
Table 1. Taxonomy and reference of the samples used. (Accession numbers of the amplified fragment, when obtained, are
indicated. Accession numbers in bold were used to perform the test of evolution of ace-2 sequences (see text).)

infraorder family species reference
accession
ace-2

accession
ace-1

Culicomorpha Culicidae Culex annulirostris Skuse F. Renaud, personal
communication

AJ868294 AJ865835

Chironomidae unknown this studya AJ868295 AJ866990
Simuliidae Simulium ornatum

Meigen
this studya — AJ865836

Ceratopogonidae Culicoides circumscriptus
Kieffer

J. C. Delécolle,
personal
communication

AJ868296 AJ865837

Ceratopogonidae Culicoides salinarius Kieffer J. C. Delécolle,
personal
communication

AJ868297 AJ865838

Ceratopogonidae Culicoides vexans
Staeger

J. C. Delécolle,
personal
communication

AJ868298 AJ865850

Ceratopogonidae Culicoides riethi Kieffer J. C. Delécolle,
personal
communication

AJ868299 AJ865839

Ceratopogonidae Culicoides newsteadi Austen J. C. Delécolle,
personal
communication

AJ868300 AJ865851

Bibionomorpha Bibionidae Dilophus sp. this studya AM159185 AJ865851
Mycetophilidae Rymosia sp1 this studya AJ868301 —
Mycetophilidae Rymosia sp2 this studya AJ868302 —
Mycetophilidae unknown this studya — AJ865855
Keroplatidae unknown this studya AM159188 AJ865855
Sciaridae Sciara sp. this studya AJ865831 —

Psychodomorpha Psychodidae unknown this studya AJ868303 AJ865852
Phlebotomidae Phlebotomus perniciosus

Newstead
this studya AJ868305 AJ865853

Scatopsidae Apiloscatopse sp. this studya AJ868305 AJ865850
Tipulomorpha Tipulidae Tipula sp. this studya AJ865830 AJ865855
Stratiomyomorpha Stratiomyidae Pachygaster atra (Panzer) this studya AJ868306 —

Stratiomyidae Chorisops tunisiae (Becker) this studya AM159186 AJ865858
Tabanomorpha Tabanidae Tabanus bromius Linnaeus this studya — AJ865856
Asilomorpha Scenopinidae Scenopinus fenestralis

(Linnaeus)
this studya AJ868307 AJ865857

Bombyliidae Hemipenthes morio
(Linnaeus)

this studya AM159189 AJ865859

Empididae Empis sp. this studya AM159187 AJ865852
Hybotidae Hybos femoratus (Müller) this studya AM159192 AJ865853

Aschiza Lonchopteridae Lonchoptera lutea Panzer this studya AJ868308 —
Syrphidae Eristalis tenax (Linnaeus) this studya AJ868309 —
Pipunculidae unknown this studya AJ868310 —

Schizophora
acalyptratae

Conopidae Thecophora pusilla (Meigen) this studya AJ868311 —

Psilidae Chamaepsila rosae
(Fabricius)

S. Gouinguené,
personal communi-
cationb

AJ868312 —

Diopsidae Diasemopsis signata
(Dalman)

A. Pomiankowski,
personal communi-
cation

AJ868313 —

Diopsidae Cyrtodiopsis dalmanii
(Wiedemann)

A. Pomiankowski,
personal communi-
cation

AJ868315 —

Diopsidae Sphyracephala beccarii
(Rondani)

A. Pomiankowski,
personal communi-
cation

AJ868315 —

Lonchaeidae Lonchaea sp. this studya AJ868316 —
Otitidae Dorycera graminum

(Fabricius)
this studya AM159190 —

Platystomatidae Platystoma lugubre
(Robineau-Desvoidy)

this studya AM159191 —

(Continued.)
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Table 1. (Continued.)

infraorder family species reference
accession
ace-2

accession
ace-1

Tephritidae Bactrocera oleae (Gmelin) C. Caceres, personal
communicationc

Q8MVZ5d —

Opomyzidae Geomyza sp. this studya AJ868317 —
Agromyzidae Liriomyza trifolii (Burgess) this studya AJ868318 —
Asteiidae Asteia sp. this studya AJ868319 —
Sciomyzidae Trypetoptera punctulata

(Scopoli)
this studya AJ868320 —

Sepsidae Orygma luctuosum Meigen this studya AJ868321 —
Sepsidae Sepsis thoracica Robineau-

