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AR iy AsAcel BEEMNEERENEEFZST

BREM, REAR, B R
(FERIME R BRSO 5K S EY 5 E a9, HIK 40133D)

FE A AR RS R, &P %S (Anopheles sinensis ) ZH A F S 2 H 1 £ LB EREE(Ace) Rk T A, a0 4 N
AsAcel (GenBank # % 5 :KU900233), Z#EFFF 642K % 5592 bp. HHE X FH KE N 2 253 bp. 48 # 750 M A K,
EEMER ZREM ZREN FARE LB LEMEFTENZEBR D EGH#RATT RN 24, FR KU
AsAcel E A FEAARGHRTFUE; ZREOREFALEA .2 FTE S W K407 4 82.41 kD,5. 92, Z R & H £ F 1
TR E G E, REEEMEE TR LA ECE s ZEALTARA P EEEM A AMAELA i 2 A4
Fr. HRERN AsAcel LEEMF R MBEEE TE R LA,

KR A Aw B AsAcel B E AN EREFLMN

R E S %S :QI66 AR ARG A XEHS :1672-6693(2016)06-0019-07

Y= P2 2 AT T TRl XI5 35 i (1) DA 4% W0 A B A5 A 0 IO A o, R N 2R TET I Y T R I
WHO 51,2015 FFLERAH 2. 14 42 NBRIRIERE ,43. 8 T AFEEET-D, ARSI (Anopheles sinensis) &
B K% 7R W b X T B R AL AR A 2 — BT T H AR B BN JE PG A o A s R )z o
B 1l 2 A3 A 25 AT T oKk BRI A8 3 DR LR & 1) 4 il 2 N IS i A e e f1%) 1 82 )

T R0 TG 1 ( Ace) J2 A Bl W R AR A 3 ) b 28 8 6 v 1 — b OGS il 2 R O T A 22 0 T 2 TR IEL R 1 A%
ALz opgh . FER HOb, T Ace J& A HLBE A2 3L F R IR X 9 AR BT IR 2 AR 24 1 2 B R AR L e AT
R Ace [0 43 Tb — 50 A4 110 3% M A7 o1 22 S IR 3% ik 2 A A0 RS, i DAAZ 6 DY) 32 29 B A 2% OBt 25 0 T
MIRESE . Ace B9 A AL AN 3 7R e K Z 80 drh O 2 93, 51 G 2R S SR ( Diroso phila melanogaster)™ 7 [%
M (Anopheles stephensi)™ (48 EH t1 (Leptinotarsa decemlineata )™ . F 1 (Musca domestica)P'H .3 X
WF(Schizaphis graminum)PVE L REB W E Ace B HAEN Acel F1 Ace2, 40, 75 E /N (Blatrella
germanica)"" (R B (Cimex lectularius)™ . INFEME (Plutella xylostella)™™ A B (Helicoverpa assulta)™'" |
KA (Bombyx mori )™ B RFNE WK (Apis mellifera )"V EFRA A Ace, (BIE, B Acel H:H LSl Ace,
L5 ML A 3 H R 6 A% 1R R0 0 S BORIL AR DG BRI R AT A L N A R (Boo philus microplus) 4 3
A Ace, HE IR T A Z 0] 22 F K, RN AR 19 A= A Re e, Jorh Acel Al Ace2 # 5 MLBEPUMEMC . 5 1
R ILFR Yy FpAN TR L 7F R G LR (Lucilia cuprina) KW R B HAFTE Ace2 FEH L 3X A3 R K 28 fir 1)
38 I H 54 HLE R 2 3k H R IR A HU R B dE AL AR OG0 L H AT, FE TR AR R WO A O Acel BRI BT 24 M BF 5T
AR DL AR .

A 5% e Hp A i e L PR 2 B Gl R R A R AR R 1 % Acel FERF B L I X % L TR 45 4 DL R T g A 2R
ARG PE BT, 50 =AM R G A S T AT T SO R A3 B . A DG G IR Ry — 25 47 RN 0 i v AR
B Acel JEP AWy DRE SR AL 1A 1 9 LR B Al

