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Gene cloning, polyclonal antibody preparation and expression localization

of the endophilins from Nilaparvata lugens ( Hemiptera: Delphacidae)

YU Ye-Wei”, XU Yi-Peng”, ZHAO Chen-Xing, HAN Shan-Jie, AN Peng, YU Xiao-Ping” ( Zhejiang
Provincial Key Laboratory of Biometrology and Inspection & Quarantine, College of Life Sciences, China
Jiliang University, Hangzhou 310018, China)

Abstract: [ Aim] To explore the function of endophilin in the growth and reproduction of the brown
planthopper, Nilaparvata lugens. [ Methods] The endophilin genes of N. lugens were cloned and analyzed
by bioinformatics. Then, recombinant prokaryotic expression vectors were constructed and transferred into
Escherichia coli Rosetta to induce the expression of fusion proteins. After purification by Ni affinity
chromatography, the fusion proteins were used to immunize the New Zealand rabbits to obtain polyclonal
antibodies against endophilins. The obtained antibodies were used to detect the expression and localization
of endophilins in N. lugens ovary. [ Results] Two endophilin genes, endophilin A ( Endo A) and
endophilin B (Endo B) , were cloned from N. lugens, with the GenBank accession numbers of KY126096
and KY126095, respectively. Endo A and Endo B encode 387 and 352 amino acids, respectively. Both

FETH: BERARFERERTH (31501632) ; #iLA HARHEREETH (LQ14C140006) 5 E5K“9737 145l H (2012CB114105) ; 2016 4R
WA B A LR HH

PEFTRIA: AT, o, 1992 454, WL &M, BB, BF5E07 10 08 € T4 9%, E-mail ; 1360093264 @ qq. com; 55 M5, 43,
1984 4FA:, WL N, 184, BIZER, OF9E 05 s RE AR T 4 AR, E-mail : xyp@ cjlu. edu. en

AL [R5 —fE# Authors with equal contribution

“ W IAAE# Corresponding author, E-mail: yxp@ cjlu. edu. cn

WA H 3 Received : 2016-12-13 5 5% H 1] Accepted ; 2017-02-23



344

AT M R A SR D e R 2 SRR 2 S 8 E A 275

encoded proteins contain the typical BAR domain and SH3 domain, but show different structure. The titer
of the obtained antibodies was estimated as high as 1:1 000 000 dilution ratio through ELISA, and the
antibodies had good specificity as shown by Western blot. Using immunofluorescence, the antibodies were
used to detect the expression of Endo A and Endo B in N. lugens ovary. The results indicated that Endo A
and Endo B were universally expressed in N. lugens ovary. In ovary, Endo A and Endo B were widely
distributed in the extracellular space, cytomembrane and cytoplasm of follicle cells of N. lugens ovary, and
this distribution pattern was similar to that of lipids. Meanwhile, Endo A and Endo B were colocalized with
yeast-like symbionts invading into N. Iugens ovary. [ Conclusion] The nucleotide sequences and the
biological characteristics of Endo A and Endo B were clarified. With the obtained polyclonal antibodies of
Endo A and Endo B, the expression of Endo A and Endo B in V. lugens ovary was profiled, and the results
suggest that Endo A and Endo B might be associated with the development and maturity of N. lugens ovary
as well as the invasion of the yeast-like endosymbionts to N. lugens ovary. These results lay the foundation
for further studies on the biological function of Endo A and Endo B in N. lugens.
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#y K B\ Nilaparvata lugens ( Stal) J& 2 # H
(Hemiptera) K &\ B} ( Delphacidae ) , &8 1 & 7K {5 71
W, N K AR A 7 3 R B #E G F (Bottrell and
Schoenly, 2012) , A 38 3o HCEE A7 by 1% 498 95 7 X5 7K
R )2 1 T (2R, 1996) o # RE LAk
AP K R A AR s BT, X 5 R 1) S A RE
TIBEAT 5 (B AREESE, 1998 FHIEAESE, 2003 ; R
HIBAE, 20065 FAIER S, 2013) o FRATAIRTHIBISE
RO, 4 RE P AFTEAT & LA endophilin A FI
endophilin B ,3{- H HAEA K RGP §1rh K5 5 3K558,
7R endophilin A F1 endophilin B 1] §E7E#y K EL P
R H I Eh A A

A (endophilin) 2= 5 5% 4 7 (19 2 4> 1 2
(Gortat et al., 2012; Murdoch et al., 2016) , [G] 5} 7E
{55 £ 5 (Dasgupta et al., 2013 ) | 2k KL 44 A 36§
(Wang et al., 2016 ) . ¥ %5 B9 & 4= (Cao et al.,
2014) PV JE -5 [ W ( Takahashi et al., 2008 ) %
W REE BRI, FEAFGEELH F A
R /Y AW M, ¥l N s ) BAR ( Bin/
Amphiphysin/RVS ) Z5 435, v 8] (4 ] 22 X J C i )
SH3 (Src Homology 3) %% #4) 3 #4) 1%, ( Kjaerulff et al.,
2011) . PR C kY SH3 58805 Z M N &
E [ Un amphiphysin, synaptojanin F dynamin %54
(Pechstein et al., 2015) ,{E N FJ7 1 & 58 KVEH
(Soda et al., 2012) , TiHEHE M N % BAR 25445
EEHEE R, SIS G H SR IR 5, e il
T & 45 B AE I (Chen et al., 2009 ; Gortat et
al., 2012) ., HEHA W RKJE, endophilin A FI
endophilin B, #F5% & F, ZEMi L34+ , endophlin A

F B IR T 2 2, AR Sl R A U R
& , 1M endophilin B 7E&- M ZUH 44 704

NS MY K E endophilin A F11 endophilin B {3}
RE, B SOk 1 X ISR, il 4 1T = 2 bt
A, I 38 3 A 5 96 FRICWF ST T endophilin A FiI
endophilin B [ 75 4 & LGP L 4 3K FE A7 1K
W, NG LR AT endophilin A F1 endophilin B 1
9 CEUA N AR T RESEE 1 kit