Desvoidy
G. Duvallet, personal

communication
AJ868322 —

Coelopidae Coelopa pilipes Haliday M. Valero, personal
communicationa

AJ865832 —

Lauxanidae Sapromyza sp. this studya AJ868323 —
Lauxanidae Prosopomyia pallida Loew this studya AJ868325 —
Chamaemyidae Chamaemyia sp. this studya AJ868325 —
Chyromyidae Aphaniosoma sp. this studya AJ868326 —
Braulidae Braula coeca Nitzsch Y. Layec, personal

communicationa
AJ868327 —

Tethinidae Horaismoptera vulpina
Hendel

this studya AJ868328 —

Milichiidae Desmometopa sp. this studya AJ868329 —
Chloropidae unknown this studya AJ868330 —
Drosophilidae Chymomyza amoena (Loew) R. Allemand, personal

communicatione
AJ868331 —

Drosophilidae Zaprionus indianus Gupta R. Allemand, personal
communicatione

AJ868332 —

Drosophilidae Drosophila willistoni
Sturtevant

R. Allemand, personal
communicatione

AJ868333 —

Drosophilidae Drosophila subobscura
Collinin Gordon

R. Allemand, personal
communicatione

AJ868335 —

Drosophilidae Drosophila hydei
Sturtevant

R. Allemand, personal
communicatione

AJ868335 —

Drosophilidae Drosophila simulans
Sturtevant

R. Allemand, personal
communicatione

AJ868336 —

Drosophilidae Drosophila immigrans
Sturtevant

R. Allemand, personal
communicatione

AJ868337 —

Drosophilidae Drosophila busckii Coquillett R. Allemand, personal
communicatione

AJ868338 —

Drosophilidae Drosophila funebris
(Fabricius)

R. Allemand, personal
communicatione

AJ868339 —

Drosophilidae Scaptomyza pallida
(Zetterstedt)

R. Allemand, personal
communicatione

AJ868350 —

Drosophilidae Scaptomyza sp. this studya AJ868351 —
Ephydridae Psilopa sp. this studya AJ868352 —
Ephydridae Scatella sp. this studya AJ868353 —
Ephydridae Hydrellia sp. this studya AJ868355 —

Schizophora
Calyptratae

Anthomyiidae Delia antiqua (Meigen) S. Gouinguené,
personal
communicationb

AJ868355 —

Muscidae Atherigona soccata Rondani this studya AJ868356 —
Muscidae Musca domestica

Linnaeus
J. G. Scott, personal

communicationf
Q8MXC5g —

Muscidae Musca vitripennis
Meigen

G. Duvallet, personal
communication

AJ868357 —

Muscidae Neomyia cornicina
(Fabricius)

G. Duvallet, personal
communication

AJ868358 —

Muscidae Coenosia sp. this studya AJ868359 —
Sarcophagidae unknown this studya AJ868350 —
Calliphoridae Lucilia sp. A. Callaghan, personal

communication
P91955h —

Calliphoridae Chrysomya albiceps
(Wiedemann)

this studya AJ868351 —

(Continued.)
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Table 1. (Continued.)

infraorder family species

Glossinidae Glossina fuscipes
Newstead

Nycteribiidae Penicillidia conspicua

Gasterophilidae Gasterophilus intestina
(De Geer)

G

ARTICLE
a Identification M. Martinez.

y, S

587

588

589

590

591

592

593

594
b Samples from Agroscope FAW, Wädenswill, Switzerland.
c Samples from FAO/IAEA Agriculture and Biotechnology Laborator
d Vontas et al. (2001).
e Samples from Université Cl. Bernard 1, Lyon, France.
f Samples from CS strain (Scott et al. 1996).
g Kozaki et al. (2001b).
h Accession of Lucilia cuprina (Chen et al. 2001).
(e) Quantification of ace genes expression during

development

Larvae of each instar and adults of the C. pipiens SLAB strain

were used to extract RNAwith Trizol (Life Technologies) and

each sample was reverse transcribed. Real time quantitative

PCR (Roche light cycler) was used to estimate the number of

both ace-1 and ace-2 mRNA copies. Three PCRs were carried

out for each developmental stage: one was specific for the ace-1

gene (Moustdir and Moustdrev primers), the second was

specific for the ace-2 gene (ace2dir4 and ace2rev6 primers)

