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ERERHMERLEY, CRERPSERE-—HNHEZNNZERPHE AR,
ERREAARERARNHZREER, RYELNERNTAPERYRE. £R 2
R, EMNZEBRECL ERRUNETRERGEOBHLERLEEA.
BRARL, REAREUMEX R A BFRNERNEY, T G EEBHRIAKR—K
BRARERATFRABERR, SRABESFABFHRARLEIRTE X
Fo AR RUER B &= BB R % Drosophila melanogaster (X3 H : Diptera; £ %
#: Drosophilidae) Yt XX R, RAL FAENFER R T ENEGANFTAEE
BB HZAK(CG12796) 0 £ B AR (CGI3STHWE SRR AEEHT &
ZHR.

1 REFAENBZBERZE CGI12796 W SRS MG BEARE

MREERAFTIEE] CG12796 ¥y cDNA 2K, AMERFEL T RALTRE
FEVAZBERLR. CGI2796 #) mRNA %2 T AN K FHBRARHS,
BES R, B RRRE RNk, B, B, TAEEEREEERBH LT X
ZER®, EEMRBANRLZERBURBLINERLEN 4 &, Ak TH
CG12796 WkA X BEAERBH LI, ¥ H =M pcDNA3-CGI2796 KB &Rk FH
HRTCHOKI HHET, MEECAEWABEUTYUT AEAH K. TRXH,
LBIEMX BN cAMP & R A &0, BT {R3 cAMP 4 EWA®, w14
M fi & forskolin ¥ 3 #y cAMP & &, £ R %M, CGI2796 BT BE G E A&
BB G R E. ENRNHF A+, CG12796 e # LB ER A S BB K BT E.
ZBIEHE| R Ca R Bk ESE B 4 1 nM 2| 10 pM (AR B, # ECso
73.02 nM, F— A ENEBE T L Ca® R A8 ECso % 48.23 nM. # 4
BB Z AR FLA 100 pM FT4E & F7 100 pM B 2 % A % 4 FE#7 100 nM ACh
BlAEH Ca R B, FTBL, &A1& % CG12796 % C & WA 7.8 i # %t (C-type
mAChR), XA 5EMEH A B B & Zk,

2EBFRASERZARCGIISTI NSRS EFHL
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WRIEA K KBS CGI3579 ) DNA 4K, AMBEAEAHAALER
WK B MR % 4 PR %4 DmDopEcR (Bf CG18314 £ F) HHF MM, %k
HATRETHEHAMERARS ERZK. CGI3579 mRNA RZXFEANMK
FHEALARES,, SR, . KERARMNL, B, B, THEAMRE
M kA R LR R ERE, EARRELNRZERBMERE LT X
ZEWIRE, BT CGI3S7TIMRLRETEARBN L. EEANMERLX
CG13579, # CG13579 W% 651 MAEBRAE— ML LFHLF, HEWEK 650
AMEEBB Y CGI3579 WEEFF|. W THRERGREL, BRETHESHE
BURGEFUR, RMNFARIHERAIEFLT HEK-293 B F. £H
" &HA,CGI3579 T #E5| R ML A Ca™* L7, 1 614 B & B 7 & forskolin i 5 ¥ cAMP
48, Fril, CGI3579 MR — W3 B £ BT K.
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Abstract

In the nervous system of insects, acetylcholine and dopamine is a major
neurotransmitter and neuromodulator. They regulate a wide variety of behaviors and
physiological processes. All of them are independent neurotransmitters, exert their
effects by binding to specific ion channel or G-protein-coupled receptors. Most
currently used insecticides are neurotoxic chemicals that target a limited number of
sites. G-protein-coupled receptors have been recognized as very suitable and specific
insecticide targets, especially the studies about their receptors, have been paid more
attentions in recent years. In the study, we chose model insect fruit fly, D.
melanogaster (Diptera: Drosophilidae). Using modern molecular biology methods, we
investigated signaling and pharmacology of muscarinic acetylcholine receptors and

dopamine receptors in fruit fly.

1. Signaling ~and pharmacology of a novel muscarinic

acetylcholine receptor (CG12796) in the fruit fly, D. melanogaster

A full-length ¢cDNA of CGI2796 has been obtained from fruit fly, D.
melanogaster. The mRNA of CG12796 is present in the developmental stages and
various tissues, including larvae, pupae, adult fly and different body parts of adult
male and female, head, thorax, abdomen. The highest expression level of CG12796
was in the head of adult fly male and female. We generated a CHO-K 1 cell line that
stably expresses pcDNA3-CG12796 in order to examine signaling and
pharmacological properties of this receptor. The result show that none of the amines
and acetylcholine were found to increase intracellular cAMP levels or decrease the
forskolin-stimulated intracellular cAMP levels. The results show CG12796 neither
coupling G; nor G;. Agonists acetylcholine chloride and oxotremorine M can increase
intracellular Ca®>* level in a dose-dependent way. The ECs, values respectively are
73.02 nM, 48.23 nM. In addition, the classical antagonists 100 uM atropine and 100
MM scopolamine can inhibit 100 nM acetyicholine-induced intracellular Ca**

\%
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increases. So we named CG12796 as the C-type mAChR which is different from the
A-type and B-type mAChRs.