1 #MB5EFE

1.1 EHEIR

o CEVMEAE P [ Ao AR it
oA 3 B R S0 s HE U & N B R, TN K
PRI, PR A 251 Ry 27 = 1°C AR i 80% =+
2% ,GHRFEEA R 14L: 10D,
1.2 FERFFEK

PCR 3050 & FR il o U0l L Sz e ¢ 0] &
( PrimeScript™ RT reagent Kit with gDNA Eraser) .
RNA #2HGR57) & ( TaKaRa MiniBEST Universal RNA
Extraction Kit) ., Tag DNA polymerase 1 pMD-18T Ity
H TaKaRa 52459 TF2 (K% ) A FR2 A5 Ni-NTA
His « Bind Resin 40 /6 IS0 @ T 1651 i 2 282
PRHEAT R A ) s NC N B PALL A 7] ; SDS-PAGE
TG 52 e ] 35 R 2 T €03 (R RO T 5 VAR
B — PR B BRI OO G K B
W) W F 3 KA AR ) 5 # I Amicon ®Pro
i B Merck Millipore 7 ] ; Western blot [ F B8 Al
ALY (HRP) A79C —H0F DAB 2 44 1 55 AH O
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R B Solarbio B A FR 2 vl ; H0 5 9206 — 4t
( Dylight 488, Goat anti Rabbit IgG) I} H Abbkine
) 3 5 B T R IM109 | 353K T #K Rosetta | 38 35 2K
pET-28a HiASLHG 3 R o
1.3 EREE

P2 ~3 Sk i H s R EL, A RNA $2 50|
AARIBUE RNA AR S 3 57 1) & U0 I B e s 3R A
cDNA MR 52 5 25 |y W AT i # K mURE s 4
endophilin A (& ¥ Endo A) Fll endophilin B ( fij Fx
Endo B) ¥ FH){g B, @43 Primer Premier 5. 0 %X
4 ( Singh et al., 1998) %1l Endo A Fl Endo B )
PCR 1519, DL cDNA SRR A H i SR B A T
PCR, 3543 Endo A Fl Endo B, [z Wik &3 25
ul : 17 uL ddH,0,0.5 pL @5 {R 2,2 pl dNTPs,
10 x buffer 2.5 wL,10.0 pmol/L F F5|4#4 1 pL
1 WL B, P31 5508 B 94°C 3 min; A8
94°C 30 s,iB Kk (Endo A: 52°C; Endo B: 54°C) 30
5. T2 HEAH 90 5,30 4B F; 72°C FE i 10 min,,
Endo A 1N i 519 53 5 9 5'-TCAGAAGCTCTCT
CACGTCAA-3" F1 5'-AGCGCAAGCGAATAGCTCTA-3';
Endo B E N iF 5% 70 5k 5'-TCCATGGGAGTTTC
TTGTGA-3' 1 5'-TCTCTAGCAATCTATCACTCCCA-3',
1% SIRWHEERC FL vk o3 21 1E PCR 74, ek Ak
Z pMD-18T SRR 73 PRI 3 B P E A7 T
W PCR 5@ fF H bp i 0% 28 B 3 0l 20 w) gk A7
)5
1.4 EYEEESH

i EditSeq X R4 2R B TF A B BEAE 2R H S
W EEE T A R SR, Jdad NCBI Chtips://
www. ncbi. nlm. nih. gov/) Blastx 2 54 KA GFEH
[P e A AL 75, A Clustal W 3R PE R 72
FPRZ 4 et ( Larkin et al., 2007) Hilyt MEGA 6.0
AT AAR TS L R G K] (Tamura et al.,
2011) . 7£ NCBI 1) CDD ( Conserved Domain Database )
R FE T 2K (25 R 5, PR Phyre” 7 28 59 3 1500
(http://www. sbg. bio. ic. ac. uk/ phyre2/html/page. cgi?
id =index) 2 H =R,
1.5 EAFEZREGRGE

RIEC L1381 Endo A F1 Endo B %% X )7
G, S BRI B . Endo A LR IES 143 5
N 5"-GAATTCATGGCGTTCGCTGGGCTGA-3" ( T i
ZRAb N EcoR T £ %) 1 5'-AAGCTTTTACGGCAGCG
GGACGACG-3' (" MRIZ AL Hind T 5i) o Endo B
EFEsI #4535 5'-GGATCCATGGATTTCAACG

TAAAAAAGTTAA-3' (FRIZAL N BamH 1 {37 55,) Fl
5'-CTCGAGCTCGAGTCAATTTAGAAATTCAACAAAT
ACC-3" (T AIZAb Sy Xholfii i) o A cDNA Syt
1T PCR 43393 Endo A Fl Endo B, PCR &% Fl14%
PR 1.3 795 AL S 5 E IR 1.3 1, 132y E A
k4> B 4% K pMD-Endo A F1 pMD-Endo B,

HH i ki pMD-Endo A 5 pET-28a %5 i bi
EcoR1 MiHind Il #£47 XX V] ; 5 40 J5ORL pMD-Endo B
55 pET-28a %% g4 JH BamH1 1 Xhol #E4T WGV,
H kAT 0 0 ml i, & etk . 4l Bk 2y 3l
i N pET-28a-Endo A I pET-28a-Endo B, 435\ %
b Z= KIGHTFH Escherichia coli IM109 &~z 75, i1k
PP TS AT PCR SE5E | R UG D) %6 7 A0l
30T o K M8 IE B 1Y B 41 R pET-28a-Endo A il
pET-28a-Endo B 75 i8R ukL pET-28a J3 | e Ak K
JHF A Rosetta FIR MR, FIBLIR R IR 28 R Ptk i
TEAG 3 PP e b R Ry 75 RA Pk
1.6 HWEBFSRESHAUK

