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AR o- SR BAES R AsAeT HIRIRFRIA,
Hi4Y, 5 2 5

KA, M, WHE R

(HEPRIFERE R RS TR0, B B R PR H 5 %, HK 401331)

HE: [ B4 ) #5858 (carboxylesterase, COE) 2 L kik N — £k T 20 it &85, 5 2 ke 21k 40
%, AR G X P 433 Anopheles sinensis 3 B B5 B Ae7 ( AsaeT ) #4740 Sh AR FAE 7, A REAT
AsAe7 9= M M BRIRIT T Hse L w ik, [ FiE) G a5t Asae] HATEMIZEF M, R
AT T M, F AR R AL RA B S RSP 3t AsacT BEATE 2L E k5 25 4 Ni-NTA 4 B 44 £ 47 4o
H TRAB B BN 7 ik AL B A R R R G 5 18T F) A B EAT AL F IR LS R AT AsAeT 89 R A
RAERA LB EANY BEAT AsAeT AT R Fik, [ER])EWEELEFZ AN, AsAeT L F K
WEEG, 5T 24 61.053 kD, LB R o425 4K ;3D M TN 4 R oM 27, AsAeT RIAG 2 o/
B-KfEBEM R EREX, SRR EREN, AR ET AT EOLASZE/KTHE, 5F
SUEAT B o A e 3 AsAeT 09 2 i K ) Asael 73, KA 1 626 bp, A 2h #y & & 20 42 pET28a-
AsaeT ; f£ K AT 8 Escherichia coli 'F £ A 05k 5% @ AsAe] £ 545 e bk, @ik EfE
Mok i J8 BATUAL R T S 4 E HAAE 69 B 69K O ;i i B AR JE B AT A AL 52 R R AT 440 8y
AsAe7 T &2 BARRA BTSSR HEEIF T AsAe7 89k, [ )ERL R T T T
FIET AsAeT W9 ShIK, A )G L AT AsAeT 8 SR 2E M VA BIE BT 59 FK-F £ A WL IE A AsAeT A
5 R 5T A LR T Kk,

KPR AR R B R R IR AK; AsAeT £
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Heterologous expression, purification and crystallization of o«-

carboxylesterase AsAe7 from Anopheles sinensis ( Diptera. Culicidae)
ZHANG Tian-Tian, MIAO Ya, XU Bo-Ying”, CHEN Bin" ( Chongqing Key Laboratory of Vector
Insects, Institute of Entomology and Molecular Biology, Chongqing Normal University, Chongqing
401331, China)

Abstract: [ Aim] Carboxylesterase is one kind of the important detoxifying enzymes in insects, and is
associated with insecticide resistance. The aim of this study is to explore the structure and the function of
the carboxylesterase Ae7 from Anopheles sinensis ( AsAe7) based on its preliminary crystallography.
[ Methods ] The Asae7 gene was bioinformatically analyzed, cloned, and expressed in prokaryotic
expression system. The recombinant protein was purified with nickel chelate affinity chromatography and
gel filtration chromatography. The polymerization of AsAe7 was detected by gel filtration chromatography

and chemical crosslinking analysis, and the crystal screening was performed by sitting drop vapor
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diffusion technique. [ Results] Bioinformatic analysis revealed that AsAe7 is a hydrophilic protein of
61. 053 kD without transmembrane regions and signal peptide. The 3D structural prediction showed that
AsAe7 adopts an o/ B-hydrolase superfamily fold. Multiple sequence alignment result demonstrated that
Ae7 proteins are highly conserved in different insects. The 1 626 bp coding sequence of Asae7 was
cloned, and the recombinant plasmid pET28a-Asae7 was constructed correctly. The SDS-PAGE analysis
illustrated that the fusion protein AsAe7 expressed in Escherichia coli mainly existed in the supernatant.
The highly purified and stable protein was then obtained with two-step affinity chromatography. Gel
filtration chromatography and chemical crosslinking analysis showed that AsAe7 mainly exists as monomer
in vitro. Finally, protein crystals of AsAe7 were obtained by crystal screening. [ Conclusion] Crystals of
the recombinant AsAe7 have been obtained by crystallography, which lays the foundation for illustrating
the crystal structure of AsAe7 and the molecular mechanisms of AsAe7-mediated metabolic resistance at
atomic resolution.