1 MR E &

1.1 B#ERiE
F A i R R 41 B T B R UMY K2 B R T AR W2 o AT R 3L L XD B W 3 B (A nopheles gambiae) , fEAT

xRS EHI:2016-03-09 &= H#9:2016-03-28 [ %% H KR R 18] : 2016-11-02  13:34
RETA 3 FEE L TASE R NIH 3 H (No. RO1AI095184) 5 [H 5K H #A B 2% £ 4x (No. 313722653 No. 31071968) 5 B ZKBL 4 Fe il M TAE %
T 7 45,251 H (No. 2015FY210300) 5 [ PR J5E T fig HLH CRP 5 H (No. 18268/R0) ; “ Wi {124 & 7RIl % 101 48 9%
TEE BN B H M, Lo W5 0 o B T AE W2, E-mail : 1204844264 @ qq. com; @15 1E & : 4 . #04% , E-mail ; bin. chen@cqnu. edu. cn
[ 4& H kg it 31k < http://www. enki. net/kems/detail/50. 1165. N. 20161102, 1334. 056. html
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B (Anopheles funestus) JH/NFEB (Anopheles minimus) B E B (Culex quinquefasciatus) W) P Acel
FHFH T T NCBI ) GenBank £ )& (http://www. ncbi. nlm. nih. gov/) .
L2 FIIERE

DA HEE A% B Acel B MR ZHERR T 51 2% )5 8 Ll if TBLASTN(E fH/N T a5 T 1X10 ) R A%
e R 2 B L 48 A5 B 9 45 5 ) FGENESH™Y (http://linuxl. softberry. com/berry. phtmlD) T Il 7 fi (1) 4t
M IX 54 IR T 5 . 740 R FHELE BLASTP HoXF NCBI ) nr FEJEATHE .,
1.3 RIS A&

7l Y5 5148 22 ffi F§ BLAST T.H (http://www. ncbi. nlm. nih. gov/BLAST/) ; BioEdit {44t 114 % X )7 5]
B B 2H B s Codon' W B A% 43 1 %5 A 14 491 % 5 Clustal X #0E X A F B0 Acel A MHAB R B Acel EHF
G147 2 F P 51 L XS s ProtParam X (http://web. expasy. org/protparam/) FUill A2 #i50 Acel £ [ 1Y) A< 3
A4 I s ProtScale 34 Chttp://www. expasy. org/cgi-bin/protscale. pl) il & 4 i /) 55 /K £ ; TMHMM #A4F
(http://www. cbs. dtu. dk/services/ TMHMM /) i 45 H i 09 5 I X ; TargetP #f (http://www. cbs. dtu.
dk/services/ TargetP/) #E4T W 40 iU & 7 5%°) ; SignalP4. 1 %4 (http://www. cbs. dtu. dk/services/SignalP/) T ill]
HFEH M E 5 IK; SSPro4. 0 B 4 (http://scratch. proteomics. ics. uci. edu/) T 2 H Ji 19 — 2% 45 #4 ; PSI-
BLAST % PDB(Protein Data Bank) %4 /¢ . $& 21| 15 A2 4% B0 Acel #& HAH UL B0 19 3 H 5 AL SWISS-
MODEL(http://swissmodel. expasy. org/) 47 [A] J5 AR 2 A1 3D 45 ¥4 0 2>
1.4 REXREHN

FIH MEGAS 802 A Clustal W X A48 10 Acel 2 15 51 5 1K) LE S0 4 050 ki 42 080 L A/ 42 L 30
PRI Acel #E FIUEAT HEX , I FH 4B 82 1% (Neighbor-joining) ¥ # 28 48 AL W, 5 & B84 1 000,

2 BRGS0

2.1 WBXFEIIDH

Ze 5k [A) R 30 L L A5 31 1 2555 X1 HG T F92 050 Acel 35 DRI A 1) YR 1 5 v 14 2 41 L A B8 R 5 592 bp R8I — 3ty
79% . HETAEYEBFAN LFEHI IS IX A 2 253 bp. il 750 MR, B — K EARGF(ATG) &1L+
(TAA KIS X 73 (E 1), K X 2 P AR B0 Acel 3K P 91 6 44 0 AsAcel (Gen-Bank & 5% 5.
KU900233),

St AsAcel 3 2R X 5 4 f B 5L 20 ik R 1 AsAcel BEEHFBRXFIEXEXZEBF
Tab.1 Relative ¢ s cod E in AsAcel ding s
%*ﬁ%‘: f% .'J_} . GC ﬁ%%j 62 63% AT /E',\ a elative synonymous codon usage in AsAcel gene coding sequence

B 37,37 % W] AsAcel R 7 2 #HIGF RSCU | ##¥F RSCU || ##3F RSCU | #i3F RSCU
SR FI GC & EAT AT & &, GCRs UAA  3.00 | ACC L5358 | GGG  0.61 | AGG  0.37
CUG  2.84 | CAC  1.58 | CCA  0.60 | AUA  0.36

