEASY-Blunt-flightin; 2. double digestion of pEASY-Blunt-flightin. C. PCR analysis of
pGEX-6P-1-flightin. M. DNA marker; 1. the product of pGEX-6P-1-flightin PCR.

blotting ¥ &

TEARTR R 35 45 08 (IPTG Y 2 AN IR EE) T
YW R IA S, SDS-PAGE R, 1K1k
A TTE AN 52 ku b3 07 UL BY 5 () 6 3K 2R
Flo MR R 45 10 09 S 0 45 3, e S5 7 Dk i R
37°C ,IPTG ¥ )&}y 10 mmol/L,i5E 5 %3k 12 h [},
LA 52 ku kbR RBEEKR(E2:A), AT
i — 2L B iE flightin 55 41 2 [ 3R 3k 19 IE 8 1%, R H
GST Z Hu Xt 3k i 1 24 i W L3 #4750k, DL
FEJE B GST il AR R iE . RHE western
blotting b5 % 5 (1) 25 AL, 78 BH PR X B0 36 3K B
rh ] LB B 0 RO SR AR S, OF B4R RV
AT AR [F] , 5 B GST-flightin il & £ 11 15 3 B
Uik, JF B ARIK = AR KR 43 & nl v e iy (14 2
B) X it — 25 [l AR Tk = W4 it 1 5 8 .

2.4 flightin EHAEBRHNGUESREREHS
&

#£ 0D600.0. 8 .10 pmol/L IPTG ,37°C 200 r/
min 12 h 0 FARK & Rak o 8 35 T 10 2 ff
LAEREA T GST o #: 2l 4k Jf W 4 . A H BCA
PR H R, bR & T By = 1.2785x +
0. 0208 (R* =0.9962 ;y Jg 2 I ¥ : me/ L, x gk
JEAH : OD562) , M43 10wl ¥ 45 25 1 1 W OG
0.586 4 AN /R iHE AR WA 5 EH W E R 0.77

pg/wlo [RIEFHA= 1 7F H 8 H (BSA) 5 ik & H
e, Bl L A vk 4 e 09 R S O [ RS R
(0.4.0.6.0.8.1.0.1.2.1.4 1.6 pg) () BSA & H
YEXFIG, 47 SDS-PAGE Hi vk , LA M 2 1 ok B o
B 3 AT, 1 S UK EE R Al AR R A R
JUF- A Fi s 45 BOHLANRZ JE A F56 3 50 4 Ik
W2 [A], 7 LA flightin 2 F1HBE R 0.6 ~ 0.8 pg/
pL, 5 BCA e iy 25 5 — 2, K aifh s & A
FHT 585878 =2 R AR, 4 RS2 i D il 45 1 e i
Ho
2.5 A wERARMNAZEMERAR SR
B CE K flightin HEEER

BB 56 3 R s R El Ay, o
ME A WS, W10 pg AR, K5 H
western blotting K Il 2 [ 75 A [5) 331 B 4% K & Y
Fik 25 (K 4:A), flightin 7E 26 ku 4bA B 58 5%
A, R AR A T m A I B A R R
2 G 1) B e Y 8 AR

2B XFEE 1~ 5 W37 i WP AL AR 3 d
BN [F R F W Br R R AT
western blotting 43 47, 76 B 1, 25 2t 4] 1 R 3B 4L i
TSI A B flightin 28 H, HAA 7E U T
IR J5 flightin 25 (A TR RIB (K 4:B) . X H5FKA]
e 048 R L R] 422 AT JILAE B U I B B B R L
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Fig.2 Expression of flightin in Escherichia coli and identification of the
expressed products using the antibody against GST
A TERFZMHTIESRRE, Mo EB ST RARE; 1 & R 38BOR pGEX-6P-1 23K 1 2L W L7 ;2 : Rosetta 25 B ;
3. H RIL PR pGEX-6P-1 T 24 J5 LVE 4 ~ 6. % T 41 R 3K kL pGEX-6P-1-flightin 3% 3K W 7£ 30°C , IPTG ¥ £ 43
525 0. 1,1.0,10 mmol/L T 73 5 75 3835 12 h W RLAR W L3 37 ~ 9. 3% 20 R 35 Bkt pGEX-6P-1-flightin 3
FRTATE 37°C TPTG ¥ BE 43 53125 0. 1.1.0 10 mmol/T 414 F 43 5l 5 5 235 12 h 18 2LF W 13 .
B. E 4 /1 GST Bk JEFT Y western blotting %84 . M & F 4> FEFRAE; 1. & 4 3K ik ki pGEX-6P-1-flightin
PRI T 52 2 UK pGEX-OP-1 3 3% 1 2L W 175 o

A. expression of flightin in E. coli. M: DNA marker; 1. supernatant of pGEX-6P-1; 2. Rosetta; 3: subside of pGEX-6P-
1; 4-6; supernatant of pGEX-6P-1-flightin expressed under the conditions of 30°C and IPTG; 0.1, 1.0, 10 mmol/L;
7-9 : supernatant of pGEX-6P-1-flightin expressed under the conditions of 37°C and IPTG: 0.1, 1.0,10 mmol/L.
B. identification of the recombinant protein by western blotting analysis using the antibody against GST. M. DNA

marker; 1. supernatant of pGEX-6P-1-flightin; 2. supernatant of pGEX-6P-1.