B FORFAR I B TE LA 12 100 $EF0 T 54 B R
FHIREZR (100 pg/mL) i) LB iR 7R 5L, 37°C %
DR, PR 1: 100 FHTEFRN T 10 mL H7éf LB
H1,3TCREGHIIRE 0Dy, N 0.4 ~0.6 Z[A], INAA
[k B2 TPTG FEA R I B2 Ko A [ g [B) T 47 5 4
ik, e e A TPTG ¥R 32 75 R St a] . 35
Jo L B DI, 1 mmol/L Tris-HCI (pH 8.0) &
PE3 . WA 2 mL TBST (pH 7.4) 7 Fuki
FERERE(T0 Hz, TAES s, [A]#K 15 s,3£ 10 min) ,8 000 x g
B0 20 min, JedE B TN, Jdid SDS-PAGE Xf
HHERRBIAT T

NIRRT R B I, AT RS .
RO RIRS, R T pH 7.4 Y TBST
=70°C/37T°C R B Rl 3 Um , P47 M B,
SR g FIULTE . YTTE M Tris-HCL ¥E 3 ¥, Bk
FZ4f# & (50 mmol/L Tris-HCI, 5 mol/L NaCl, 8
mol/L JRZ, 20 mmol/L Bk, pH 7.4) f1,4°C {47
R IR 4°C 8 000 x g Bl 20 min, JLEIF#K
#0.45 pm JE 3 3E /5, A Ni-NTA His - Bind
Resin JEHZHr L4040 H , 2248 10 ~ 200 mmol/L
SR RE K VR, WSO 4% B8 3 Uk M 2R AT SDS-
PAGE i, #5 HEFARZEN LSS, [RFE b
AT AE . ] BCA Bxt e S alifb iy 8 B
HEAT E oy O S W AR, R R TR T
= T0°CHRAT o
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1.7 EHEAWNSHIENE

4lifbJ5 1) Endo A 1 Endo B il & 25 F 028 5 v
2ZRER, 45 2 e kPR, B kR ey B
PRIV , BRI 730 B 1T mL ) 1 mg/mL 24k
SS9 e A RN AT, S FA S
T2, Bk 2 mL, M5 B E R e —
U A T B IR S8 AR50, 56 4 IR )5 43 i
L ITE , /AT -70C,
1.8  Friksiiiain

PUARRIRLH A I R ] ELISA 325, #i24fls TMB Ji§
V) e R S B A5, 7E 96 FLERFRAR i A Zlif
J5 /) Endo A 5 Endo B @il & 8 1 T 4C a1,
FALIMAE B 50 pg. FIVERZE Pk PBST ik 3
WY S ming HFLINO0.1 mL 0.1 % BSA A
W ,3TCHEE 1 h J5 PBST Pk 3 ¥K, &FYK 5 min,
LA BIMAFE 1210 SE88 BERR R Endo A (8( Endo
B) Hitf& 4°C §¢fb ik 7%, PBST PE¥% 3 g, inA
1:2 0007 B FHT 9 g G-HRP ==iRFH 1 h, Yk
J&, 0 TMB Y B S B 15 min, BESLHN 50 L
[ 2 mol/L H,S0, 2 |1 L i Jiw , T 450 nm 4Ll OD
B YPHM MY 5 B M s B (P/N) =2. 1
Ay PR , 32 BRI P A e s R A A B A 35
1.9 Western blot #& ]

B3 Skt mUHE B H A SR BRI 2K S 100
wl. RIPA 4 ok 247 W 60 Hz 5237 ,4°C 3 000 v/
min B0 5 min, G 3 IR, &)5 4°C 10 000 r/min &
05 min B¢ EIFEWRA TR BT e 0, BN
CEVEEE . 20 RS B T
SDS-PAGE #Efera UK (£ B 15 pL [ _EFE) , I
AR (60 VRS 2 h) FRENF] NC it b SR)5 R
TIN5 % M g Wik v ,37°C 35414 2 h, A TBST Pk ik
3 U, B S ming K NCJEHCALL 1: 500 # B A7
HHHEAEARPMERER D, 4CHE IR,
TBST PE%c 3 K, /YK 5 min, R)GIMA 1:1 500 F#%5
BRI FEPiR 1eG-HRP, 2RI B 1%, ] TBST Pk
3K, BIRS ming fJETE NC BT INA B 1 41k
A DAB & 43,37 °C k% 10 min, 28 kN, Ff AR
I el s - S R AR RV
1.10  SRERHERE

BOPMEIS 3 d B T mUE s R AT A ) 2R IR
SEAEONE T2 7 B, A PBS 3 Yk 3 Kk, BRIk 10
min, fITAE 5 [ G A 55 U0 5L, 4°C i i, BRI TR
o INAGE AW, 37°C B 2 b, JH PBS Tk 3
WK, BRR 10 ming K5 H145 19 Endo A ZHLF1 Endo B

ZHUTIIWENIZ SR — BT, LA 12500 Hi B e 5 b &
HWEH L HCE TR &, 4C 8, PBS iHE 3 s, i
A 151000 Fi B 2O HT i — 4T, 37°C ez i 2
ho F PBS i 3 UK, 73K 10 min, Fj DAPL Jef
Dil OBl bRiC A A% PR 2B o, IADEOL e
AW, B X Ak BRSEIR R 7E Leica (SP8)
SEIR AR Rl T L R IR R