J90. 04, AT fi #2001 BEBIBEE L GE (o 219 | aac 157 | UGU  o.60 | UCU  0.35
JE B e 2 B2 G AR AL cCG 219 | UuCcC 153 | AUG  0.59 | GAA  0.35
FIF Bioedit K {4 %F AsAcel MM  AUuC 2,16 | UCG  1.53 | CAA  0.53 | UUG  0.32

Sof 6] 8500 - fd i 2% (RSCUD $E47 T, 45 GUG  2.07 | GAC 152 | CUA  0.49 | GCU  0.31
BRI, 7 AsAcel ISR Frh, 4 29 AAG 191 | CAG 147 | GAU  0.49 | UAU 0.3
HS T T 1) RSCU MKk F 1. % AsAcel 3 CUC 186 | UGC 14 | CGU  0.49 | UCA 0.2
N e L ACG 177 | GUC 129 | AUU  0.48 | GUA  0.21

I;j Ezvﬁ_;}ci?; E;i ;7;;; E TJTSAIE’ AGC  L76 | GGU  L.21 | ACA  0.47 | ACU  0.19
GGC 176 | GCG 113 | GUU  0.43 | cCU  o0.15

CUG,CGG.CCG,AUC.GUG (RSCUMHR ¢ 171 | ccc 1.06 | AAU  0.43 | AGA  0.12
T 2 A RARKNEN T AUG MHIBH Ggec 169 | AUG 100 | CAU  0.42 | AAA  0.09
R EN T UGG B RSCUE% T 1. UAC  1.69 | UGG  1.00 | GGA  0.42 | UUA  0.08
FHH AsAcel X AUG F1 UGG 1918 1 GAC 1. 65 CGA 0.98 CUU 0.41 UAG 0. 00
TR (FE 1. UUC  1.63 | GCA 0.8 | UUU  0.38 | UGA  0.00
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2.2 RRMES

FIH] NCBI £ 4 BLASTP
HRIBE K AsAcel HEHME
By HIE S % )y 5 AT 48
R ERFZWX LW IAT Acel
5% 5 0 — 3R &, ik F
85 V0 3t iy ¥ U0 L /N I L B
JE IS5 2% 31— SO WK
BN 2)

B B ILEAFH AT AsAcel
EEPEAT T A X . 45 R
5B AsAcel &4 Ace WIBFEF
G AL B 3 A g R R Ak 4 AR
M fb = I iR (S200, E327,
H440) , 3 A ~F 19 =t B 3% 4%
B 6 4~ Bt & iz (C216 ~ C244,
C403~C416 Fl C551~C695) LA
Rt e 22 5 R 5%k A 1R 4 E
FEF“FGESAG™™ (H 2).,

2.3 REKEESM

R [ 5 M 43 Br 1 445 21, i
B 5 A BT S AsAcel |
HE R kB M. LLEUE R
I Acel EEHIFHI NN, HRIE
G VAL AT LA F0, AsAcel
BRI Acel AV
B BT, bootstrap {H &k 100%
(A 3,

2.4 wWBEEROFES T
2.4.1 BALW R o4 AsAcel
£ R g 1 i |
Cisss Hssso Niogs Orogs Sy » FHXF 23 T
i R 82,41 KD, Bl 25 B 45
5. 92, AN FEE RECN 38. 27, 1
BLATH AsAcel HEEEEH., 1F
FIETR A B, 58 =R BT o L )
s oh 9. 9%, H B &R BT i b
Bl 1. 1% (R 3). ZHEH
Y K PR 7 24 R — 0. 276,
[3QA AR P/ i - PR )
BB BB (CR& AR+ AR
P % IF HA far A% L R 8 OFs &R +
HERD /5N 83,71, IRIFTR B
g —0.276,