BSA contents(ug)

0.4 0.6 0.8 1.0 12 1.4 1.6

— w—— wam» = @ BSA
GST-flightin | mee

B 3 #{t/m GST-flightin S EBMRENE
Fig.3 Concentration evaluation of the purified GST-flightin

551 Yk 44k 5 B GST-flightin; 25 2 ~ 8 kil N4 MG AR A& =4 0.4 .0.6.0.8.1.0.1.2.1.4 1.6 pg,
First lane in the SDS-PAGE is the purified GST-flightin; lane 2-8 are the different contents of
BSA(0.4.0.6,0.8.1.0,1.2.1.4.1.6 ug).

— B, (A5 SR A S IO B A A P A TR i P ) 2 AT LR A B AR AT LR — L L
it Y, BA TR R A A0 M N 5 K F DR R
T o R PR LA IR 9 WA RE D O BE R AR
flightin & FH & #] H1 Vigoreaux 2% (1993) fE R #8317 J7 49 2028 25 52 Wi (8] 42 QAT LAY 228 i 35 AL
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A M 1 2
- — 26 ku
5 -
5§ Egg Ist 2nd 3rd 4th 5th AOD A3D
# L Nymph B Adult

B4 BERALRBRMAEREMRES flightin & Z#) western boltting 53 1
Fig.4 Western boltting analysis of flightin in macropterous and brachypterous adults of the brown planthopper
A AR EIE CEAR A flightin k22 5 B, M B 40 T b 5 1 OB RIS ) EOME 00 52 - 0 300 4 T U ME g e o
B. N[ & H B Bt flightin 3635 LA, B1 4 HU L ~5 8% W BE AR AL 3 d KA,

A. comparison of flightin in macropterous and brachypterous adults. M: DNA marker; 1: macropterous female adults;

2. brachypterous female adults.

B. flightin expression at different developmental stages. egg, first to 5th instar nymphs ( 1st-5th) , adults just after emergence

(AOD) and 3 days after emergence (A3D).

X A5 ]2 K AT L Cindirect flight muscle, 1IFM) A
DL SR A 1 3/ M LA IR R R ge . fE SR R
flightin J2& {3 H 378 18] 3 AT WL b 059 — Ffofr B4 4R
H, K/NR 20 ku( Vigoreaux et al. ,1993) , 7E58 4%
I WLA ZH 2 flightin A7 FHLIPL22 S0, 5F 5 ALBk
A R A S SR L PR Wi R A R AR T 2
A2 i ] 4 AT MUY H 2E 8 11 (Pringle , 1978)

ASCTERE T M KB flightin B K, B H 2
ik, 5 GST filG Rk myHE AT 2T, X 8 H
pull-down 47 A K I #5 "« &\ flightin {1y B/ & 1 42
ARG AL . FRATTH] Sl Ak i AR A T AR
AT, IR 45 1 BU AR, XA [R] % & By B RS
[ A4 R B HEAT T western blotting £l . AT
KRI flightin HAE# AU R = R0k, IF H ]
T A S A A H v G ) 3 HG 3R 3k A R S A R e
AR B Rk, DA R TEX
o3 AU 1) B He v, R R A A A R BT
IR B[R] 4% AT UL, T R Y Y ] 4 TR AT UK B £
A, Ul B AY flightin 38 3K 5 T 8 B 0 45 2R
A RE R E0E A Dy TR 4 TRAT LAY 22 a1, X
SRR CE P flightin 22 5 R AY B

Hy REGE KA By H S H L — R —Fh
I RMEH B, 7R IR B R XA BE A, K

A A6 U 3 [ KR 7 DO R 4 4 AR 7 I A
T R (2 R AF A, 2003) o flightin 5 R HUTR
Fr WU UIAR 5C , J2 H AT RE 0 i B 2R 4 I -, [
I 30X o 1 7 4 R TR R S R ] ) 0k 22 5
Ty H T TR EGH R A6 4 2 1 L i
ARG HE , 2R B N K B i s R K R
SRR DX T A H T S R ) 0 Ak 23 5 HILER X
L AT T R IR R B R
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