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FE: B E (attacin) (EH R HIEKZ —, ERBMERGE P EEFTEMEH . AP TR Musca domestica
EST P31k 3+ 45 4 RACE B R TEfE T FRMEAY Attacin-2 FE[H (Mdatta2) cDNA F3)], FH4K 819 bp, 48 —>726 bp
{1 588 FF i 1% 24 (open reading frame, ORF) , DAK 42 bp i 5K 33 B X (5" UTR) 1 51 bp 9 3" K ik B¢ X
(3" UTR) , 4if5241 NEEBRE, HFHEIKN 3522 MEERBRERNFSWTH . FERES TR, REERT
3| 51 RBL 54 Drosophila ananassae 1) Attacin —3 M5 (46% ) . LASRIEE: ( Neighbor-Joining, NJ) MBI RS X R
R, FIBKY Attacin-2 5 AL H B A Attacin F2IR FIERIMMH L, /BT Atain_C BWHE K. NAHLHNIOLER
PCR 77 B BP9 R 4 de 76 32 B SR 40 3 Mdatta2 SRR, SR BN, 7EKGIFE Escherichia coli Fl4:
B EIBRE Staphylococcus aureus 43 KBS 3 h 16 h, Fig4hH Mdatta2 FIAEH I EE FiH, Mdatta2 FEFRAEFRE
HRRN REFE AR, RIBOKFEREF S EOARRMAEL, $2775 Mdatta2 ZEF 7] EER R Hd BEPEE R
ZAEMH,
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Cloning, sequence analysis and induced expression of attacin-2 gene in

housefly ( Musca domestica)
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Baoding, Hebei 071002, China)

Abstract: As a member of the antimicrobial peptide family, attacin plays a key role in insect innate
immune system. In this study, a ¢cDNA of 819 bp encoding attacin-2 was cloned from housefly ( Musca
domestica) by RACE based on the EST information, and named Mdatta2. The cDNA sequence contains a
726 bp open reading frame (ORF) encoding 241 amino acid residues and is flanked by a 42 bp 5’ UTR and
a 51 bp 3’ UTR. The deduced peptide contains a putative signal peptide of 22 amino acids. The amino acid
sequence of Mdatta2 showed the highest identity (46% ) with that of Drosophila ananassae by Blastp
analysis. The phylogenetic tree indicates that the attacin-2 from housefly and those from other dipterans are
descended from a single common ancestor and belong to Attain_C superfamily. The expression of Mdaita2
transcript was measured by real-time PCR. The results demonstrated that after housefly larvae were
challenged with Escherichia coli and Staphylococcus aureus , respectively, the mRNA level of Mdatta2 at 3 h
and 6 h post-challenge was up-regulated and significantly higher than that of the blank control. The
expression of Mdatta2 is inducible, and its expression level varies with the induction time, suggesting that
Mdatta2 may play an important role in housefly defensive system.
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(attacin) f F 2 MW He R &k Hyalophora cecropia
KRR BRI —KE & HERNATE TR
PUEE K (Hultmark et al., 1983) , BF5THERT, 7E@EH
B A B H, KR 5 K&K (cecropin) \Bjj
2R (defensin ) D) K2 % T B ( lysozyme ) 55 — &4
T B Hu A VR S % B A R G2 1 4K (Fiolka et al.,
2005; FEHa%E, 2009),

Z M Musca domestica J& Tt F V530 ) B A,
BT B R4 (Insecta ) BH H ( Diptera) 33 H
( Cyclorrhapha ) #87} ( Muscidae ) 8 )& Musca, M %5
SRR ERAE IR AR OGS IR, #EHE 2R
JEAAK, (HSEHRAS B R 32 33 S5 I iy SR gy, BT LA 50
Wh e LA AR T 56 38 O S B B AL o X R BRI A
PUAY B AL K o FAE R R, HAKNFE
HERAZMPIE TN RE MBI IR (25, 1992,
1997; E4kfEFIH 2%, 20005 J& C3C5, 2008),
HRIERBH AL EMPIREKEZR S F: B
R (FERIEE, 2003 ; 4EEHL, 2004; Wang et al.,
2006) Hi R (BkAEAE, 2004) KB ER (&/NESF,
2004; Liang et al., 2006 ). %5 i I ( Ren et al.,
2009) ZU# K ( diptericin) (MRS, 2009), H
B E A X063 B i H I RE LRI TR
RIZ RIS, IR RABGEERBEAT IS WHETE
P, 1B H 5T B AL K] 8 A AR 7E & (Kishimoto et
al., 2002 ; Bk4£4E, 2004 ; Kwon et al., 2008 ; Wang
et al., 2008, 2010) , AL KN T H—FHREIFHE
FIBTEEPLE], 88 R A S0 % 15 Y X MR S 4
PR, 193] — KW Attacin B:[H] EST, R RT-
PCR 1 RACE AR 72 B 3] — 2% B 19 2K 8 Bt 1§ Bk
Attacin-2 FE[R , F X HAE GME G 8 N & H A Rk AR
AT T WIS .