-9 CCGGACGCHATGRAGATCCGAGGGCTCCTGATGGGCAGGCTGCGGTTAGGTGGCCGCCAGGTGGCGCCTCTGCTGAGT
-3 PDAMETIRGLTLMGRLIRLGGRA QV APLTLS
70 CTGTGCACCCTCGCCCTGCTCGCCCCGTCCCTGCTGGTGCCGGTGGTCCACGGACGGCACCACGAGCTCAATAATGGC
24 L CTLALLAPSLLVPVVHGRUHHETLNNRGEG
147 GCCGGTTCGCTCGGGTCGCATCAGCTGTCGGCGGCCGGTGGCGTTCGGCGGCGTTGGCCTATCCTCGTCCCAGCCAGCC
49 A G SLGSHQLSAAGG GV GGV GLSSSQPA
225 GACTCGATCTCGGGTGCCGCCGTCGCGGGGGCCGAGGAGGACGTGGGCCGGATTGCTGCCCTCAGCAAAGACGCAGAT
75 DS I SGAAVAGAEETDVGRTIAALSI KTDATD
303 GCATTTTTTACACCATATATAGGTCACGGTGAGTCCGTACGAATTATAGATCCCGAGCTGGGCACGCTCGAGCGCGAG
v A FFTPYTGHGESVRTITITDPETLTGTTLERE
381 CATGTCCACGGTGGAGCGACACCGCGTCGGCGCGGTCTGACGAGACGTGAGTCAAACTCAGATGCCAACGATAATGAT
127 HV H GG GATPRRRGLTRIRESNSDANDND
459 CCGCTGGTGGTGAACACCGACAAGGGTCGCATCCGCGGGTTTACGGCCGAGGCACCGAGCGGCAAGAAGGTGGACGTG
153 PLVVNTDI KSGRTIRGEFTAEA APSSGIKTI KUV DYV
537 TGGCTCGGCATCCCGTACGCGCAACCGCCGGTCGGACCGTTGCGCTTCCGACACCCGCGCCCGGCCGAGAAGTGGACC
79 w L GIPYAQPPVGPLRFRHPRPAETKUWT
615 GGTGTGCTGAACACGACGACCCCGCCGAACAGCTGCGTGCAGATCGTGGACACCGTGTTCGGTGACTTTCCCGGTGCG
20066 VLNTTTPPNSCVQTIVDTVFGDTFUPGA
693 ACCATGTGGAACCCCAACACGCCCCTCTCCGAGGACTGCCTGTACATCAACGTGGTGGCACCCCGGCCCCGTCCGAAG
231 TMWNPNTUPLSEDT CLYTINVVAPRPRPHK
771 AATGCGGCCGTCATGCTGTGGATCTTCGGCGGTGGCTTCTACTCCGGCACGGCCACGCTTGACGTCTACGACCACCGG
27 NA A VMLWIFGGGFYSOGTATTLDVYDHR
849 GCGCTGGCGTCCGAGGAGAACGTGATCGTCGTCTCGCTGCAGTACCGTGTCGCTAGCCTGGGTTTCCTGTTCCTCGGC
283 AL ASEENVIVVSLQYRVASLGTFTLTFTLSGEG
927 ACACCGGAAGCACCCGGCAATGCGGGACTTTTCGATCAGAACCTCGCCCTACGATGGGTTCGAGACAACATTCACAAG
30 T PEAPGNAGLTFDA QNLALRWYRDNTIHK
1 005 TTCGGTGGAGATCCCGCACGAGTGACACTGTTCGGCGAAAGTGCTGGTGCTGTGTCCGTCTCGCTGCATCTACTGTCC
33 F GGDPARVTLFGESAGAVY SV SLHLTILS
1 083 GCACTCTCGCGGGACCTTTTCCAGCGGGCCATCTTGCAGAGTGGTTCCCCGACGGCACCCTGGGCACTTGTGTCTCGC
361 AL S RDLVFQRAILAG QSGSPTAPWALUV SR
1 161 GAGGAAGCAACTCTCCGAGCCATTCGGT TGGCGGAAGCGGTTGGATGCCCGCACGACACGAGCAAGCTCAGCGAAGCG
33 EEATLRAIRLAEAVGCPHDTSKTLSEA
1 239 GTCGAGTGTCTGCGCGGCAAGGACCCGCACGTGCTGGTCAACAACGAGTGGGGTACGCTCGGCATCTGCGAGTTCCCG
413 vV ECL R G KD PHVLVNNEWGTULTGTIT CETFP
1 317 TTCGTGCCGGTGGTGGACGGTGCGTTCCTGGACGAGACGCCGCAGCGGTCGCTCGCGAGCGGGCGCTTCAAGAAGACG
465 F VP V VD GAFLDETUP®QRSILASGRTFIKIKT
1 47 GACATCCTCACCGGCAGCAACACGGAGGAGGGCTACTACTTCATCATCTACTACCTGACCGAGCTGCTGCGCAAGGAG
491 D I L TGS NTEEGYYFTITTITYYULTETLTLTRKE
1 551 GAGGGCGTGACGGTGTCGCGCGAGGAGTTCCTCCAGGCGGTCCGCGAGCTCAACCCGTACGTCAACGGGGCCGCCCGG
517 E GGV TV SREETFULAQQAVRETLNPYVNS GAATR
1 629 CAGGCGATCGTGTTCGAGTACACCGACTGGACCGAGCCGGACAACCCGAACAGCAACCGGGACGCGCTGGACAAGATG
540 Q A1 VF EY TDWTEU®PDNPNSNRDALDIKM
1 707 GTCGGCGACTACCACTTCACGTGCAACGTGAACGAGTTCGCCCAGCGGTACGCCGAGGAGGGCAACAACGTCTACATG
566 V G D YHFTUCNVNETFAQRYAETES GNNVYM
1 785 TACCTGTACACGCACCGGAGCAAGGGCAACCCGTGGCCGCGCTGGACCGGCGTCATGCACGGCGACGAGATCAACTAC
592 Y LY THRSIKGNPWPRWTG GV MHGDETINY
1 863 GTGTTCGGGGAACCGCTCAATCCCACCCTCGGCTACACCGACGACGAGAAGGACTTCAGCCGGAAGATCATGCGATAC
618 VvV F G EPLNPTLGYTUDDETZKDTFSRIEKTIMRY
1 941 TGGTCCAACTTTGCCAAGACTGGGTACGTACCGAAGGAGAAGGAGATCTGTGGGGAGTCGAGGTCTGACGATGTTTTC
644 W S NF A KTGYVPKETZ KETITCGES ST RSDDVF
2 019 CAAACCCCAAACAGCAATCCAAATCCCAGCCAACTCAGCACCGACTATCCCGAATGGCCCAAGCATACGGCCCACGGA
670 Q T P NS NP NP S QL STDY?PEWPI KU HTAHSG
2 097 CGGCACTATCTGGAGCTCGGTCTGAACACGTCCTTCGTCGGGCGGGGCCCACGGT TGAGGCAGTGTGCCTTCTGGAAG
696 R HYLELGLNTS ST FVGRGPIRLI RIQCATFWK
2 175 AAGTATCTACCCCAGCTAGTTGCAGCTACCTCTAACCTACAAGTGGCACCACCACCAAGTGCACCGTGCGAAAGTAGC
722 K YL PQLVAATSNLAG QVAPPPSAPC CESS
2253 GCCTTTTTCTACCGGCCTGATCTGATCGTACTGATAGTGTCGCTGCTTTCCGCCGCCGCATTCACCTACACACAATAA]
748 A FFYRPDLTIVLTIVSLLSAAAFTYTQ *