and the last was specific for the G6PDH gene of which the

mRNA expression level remains constant during the different

developmental stages of C. pipiens (CpG6PDHdir GCGG

CGGGACTTTGAG and CpG6PDHrev AATCCTGTT

CCACCCCTTCA primers). Each cDNA template was

analysed in triplicate. The ratio between the ace (1 or 2)

and G6PDH arbitrary concentrations gave the pattern of

expression for both ace genes during the development of

C. pipiens.

(f ) Obtention of C. pipiens ace-2 protein in S2

Drosophila cells

5 0 and 3 0 RACEs were carried out using the ‘GENE

RACER’ kit from Invitrogen to give the complete ace-2

cDNA of C. pipiens. The coding cDNA was then amplified

using ace2dir ATGTCGTCGATTAGCATGGT and

ace2rev GAATAATCTCAGCACGATTA primers and

inserted into a pAc5.1/V5-His vector (Invitrogen). S2 cells

(20!106) were transfected with the expression vector using

Fugene6 (Roche) as a transfection reagent in OptiMEM

medium according to the manufacturer’s protocol. Cells were

maintained in serum free Schneider’s medium to avoid

endogen AChE activity due to foetal cow serum. Four days

after transfection, the cells were collected and centrifuged at

1200 rpm for 3 min and then homogenized in 500 ml of

phosphate buffer (0.25 M) containing 0.1% Triton X100.

This was then centrifuged for 10 min at 10 000 rpm and the

supernatant used as an AChE2 source.

(g) Detection of ace-1 and ace-2 in the cholinergic

activity of C. pipiens

We used two methods to determine the contribution of ace-2

in the cholinergic activity. For method 1, residual activity of

AChE from both ace-1 and ace-2 were measured with respect

to an increasing concentration of one inhibitor. For method
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PRESS
reference ace-2 ace-1

P. Grébaut, personal
communication

AJ868353 —

iser T. Disca, personal
communicationa

AJ868352 —

A. Casteignau, personal
communication

AJ868355 —

eibersdorf, Austria.
2, residual activity of AChE from both ace-1 and ace-2 were

measured with respect to an increasing time in the presence of

an inhibitor. For both methods, fresh samples (larvae, adults

or adult heads) were homogenized in a phosphate buffer

(0.25 M and pH 7) containing 1% Triton. The homogenates

were then centrifuged (12 000g for 5 min) and the super-

natants used for detecting enzyme activity. For method 1,

extracts from whole larvae, adults and adult heads, and

recombinant ace-1 or ace-2 proteins (from C. pipiens,

produced in S2 cells) were incubated with 10K4 M of

malaoxon (the oxon form of malathion, an organophosphate

(OP) insecticide) for various times before adding a substrate

solution of acetylthiocholine (10K3 M). For method 2, larvae

from two different strains were used, one susceptible (SLAB

strain; Georghiou et al. 1966) and one resistant (SR strain,

Bourguet et al. 1996) to organophosphates (OP) and

carbamate insecticides. Ace-1 recombinant proteins from

the SLAB or SR strains were obtained according toWeill et al.

(2003). Six inhibitors were tested: propoxur and aldicarb

(carbamate insecticides), malaoxon, paraoxon (the oxon form

of parathion, OP), trichlorfon (OP) and eserine (an alkaloid

from Physostigma venenosum). All inhibitors were purchased

from Sigma, except propoxur, which was supplied by Bayer

(Leverkusen, Germany). Eight dilutions from the initial

concentration (1 M: 10K1–10K8) were used for each

inhibitor. AChE residual activity was determined (Ellman

et al. 1961) using acetylthiocholine (10K3 M) for each

dilution, and was expressed as a percentage of initial activity

(without inhibitor) against concentration.

3. RESULTS
(a) Distribution pattern of ace-1 and ace-2

in Diptera

We sampled 78 species representing 50 families (27% of

the Dipteran families) and 10 infraorders (71% of the

Dipteran infraorders), and amplified the ace-1 and ace-2

genes using a wide range of degenerated primers to

determine the distribution pattern of ace-1 and ace-2

among the different Diptera lineages. We found ace-2 in 75

species, distributed in all major Dipteran taxonomic

divisions (figure 1). We found no amplified ace-2 in three

species: Simulium ornatum (Simuliidae, Culicomorpha),

Tabanus bromius (Tabanidae, Tabanomorpha) and Myce-

tophilidae (Bibionomorpha).
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