1 ##fnrAaiE

1.1 ##

1.1.1 Fig M. domestica Fhif i b BRI~ BEsh
PR EE T, 2R AL = w5, 1A
FRIREE 25°C, MHXNREE 50% ~70% . F5 K
% ¥F T Escherichia coli 1 4 % 4 % 249 3k &
Staphylococcus aureus R AL % P ARAF

1.1.2 FEiRX57): RNAiso Plus. B g ¥ &t ¥ DNA
DR & .pMD18-T #;4& .SYBR Green & TaKaRa
AT A, M-MLV 8 5B\ Taqg DNA REEELL K
5193 e m e ER A A BRA R = Mo

1.2 g4 HEFRE

S WIERASE (2009) 54, FTRAE MR R
W BCET R/ — LR EIE R RN 3
B, SAEF R RITE &R AHE
BREATE (ODgy =1.8) 28 10 min J5, FTCHEH4
FIZ LA, RIE B AT RIS R EESR, 7
HlfE0, 3,6, 12, 24, 36, 48 F160 h &£ B 6 34}
B4 B BUE RNA,
1.3 X RNA 2B R &R

e RE{F AL 35, F§ RNAiso Plus (TaKaRa /&
Al IRE M40 HLE RNA, 28 By B 5 s FE vk G
HopgWs, A B A e kB F g,
B2 ug & RNA, DL AOLP[5'-GGCCACGCGTCGA
CTAGTACT,,(G/A/C)-3"] 3| ¥ 52 % -4 B, cDNA
(Liu et al., 2005)
1.4 K18 attacin-2 cDNA F EGI61E

R A S 06 38 R R e Si A B8 P Hh 1 Antacin-2
EST J¥# %I % it % 5 1E M 5] 4 AuwaFl (5'-
ATTCAAACGAAATAAACATCAA-3") f1 = [n] 8] 4
AttaR1 (5’-AACCCTTAAAAGCATGACTTC-3"), LA
0 cDNA Stk , #£47 PCR ¥4, PCR [ 5414
K 94CHRZAS 4 ming 94°C 30 s, 57°C 40 s, 72°C
1 min, 35 §3F; 72°C ZE{# 10 min, PCR f=¥)%
1.0% 35t g b 88 S e Uk o3 B W T I i s, 3% 4%
pMD18-T (TaKaRa /A ®]) # ik, ¥ b KB I W
DH5o /&2 A5 40, PCR ik PR FERE S5 I o
1.5 ZXig Attacin-2 EE 3’ R T=E

K F RACE HiAR, DAIFIE cDNA Rkt , 235
ELIHIE ) K W8 Attacin-2 ¢DNA F BL i it 4E 7519
AttaF2 (5'-CCGCAACGAGTTTATGTA-3’) 5 cDNA
Kugiekg| 4 AP(5'-GGCCACGCGTCGACTAGTAC-
3"), #47 PCR §34, PCR ][ 514K : 94°C Fi AR
P 4 min; 94°CASHE: 30 s, STCIBK 40 s, 72°C IE{f
80 s, 35 MEH; 72°CHEf#H 10 min, PCR =4 H A
I T SRR
1.6 ZKig Attacin-2 EE £ cDNA E[fE

FFH) 5 e 57519 AwaFl 1 3" e 7519
AttaR2 ( 5'-GATCATATATTTCTCAAGCTT-3"), Ui
cDNA Btk 7o [ Attacin-2 £+ cDNA, RN EF
H: 94 CTAE M 4 min; 94°C A4 30 s, 57°C B k
40 s, 72°CIEM 1 min, 30 MEIFR: &5 72°C &
10 min, PCR P=# R b 75347 Fe DT o
1.7 FE3SH