2 #HR

2.1 Endo A 0 Endo B ER=ERF IS

AMEFE SO EAT B4 R EL B B A Endo
A ( GenBank % 5% 5. KYI126096 ) FiIl Endo B
( GenBank &35 KY126095) , 4 EditSeq 43 #7 3%
B, Endo A 1) cDNA JEH&H — 563 1 164 bp 49
TR SEHE , g i 387 A LR, W 4 F i N
43.075 kD, IR SEHL 1R 5. 459 ; Endo B ) ¢cDNA
FPO & A — 58 % 1059 bp 19 I8 B B2 HE, Ji 15
352 DNEIEMR , WU 73 14 39. 003 kD, FHE S5 A
HOA6.130(& 1),

ifik NCBI Blast X 2% 545 € B\ A & [ [FJ57E
B E AR T . I Clustal W R34 T 2 5L R
Z I T, il SR AAHZE A FE MEGA 6.0 3t
LRGBS (E2) o 452 2R, 45 Kl Endo A
542 W W Diuraphis noxia (%) 248K 8 K R,
Endo B 5H#% K&\ Diaphorina citri ) RS K B L F
B, B8 T Endo A il Endo B 7E R HU AR5

Endo A 1 Endo B #¥E N v Ml C ¥ | BH A
BAR Z5F380F1 SH3 254438, FI ] Phyre® 7£4% W 3
L5 %} Endo A il Endo B 1) = SR 25 M b 47 FiLIM , 25
R AF BAR £5#5% , Endo A 1 Endo B #& 4 4>
IRTESS Y, (HJE: Endo B (155 3 W E p (] A5 55 P B 1)
ST, 7 4h Endo A Fil Endo B 7EUEIE 1 FIIZE 2
[i) P 3% # PR B 7 I A AE X (1 3 A, C) 5 AE
SH3 #5458, Endo A #1 Endo B #5455 MFS, =%
HAHZEA R (K 3: B, D),
2.2 Endo A 1 Endo B EFAREZRIEZREAE
B4l

FEL DK R 1) 25 7 25 SR B, I it T pET-
28a-Endo A I pET-28a-Endo B [ 4% 3% ik A5 (
4) W PP A5 AL IR IE T A% SRR AR R A A

W4 T 41 ik pET-28a-Endo A il pET-28a-Endo
B AL % Rosetta 32 25 4 il v, /NRRAE IS 5 3R 38
J& , #47SDS-PAGE 73 #7 . 45 2R 2.7 , Endo A 25 [
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91
13
181
43
271
73
361
103
451
133
541
163
631
193
721
223
811
253
901
283
991
313
1081
343
1171
373
1261

91

181
39
271
69
361
99
451
129
541
159
631
189
721
219
811
249
901
279
991
309
1081
339
1171

TCAGAAGCTCTCTCACGTCAATAGAAGCAGCGCAAGACAATAACATAAATTCAAGATGGCGTTCGCTGGGCTGAAAAAACAGATCAACAA

MAF AGLEKIE KA QTINK
ATGCAATCAGTATATGACAGAGAAGATGGGTGGCGCTGAAGGCACCAAACTGGATGTGGATTTCGTTGACATGGAAAGAAAAACAGACGT
CNQYMTEI KMGGAEGTKLDVDFVDMWMWETRIEKTTDYV
CACCTATGAGCTGGTGGATGAATTGCAGCTGAAGACAAAGGAGTTCCTGCAGCCGAACCCGACAGCACGAGCCAAGATGGCCGCCGTGAA
T YELVDELQLIEKTIEKETFTLGGPNPTARAMKMAAVEK

GGGCATCTCGAAGCTGAGTGGCCAGGCCAAGGCCTCCACCTACCCGCAGCCCGAGGGACTTCTCGGCGACTGCCTCTCCATGTACGGCAA
G 1 SKLSGQAKASTYPQPEGLILGDT CILSMYGEK

GAAGCTCGGAGACGACAGCATGTTCGGCCAAGCAATGCTGGAGTTTGGGGAAGGGCTGAAACAGATGGCGGATGTCAAGTATGCCTTGGA
KL GDDSMFGQAMLETFGETSGLZEKA QMATDVYKYATLTD
TGATAGCACGAAACAGAACTTCCTCGAGCCTCTGCATCATCTGCAGACCAAGGACCTCAAAGAAGTCATGCATCACCGAAAGAAATTGCA
D S TKQNFLE®PLUHHNLQTIEKTDILEKEVMHNERIEKIEKTLAQ
GGGACGTCGTCTAGATTTTGACTGCAAGCGGCGACGTCAAGCAAMAGGCTCGAACATTGCAGATGATGAGATACGTCAGGCTGAGGAGAA
G RRLDFDC CHKRRRAQAKTGSNTIADDETIR® QAEEK

ATTTGCAGAATCCCTCCATCTTGCTCAGATGGGAATGTTCAATCTACTCGAAAATGACGTTGAGCAGGTATCTCAGCTTGTGACTTTTGC
F A ESLHLAQMGMFEFNTLTLENDVYE- QVSQLVTTFE A
TGAAGCGCTTCTGGAATATCACCAGCAGTGCACAGAGATCATGAAAACTGTGGTTGAAAATCTTCAAGAAAAATGCAGCGAAGCAGCCAA
EALLEYHQ@QCTETITMEKTYVENTLZG QEZE KT CSEAAN
CCGGCCCAAAGTTGAATTTGTGCCGAAGACGTTGGCAGACCTGCACGTGGAGGGAAT TTCGGAGGGCATGAATGGTACGACTGTTTTCCA
RPKVEFVYPKTLADILUHYEGISEGMNGTTVFH
CGTCAATCCTCCCTCCGAATCTGACCACCTCCCCCCCGACCCTTGGTCAAGGCTCAGCGCTCCCGTTAGAGCTTCTCCATTGCCATCTCC
vVNPPSESDHLPPDPWSRLSAPYRASPLPSP
AGTTAAAAGTTCTCCAGCTAGAACTCCGATGAATGCGGGAGGAAAGTCGCCATGTTGCACAGCCCTGTACGATTTCGAACCGGAGAACCC

VKSSPARTPMNAGGEKSPCCTALYDFETPENTFP

TGGAGAACTTGGATTTAAAGAAGGTGATACAAT TCTGCTGACTCAGGCTGTCGACGAGAACTGGT TCGAAGGCAGCCCCAACGGACGCAC
GELGFKEGDTTI LLTQAVYDENWEFEG GSZPNGRT