2. Signaling and pharmacology of a novel dopamine receptor

CG13579 in the fruit fly, D. melanogaster

We identified a full-length cDNA of putative dopamine receptor CG13579 from
fruit fly, D. melanogaster. CG13579 was predicted as sequence similarity of
previously characterized dopamine/ecdysteroid receptor (CG18314) in the fruit fly D.
melanogaster. The mRNA of CG13579 is present in the developmental stages and
various tissues. The highest expression level of CG13579 was in the head of adult fly
male and female. CG13579 encode one transcript. We generated HEK-293 cell line
stably transfected with cloned cDNA for examining the second messenger coupling
and pharmacological properties of CG13579. CG13579 can not increase of
intracellular Ca®* concentration in response to high concentrations of dopamine. But
they can increases the forskolin-stimuiated intracellular cAMP levels. To our
knowledge, CG13579 may be a new family of insect dopamine receptors.

Key words: D. melanogaster, G-protein-coupled receptors, muscarinic acetylcholine

receptors, dopamine receptors, signaling, pharmacology, agonist, antagonist.
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BRAHLSEANREARU-LBRENLEABFANEERNEY, B
EWERENEEERIENENR. ANAPEETRYRE LB ERER
(acetylcholinesterase, AChE) By 3 % 7, & 5| % & ¥ ¥ Z B 2 % (acetylcholine, ACh)
WRR. REXWELYFAR, THELAFTE: BRI LHERPNEERL
Bt JE #% (Millar and Baylis, 1995). #7484 fF % ¥ #& & 7 Bt #2 % & & (nicotinic
acetylcholine receptors, nAChRs) Y # 5 /|, B TR&MSE FRH., #ELERHWR
S B 47 % ¥ & 7.8 B, % fk (muscarinic acetylcholine receptors, nAChRs), & T
Rt A G & BB T (G protein-coupled receptors, GPCRs) (Collin et al., 2013;
Wess et al., 2007). B kM H A%, B % mAChRs, AF"BI % mAChRs 5 &
REAW A XHEE. BEl, KNEEARBEREGCNSBLET —MNT£HE
CG12796 #j cDNA F5l & k. '

ERRNREREFILBERE —HETENWHERF. CHERELEAT
Fl# G Ea %k, BIAE 24 % & 4 7.8 B % % {k (acetylcholine receptors, AChs)
REEBEFER . mAChRs 5B FW K Ca™* B FREM X, B FHRELOF K.
A + ¥ f# [X 38 (seven transmembrane segments, TMI-TMVID#u ¥ 48 & & 9 % 4k iy
ER, BARFHSIHEE, mACh Bt 5 RFE# GPCRs WM E R RE A
# 1 | (Karakiulakis and Roth, 2012). #8514+, B# E4#H LA mAChRs
TRRERZHR, EEZHNEENFL AR M. M2, M3, M4, M5, B¢
189 4 % ¥ & W Caulfield and Birdsall $2 i} %(Cauiﬁeld and Birdsall, 1998).

Z—+ % %%, Takeshi Onai % A (Onai er al, 1989) 8 X N\ B R ¥ D.
melanogaster & A X HRAET B &8 mAChR, # xt[ 4E & (atropine) i & &
(Shapiro et al., 1989), T, ERLAWHRIF, ARABRKZBERYBIER
MERRIBIE, ME, MESELREH2 WM TEGERE. B, B24&
W mAChRs 4 4 B A % : the A-type mAChR #0 the B-type mAChR, 3 ¥ the A-type
mAChRs 7075 JL5) #7& W 89 M1-M5 mAChRs # 4 &£ 4 e ML, *HERBH

1
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HAMLERE. B % # (scopolamine N-butylbromide) ## 3- & F ¥} ¥
(3-Quinuclidinyl-benzylate, QNB){R # & T the B-type mAChRs A [F] T the A-type
mAChRs #7278 JL5) 4746 7 89 M1-M5 mAChRs, M &EE&HNERAMER. EEH
fo 3-ETFHFRGER, EFH LA L HFH Z 8B # 0 F ¥ H (muscarinic)
#74 BH T 3% 7E R B (Collin et al., 2013). 1£ B R % D. melanogaster. # UL %
Tribolium castaneum. 7| §¢ Bt 8 3 B, & Fo 39 B ) 47 % #8 % % the A-type mAChRs
$u the B-type mAChRs.,