W R W 25 R ATt X PE#E, FI A Bioedit
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BAHER I AE, B AT, 7E NCBI
MG b F) A Blastp 72 5 3 47 AH UM HL X5, B
ExPASy Molecular Biology Server | ] ProtParam 72 ¥
XTHEF I 2 KT 5N #1750 . A FH SingalP 3.0 2
A5 5K, F Bioedit 2K {443 H7 H B K &R L FR 4
.o FIF MEGA 4.0 3 /4%f B H attacin, diptericin
1 sarcotoxin I ZFHT 18 Ik i £ K3 5 #6177 2 T LU XS,
i#id NJ (neighbor-joining) J5 ¥ 3 F RGEM
1.8 =Xig Attacin-2 EERRIEZER

PAZH B FY IR Y B-actin FRE NS RNA, &
HHZEREZ| Y ActinF (5’-GAGAAATCCTATGAAC
TTCCCGACG-3") #11 ActinR (5’-GGATACCGCAAGAT
TCCATACCCAA-3") LUK H YRR 45 57514 AttaF2
F1 AttaR3 (5'-CAGGGAGTTCTTCCAGTC-3"), F|FHsE
B9t i PCR A6 il 78 SR U4 ) K o 7 1 FN 4
B AR E R RS, Attacin-2 F [R] B B[] /)
Fik B4k, PCR W 4. 95C 1 min; 95C
20 s, 60°C 10 s, 60°C 2R} REH G, 45 MEIR,
) 2 5 A 2% B S B 45 F . 60°C B 95°C, BT
0.5CIFHE 5 s, REFK N,
1.9 HEZITE5HH

AbERAAE AL R B PRI E R 2 Mok
Fn, BISEAS IR B-acin #THRHELL, SRIG D

X BR2H AR AR JE R AT AR, LR T k. 2700 =
2 -haen® a0 D AC, (1) = Kb B AR A 2 R
— QAR BREIELE Cp, AC,(2) = X HRAREA R
B Cp — SRS BRI Cpo AbEEAREA S H AR X
T B REA R B T AR 2B E
RIGFEHSIME. ¢ K% (n =6) e HLE AL B FIxt
MAMESR, P<0.01 AR EEER, 0.01 <P<
0.05HBEXR, P>0.05 MK EBEXR,

2 #R

2.1 ZXi8 Attacin-2 E[E cDNA £FE 5 K44

Z3F[FYR PCR 3T, KIS Attacin-2 B[
4K cDNA J351 819 bp, IHFFI43 726 bp SEEH)
FECRBEHE (ORF) , 5" RumIE#iEX 42 bp, 3" K
JEBIEX 51 bp, PolyA B B 13 MEHBRAFFTE
WA {55 AATAAA (& 1), #E NCBI # 17
Blastp [F]JR#E R, AT REAE Attacin-2 &
T2 7 3| 5 8 RUEL S48 Drosophila ananassae attacin 2,
MR P 5] — B (identity) £z R (46% ), 5 K8
Attacin-1 ( GenBank % 5 5-. AAR23786) & E R T
I —B MR 37% , ¥ HoAr 4% KR Attacin-2
H R (Mdatta2) , GenBank Z5%-5 4 FJ794603

1 ATTCAAACGAAATAAACATCAATTAAAAATTATAGCCTGAA AGTGTATTCTATTGTTGECAGCTTGTGTTGGCATTTTAGCTTTT
M K C | L L L A A C VY G I L A& F

91 GCATCCGTAACAGAAGCTCAGCCGCAACGAGTTTATGTACAAAAATTGCCATATTATCCACCTCCCACCCGGECACCTCAGCTCATGAGA
A S ¥ T E A O P QR Y Y Y OQKLPY Y PPPTRAPUGQLMRBR

181 GCBCGBCGTTCTCCCGATAETCCCCCACCAAGTTCTBGCATTCM.ATTAAGACCAACTCGGTGAGCAGCAACATATTCACCAECCCCTCG
4 R R S PDSPPPS S G I 0O KT NSV S SN F T S P S

271 AACAAATTGGATGGTACCGTGACCCAAAGTAAAACCTATTTTCCCAATGGACAATTTTCAGAATCCTCCTCGERTTCTTTGEACTGGAAG
W KLDGTY TQSKTVYFPNSGOQFSEZSS S G S LD WK

361 AACTCCCTGGGCETTGGTGGTTCATTGAGTCATGACATTACCACGGGTCACAGCGATTCTTTTACAAAATCGTTGGGTGTCAACGTCTTC
NS L GVY GG S LS RDI TTGEHSDSFTKSLGVY NVYF