TE PN RESY B AR FGE U B 65 T N AL 0 T A BT BT B R R T IR VR IE IR R T .
B 1l AsAcel BEEHBREFIREFMNAIERF]

Fig. 1 The coding sequence of AsAcel gene and deduced amino acid sequence

R 2 AsAcel EEEHMWE Acel EEEEBRF M —BERFMAME

Tab. 2 The identity and similarity between AsAcel and

its homologous Acel from other mosquito species %
BE N 4 FR YyFh FEH B 5= —HE M
AgAcel W 3B A, gambiae AGAP001356 85 88
AfAcel WA A, funestus AFUNO011616 84 87
AmAcel NI AL minimus AMIN000542 79 81
CqAcel BAEIEI C. quinquefasciatus CPIJ006034 78 82
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Fig. 2 Alignment of AsAcel with other homologous mosquito Acel

2.4.2 HAR M FHTEL AN ExPaSy [ ProScale UIfig . /0 & R /R AsAcel HHBAHKX (K 4).

~
C

=]y
o

ANEHIL A, funestus 4 T T T
71
3r |
TN AL minimus n
2 | T
100 X HEAZ L A. gambiae | ‘ J
a '] i | |
<: %* ﬂ ‘ W ) P
——— HTICHEIL A, stephensi 0 w ‘ \ ’ |‘ ‘ , ‘ ' IM { \ ]
| M \ ‘ I ﬂ !
—1r w | v\» ,m, ‘ ' 1
AR A, sinensis h “ \ P I\
|
2 F l‘\ ‘* H{ ‘] L ! _
BB C. quinguefasciatus I
_3 1 1
e FHBUE PRI Acel fE R AMEE, KT 50 1 bootstrap {H 7 iC 7E 4 11 73 0 100 200 300 400 500 600 700
b WA Acel RYFER YR 5N ASTEI7510, H ALY R YA SEIS L L3 2. iz
B3 6FfirH Acel EAM RS LR B 4 AsAcel EHKIE KX T

g.4 Hydrophobic region prediction of AsAcel

Fig. 3 The phylogenetic tree of Acel of 6 mosquito species F
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R 3 LRI AsAcel EAMNSREBRAK

