The dominant expression of AP-AChE gene in the body and similarity in substrate
specificity and sensitivity to inhibitors between AO-CxT and AP-CxTS seem to be the
reasons why the biochemical properties of AChE mixture of the resistant mosquito [23]
resemble those of AP-AChE produced in baculovirus insect cell system. Even if AO-AChE is
functioning in the synaps, mutations responsible to the insensitivity for predominant
AP-AChE are selected in the population by insecticide control. Considering the fact that
resistant insects live normally in the exposure of high concentration of AChE inhibitors
which completely suppress the activity of AO-AChE, it is concluded that AP-AChE has a
main role of AChE in the synaps of the insect nerve. At last, the function of AO-AChE
remains to be elucidated.
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Figure legends

Fig. 1. Schematic drawing of the active site of Torpedo AChE with the substrate,
acetylcholine. 3-Dementional positions of amino acids composing catalytic triad (Ser200,
Glu327, His440), oxyanion hole (Gly118, Gly119, Ala201), acyl pocket (Trp233, Phe288,
Phe290) and anionic binding site (Trp84) are presented. Hydrogen bond (dotted line) and
covalent dond (dotted box) among amino acids and the substrate are also presented. An
amino acid (Phe331) composing acyl pocket of invertevrate AChE was added in the scheme.

Fig. 2. Alignment of AChE protein sequences of AP-AChRE of M. persicae (myspe-p) and Cx.
tritaeniorhynchus (cultr-p), AO-AChE of Cx. tritacniorhynchus (cultr-o), and D.
melanogaster (drome) and Tbrpedo AChE (torca). 1, 2, 3: cysteine pair forming
intra-subunit disulfide bond, a: tryptophan of anionic binding site, d: cysteine forming
inter-subunit bond, o: amino acid of oxyanion hole, p: amino acid of acyl pocket, t: amino
acid of catalytic triad.

Fig. 3. Susceptibility of AChEs in resistant (Toyama) and susceptible (Taiwan) strains of Cx.
tritaeniorhynchus to inhibitors. NK-2 — NK-8 are alkylsulfonylphenyl methansulfonates,
having ethyl, mpropyl, isopropyl, mbutyl, secbutyl, isobutyl and npentyl, respectively.

Fig. 4. Relationship between the susceptibility of AChE to alkylsulfonylphenyl
methansulfonates and the length of their alky moiety in resistant (Toyama) and susceptible
(Taiwan) strains of Cx. tritaeniorhynchus. 2 — 8 indicate alkylsulfonylphenyl
methansulfonates NK-2 — NK-8, shown in Fig. 3. Parabolic relationships were obtained: Y=
—0.86(X—4.55)%+3.66 for resistant strain and Y=—0.88(X —4.55)2+5.41 for susceptible
strain.

Fig. 5. Linkage map of Cx. fritaeniorhynchus showing loci for AO-AChE (AChEL),
AP-AChE (AChE2), and insecticide-insensitivity of AChE (AChER). Other labels on the
chromosome show molecular markers. Map distances are listed in Kosambi centiMorgans.

Fig. 6. Phylogenetic tree of AChE in insects and mites. The scale bar represents 5 percent
divergence. p or o shows homology to Drosophila Aceparalogous or -orthologous,
respectively. Sequence data are derived from GenBank or publications in the parenthesis.
Aedes aegypti (p, AJ621915; 0, G1245693); Aedes albopictus (p and o, unpublished);
Anopheles gambiae (p, AJ488492; o, AAAB01008846); Apis mellifera (p, XP-393751; o,
AAG43568); Bactrocera oleae (AAM69920); Bombyx mori (p and o, unpublished); Culex
pipiens (p, AJ489456); Culex tritaeniorhynchus (p, AB122152; o, AB122151); Drosophila
melanogaster (X05893); Heliothis armigera (AAM90333); Leptinotarsa decemlineata
(L41180); Lucilia cuprina (AAC02779); Musca domestica (AJ310134); Myzus persicae (p,
AY147797; o, AF287291); Nephotettix cincticeps (p, unpublished ; o, AF145235); Pediculus
humanus (p and o, unpublished); Plutella xylostella (p, AAV65825; o, AY061975);
Schizaphis graminum (A¥321574); Aphis gossypii (p, AF502082; o, AF502081);
Tetranychus kanzawai [57); Tetranychus urticae (AY188448); Torpedo californica (X56517).
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Table 1. Km values of AChE in resistant Toyama and susceptible Taiwan strains for various

substrates
Substrate
Acetylcholine Acetylthiocholine Propionylthiocholine
(ACh) (ATCh) (PTCh)
Toyama 4.68x 107 6.79x 10" 8.08x 107
Taiwan 7.19x 107 1.18x 10" 1.01x 107
Toyama/Taiwan 0.65 5.75 7.77
ACh ATCh PYCH
276\ R 496
CH . i, S CH. 5
’ //"':/17).;(% TN e \\\//(.//Tmm\\(‘»H, N o \\//(.//mim\(';n,~ Nl

O O O

Structure of substrates. Distance between methyl carbon of acyl moiety and first methylene carbon
of choline moiety, and the angle at the oxygen atom or sulfur atom are shown. Structures of the

substrates were estimated by the energy minimizing method of BIOSYM.