Key words: Anopheles sinensis; carboxylesterase; metabolic resistance; heterologous expression; AsAe7

crystallization

WCHRAL G , BSOS LA OO AL R 1 7Y
FARBEVRAELEG o 1] Qe A 2 Hh o it e 5 R Y B
BRI , I Ao W T AL R, T R R R R
Z , BRI SEH NI H PN Z — (Rivero
et al., 2010; Nkya et al., 2013 ; David et al., 2013) ,
R T TSR P A% 4G | BRSO 182155 , H i
FEA R R AL R A 4. K LUE, ik
FRA S WA W A R — R, SR
T, H TR A 27 A ] ok 8 22 i) g b X 3%
HFE A T e, i HyohE X B A Wk,
PSS I AT A 2 55 (XUAE 53, 2006 ) , iX gl (il
e b B A AR AR AR R RIE . PRI 2 M 2 R T
e 77 4 1Y) F2 BRI AT IR

14, CATHFSE A R R B i 25 AL ) %
A AFHEARA 578 (A1 kdr ) X6 2% 215700 A SRR i 25
it DAL 5 R AR A He 7] 45 (Heckel , 2012) T
B A HOR A T FE WD S 3 R 2 EE I
it 22 P450 AL EE ( cytochrome P450, P450) #%
1% B Bif ( carboxylesterase, COE) A145 bt H IK-S-45 5%
fif# ( glutathione S-transferase, GST) ( Weill et al.,
2003 ; Ffrench-Constant et al., 2004; Hemingway et
al., 2004 ; Bass and Field, 2011; Perry et al., 2011;
Heckel, 2012) , H:th P450 3% 55 A Ry 2 g A iy
X% HFR AT AR P A 32 2 0 i 2 il R Rt
WA Z R A o SR, Bl G XTI 5L 3 ) 22 R i
B AR T AE ST, T8 A PR 31 4R IR 1 ity 7
SETEAHE S W) bt et BT A% HOR A Y 32 AR
(Ross et al., 2006; Ai et al., 2010) ., ¥EAHFXHRIE,
TEATCME Bt R INR A Tl L e 42 v o) % ML 50 il i 7K

fift 3% (Newcomb et al., 1997b) BB T ML AT
PR (1) 3R R TR i 225 DR 7 3 3 3003 3k 7K1 48
(Claude et al., 1987) , (2) FRIR MR M 4 it 17 51) 578
SRS S, S A P35 ( Campbell et al.,
1998 ; Claudianos et al., 1999) .

Tk P 5 LR 3 S B = AR AL, F AR
@ H B (A Bk BF Myzus persicae . 75 5 & E
Nilaparvata lugens) VL K X8 H B L (08045 J2E
Culex quinquefasciatus) F 8 1, -5 & 75 Bk if
Hh R B, HC P FBURR R v S TR TS M A TE T
22 5% (BB R TR B R P 9 A R AR RS A
T s AL X 7= A B % D1 ( Devonshire and Sawicki,
1979 ; Devonshire and Moores, 1982) , H4h, MK H
INAAR S 1) — B BB C. - quinquefasciatus 45
PLBE 0P i 2R R OR B ¥ I — AR R I Co.
pipiens A HUBETUIE G R h 23 25 3 2 A Mgl EstB1 Al
EstAl (Gullemaud et al., 1997) , X MHitESM & P X
PR TR it 11 % S0 312 BUR B R 119 500 170 A%, I
R BT i ZR L 4 SO EstB1 45 DL &
/b AR 2 F Y 250 4% ( Mouches et al., 1987)
B F5 K B v [ e PR 2R O ILBE BT R b
I3 BB — AR AL ESTBS , J B ESTAS (estB)
WAETEY #ALH] (Qiao and Raymond, 1995; Qiao et
al., 1998) ., TE¥R NI Aedes aegypti W, 1@ i3 RT-
PCR 73#7#3 2] CCEae3a TEHTUE M £ vh -t i i &
Kt 317 1 HFeih (Poupardin et al., 2014)

Pl ik D] 9 A4 S B B 1 i TP S A A M Musca
domestica N 5R%RME Lucilia cuprina %78 LS B P
WEoE R B 78 6 A HLBEUIE 20 & R b A
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— AR FgEE B3O 0] LGRS MoK A HILEE A% L)
Aol i A1 5 Al A5 7 ) ( Oppenoorth and Van
Asperen, 1960 ; Sabourault et al., 2001) . )5, %4
R A HLBEDT I AU S RAFFE AR R I T [
FERSE R . TE SR A DLBE RS R (1S2) rhjp s
MITLERT— E3 BREEFE A LeaET (Newcomb et al.,
1997a) , & BAE _RBEDUME i & (L103) vt BE IR &%
AT RAE LeaET (GI3TD) A F 20 T H 1 19 7 4=
(Newcomb et al., 1997a) , "EH:E AR kb 10 o ob
2 AN BRI SR AR BT I 1Y i AR b )
B — AR T TR BEPUTE Y E3 8 IS Al R A
(LeaET"™"™) AAXHBUS A FR LS2 M5 T X Th o i
AL 5% A 2% (Campbell et al., 1998)  TEAR T
B Cx. pipiens W Al UE B 32 2 Mg [ B1 %) 28 A%
W224L SATHIBEAR A RPTHEAT e (Cui et al., 2007)