Tab. 3 Composition of amino acids of AsAcel

HqAER  MEC WwEl/ % || JER MEC e/ | ZEm M0 sl | JER 4B wel/%
SRR 74 9.9 225 R 51 6.8 KEAR 37 4.9 TR 19 2.5
HaEm 66 8.8 RN 49 6.5 || ANEAR 32 1.3 || AR 19 2.5
[SENiv 64 8.5 kN 46 6.1 % 2 2 26 3.5 SN 13 1.7
TR 56 7.5 TR 43 5.7 SRR 25 3.3 2 e = iR 10 1.3
i 2 R 53 7.1 K ATk e 37 4.9 R 22 2.9 i R 8 1.1

2.4.3 B R 54 B TMHMM-2. 0 8% AsAcel 2K [ (4 5 5 25 4 B AT 5000 L 285 SR R 0 I 4R 1 R LA 5
JE 25 38k B R 5)

2.4.4 5 kTN fii ] SingalP #AE X A4 B AsAcel B EAMATE S KT, L5 EH N ELD CH N
0.613,Y fH} 0. 511, S {H K 0. 636 , NEFE(R 5 ARVIFIAL 5, A5 5 Ak (B K 6).

2.4.5 mampp s ] TargetP BN AsAcel ZEAT I A0 M AE A7 73 » 45 3 0 78 2 I8 3 6 4 1 09 o0 B 0 i » A

0. 743(F 4, Wl A ] 58 43 W4 ) 40 R4 AsAcel B A MMM E (L5

T B 5, il T % AR 1 RE S AE 4E Y Tab. 4 Subcellular localization analysis of AsAcel

JE . £ KE SRR R S HoAb PR IA Al SEME AR )
2.4.6 = % % I on M H AsAcel 750 0. 265 0.743 0.044  ZFWEMH 3
SSProd. 0 B 4 %F AsAcel & M A4 0. 000 0. 000 0. 000

TEH AT BN L 52RO %
FO s i or b o B8 JiE S

27. 3300 fHHE o1 18. 2700, TC L 0 100 200 300 400 500 600
Gl i 54.40% , R E HLLTE Y « PR o 2 2 o {06 0585 400 22 % 6 LU 5 1 A e L o MR
B N T, oM E AN GE {55 ) B B 7 AsAcel EHZHREHTN
TERAEH T (- 7). Fig. 7 Secondary structure prediction of AsAcel

2.4.7 Z S/ EMHFM £ PSI-BLAST 243 &, /M (Mus musculus) Ace 5 AsAcel 2 318 19 48 0L H: 3k 31
48. 61 % BHZ T 51 1y ) P8 B AR Al L i 5 SWISS-MODEL Ul 15 2] vh 48 $z i AsAcel 5 Y = % 45 Fg f2 1
(B =R 8,

2.5 BEZEWSHT

iZ ] GSDS2. 0 X AsAcel BRI G IEFT 7Y pacer et 1 2 1
Wi LSRR A 6 AT A BT K 70 i 2 3 1 s
LR K FE /Kb

TR BRI 4> 5% 1 814,100,70,1 239,116 bp WL RRI LT WL T RN E T M AL E B TFRR NG THAL,

N N ; N B9 AsAcel EER LS
VRIS FA 3 A2 LA TA 34 %4 0 il , o ,
Fig.9 The gene structure analysis of AsAcel gene
EFED.

3 iTig

Ace jE—Fh 2 AR K e EEMER R KOS G AN R s, 2B ERIhZE
HHEIE . B e R A& Acel PR, 8 A % 36 S5 8EAR P A OE Y . A 6 Acel JEH W K BRI 1
A9 2 78 X B 42 B 52 A L 78 ] /N i L R R e A5 B b iR T L BB BOR B 22 Y B R A DR A D 1Y 5
JIG 5 DA A 5 DRI Ay ok 43 B RUBIE 5 5 TR )R 1 AT e 5 TR bt o R e g 5 PR 2 U0 e 1Y) 5 B 4 1T 43 BT Acel BE TR
BET R

AHIF 5% 30 1 ) 548 2R PP A i IO DR B AR AR T AsAcel FEPR, TN T 3% 56 A A 2 0 [X )7 3] T HL 4 3 R
JEAN , IF B A B REE SR T T R B e A . 38 O LA W Rl SR R T 0 A LE X AT LA 2 DR LA G At e
W Acel FERILA BFRME . H AsAcel 5 HHA L =K (S200, E327, HA40) F M0 (3 AS #1064
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IR | I 1 22 ZRR ARk S R B R AR B P “ FGESAG” 45 , W] AsAcel & A DI REAYIG VERE . LU XS 25 R o] LA
2 DR T e i [ 0 R ST BEAR 5 XD LI 2 R i I B/ e B B0 T ISR R Acel EEH
IR P I — BORAA LA AL 78 00 L L, UL WA Rl My Bl i Acel B[R Z 8] B9 R IRPEAR %5 . 73 4h . R B8
K AR BT AT AR Y AsAcel FENAEREAL 5307 [ I Acel 5D BRES fR I