CGGCTACTTTCCCGTCTCTTATGTCCAGGTCGTCGTCCCGCTGCCG 7AAGCGGCAACGAATCCCGCAACACATCACGGTAAACAGCAGAA
GCGYFPVSYVQVVVPLP *®

GTAAGCGCAAGCGAATAGCTCTA

TCCATGGGAGTTTCTTGTTGATCAATAAAGTTTGAAAGGTGATTTCTTTTATTATTCAAATATAAAAATGGATTTCAACGTAAAAAAGTT
MDF NV EKK.L
AATAAACGATGCAGGAACCGCTCTGAGTAGAGTAGTTCAGCTAACTGAAGAGAAACTAGGTACATCTGAGAAGACTGAGTTGGATGCACA
I NDAGTALSRY VQLTETEEKLGTSETEKTETLDAH
TTTCGAGAATCTGGCCGAACGATCTGATCAAACCAAATTATGGACCGAGAAACTATTGAGGAATACTGAGGCTGTACTCACTCCAAACCC
F ENLAERSDG QTEKLWTEEKLLRNTEAVLTFPNEP
AGGAAACCGTGTGGAGGACTATTTGTTCGAGAAGATAGAAMAGAAGAAGCCAACACGTT TGACTAACTTGGAGTATTTAGGAAACGATAT
G NRVEDVYLFEEKTIEEKEKEKPTRLTNLEVYLGNDM
GATAGAAGCCGGTAACGATTTTGGACCGGGGACGTCCTATGGTAGTGCTTTAATAMGG TGGOGCAATGCGAGCAGCGTATAGGAGCAAT
1l EAGNDFGPGTSYGCSALIEKVYGQCERQRTIGA.I
AGAGAAGGAATTCATAGCTTCCGCCAATCACTGCTTCCTCTCTCCTCTAAGAAAGTTCCTCGATGGTGAAATGAAGACTATTCTCAAAGA
EKEFIASANHCFLSPLREKFLDGEMEKTTILEKE
ACGTGGACTATTGGAGAGTAAAAGGTTGGATCTAGATGCGTGTAAGAGTCGAGTCCGCAAAGCCAGATCAATGCTTGGTCAGCCACCCAA
R GLLESEKRLDTLDACEKSRVYREKARSUMLG® QPPN
TGCGGAACGCGACCTTCGAGTGGCGCAGTCCGAATACGACCGTCAGGCTGAGATCACCAAACTGCTGCTGGAGGGTGTGAACAGCTCCCA
A ERDLRY AQSEVYDRGQAETITEKLTLLEGUVNSSH
TGCCAGTCACCTGCGCAGTCTACACGAATTCGTCGATGCGCAGGTCACTTATTACGAGCGATG TCATCACACCATGCAACAGCTCAAGGC
ASHLRSLHETFUVDAQVYTYVYERCHHTMQA QLEKA
TGAAATGCAGAGTTTGTCGGGAGCCCCGCCCGCTTCCGCATCATCTGCATCCTTCCTGCATTCCTCGAATCACGTGGGGTCACAGGGGGG
EMQSLSGAPPASASSASFEFLHSSNHYGSQGG
GCAGGGGGGCCCCATAACCCCCCCGGGAGCAACGGCATCTCCCTCGGGGGGACAGCGTGCCAGGGTGCTCTGCGACTATGACGCCAAAGA
QGGPI1TPPGATASPSGGQRARVYLCDYDAEKD
TCAGTCCGAACTCAGTCTTATGACCGATGAGGTGATAACAGTTTTCAAAATACCAGAAAGCGAGGACTACCTGATGGGGGAACGGGGCAC
QS ELSLMTDEVYITVYFKIPESEDYLMGERG.HT
ACAGCGGGGTAAAGTACCAGCGGTATTTGTTGAATTTCTAAAT TGAAACAACCCCAAAAAAACCCAAAACTGTATTCTTCAACCTTCTAT
QRGKVPAVFEYEFLN &
ATTCACTTATATCTGTGGTACGGATTTCTGTATTCTCTAGCAATCTATCACTCCCA

&1 Endo A(A)Fl Endo B(B) BFRIT I FIHE T 1 Z LR T 5]
Fig. 1 The nucleotide and deduced amino acid sequences of Endo A (A) and Endo B (B)

TR BAR 540, PR &K 7R SH3 S50, BPE In %5 T InHL 2R, BIFZ& L% % TR %R, The BAR domains (Bin/

Amphiphysin/RVS) are underlined. The SH3 domains ( Src Homology 3) are underlined with wavy line. The translation initiation codons are in bold.

The translation stop codons are in italics.
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FEUGMABIL AT, Endo B AL LFMTRE X EEPED, 5F T 5 H2ife, £ Endo B )5S
HEEAAE(E S) o ZIEFIRMETHIERERM  RENAEE LEPOR S ER R,

o1 — Cimex lectularius XP 014262134.1

64 Halyomorpha halys  XP 014275952.1

Nilaparvata lugens  KY 126096

Diuraphis noxia  XPp 014262134.1
Acromyrmex echinatior . XP 011058580.1
Endo A 100 Tribolium castaneum XP 008200763.1

Agrotis segetum A0A088M9K3
100 | Danaus plexippus  G6DFX9

77 - Papilio polytes XP 013140518.1
Dendroctonus ponderosae  ENN77275.1

Endo B Panstrongylus megistus  A0A069DRP9.9
o Nilaparvata lugens XY 126095
Diaphorina citri  XP 008471835.1
Zootermopsis nevadensis KDR22645.1

0.2

” Trichogramma pretiosum XP 014229827.1
{Linepizhema humile XP012218452.1
K2 Endo A Fll Endo B IR 51 ) R GEHEAL 73 AT (4 H5i%)

Fig. 2 Phylogenetic analysis based on amino acid sequences of Endo A and Endo B by neighbor-joining method
PR RN G IR RS . AR 1 000 YRIE K . Scale bar indicates the genetic distance. The bootstrapping test was performed with 1 000 replicates.