M2, BRI BN S 0 AT AR H T
R IR AR T R DR 3 R0 B R 9 A8 S T 2 PR AL
B OGH: s AR AR IR TR B TE B i 2 e ny 4k Bk
FEHIVER] (Ranson et al., 2002) , JF %A HIE T
K- £ B 2 A T BT PR IR iR -5 3% R B AH AR
FH VLR B Vi it 5 P 92 722 0 e 91) 22 R X e 1 1)
S

HRAEFZIT Anopheles sinensis 245 3% =¥ Fl 5, 2
22 HU g S WL 1 B B 2 — o AT L) AR
WX G, 5T H A I 5 345 (1) Hh A8 e iR [
LN S ER A , LA B v A8 4 WSO TR T3 i A TR AN
(7] il DX S A1 1 55 e 1) 2 3R 15 A5, 400 A0 O 2 1
AT BEAE AR FIIR H R rh ke B 24 T B AR IR TR
Mt IR AsaeT 33 0 Hb AT A= A5 B 2000 O
SekE KA Al A FwI 2 Y R R, B TR RS
AsAeT [ iR, N G BEff T AsAeT [ iARSE Y, 76 i
T BT B BT AsAeT 5 YA Y
HAELL KT 95748 F 3 05, #575 R IR TR i 2 5
TR 73 7 HLEBE i HeAil

1 HRS %

1.1 #iXER

HA RS ISOR [ T PRI K24 R U o AR 2
WIS 2 &R, ) 95 5 A IR 18 ~ 25°C, A
YRR R 50% ~T70% ,J6JEh 121 12D,
1.2 FEKHF

e SRR L OB AR G ) & DNA 2l 4k [
WG & A SDS-PAGE ¥ i Fic 0] &34 Ry AL T B

iR AR ) N T e BRI N U EcoR T AN
Xho T ,DNA Marker, T4 7% 524 5 TaKaRa /A& 77
il 3 B S F 2 FZE AT AE (Ni-NTA) 1437 i HiPrep
16/60 Sephacryl S-200 HR I H GE Healthcare /3] ;
Hogr i 70 38 Oy [ 7 43 dr el 45 a0 & e T
Hampton Research /A 5], KM #TF & Escherichia coli
DH5« Fil BL21 ( DE3 ) J&32 2540 i S pET28a Kk 4K
AR % A &R
1.3  chEiRay Asae7 B EF 5 R ESFESH

T ARHR L AsaeT JE PR 4 2t B A S 2 il
A ICRE DR 2H 2045 20 B i 45 . A ExPASy 933k
rft ProtParam ( http ; // web. expasy. org/protparam/ ) X
AsAeT HE 535 OGIE A5 L S5 AL 1 o i
FTTI ; AsAeT 0 85 R IX. A5 K i 7K 7 53 31)
M SignalP4. 1 % {4 (http: // www. cbs. dtu. dk/
services/SignalP/) . TMHMM %%{4: (http: // www. cbs.
dtu. dk/services/ TMHMM/ ) . ProtScale {4 (http: //
www. expasy. org/cgi-bin/protscale. pl) $£ 47 H ; 2
FIBT B — 2 45 kg 780 00 1 A %K #F PSIPRED v3. 3
(http: //bioinf. cs. ucl. ac. uk/psipred/ ) ; & [ JF i) =
2 45 ¥y % ] SWISS-MODEL ( http: // swissmodel.
expasy. org/ ) AT [A] Y AL Kz 3D 45 4 T 5 £ ]
NCBI # 35 H1 /9 Protein BLAST {4 ( https: // blast.
nchi. nlm. nih. gov/Blast. cgi? PROGRAM =
blastp&PAGE _ TYPE = BlastSearch&LINK _ LOC =
blasthome) £r #¢ 5 AsAe7 [A] LR, JF 2 4 i it
SPERICH O YA A, SR FHTEZ X T A
Multalin ( http : // multalin. toulouse. inra. fr/multalin/ )
J¢ ESPript 3.0 (http: // espript. ibep. fr/ESPript/cgi-
bin/ESPript. cgi) 5 JMZ T4 X 5047 o

Xf Asae7 K& PP 5 9847 53 B )5, AL AT Primer
PremierS. 0 # £ 323151 4 : 5'-CCCGAATTCATGAG
CTCCACGGACCATC-3" (RIZ k3N EcoR 1 BV {3z
1), 5'-CCGCTCGAGTTAATAAAGTTCCTCTCGACT
G-3"(RIZF 51 Xho 1 WY A50) o 5197 A
TAY TREABRA A G
1.4 Asae7 EER S FRIERBEHRNWEAE