IR AsAcel & FF A B9 BALPE BT A5 5 IR K X, TS Ah A L = G 2 0 A R AT A TN A0 o3 A L 25 2R
/N AsAcel HHFEARMEEE AT ERUUNEINAE# Dy 3. L2 Ak B0 3% 3 TN v A D B S O R —
WITJE AsAcel JEIH AR )2 DI RE J5 T A WF TS BEE T B Ailt 5 (H 32058 R J2 75 5 BE AR 0 1 AH G 30 o5 38 5 144 552 36 3

(AT

S 23k

[1] Patarroyo M A, Calderon D, Moreno-Pérez D A. Vaccines
against Plasmodium vivax :a research challenge[ J]. Taylor
&. Francis Group,2012,11(10) :1249-1260.

[2] Eastman R T, Pattaradilokrat S,Raj D K. et al. A class of
tricyclic compounds blocking malaria parasite oocyst devel-
opment and transmission [ J]. Antimicrobial Agents and
Chemotherapy,2013,57(1) :425-435.

[3] World Health Organization. Disease burden[ R]. Geneva:
WHO,2015.

[4] Ma Y,Fan Y. Isolation and characterization of polymorphic
microsatellite markers from Asian malaria mosquito A-
nopheles sinensis (Diptera: Culicidae) [J]. Molecular Ecolo-
gy Resources,2008,8(5):1059-1061.

[5] Rueda L,Pecor J,Harrison B. Updated distribution records
for Anopheles vagus (Diptera:Culicidae) in the Republic of
Philippines,and considerations regarding its secondary vec-
tor roles in Southeast Asia[ ]J]. DTIC Document, 2011, 28
(1):181-187.

[6] Sinka M E,Bangs M ], Manguin S, et al. A global map of
dominant malaria vectors[J]. Parasits & Vectors, 2012, 5
(1):181-187.

[7] Toutant J P. Insect acetylcholinesterase: catalytic proper-
ties, tissue distribution and molecular forms[ ]J]. Progress in
Neurobiology,1989,32(5) :423-446.

[8] Fournier D, Mutero A. Modification of acetylcholinesterase
as a mechanism of resistance to insecticides[J]. Compara-
tive Biochemistry and Physiology Part C: Pharmacology
Toxicology and Endocrinology,1994,108(1) :19-31.

[9] Hall L, Spierer P. The Ace locus of Drosophila melano-
gaster ;structural gene for acetylcholinesterase with an unu-
sual 5'leader[J] EMBO Journal,1986,5(11) :2949-2954.

[10] Hall L M, Malcolm C A. The acetycholinesterase gene of
Anopheles stephensi[ J]. Cellular and Molecular Neurobi-
ology»1991,11(1):131-141.

[11] Zhu K Y, Clark ] M. Cloning and sequencing of a cDNA
encoding acetylcholinesterase in Colorado potato beetle,
Leptinotarsa decemlineata (Say)[]]. Insect Biochemistry
and Molecular Biology,1995,25(10):1129-1138.

[12] Huang Y.Qiao C, Williamson M,et al. Characterization of
the acetylcholinesterase gene from insecticide-resistant
houseflies (Musca domestica)[J]. Chinese Journal of Bio-
technology.1996,13(3):177-183.

[13] Gao J R, Kambhampati S, Zhu K. Molecular cloning and
characterization of a greenbug (Schizaphis graminum)
¢DNA encoding acetylcholinesterase possibly evolved from
a duplicate gene lineage[ J]. Insect Biochemistry and Mo-
lecular Biology,2002,32(7):765-775.

[14] Kim J I,Jung C S,Koh Y H,et al. Molecular, biochemical
and histochemical characterization of two acetylcholinest-
erase cDNAs from the German cockroach Blarttella ger-
manical ]]. Insect Molecular Biology,2006,5(4) :513-522.

[15] Seong K M,Kim Y H,Kwon D H.,et al. Identification and
characterization of three cholinesterases from the common
bed bug,Cimex lectularius[]]. Insect Molecular Biology,
2012,21(2) :149-159.

[16] Baek J H,Kim J I,Lee D W,et al. Identification and char-
acterization of Acel-type acetylcholinesterase likely associ-
ated with organophosphate resistance in Plutella xylostella
[J]. Pesticide Biochemistry and Physiology,2005,81(3):
164-175.