A B

K3 Endo A il Endo B [ =25 F i)
Fig. 3 Tertiary structure model of Endo A and Endo B proteins
A, C: 435)JE Endo A Fl Endo B 1) BAR 45441 BAR domains of Endo A and Endo B, respectively; 1 =4 o 1€ Alpha helixes. B, D; 43412 Endo
A Fl Endo B 1y SH3 Z5#4)48 SH3 domains of Endo A and Endo B, respectively; 1 —=5: B #7& Beta sheets.
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A B C D
M1z M 1 2 Hind1ll Xhol
bp bp
2000— 5000 Kar Endo A Kanag
3000 / .
1000— R 2000 ] Szl
750— f ’ 1500 X EcoRI 2
pET-28a-Endo A pET-28a-Endo B

500—

250—
100—

1000

750
200
%(5)8 ori d ori

6533 bp 6428 bp

(4450) (4345)

El 4  Endo A Fl Endo B 3L 44 E 4 Fak kA4 p
Fig. 4 PCR amplification and prokaryotic expression vector construction of Endo A and Endo B
A Endo A 1 Endo B PCR ;=4 PCR products of Endo A and Endo B. M; DNA Marker DI12000; 1: Endo A; 2 Endo B. B: T4 ffiki pET-28a-Endo
A Fl pET-28a-Endo B X fifi 1] % & Enzyme digestion results of the recombinant plasmids pET-28a-Endo A and pET-28a-Endo B. M: DNA Marker
DL5000; 1 pET-28a-Endo A T4 ki 2 EcoRT Fl Hind T 445 5% pET-28a-Endo A recombinant plasmid digested by EcoRT and Hind 1l ; 2; pET-
28a-Endo B T4 [fiki 4 BamHI Fil Xhol )45 5% pET-28a-Endo B recombinant plasmid digested by BamHI and Xhol . #ik$8/REEVIBA Endo
A Fll Endo B 1) J B%, The arrows indicate the released Endo A and Endo B digested fragments. C: pET-28a-Endo A Jiiki & Map of pET-28a-Endo A.
D: pET-28a-Endo B Fi}i[& Map of pET-28a-Endo B.

M 1 2 3 4 5 6 7 8
kD .

150—
100—

70—
50— . i
35—

255

K5 EZHEN Endo A Fl Endo B (AT SMAT
Fig. 5 Solubility analysis of recombinant proteins Endo A and Endo B
M: 15 ~150 kD & 4570 F-HAniE 15 —150 kD protein marker; 1: Rosetta #4245 [ Total protein of Rosetta; 2: pET-28a 25 #ARHE /L I 4T & 1 Total
protein of pET-28a transformant; 3; pET-28a-Endo A T4 k5L 4 85 9 Total protein of pET-28a-Endo A recombinant plasmid transformant; 4; pET-
28a-Endo A BE2H TR AL AZIE 3% Supernatant of lysate from pET-28a-Endo A recombinant plasmid transformant ; 5; pET-28a-Endo A B 2H JFokiiE L A2
fi#tJ5UTVE Precipitates of lysate from pET-28a-Endo A recombinant plasmid transformant; 6; pET-28a-Endo B 40 fFki % (b # 4> ##5  Total protein of pET-
28a-Endo B recombinant plasmid transformant: 7. pET-28a-Endo B T 41 J5u ki % 1k 7 24/ J5 |7 Supernatant of lysate from pET-28a-Endo B recombinant
plasmid transformant; 8 pET-28a-Endo B B4 Tk % AL H 245 UTIE Precipitates of lysate from pET-28a-Endo B recombinant plasmid transformant. 543
S8 /8F3k Endo A il Endo B EZH# H ., The asterisks respectively indicate recombined Endo A and Endo B.

TEP 35 5 55 it & B, Endo A B 7E 28C
0.4 mmol/L IPTG iS4 h J5 , Bl n] KR ik, 55 8
h 110 h i, Fak @A Fri It 24 PTG R EZ %
0.6, 0.8 F11.0 mmol/L i %f 3% 3k £ JC B I 52 M
(B 6) 82 m vk B2 TPTG 23 417 il & 35 1/ 14 19 A4
K, RATRIO0. 4 mmol/L () IPTG 72475 F R .
AR R R R A i, 5 R 4 10 h,
TEA[R] IPTG ¥k B2 A5 S5 [A] 1, Endo B 2 H 1Y 155
SRR Endo A BIZEM, SRS S
4 28°C 0.4 mmol/L IPTG iES 10 h (& 7).

F|F] Ni-NTA His - Bind Resin Zlifb 35 F2 BT
gfifbml & 6 x His (EAHH, & 10, 20, 50, 80,

100, 120, 150 #1200 mmol/L [ Bk ma 5% 15 2% 1 7% 1
FE43 B 4E Endo A il Endo B % 6 x His @il 5 2 1 .
SER I, TEDKIR IR 2 50 ~ 80 mmol/L B, YT
R Endo A Bl G I ACAE (1B 8 A) T 78 K Mg v
J& k50 ~ 100 mmol/L B, BEIE T 2R3 Endo B g4
EEBLE(K 8: B) o WIRAE 50 ~ 80 mmol/L P fii
T Endo A A AN 50 ~ 100 mmol/L PEE T
(1) Endo B @l H K. W IR BRI IR S , LA
B 1 mg WRLGE %, R UR TG 2 E 8
PRAET =70°C, LA Hl &SPk A .
2.3 Endo A 7 Endo B ZEEHAN ReFHIES T
4 Endo A fl Endo B # 21 & 1 o 8T P4 =5
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Ja o RIREEE 3 R BE )R — ML, ELISA 3% blot 0 TR 1945 5 . Western blot £ 53 iR,

IS, 25K W] Endo A Fl Endo B 92450 Endo A Hiff Endo B HTiRFIH KEUEE H M alifb

RN AR R % 121 000 000 (% 1) FERERE SRS (B 9) , R & A Endo A g2
RAEH 4 WO A — H AL , JH T Western 4TI Endo B S Z P41k AT

B

AkDMl234567 Ww M 1 2 345 6 7

150— « 150_. I

100 — w 100 ¥

70— - 70—

50— - - <— 50— — . — — €—

35— W 35—

25— w 25—

20— & 20— 't
c M 1 2 345 6 7 D M 1 2 3 45 6 7

KD o kD =

150— 150—"

100—ww 100— "

70— W 70— -

50— w ——— - o €— 50— .- sy e e <—

25— .