FH Trizol YA BUTAE4Z MUR AR RNA, IR HL
i RNA H Btk 2 B8 Thermo Scientific 2\ H) First
Strand ¢cDNA Synthesis Kit #E47 [ 5% 5% 15 %] ¢cDNA
FELL cDNA S#8it , PCR 974 Asae7 , PCR ¥ HE Y S
MAKZ K 25 pl: Fast Pfu DNA Polymerase 0.5 ulL,
5 x Buffer 5 plL, 2.5 wmol/L dNTP 2 pL, itz 1 pL,
10 pmol/L B ¥4 0.5 L, ddH,0 15.5 pL. PCR
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i 254 s 949C 5 min; 94°C 30 s, 58°C 30 s, 72°C
90 s, 30 MEH; FJ5 72°C T LEH 10 min, 1%
BN WHEE I FR PRSI PCR =4

i H L AsaeT 551 RKH Ak pET-28a [F]
it2tid EcoR 1 Al Xho 1 XU, 4lifk )5 1E T4 % 4%
B VER T 4°C i BT 82, WG B2 W e Nz 3
YA KM AT B DHS o v o PREUAL B VA 51T R i PCR
Y8 PR BUTORLIE TR D) B0 , KA1 A5 4 0 1E
(1% PE A B R 2 200 1 B0 IE
1.5 AsAe7 EEWEAR LML

W 2 1 2y 1) 2 BT KL pET28a-Asae % AL 3|
A2 S KA T BL21 (DE3) Hfr 7E 37°C 200 v/
min 25 F TR SR . HEFRE 0Dy i5% 0.6 ~
0.8 W, A LM EE 0.2 mmol/L [ IPTG 43 %I 7E
37°CHI 16°C T~ 4T Rk, Hrp 37C S &k
4 h,16°Cif5FKiK 20 h, FHFRIBTHMIG,4 000 x g
B0 10 min WCHE B AR, SR J5 H 24/ (20 mmol/L
Tris-HCI, 200 mmol/L NaCl, pH 8. 0) Z4f# 40 1, 2
R 7 AL P (D)2 400 WS 2 s, [HER 3 s, TAF 10
min ) F1 75 B B0 (12 000 r/min 30 min) J5 , 43 3k
AR LIS FUITE T AR, SDS-PAGE 5347 AsaeT 1
IE AR P R IR O . IR AR PR A A
1 2R 23k 2 1o

IRPEFE A EE 2R 8 55 A, % AsAe7 B i
17 RIBJE WA, & 500 mL B KA 30 mL Five
() B AR ZE vl ( RBP4 6 2 vt - 20 mmol/L Tris-
HCI, 200 mmol/L NaCl, pH 8.0) & B IK, 1B G
VKIS P B R A ( ) 400 W BB 1 s, ] 8K 3 s,
TAERTE 30 min) ,Z55 5 4°C 12 000 r/min 255 &
> 30 min, BUE (1 L35 A B2 FH 45 & 28 vhi 7
WA TP EA TR 2E o SR FHAE B P DRIk v B 32
(0, 20 140 mmol/L BRME) (145 G 5% wh il wh sk 2% 25
F B2 6 mL 54 500 mmol/L BRI 2545 52 v
WHEAT B E A MVENL . fie)5 SDS-PAGE 46l 54
alifb g5 at,

A 500 mmol/ L R M (4 25 45 28 i e Mot 1)
AsAe7 5 H #t 47 HiPrep 16/60 Sephacryl S-200 HR
HEIE I s Z AT RS A g4k, T 2% ph il 20 mmol/L
HEPES, 200 mmol/L NaCl, pH 7.0, 44Uk &EHEH
FE o AR B /N WA L W H B B
FH#47 SDS-PAGE £l
1.6 UEZEKZIMNEZARARS

Ak 27 S H R A A P %) 2 P53 ot A 23t
Lfr iz Bz, NI BUAR E 19 28 -2 A BAE A O

[Fi] (4 S IR R AT 6 AN [i] P L s iy e 1T DA R HCA 7Y
— LBl e R i A S SR T AY B2 IR O
(formaldehyde) , HEE KK 2.3 ~2.7 A, B 5 R M1
T BRI 32 By R R T, R R A
- SH 4,

X H O A2 B R, B 0.5 mg/mL 20 plL
AsAeT FHARB & A 2% W PBS IR Z )5,
T 25°CHEE 10, 30, 60 1 120 min, Hr, 25 (4
HRy AsAe7 SN EERY PBS T 25CHEE . 580
J& 1 20 mmol/L Tris-HC1, pH 8.0 £ |k 7 Jvj , 3CHE
2R BIRE S SDS-PAGE. b REZE W 5 1 #2017
SDS-PAGE %5
1.7 AsAe7 EAML SR

FI IR (B K/ 30 kD) ¥ 531 4lifk e
i) AsAe7 & [ 45 & 12 mg/mL, i ] Hampton
Research /A ] 1945 4171 & Index™-HR2-144 , Crystal
Screen™-HR2-110 1 Crystal Screen ZTM—HRZ-IIZ, 1
16°CAEIR AT R AR TR SRS HOZ 4 T SRR 1
RITE 96 FLARTRGSS Aibi PN 100 L 454 T A, E
FEFLAIAT pL AsAe7 ZEH, HEAIA 1T WL AHXS B Y
R TR G, WS T 16°C R R R