451 AACAATGACAGAAACAGTCTGBATGCCATGTATTCACAGTCGCACACAAAACTGAACAATEGGTTTTGETTTCAATAGAGAAGGTGGCTCE
N NDRNZSLUDAHKY S QS HTIKILNNGFTZGTFMNI RETGTE G S

541 CTGAAATGGACCAACGAAGGTGGACATEETCTEAGTGCTGETGTTACGCETTTTGAAGGCATTGECAAGCAGECCTCTATTGCTGGCAAC
L K% TNEGSGHSGL S AGY TRFEGI GKZOQAZS | &GN

631 ACAAATCTCTTTACCTCCAATGATGGTAATACTCGCTTGGATGCCTTTGETTCTEETACGAAATGETTAAATGGTCCATTTGAAAATCAA
T NLFTSNDGHNTRLIDAFGSSEGET KWL NGPFENAIQ

721 AGAEAATTCAATTTCGBGTTTEBTBBAAGTCATBCTTTTAAGEET@CTTGAGAAATATATGATCTTTTAAAATTAG ATAANAAAA
R EF NFGF GG S H A& F K G

811 AAAAAAAAA

B 1 ZWE Attacin-2 cDNA K =SB EBRITY]
Fig. 1 The complete nucleotide and deduced amino acid sequences of Attacin-2 from Musca domestica
INJTHE ATG 1 TAA 3 HIFTRBIFE T ML (L FBT, AATAAA NIMREIES, TRILFER N 55f5 5 MKk. The boxed ATG and TAA indicate the

start codon and the stop codon, respectively, the letters AATAAA indicate the polyadenylation signal, and signal peptides at the N-terminal are underlined.
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T Mdatta2 2 BKF 50 B 241 DR FLFR IR S
AL, H SignalP 3.0 BFHM N & A 22 MR EE
FRERFE M5 5K, Mdatta2 FEAEKH 219 MR AR
PRI AR, B4 Gly (12.79% ) .Ser (13.70% ) #
Asn (9.13% ), FRIBSrFHH4 23.63 kD, FHIBSFH
E5R9.77,

Mdatta2 PR 4085 i 2 5 53063 B H AR B i
Attacin % = A IME, N A Clustal W 2 F X JL

FPXGH H ) Attacin #4722 FF 51 LEXT, 458 LA 2,
FFH MEGA 4.0 #/4-%f B B Attacin, Sarcotoxin [[F1
Diptericin 2 Z KFF LA NI I RS L R F
ASCIGE R F IR Attacin-2 FIFRER Sarcotoxin IIE A&,
—3, LR E AR, RS XORRGE H HAh B 2
Attacin JRAE—if8, RIFARSLITG 2N Mdatta2 J&
F Attacin ZZji%& ; W5 Attacin/Sarcotoxin IZXEZ]4H
I Diptericin MIFE B — ST B 533 (B 3) 6

Musca domestica Attacin-2
Musca domestica Attacin-1
Drosophila virilis Attacin
Drosophila simulans AttacinC
Drosophila ananassae attacin

Musca domestica Attacin-2
Musca domestica Attacin-1
Drosophila virilis Attacin
Drosophila simulans AttacinC
Drosophila ananassae attacin

Musca domestica Attacin-2
Musca domestica Attacin-1
Drosophila virilis Attacin
Drosophila simulans AttacinC
Drosophila ananassae attacin

MRCILLLAACVGI LAFASVTEAQPORVVORLP Y PPPTRAPQLMRARRS - - PDSPPPSSGIQIKTHSVS SHIFTSPSNKLD
H-FTRSIAIIVELATLAVWIAQE - == === === -momme e mm oo e e o GGSITSHSRGGADVEARLGBOFGDUEKRNTG
H-0SSSIFILAW-ATGACVEAMPQR - - FQTLP Y PRPTPOPRPIRVRROVLGGS LTSNPAGGSDARLALSKGIGTPDENVI
M-SKIVLLIWIIGVLGS LAVALPQRP L TQPLI YV PPPPTPPRIVRARROQVLGGS LTSHPSGGADARLD LSKAIGTPDHEVI
H-QRATILIVAW-ALAALAEAAPQS - - KQNLV Y PPPRPPPOPIRVRROVLGGS LASHPAGGADARVD LTRGE GIPHENVA
* : N LT . HE