D — e

K6 PTG ¥k BEFIFE I AIXT Endo A # FIFIKR
Fig. 6 Impact of IPTG concentration and induction time on the expression of Endo A protein
A -D. IPTG iE S0 E 435 4, 6, 8 F1 10 h IPTG induction for 4, 6, 8 and 10 h, respectively. M 15 ~ 150 kD & [ 43 F & Fr i 15 - 150 kD
protein marker; 1. Rosetta 1# 4 [/ 25 [ Total protein of Rosetta; 2. pET-28a 75 2 {4 %% 1k 1§ 4 4 25 1 Total protein of pET-28a empty plasmid

transformant; 3: K% 5 pET-28a-Endo A 3 41 Jit ki % 4k 1 4 1 25 4 Total protein of pET-28a-Endo A recombinant plasmid transformant without
induction; 4 —7; 28°C B} IPTG &k EE 4354 0.4, 0.6, 0.8 F1 1.0 mmol/L 25 F pET-28a-Endo A T 2H Jit b % {1k 4 T & 13 Total protein of
pET-28a-Endo A recombinant plasmid transformant by induction at 28°C with 0.4, 0.6, 0.8 and 1.0 mmol/L IPTG, respectively. FikF/RiFEFH
Endo A fil 5% 1, The arrows indicate the expressed Endo A fusion protein.

’;
D M 1 2 4 5 6 17 8
1504
100— .
70—
50— .
b
35
25—
20— -

K7 28°CiHE T 10 h IPTG ¥4 Endo B & [ 3K#

Fig. 7 TImpact of IPTG concentration on the expression of Endo B after IPTG induction for 10 h at 28°C
M: 15 ~ 150 kD #& [ i 4> T hR#E 15 - 150 kD protein marker; 1. Rosetta [# 4> 45 [ Total protein of Rosetta; 2: i< pET-28a 25 # AR 545L 14
45 [ Total protein of pET-28a transformant without induction; 3: /55 pET-28a 25 3} 1A% 1k [ 4 i & [ Total protein of pET-28a transformant by
induction; 4. A% T pET-28a-Endo B 5 41 [Fi ki 5 4k 71 4> 1 45 |1 Total protein of pET-28a-Endo B transformant without induction; 5 -8 I A IPTG
WREr 3 0.4, 0.6, 0.8 1 1.0 mmol/L 5 S0}, pET-28a-Endo B T £H 5 i 5% 1L 14 4 11 25 [ Total protein of pET-28a-Endo B transformant by
IPTG induction at the concentration of 0.4, 0.6, 0.8 and 1.0 mmol/L, respectively. ik F/RiHEFHIf S & H Endo B, The arrows indicate the

expressed Endo B fusion protein.
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AM123456789l0 BMIZ345678910
D N kD |
150 -8 150— .
100 - 100— =
70 -8 70—
50__- - €— 50—-_ — le
35— KNS 35—
25— 25— {
20-gmg 20—

K8 % Endo A (A) Al Endo B (B) il #:4lifk45

o

Fig. 8 Purification of Endo A (A) and Endo B (B) by affinity column chromatography

A: Endo A; B: Endo B. M 15 ~ 150 kD & H fi /3 & A5#E 15 — 150 kD protein marker; 1; Endo A F1 Endo B 3R 8 B A G B TR
Collected solution of the dissolution of Endo A and Endo B inclusion body through the columnj 2 | #f%% i LE B Eluted solution of the loading
buffer through the column; 3 —10; 435/ 10, 20, 50, 80, 100, 120, 150 1200 mmol/ L BRMAE 3 2% ik i A W B2 T Collected solution of 10, 20,
50, 80, 100, 120, 150 and 200 mmol/L imidazole elution buffer through the column, respectively. #j3k/r 5l 8id#: 461k )5 Endo A il Endo B &

. The arrows indicate the purified protein Endo A and Endo B, respectively.

F1 #i{k ELISA &R a3
Table 1 ELISA results of antibodies

MRELL

Dilution ratio

OD,s50fH OD,5, value

Endo A Sy Ifl 7%

Endo A immune serum

Endo A Gy Hil L7

Endo A pre-immune serum

Endo B & il

Endo B immune serum

Endo B 3 i I 7

Endo B pre-immune serum

1:10 000 1.913 +0.091 0.085 +0.015 0.791 £0.076 0.072 +0.011
1:100 000 0.594 +0.018 0.086 £0.018 0.657 £0. 147 0.070 £0. 009
1:1 000 000 0.193 £0.010 0.090 £0.014 0.189 £0.032 0.080 £0.013
1:10 000 000 0.120 £0.008 0.085 £0.009 0.148 £0.031 0.075 £0.018
A M 1 2 B M 3 4
kD | kD
150— 150—
100— 100—
70— 0=
e
50— 50— —
35—
35—
25—
25—

B9 Western blot £l Endo A (A) 1 Endo B (B) 2 FEREHUAR MY G 5 51k

Fig. 9 Detection of the immunological specificity of Endo A (A) and Endo B (B) polyclonal antibodies by Western blot
A: Endo A; B: Endo B. M. Protein Marker; 1. #§ KR I A Endo A Kl Detection of endogenous Endo A in the total protein of Nilaparvata
lugens; 2: Endo A 4fi{L 3 (AN 4% 5 Detection of purified Endo A; 3 # KEUALEE [ VR Endo B Kl Detection of endogenous Endo B in the total
protein of N. lugens; 4. Endo B 4lifk 25 [ 4145 % Detection of purified Endo B. #73k/35#5 78 i1 Endo A 1 Endo B &K F] 1) Endo A F

Endo B # [ 457, The arrows indicate Endo A and Endo B detected by their polyclonal antibodies, respectively.