2 #HR

2.1 AsAe7 HEWIEBEST

2.1.1  FEARFRAM: T 534 : A ProtParam #4415
M5 E] AsAeT B 150 F 54 61. 053 kD, S5 HL A5
570, W GME R 1,453, Hirp AsAe7 ARTRE &R
o 28. 24 MZ B FRE (R 1) o TEZREEM A
W, H AR (Gly) B 5 Hefildse s, 9. 6% o

2.1.2 {55 BRANES BEX IR . %) AsAeT 38 H
SingalP B PFHEAT 55 BR A #r , 25 R & 19 C
{E50.115,Y {5 0.104,S {5 0. 113, REELEAE
SRR EIAL AT, BY AsAe7 2 11 JCA5 5 K. [R] B X
AsAe7 38 F TMHMM2. O 4R 047 85 15 235 44 3
AT, R R R I BREIX

2.1.3  HiKX A X AsAe7 B A iz 7 6
ProScale #4417 B 7K X 3 #7 , 45 & WA 7E h AR 4%
I AsAeT M N It 127 — 144 f 0 Z WA
— AR B K DX, IS B i K X3 T R T
YA LA BRI G5

2.1.4 —2RLEMTIN . N AsAe7 4 iz FHPSIPRED
V3. 3HRAFIEAT R EEA AT, S5 R AsAe7 A
P EER I B P a-IBEST 3 1 55. 08%



52 B 244k Acta Entomologica Sinica 61 &

R1 PR AsAe7 ERMENIER
Table 1 Physiochemical properties of AsAe7

P4k Bt Physicochemical property

Fi 45 5 Predicted outcomes

431 Formula

C2738 H4184 N732 O810 SZ3

43T JE 1 Molecular weight (kD) 61.053
SEY 3%k Z%L Grand average of hydropathicity -0.392
W YGJE Abs 1.453
S g pl 5.7
L FFFE AL Asp + Glu 2 Number of the negatively charged residues Asp and Glu 65
T HLATFR L Arg + Lys % Number of the positively charged residues Arg and Lys 56
AFa5E B Instability index 28.24
&1 Z %L Aliphatic index 75 43

22.74% F120.52% , 0] W, AsAe7 7K [ 1) G450 v
FEETMAEI N E.
2.2 AsAe7 5HAM 9 7 E REEIFEMERF 5 L3 &
H= R

145 B AP Z00 B R IRBR B AT T
BT, XL FE W M. domestica, B # & B C.
quinquefasciatus , 3 5F Aphis gossypii , WkiF M. persicae
PARAE REN. lugens 55%F A HLBAE A HUR) Xy HAT 41
£ ( Devonshire, 1977; 1990,
Vaughan and Hemingway, Vaughan and

Mouches et al.,
1995 ;
Hawakes, 1997; & 7 &%, 1998; Karunaratne et
al., 1999; Li et al., 2007), FFHWEALFEH 7EE
Hp XA LA HOR A2 1 5 PR IR TR A R Y
IRHK , BT 24 P B0 5 R TR T G 1) 9% ) B g ( Vil ex
, 1983; Wirth et al., 1990;
Veerabhadrappa, 1991 ; Whyard ez al., 1994, 1995)

K AR IS AsAeT 52308 R ICAE O B
[ 5 2 s 1) P 91 AT 22 J 40 Lot 3 ST Rl 5
FILERTE (1) 8551 R BT RS  , JF B
A5 HIR R A B ( Serl92, Glu325 Fil Hisdd6)
[F] IR &5 5 2% 1o 3R] 19 5C B 5% B& (Glyl09, Glyl10),
Glyl11 F1 Glul91 45 ) o A X PR <F o 4 it F AT 4 0
AsAeT TS 5P,

WL 7E RCSB PDB [ 3k A (hitp: // www. resb.
org/pdb/home/home. do) 4ij A AsAe7 B TR T4
HATHE R, K AR SR — > - R IR TR LeaE7
(PDB: 4FG5) 5 AsAe7 1 [a] M 5 iy , 2 KR 7 471
— U 213/543(39% ) . EHR LeaE7 MS5FIVE R
[ P AR A AR AR, i ok SWISS-MODEL [a] 5 1A%, 781
MFFE] AsAe? B BTHY =45 (K 2) o

INEERE AT LA AsAeT SR JE o/ B-7K fift
B AT B, B o/ B-7K b T B it

al. Sreerama and

UM X35k J Ser-His-Glu fiEf =Bk, BR T 8 4>
AV B BE(1 -8) ,AsAe7 Z5FYPHIHY B LAl &
AL UR B I 25 B2 1m] AT B Bl PN A i 1Y) T 2% T AT B
B, [FIN AsAe7 WAFTE 6 D BLALY o BRJE (a - f)
(2. A), He% AsAe7 F1 LeaE7 ROZ5H AT L& BY
AsAeT IRYIES G AR FEIEH Bl 5 — M m
AT B R B o SEER A . Horh AsAe7 7 a -
d 1R 5 WA — R A IR e, & T LU o 2 )
o BHEME— ST IR G 048 (K 2: B), fF
Ph, AsAe7 JECH) 142 rb ) P B 5t T fin S, 4
W5 256 A AL A5 2% RN A AR
2.3 AsAe7 REEERARRIEGN R 4