Table 2. Amino acid substitutions in the active site of AChE and insecticide
insensitivity.
Substitution Species Insecticide Insensitivity
AO-AChE
Acyl pocket
Phe290Tyr D. melanogaster [15] paraoxon 80 [62]
(with Phe78Ser, Ile129Val, Gly227Ala)
M. domestica [17,18] fenitroxon 20 [17]
(with Gly227Ala or Val)
other part
Ile129Val B. oleae [20] omethoate 16 [63]
(with Gly396Ser)
AP-AChE
Oxyanion hole
Gly119Ser Cx. pipiens [52] propoxur 30000 [29]
An. gambiae [51]
An. albimanus [58] propoxur 1500 [64]
Ala201Ser A. gossypii [42,43,59] omethoate 150 [34]
(with Ser331Phe)
Acyl pocket
Phe290Val M. cincticeps [al propoxur 115 [32]
Phe331Trp Cx. tritaeniorhynchus [40] fenitroxon 2000 [26]
T kanzawai [57] Phenthoateoxon 1000 [28]
Phe331Cys T urticae [56] DDVP 1000 [56]
Ser331Phe  A. gossypir [42,43] pirimicarb 650 (371
M. persicae [41] pirimicarb 100 [33]
Other part
Gly227Ala P, xylostella [54] prothiophos 26 [54]

(with heterozygous Ala201Ser and Ala441Gly)

[a]: Terada, unpublished

Table 2, by Kono and Tomita



Table 3. K values of Cx. tritaeniorhynchus AChEs
expressed in baculovirus-insect cultured cell system.

AChE Km (mM)

ACh ATCh PTCh

AO-CxT 0.036  0.034 0.031
AP-CxTS 0013  0.036 0.032
AP-CxTI 0011  0.256 0.342
AP-CxTS/AO-CxT  0.36 1.07 1.04
AP-CxTUAP-CxTS  0.83 7.06 10.52

AO-CxT, AP-CxTS, and AP-CxTI : AO-AChE, sensitive AP-AChE,
and insensitive AP-AChE with Phe455Trp substitution, respectively.

Table 2, by Kono and Tomita



Table 4. Isg values for various inhibitors of Cx. tritaeniorhiynchus AChEs expressed

in baculovirus-insect cultured cell system.

AChE Iso (M)

Fenitroxon = DDVP Carbaryl Eserin Pirimicarb
AO-CxT 1.8x107 9.7x10°% 1.3x107  7.1x10'® 8.6x106
AP-CxTS 1.4x107 3.1x107  2.0x107  9.5x101¢ 1.1x10%
AP-CxTI 1.8x103 1.0x103  3.7x10%  7.1x107 1.0x101
AP-CxTS/AO-CxT 0.77 31.95 1.563 1.33 1.27
AP-CxTI/AP-CxTS 12860 3225 185 747 9090

AO-CxT, AP-CxTS, and AP-CxTI : AO-AChE, sensitive AP-AChE, and insensitive AP-AChE

with Phe455Tyrp substitution, respectively.

Table 3, by Kono and Tomita
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FAF a v NTOALEKER O ENEE

KL Be¥E HBE-HY AH
HIEE A B ARESLE v v & —BREEYER
F210-0828 JI|iET) 1B X MA-_ERT 10-6

A Trial for Laboratory Culturing of a Moth Fly Clogmia albipunctatus
Williston by Artificial Sewage Water

Kiyvoshi Mi1zuTaNI, Goro SHINJO and Ikuo TANAKA
Department of Environmental Biology, Japan Environmental Sanitation Center
10-6, Yotsuyakamicho, Kawasaki-ku, Kawasaki-shi, Kanagawa, 210-0828 Japan

BE AAF s 9N NTOFBRBEOMELRLZ. S SICALBKEFRSH 1969 FITHR
&L fox U ROKRIEIT & B BB i SR AR T ikt L 7.