GTVTUSKTAFPNGQFSESSSGS LDWRNS LGVGGS LSRDITTGHSDSFTKS LGVIVEINDRNS LDAM SQSHTRLINGFGEFNR
GGVEAAGNTLGG= - = ~ PVTRGAF LSGHADRPGGS LSHSRTDNFPGS TF SORLNANLFONDEHKLDANAFHSRTNLDNGFEFNT
GOVPAAGNTORG- - - - PITTGGSVANNHGHGED LTRTHT PGVUD SFQOSAHAN LENNGIGIN LDARVF ASQNKLANGFEFQR
GOVEAAQITOTEPYSTPVTSGAT LG MVBGHGLE LTRTHTPGVRD SFROTATANLSIIGVAN LDAKAFASQHQ LANGEREFDR
GQVEAAGNTQSG~ - - - PVTTGCT LANMINGHGAS LTRTETPGVEDVEQQEAHANT FRNDRHN LDARVF ASQNKLANGFEFQR
* * - HEE L4 * _w: * . ' P EIES DU L 1 ®r ik wEE W

EGGS LKWTHEGGHGLSAGVTRFEGIGK-QAS IAGNTHLETSHDGNTRLDAPGSGTRWLNGPFENQ - REFNPGPGGSHAYRG
VGGGLD  WHANGHGASVTASRI POLIREITVDVTGEANLWKSADRAT S LDLTGGVSRINFGGP LDGY - THRHIGVGLSHDE - -
HGAGLD Y SHINGHGASFTHSNIPGIGK-QLGLDGRANLWS SOUDRNTRLDLTGTASKWT SGPLSGO- SNFGGGLGLTHIFG-
RGAGLD Y SHINGHGAT LTHANI PGLGK ~-QLE LGGRANLWOSODRNTRLD LGS TASKWT SGPFRGQ~TDLGANLGLSHAFG~
HGAGLD \WHVHGHGAS LTHSNFPGIGK-QLGLDGRANLWS SODRNTRLDLTGSASKWT SGPFANQRTNFGGG LG LSHEFG~

L . 1L 2.8 P S L E O B B B 1 . ] L R 1 P S B

B2 ZKig Attacin-2 5 HABYFR Attacin ()L 751 LT

Fig. 2 Multiple alignment of amino acid sequences of Attacin-2 with those of other attacins from several insect species

* + AH[] )2 F R Identical amino acids; : ; AH{RL )2 ZERR Similar amino acids; - ;

2531 The gap. &¥)Fh 7% K FH GenBank % 55 The sequences

and their GenBank accession numbers are as follows ; ZZ88 Musca domestica Attacin2 ( ACO35258) ; 558 Musca domestica Attacin-1 (AAR23786) ; H
SL08 Drosophila virilis Attacin (XP_002049765) ; A48 Drosophila simulans AttacinC ( AAP69835) ; g RIBL MR Drosophila ananassae Attacin (XP

_001960756) .

Drosophila melanogaster Att CAA86995
Drosophila yakuba AttA AAQ09898

Drosophila pseudoobscura Att XP_001360617
Drosophila simulans AttC AAP69835
Drosophila virilis Att XP_002049765

Tabanus yao Att ABX80077

Musca domestica Attl AAR23786

Glossina morsitans AttB CAP78961
[ G

lossina morsitans AttA AF368909 1
[Musca domestica At2 ACO35258|
Sarcophaga peregrina Sar Il _1 BAA14184

Sarcophaga peregrina Sar Il A AAA29987
'u Sarcophaga peregrina Sar Il _3 BAA14185

Sarcophaga peregrina Sar 1l _2 BAA14183
Drosophila melanogaster DipB NP_523787

0.2

_{— Protophormia terraenovae Dip CAB57822
Musca domestica Dip ACO35257

B3 Attacin_C #Z IR E KRG I
Fig. 3 Phylogenetic tree of the Attacin_C superfamily

Wi RL T 4 Ja N F 3 4 J 1% 7 5 75 GenBank % 55, Following the species name is the sequence name and its GenBank accession number. Att;

Attacin; sar: Sarcrotoxin; Dip: Diptericin.
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2.2 Mdatta2 EERRIZX

N7 FASCET 9% 6 2 B PCR HoR, #6584
Z KRG AT RN £ 3 (6.3 %9 BR VA RIS Mdatta2 B[R
5, BREEFMAZS PCR =Yt
HRGIE(E 4), BHE B RREY—, FIH
SPSS 16. 0 X SCISHHE #EAT /041, Mdauta2 J[H )R