FEH AsaeT 1) PCR 4738 7= W) 25 1% 3 g BHEE I
HLUK 34T, 76 1 000 ~2 000 bp Z [A] R AG5F F- 1 4%
i, RN PR A5 R (1 626 bp) — 2, 24 i kL
pET28a-Asae7 14 # 58 W 5 , ¥ i ki & EcoR 1 FI
Xho 1 FYIRUE, 285 5 Won ol LAY H 1 600 bp 2245
(LR 7 B, 0028 R B R A JE A Ty . S5 SR A T
J¥, S5 R — 2 S 2 ORI A A )

1 AsAeT fil & 41 20 W2 b 45 1 41 3R 3K 5 RL
pET28a-Asae7 ¥4k % BI21 (DE3) J5,7£ 0.2 mmol/L
IPTG 37°CH116°C 43515 4 h F120 h, 4515
Ji (A BRI 22 8 P R ), SDS-PAGE 25 5835 B, i 4]
(1) His,-Asae7 (62.0 kD) 7E 16°C_iE A K& HRk
(B 3: A) ,HAE37C T BEZFRE WA, BT i
2 Bk R IA SR 16°C M RIA,

W K E ikl AsAeT TG, KB R
JEHT (Ni-NTA) F1 5307 )2 B (SEC) A 45 6 1 7 i
XPPE LI W Kt R G819 AsAeT 3 i 1724k,
B ERUZMT AL IS, H Tk 2 R B i v R ok
JBEH B 5 AR 7R R 62 KD Ao A7 Ab 7= A R — 25
(El3:B),



14 SRAETAE : B - RIRTRAE AsAeT M7 IR R IR AifL 5455 53

Rrmve LR BE B T 09 H A EE 1 AsAe? 4L AsAe? Zff fi— 4wy AREHRE (K 4: B) . [
RES TR, AiAR S B9 5 F O 2 AT I SR, AsAeT B, DAER B L OA X6 BT O IR AT AR AP R
TEEIR 58. 68 mL Kb} T — A —XF PRI T (16 4. [&I3E, Al 4RI 26405 B9 AsAeT D HLA,

A) B5 A RIKES R R 2 BRAE R 7Tt 2l AL )5 B9

AsAe7

DVIVVT
DVIVVT
EVVLVT]

230 240

AsAe7  TVPVRGTGERLAKALGH
CqAe7 VVPRRKFSERLAKALGW
DmAe7 VITPQRNWPYRLAVQAGY|
MdAe7 QTPQRNWPYRLAVTAGY]
TcAe? GRS . .DMVSHISAE[L

LdAe7 CSK..YTIHQLAENLG
BmAe7 I|ADGAKERAFRVGKV|LG
HaAe7 IAHQPVERAFRSGKVLG
LmAe7 STKSLRERSFALGAVLG
PxAe7 PYEPRRRAFVLGKDLG

290 300

AsAe7 A

CqAe7 VI AWSNEIDILI
DmAe7 VI AWSINNIPLIT

AWSINNIPMII
GNY[NQVPLIF]
GNYITKVPLIT
GKVINKVPLMI

HaAe7 T GKVINKVPFMC|
LmAe7 GKF|CDVPYLT]
PxAe7 INEVDVMI
AA
AsAe7 P K
CqAe7 K
DmAe7 E
MdAe7 P E
cAe7 G| N
LdAe7 N N
mAe7 I L
HaAe7 A I
LmAe7 L IMgA
PxAe7 171 NSCITYNINRYASQLPK
A AA
460
AsAe7 9| KINVEFSPV . PGKOTE[H
CqAe7 S KINVENDP . PVKD|TE
DmAe7 S| SLARK.LKNHTR
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Fig. 1 Multiple sequence alignment of AsAe7 and homologous proteins from other insects
Z ] FE % % A Multalin ( http: // multalin. toulouse. inra. fr/multalin/multalin. html ) 1 ESPript 3. 0 (http: // espript. ibep. fr/ESPrint/cgibin/
ESPript. cgi) , HiAth B H 48 (A 57513 F 28 3 NCBI %04 72 (https ; // www. ncbi. nlm. nih. gov) , The multiple sequence alignment was performed
using programs MultAlin (http: // multalin. toulouse. inra. fr/multalin/multalin. html) and ESPript 3.0 (http: //espript. ibcp. fr/ESPript/ cgibin/ESPript.
cgi). All sequences from other insects were downloaded from the NCBI database (https: // www. ncbi. nlm. nih. gov). Ae7 4135 K GenBank % 5% 5
43512k Origin of Ae7 proteins and their GenBank accession numbers; CqAe7 : B(HEFEML Culex quinquefasciatus (ABO85014. 1) ; DmAe7 . HHE HLbf
Drosophila melanogaster (NP_524258.2) ; MdAe7 ; ZZM Musca domestica (XP_005178696.1) ; TcAe7 : FRUA ¥ Tribolium castaneum ( KYB26709.
1); LdAe7 . DB i Leptinotarsa decemlineata ( ATY68378.1); BmAe7: K4 Bombyx mori ( XP_012546670. 1) ; HaAe7: #3441 Helicoverpa
armigera ( ADF43483.1) ; LmAe7 . W2 Locusta migratoria ( AHJ81320.1) ; PxAe7 : /NI, Plutella xylostella (XP_011550238.1). & S5-Fmnfitfk
ZER; SRR G AR AR I s v P RSP IO E LRI I R WAL (4, The catalytic triad is denoted by asterisks, the key residues binding