2.4 Endo A 1 Endo B 7£48 ¢ B\ 5P & rh ity 35 A0
E L

R RE DO EH ABESE Endo A il Endo B 745 K
AN E P RIBEN . 45K R, Endo A il Endo B
HRAEAE & mL P L 5 2R 58, 7E O 5LV B AR
A FIE(E10: A-C, G-1) , EfT{EDN S g

20 60 P 200 D T 4 FBE L 00 LS ) A3 A T TE U
Y0200 i ) 200 A P D 2D A (110 D - F, T -
L) . BRAIMIAZSL, Endo A 1 Endo B 2 1 5 152K
T (Dl et ) (i 70 A =02R A0, 5 IETE R AT )
AP 2 B I A= B (yeast-like symbionts, YLS)
HoE i (E10: D-F, J-L),
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50 pm 50 pm

)

20 pm

1X0) — = PO —§ PO——

100 pm 100 pm 100 pm

20 pm 20 pm 20 pm

B 10 #Ese ekl Endo A 1 Endo B 7548 KEGN 5L P 19 E I 2k FUE L
Fig. 10 Detection of the expression and localization of Endo A and Endo B in Nilaparvata lugens ovary by immunofluorescence
G -L: Endo B. #5210 G053 HIHR R AN AL G259 Endo A (B Endo B) Blue, red and green signal represent nucleus,
i GEE4H ML Oocyte; FC: L4 I Follicle cell; YLS. 5% k4 /E B Yeas
EP: | fz#& Epithelial plug; Pe: BJHif Petiole; TO: {8]—JREEAH I Terminal oocyte; PO {8 —JREEAI A Penultimate oocyte ;

Tropharium of ovariole.
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3 e

AW ve RS B4 K E Endo A Fl Endo B P>
AR, FE R ] AT R A B RS
VR I A RS R AP BE R BN E Y
EH . SRBEDOLE R BoR, #5 KA Endo A FiI
Endo B 7EN LAz 0K, JF H —# #YE AL 5 IR
YB o3 AT ARRL, 0 B B AT TAE 4R T mU P S5 i iE 2
Py BURIGR 558 AH G, Tsai 55 (2014) Y BF S &
B, Endo B 7E R0 GP-BE A A A7 BF BT 0 B v B
HEAEH, SA RS R — 2, RIEIOuE Rk
7R, Endo A FI Endo B i 5 A {245 R s\ GP LAY 2R
PR BRI AR AL TE A, B XS S YLS AR
REWDPEA —ERY KT,

=AU 73 AT 22 W], Endo A Hl Endo B 25
(1TE BAR S5 1 AETE B I% B ) — 1 0
NS HEWITE L5 DI e W] e AE 2500 . A TSR
KI,Endo A 5 Endo B fE{ENHEZ R ,Endo A £
2 55 5 fil B 0 N AY 19 2 A BT ((Pechstein et al.,
2015) , fd 45 M5 4 TG 52 A4 P 43 0 09 M5 5 S T 3R
H: K F A S 09 N B A1E F (Soubeyran et al., 2003)
1 B1- FARERE B AR 3 19 N A AE ] (Vinatier et
al., 2006) , LA K 52 5 10 20184 VB 40 B 7R 2K
95 (Cao et al., 2014 ) FI = 1E §ifi 55 ( Zuccato et al.,
2010) HY#E FAH K ; T Endo B 7R 5 40 i 8 1= ( Xu
et al., 2016) . H W F030 ) 988 %& 4= ( Takahashi et
al., 2007 ) LA K8 R4 N8 S J) T 1] (Wang et al.,
2016) K AFEZAEH]

TEfi % 2 btk Fe v, A 5 45 ) 4lifk
FAMTHEFRF 6 x His 1) pET-28a 11y il & Rk A
3 AR 5 S [R) A IPTG 3% S vk B, FRAT A &k
$£ Endo A 1 Endo B 155444 0. 4 mmol/L
IPTG 28°C 755 10 h, JL4E R G 8 1 2 AF7E T
P (HIF AR e i I v, LRI R A 2 K,
AR 2wy, B T HE A afifh (4TSS, 2016)
TEJG AL A 53 R BUZE A5 2 o WK e vk J32 114 7
O Ni AESEAT BRI H A8 B 15 2 T8 a3
BB RIEFRAE DRI foin A —E 5 DTT, 7 U4
AACBOR H R R B DTT WA m] BEXT Ni A 8 40
P (IMEEEESE, 2014) , WARBFFORT , AT L350
DTT, AHFFEak A B, F1) T 8 B0 8 n] DL S BN
AR 2 A PR 1] 5, JH ok AR 2050 P 2 58 X
AR AL PRI S e A AL BRI 5 4 iR

B RELE RN R ARAS T R R SRR Y
Endo A Fl Endo B £ i EHUIARSRAL T HLA

25 EPNR A LB REVE B OIS 4
Vil Endo A Fll Endo B 3[R, JF%F Ho A= )15 8 24
LERIEAT T 00T . A 2 s DU, FATTE S
T Endo A F1 Endo B 745 € E P §1 1) 238 5E 07, K
A I IRAWF S X A RS REU B ) 2= D) RE L
FE T oy TSk
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