RHEHILE S, RFVIEREHES RIS ik
N Mdatta2 3 [F () %k AR MK, 280 v R R
Mdatta2 JER R AT FiE, 763 h ik #Ei&, 6 h
PAERERRE, 12 h BEKE, 60 h J5EREAKE
FIEH K, it 1656, Mdatta2 JEKFE L RTEH
SHIERARBEER(P<0.01),

16 B Temperature (°C)

B4 ZU -actin (A) Fl Mdatta2 (B) Y387y i th 2%
Fig. 4 Melting curve of the PCR products of B-actin (A) and Mdatta2 (B) from Musca domestica

A

0.04

[
g 0.03
g 0.02
T 0.01
0.00

60 70 80 90
i3 B Temperature (°C)
3001

LA ERBENWAL Challenged

with Staphylococcus aureus

g KIGFERIEAL Challenged

o with Escherichia coli

N
W
S

g

i b Sry iy
Relative expression level
8 8

W
S

*****

0 3 6 12 24 36 48 60

RIUE ] (h)
Time post challenge

FS A% EREE AN KR AT BRI A W 4l U S (R B ]
Mdatta2 W55
Fig. 5 Expression profile of Mdatta2 from Musca domestica
larvae after challenged with Staphylococcus aureus and
Escherichia coli
[ e U B8 £ $RAEZE The data in the figure are mean = SD; ™ 5
YR TR B (¢t K3, P <0.01) Extremely significant difference
between the treatment and control (t-test, P<0.01); * 5X}E% 7§
F(t HH, 0.01 <P <0.05) Significant difference between the

treatment and control (¢-test, 0.01 <P <0.05).
A ‘
3 itig

AR B FRLH RS AR, —fnT LB R
VIR 7 5 26 RBERRVUAIK . R HRPIHERE
DR VB & I &R B HU A IK E S H AR BT
R BUHEERK CE /S, 2004) o ABFFEARIEHIE

RET Mdatta2 BN, HEFHZARE 241 PMERER
ML, BMRKE 12.719% W HEAR, BTESHA
BRIVIEKE R, 77 FRE ¥ HrRY Mdatta2 J&
F Attacin_C #B K %, Attain_C BFRIEPIE KA C
WEA — BN E & HEARNSE R —C 5
15, ( G-domain) , FMHBEFRAE & HAZARMK —KHT
T Ik ( glycine-rich antibacterial peptide) , JH.JSHT K
oA N EBEH G W, AP G* W (Brey and
Hultmark , 1988) , HAXEVLEI W ER : attacin 7EJE
Z ¥ (lipopolysaccharide, LPS) (25T, M40 &
—BEAMEER AR R e S, X S8R I A LR
A, DT 3 I A B B3 A A, 1 40 A K
( Carlsson et al., 1998 ; Kishimoto et al., 2002) ,
R4 BN RN [R) B 40 A RO R R RO, HL
SRME P E H K E RS R (A&,
2006) , ASLHR LA FEE R PCR ek, BF
5% Mdatta2 R 7655 S AR BT [A] ) Rk E 0L, 45 5%
R, Mdatta2 W] Z RIGFFHE (G W) M4 A M %
R (G )BT, kN E BEFFEFRRIE,
X5 H AN B L5 R AT S (Xu e al., 2007;
Wang et al., 2008 ; ZEF4E, 2010) , ZEZF| K
FrAMEE A MEARERIBUG 3 h gla 2 &g, X
R Mdana2 W8S 5 T ZRMRPURYL Fo e i B IF7E
BN E RS RES R R EAE R s AR BIR 5
FERERY . RBEFE (G™) M4 i 45 4 3R &
(G*) WA H R T Rk Mdana2 ©RRIE, HE
HOAHGREN A ZERRTRBATE, BHAS



32 B 23R Acta Entomologica Sinica

54 3%

50452 AY Mdatta2 7] BEXT 45 22 PR FH A B A 38 S 10
Frsrtho XL RN, Mdatta2 250 WK S0 8
RGP EE R KIFEEIE M X Mdatta2 %
PR B S R RE B B R0 2P T 52 4 R B 5 Mdatta2 2K
RS M 4 S B 9 A 1k 3R AR R R R A AL
B, DA P A SR s R R AT R M EER A
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