[17] Lee D W,Kim S S, Shin S W, et al. Molecular character-
ization of two acetylcholinesterase genes from the oriental
tobacco budworm , Helicoverpa assulta (Guenée)[]]. Bio-
chimica et Biophysica Acta ( BBA )-General Subjects,
2006,760(2) :125-133.

[18] YuQ Y,LuC,Li W L,et al. Annotation and expression of
carboxylesterases in the silkworm, Bombyx mori [ ]].
BMC Genomics,2009,10(1):260-262.

[19] Claudianos C,Ranson H,Johnson R,et al. A deficit of de-
toxification enzymes: pesticide sensitivity and environmen-
tal response in the honeybee[ J . Insect Molecular Biology,
2006,15(5) :615-636.

[20] Temeyer K B, Pruett ] H, Olafson P U. Baculovirus ex-
pression, biochemical characterization and organophos-
phate sensitivity of rBmAChEl, rBmAChE2, and rBmA-
ChE3 of Rhipicephalus (Boophilus) microplus[ J]. Vet-



Vol. 33 No. 6 Journal of Chongqing Normal University (Natural Science) http://www. cqnuj. cn 25

erinary Parasitology,2010,172(1):114-121. [J]. Genome Biol,2006,7(Suppll) :1-12.

[21] Mutero A,Pralavorio M, Bride ] M, et al. Resistance-asso- [25] g, FF . sk S iR, %, 43I CYP6Y I 5% % 3 A 1
ciated point mutations in insecticide-insensitive acetylcho- SE MY E B o). B B 2AHR,2014(6) :663-672.
linesterase[ J ]. Proceedings of the National Academy of Tang Y.Qiao L.Zhang Y J.et al. Identification and bioin-
Sciences, 1994,91(13) :5922-5926. formatics analysis of genes of the CYP6Y Subfamily in A-

[22] Chen Z, Newcomb R, Forbes E, McKenzie J, et al. The nopheles sinensis (Diptera: Culicidae) [J]. Acta Entomo-
acetylcholinesterase gene and organophosphorus resistance logica Sinica,2014(6) :663-672.
in the Australian sheep blowfly, Lucilia cuprina[J]. In- [26] Tamura K, Peterson D,Peterson N,et al. MEGAS : molec-
sect Biochemistry and Molecular Biology, 2001, 31 (8): ular evolutionary genetics analysis using maximum likeli-
805-816. hood, evolutionary distance, and maximum parsimony

[23] Walsh S,Dolden T,Moores G,Kristensen M, et al. Identi- methods[ ] ]. Molecular Biology and Evolution, 2011, 28
fication and characterization of mutations in housefly (10):2731-2739.

(Musca domestica) acetylcholinesterase involved in insec- [27] Kaur K,Bakke M J,Nilsen F,et al. Identification and mo-
ticide resistancel J |. Biochem J,2001,359:175-181. lecular characterization of two acetylcholinesterases from

[24] Solovyev V.,Kosarev P, Seledsov I,et al. Automatic anno- the salmon louse, Lepeophtheirus salmonis[]J]. Plos One,
tation of eukaryotic genes, pseudogenes and promoters 2015,10(5) :e0125362.

Animal Sciences

Identification and Bioinformatic Analysis of the AsAcel Gene in Anopheles sinensis

WU Xuemei, ZHANG Yujuan, CHEN Bin

(Chongqing Key Laboratory of Animal Biology. Institute of Entomology and Molecular Biology.
Chongqing Normal University, Chongqing 401331, China)
Abstract: In this study, a sequence of acetylcholinesterase family was identified by homology search based on the Anopheles sinensis
genome database and the sequence is designated as AsAcel (GenBank accession number: KU900233). The full-length sequence is
5 592 bp with a coding sequence of 2 253 bp encoding 750 amino acids. Then the biochemical properties, secondary structures, terti-
ary structure. evolutionary relationship and gene structure were predicted and analyzed. The results showed that Acel protein is
highly conserved through the Anopheles and it is a hydrophilic protein with calculated molecular weight 82. 41 kD and estimated pl
5. 92. Secondary structure is mainly irregular coils, and there are no transmembrane domain topology model and signal peptide. Pro-
tein subcellular localization analysis showed that the AsAcel protein is localized in cytoplasm. Gene structure analysis showed that
this gene contains two phases (phase 1 and 2). This research established a bioinformatic foundation for the further function research
on the AsAcel gene in Anopheles sinensis.
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