with substrates are marked with triangles, and the highly conserved residues are colored in red.
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B2 TR AsAe7 =REERIMIRNE(A) FIgHFE (B)
Fig. 2 The predicted topological structure (A) and ribbon diagram (B) of AsAe7
N (A) TR 6 DXIR R IR o/ B-7K At AT B A2 1) AR X, o — £ 3R7R o BBGE, 1 - 8 R B i AT 181 (B) P T (A 45 Ay Xl R 41 € R
@ HERE 1Y o BRHER ALY Y456 048X, The canonical o/B-hydrolase fold of AsAe7 is highlighted in gray. The letters a — f represent a-

helices, and the numerals 1 —8 represent B-sheets in the topological structure diagram (A). The structure areas in red and the bundles of a-helices boxed

in red and blue comprise the substrate cavity in the ribbon diagram (B).

AsAe7

AsAe7

3 AsAe7 EAEMAMETRIE (A) MBAELIL(B)

Fig. 3

Induced expression (A) and Ni-NTA purification (B) of the recombinant protein AsAe7

A: 1. 5557 BI21 (DE3) AJEHE 1% IR The background protein of Escherichia coli BI21(DE3) before induction; 2: 37°C iS5 BB LA R
fifé J5i i) _F37% Supernatant of the total protein with ultrasonic cracking after induction at 37°C ; 3. 37°C i 55 A HE (& 75 24 5 IUULTE Precipitate of
the total protein with ultrasonic cracking after induction at 37°C ; M 45 1514 F & Protein molecular weight marker; 4. 16°Ci/5'5 5 ME &M~
241 )5 1Y E 5 Supernatant of the total protein with ultrasonic cracking after induction at 16°C ; 5. 16°C % T J5 57K 1 G 7 248 5 I ULIE Precipitate
of the total protein with ultrasonic cracking after induction at 16°C. B: M. & [A4Rrif4>T-H& Protein molecular weight marker; 1. BYRE)S AUE 1 FiE
Supernatant after ultrasonic cracking; 2: 5 [ _F & i H: 5 10 5 Flow-through solution of the supernatant after column binding; 3. 254 25 i ad
JE B Eluent of the binding buffer after column binding; 4 —6: 43514 20, 40 1 500 mmol/ L BEME (1) 45 A 25 whii it 1 )5 A eI Eluent of the
binding buffer containing 20, 40 and 500 mmol/L imidazole after column binding, respectively.

2.5 AsAe7 L FXEBER

BO0.5 mg/mL 1y AsAe7 T H 5 2% H [
(formaldehyde, FA) 7t 25°C & #4714k 7 3 Mk , 32 Ik
B AR IR 10, 30, 60 A1 120 min, HL Pk 45 SR B 40
FIR 1) AsAeT FEREH T £ B R LB PR RO TR R A 1
HE—PIGUE T 3 T 2 AT B SR () 5)