Z DFEE, MR RAEEINEL T H IR B RER T CEN L. 26°C OBETT
i3, IRE 52 BIRIC—IT L MR E Lc o, IR 2~8 HTh - k. T OHREE 4
A% % TREOE TYROREICZZRBD SNEh 7. L LERLBERATLBKXOHH
B4 RAKBEER L D FEEPRCET L BRRIEHEE b BARGK EERTRE s OfEESH
Bond, JUARIE 2~3 B, $RIIMEALERXAD 8~14 H, = &4 AKEHKXDS 10~15 H,
IR E & 34 HTH - fo. ERHOBFMIILEE L, EFOEERE (60~80%RH) T
132 EEILIFITIE & A EWFET L1z,

F—0— K. A4Favz, EAEEE ALHEK

Abstract. 1) The growth of a moth fly Clogmia albipunctatus were compared by using
two media, an artificial sewage water and a 0.1% dry yeast solution under the conditions
of 25°C, 60~80%RH and L12:D12 in photoperiodism. 2) The artificial sewage water is
composed by peptone 0.03w/v%, Ehrligh meat extract 0.02%, (NH4)NOz-H20 0.005%,
NaCl 0.015%, Nay,HPO,-12H;0 0.05%, KCl 0.0007%, CaCly 0.00072, MgSO4'7H;0
0.0005%, laboratory chew 0.05% and H:O filling up 100 mi. 3) Normal and standard
sized adults were obtained in both culture solutions. 4) The egg period was 2~3 days,
larval stages ranged 8~14 days, pupal period was 3~4 days and adults survived 3 to 18
days by the artificial sewage water but larval period in the dry yeast solution was
delayed by 1 to 2 days.

Key words: Clogmia albipunctatus, culture solution, artificial sewage water
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F a2 U OYPRIGHE, ERIEE D, TUKE, HEKE, TKUBEOBUKER, B EHE
BoZWKigicEE T 2 (FEREOERENE, 2002). < OMREIN, $hH, HEECRHRI
BRI RER T BT 60 FEEMNRE SN TV EH, REBIC CIRTAAF 3 vz L/
FEDORVF a 9N 2HDODATH S

AAFavSTid 1960 FEM OE L ok GRE D, 1969) FhiT, #HIE L VBEOM T
EIKIESED SRENELD, TOWESEEIN TV S,

53R 134 6 AW IETANOREEERM SA A F 3 v 2R, 7 okaliTeis
DFRBITOHEAHETL L CERATEIT-> TV 5,

I TRETEAAT 5 LT, v RKERE ATEKIC L 2868542 LERF Lo T,
Zz DR ARET 5.

M & Tk

1. R dR: A4 F 3 w8z Clogmia albipunctatus Williston

SER% 13 4 6 A IBHABOEHIR O KB TR L, & 1 ERRBUOER =g & LT
Koy E YRS CHE LB o RAREE TV, TOBRALFEKEN—2 & LcEE BT, &7
PEEROR, PRk 164 6 ARX D BUTOHEZMHL L TREREF L CwaEHcc Ttz o
= — LRSS,

2. WEEOBE
INFETHEINTVAHEEMFRETIT- TELFEEELESL L, AEOHTERBBE
RFRICETR L 3 2T SN0 T, EHERDVWTHENG, BUBHEEEREE 25CE17C,
FESCHREE 60~80%, BARS 12 BSOS TH - 7208, B — VIMEGBEICL A a2 5/
BiiE=— VY= N B> 2O THROEE R ORI EE K 572,

2-1. FHEJROTENR « HKIC L 55

Wik - {ESUTER - F5KkE 200l BEOFHICEL, 7¥—YATHLE 3. Kducid¥ 3
A 5% WIREMESA 5. BTERICKS KA EEEMA B &, LBRELINICEENEED
B - FBETICEIRT 5, 34 HY 5 L EMYIBRMSERTE 3,
ZOHEKDEFEAEFEL TBFEr - VN TREREABNTE 3. LBEINHOREIIERE
WS X DIEKTLL, ARIEAEMNGCRE

T A DEINSE 51T IEBEY (ERA S F1 ATEKOER
B, 30X20cm OFHE/ Yy b OFITE, B % A HETLE (o /v %)
ERAMEIREEDS 2 cm IT78 B DS VWA IZENTE R 003

Hd 5. AEE 0.02
ERBUEIE 15K 2R YNy MRS 2em i EA L 0.05
EANT, TEE LT 20T L EOERIER g%m%ﬂﬂ %%
75’:1?(.‘?(%(%'5—57‘: UL"C‘, 9\7&5\ < & %) 3~4 » E NasHPO,- 12H,0 0.05

Ml ORTHREZE D E UEOHENTIRETDH KCl 0.0007

Z CaCl, 0.0007

) e . . MgSOy-7TH,0 0.0005

2-2. T EFRKABRICEBHE GREL, KEMAT100 &35
1969) W) 7oA F R BEREGRO 2 IEERE
R A ETF» CIKINE LT, BEICANE LT,
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SKARICHER C - LEEERBE L TB B - NBICENT 2. ChEATEEE (0.1~
0.2%) ® x4 2/KBEKTHET 5.

2-3. AILEKick 3 HE

BRHRAEREES CINA LT, B UISRTHEBEOATEKE 20 ml BEANTES Y v — LEAR
HAHTCERET 5, ERE 1 BYHARR LS, DEOWWEEAR GHoBEIcb L3
DSEE 0.1~0.6 gr F2ED) Z2MA 5. ik s 3ETWV 2, 3, 4 BdhdIcaE LI 10 BRI &
5y, 2BBICPMET 3. 1 r—YHEih 5~6 lHULOEERSE BEvy—Li3d) 2FHTH
&, BRI TX 2008, 20X (400 L) BEOKSHREZHERT 5 ENTE 3.

3. AAF a v NTOMEF—ATIEKE T 3 RIKBHKIT & 5 I

E=— Y= TE-30cmBOEMEr - VAT ZTMLE 5. PHEERESK 100 L &
oA TIHAKREL, 3HRICATLEKE T B4 RIKERK (0.1%) % 20 ml FE AN I ES
Yo~ L% 2 HEHRE L CER 20BOEERNABE L.

RBEBC L DEIFBICE LWEME L0 T, SHIIX & DI RO TSl L
72 (100 JLRi{R) Th - 7B 2 X THEL 7.

ATTEKK L 2~3 B8 I EETRA# 10 mg 204 72, Chid < ©4 RIKBRX DRER
BE—HESEB1:HTH 5.

TEREERE
K2 A4F 3 v zOEEH (25C)

26C DIRE N TEE L -HERORERE

. 2B . T B4 ZIKER

F 21k ¥ ALK (0.1%)

ALEKKE L TIC T B4 AKKDOWEFh 0 oy -
b, MEERROEEINEITh TR ER T CEIN g9 EE FEDR
+5C EpHRS L COREMTS 2 AR 2 L# L bt [z
DRBIII FEITD S e, 3 i B

ATEKKE T B4 ZKX E SEE 52 Y 6 2~3 1~3 #h
Bic—IBO 1 EEEMSIME L oo, IPLERIZ 8 2~4 fi Al
SHTHEEBONE. ATEAREzer o o ot L b
2-3HTHSLE - 12 3-485 W JMEESE 248 B

ZKKOEE 4 BHHRE TOYHOBREICEL
WEREDoEh-7, Ll 6 3B, A
THEKKEEDSZ A - CIEELSRENE SN

0w OB s~4En W OCPMb
Ml TEH 348 4 Pt

14 4
15~18 4#

5, TEFAXTEYROERICEFIESDE 23 ARER SR ERmRAE
pRHONE. B0 BRICE, ALBKR ey LTI = EARAEEX
T—EEAEE S hid, T4+ 2KKTIR
12 BRICRIEDSIE & - 72, BHLBtS & ATE ;& §f4 £35
KEOFH 2 BE B 12 AR TH 7. 73 L b 2~3 2
BILOE— 7 GATHEKK LBER 14-15 26 23 ;
BB TdH - 7ch, 4 RKXTIE 16 L% igz 3?4 3?4
TNAAR D, VI OFHERX bIEREN A L 34 54

Rk ¥ 3~18* By

HATD 51t
RO FF I AT KX TERICEHE L7,

* FHHEE 60~80%
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3 HBICFTRME SN, 7 BHEIT 50965805, 2 BR%IC I RS OSBEE L 72 (60~80%RH).

RS IFAET- HATKETEONARIBAERKERLE LD TH 5.

ALEKRR E o €4 RKRZ LIRS 5 &, MXORCEIIBFCPR{LEICRE T 2Z13ED S
nigh -t YIREHOEFEER, BRELVFEOHAVENTE D, hoWMOZ A s> kEEEZRL
fo. TORERSIFEPIHEICEZ BRI 2 HEEDEE DT 1.

COZEIMAEBERXOREZREOLEEEBENEEVICLZ D EEbN S,

51 A x#k
HER - #EH—E - FE -8k B, HEARE 2001, FBREOEHEE: 77-82. UEEA AR
BEEE v —,
RATER « KRR « [FEHESCHE, 1969. A4 F 3 N T OEEROBE S RICHT 28 REIRIMT 2 b, &
B 20: 253~259.
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