2.6 AsAe7 EAMREATHE

K s ol AsAeT EEWRATE L 12 mg/mL, 1
Index™ HR2-144, Crystal Screen''-HR2-110 #lI
Crystal Screen 2™-HR2-112 4t 3 445 53k 771 & 19
192 N5 T HEAT ARG e . L AE Index™ (1
66 554F(25% w/v PEG3350, 0.2 mol/L (NH,),S0,,
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Fig. 4 Profile of size exclusion chromatography (SEC) (A) and SDS-PAGE analysis after SEC (B) of AsAe7
A TR EA S A 320, 18437 Ok 58. 68 mL There was only one distinct peak in the chromatography with peak position at 58.68 mL.
B: M: &1 f /T FRr1E Protein molecular weight marker; 40 —48 . 4351 058 40 ~ 48 & 45 [1#E 5 The corresponding no. 40 —48 fractions.
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S AsAeT AL sgHREE R
Fig. 5 The chemical crosslinking result of AsAe7
M: & [ 54> T & bRifE Protein molecular weight marker; 1, 3,5, 7: %H8, AsAe7 7EA & Y PBS W TP T 25°C T 20 9% % 10, 30, 60 1120
min AsAe7 was incubated in PBS solution without formaldehyde at 25°C for 10, 30, 60 and 120 min, respectively and used as the control; 2, 4, 6, 8.
AsAe7 FHE 2% R PBS ¥ 25°C 4357132 8€ 10, 30, 60 £ 120 min AsAe7 was incubated with PBS solution containing 2% formaldehyde at 25°C
for 10, 30, 60 and 120 min, respectively.
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0.1 mol/L Bris-Tris, pH 5.5) (K 6: A) fl1 67 54
4:(25% w/v PEG3350, 0.2 mol/L (NH,),SO0,, 0. 1
mol/L HEPES, pH 7.5) F H# MY AR K (E 6.
B) . HE XA, R JCHR 1 09 22 vh il VR Xt

Index 66

W AR A E RS, 22108 66 54T B AR A
Pl 2 G CIRAT AT, SR AR E) 8 AL R4k
TR R AR F R e AR R AT B i e USCAR Xl
AT RS A

Index 67

100x

6 AsAeT 1A
Fig. 6 Crystals of AsAe7
A 7E Index™ [y 66 24514 (25% w/v PEG3350, 0.2 mol/L (NH,),S0,, 0.1 mol/L Bris-Tris, pH 5.5) T 1 AsAe7 2 [ fhi4 Crystals of

AsA€T grown in the condition of Index™-66 (25% w/v PEG3350, 0.2 mol/L (NH,),S0,, 0.1 mol/L Bris-Tris 5.5) ; B: & Index™ (1) 67 5 514
(25% w/v PEG3350, 0.2 mol/L (NH,),S0,, 0.1 mol/L. HEPS, pH 7.5) K i{ i) AsAe7 # H i /A Crystals of AsAe7 grown in the condition of

Index™-67 (25% w/v PEG3350, 0.2 mol/L (NH,),S0,, 0.1 mol/L HEPS, pH 7.5).

3 i

FR TR TG It A2 B RO P — 2 T 1) i 15 i, A
SEIE X T AR WOR PR R AsAeT HEAT 73 ¥ Sil |
Fik LGS RS T AERIRE B R, R
SR E T SR A AT S5 5T e R N BRARL, (B S 22T LAGE i
S H A RO pHEL 25 5 A5 1F v D0TE 1)
(R B | ER Ve FE FNZZ i 1) pHL (B4 A S5 R it
AR I B A o R . #2 B AT, 76 PDB JErh
I A T AT T A IO R TR i ) 5 A B AT

TE B B R R TR — B A TEAR B F S5 54
Jr AR r ke B S A A= B H] ( Campbell ez al., 2003 ;
Birner-Gruenberger et al., 2012) ,{Hid 5 50 Z4EH)
WFFE T2 I TR AR R PR IR RS 2% BRI Bt i 2E 4
RAERIVE ] (Ranson et al., 2002) , 407E HA B
A A5 S R PP AT ST R 2 R P RS SRR IR T Bl 1Y)
RS E ARG A 53 L R v B S5 5 T, I
A EIENGTF /K0 £ 2 LA S N AR TR R 5 %
ROV AARELAE T, LA KR IR T il 55 D] 98 722 F 1) 22

FEMEXTHTPE R R

SR, 76 B HUR PR R G — 4R850 R F s T,
it 55 2% O B R SR A0 1) A A FH L B R PRI 2 28 A
79 Z2 A MEXT B 19 52 ) A5 | 33X SEAE 73 1K R
TCIEIRI . FEARDTGE R, 38 2 X v A4 08 R 1
AsAeT HEATAE WG B0 BT 40 F v b, B IR
KIGFF B BT84 22 v 22308 HE AT T 1 1) P A e ISOR T
Pty , I 2l A RAT B 2ERE 1Y AsAeT | fieJ 45 ah IR 4R
BT AEKRRESEI R, AT EH8) 55
PRI RTEARHT AsAeT 19 =HEL5MFTR T 5L6E,

BT AsAeT (A5 [RI S5, NGS5 H4 A5 ) 27 1 #f B
HH R T RS AT b e I A s % A G 43
FHLA o SETAMIGE BTN R A A B — (19 1B A AU
AsAeT fiik, JE 20T L2200 AsAeT 5405 B 25 e
Sl MU A5 R HR R AT 8 15 8 & A R RS
VI A5 0 i A T RGN RS B 43 K- 4
HARHLER, I HIEE T4 T45 IR 3 KSR, A 28
AR B A5 A R AT I B . B, AR E
FENFEE AsAeT SR fE BT 25 T i, toh
HE— L IRATET AsAeT A T A ORI T 1 1)
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