E B % B =4k W mAChRs AT R A D, AX EEX mAChRs H A &
R, WERARFHLI ., EEERAUREZHRNES RS, HAEEMAB RS
FEBATHER. B E mAChRs WEHE ¥ B X ¥4 B T4 2 sy 7 s 09 32
HATATFRESHBNERER AR TELL B,

26 RE54 R

LBEREN —REANHEERIEFATIRBHEIAHERE T,
FELEERBEERMER, PEEAENEGRK, UER(choline)fn ZELHEE A
(acetyl coenzyme A, Acetyl-CoA) ¥ B &, # M % Z Bt % # B (choline
acetyltransferase, ChAT)# {8 1. f& Al T & & . Stanislav TuCek XH.T 7 —HEHN &
B, 7. B % #% B (carnitine acetyltransferase) .6t & K ZBL B, H 2 —FF XK KH
FESSRMBRARE, SRMWEETHEX, ChAT ERETHAKE K,
BRBREWNHERINET. CAAT EHR M RIBFE, ZBHEREL
FEMERERETT R, HEFWETEAZBANET, SBRLBERAL
E 1541 (Tucek, 1985).

FETHEZRMEABNIBEREZBERBEBHER TR TRIE
W, LRBSER, EREEHTTLANA.

3. BRERRK

EREZEM, KEEK (WRETRAIMIE) ChAT FAETHREF, EHTH
HE 9% 75 fL 3% oF 4 K (Fonnum, 1968)., ZBERA KR ERIFRFREEZHERR

(vesicle), 7& & #, 7. Bt B 9% $% 35 fK (vesicular acetylcholine transporter, VAChT)# f£
2
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AT, NEXFHZINRMELANE ATP Fo R HA8 * B & B (vesicle-associated
membrane proteins, VAMP)#£ %, ZBtE R Bk F AR B RA N, BRI FEEA
FRAERBSERMEAEERS, RESRBMEBENEEERATRREELHRA
Ca' AP EUEHA LK 4. ‘

Ca' A FHRU BRI RMLEAEETE C2A 1 C2B W EER, ATAEZR
REPIRETY R — N R AW R /NMES A& B 25 (SNAP-25), TABE L F — Mo F
Rt ZaP TAEN IR EIXABIRMASE FE G X 4 (soluble
N-ethylmaleimide-sensitive fusion factor attachment protein receptors, SNARE)# 8
EHRARLBERSBARSHLELS 4. LBERBLI HA g KN AE
W, %6 I RIMALT R A5 # AChR (Pohanka, 2012). ACh 8 B & # 3R 4 i it #
Gt ANHERHBHK LR, EBHNEESTHEN.,

LBEBRAFERREBTERFRETH 0, S8 B WS R B R
(neurosynaptic cleft)if ERH SR K —RETE, EEARERRE, WAL RMER
W AChE RERHmA L Z B BRI fE T 1% . ZBEMA AChE A T4 B A T
BRAJER, ZBRMSHEME, T80 HE TR E M R E K(choline transporter,
ChT) A # £ 5 il 18] B 12 [E1 1 £ 7T % % 40 M0 /R 2t 47 % % Y (Pohanka, 2012; Sarter
and Parikh, 2005).

4 4%

RIS EREBEZBLHTEHEHET . PR, BB T4 Na
MBT, SNEHEXAFETEXRAE, FRANEER Y. Ml KEXRE
KR, BERRRWLCREK, &9 T 5 AL (Wess, 2003); M2 £ E 44 FHi
T, ERSXRWEREFE TRBAN, WEETORATREN, BFONK
%; M3 B ATRAERFEN, V) EXRETFEAZESL; M4 BAER
HERE, EXEXRATHREA, REVHRHERH. WEARAL LB X
7y M5 B—RIETRRK mAChRs, HENEAPERATUE, 23, KE
8

mAChRs # B & ¥ R # £ % Hi(central nervous system, CNS)Fu 4k B # %2 % 4
(peripheral nervous system, PNS) % #84 4 i . %7 % mAChRs # B Rk A 2% =

3
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2R R R R AR RS . mACHRs 1 B BRI D. melanogaster
#4 i o B 2 ¥ (Blake et al., 1993), K& Bombyx mori B #9342 433 48 M (Aizono
et al., 1997), T 4 E¥% Apis mellifera ¥ b A °t T 4 3R (antennal lobes glomeruli,
ALG), fEE K ¥, Manduca sexta W% £ (antenna) (Clark et al., 2005), L& % K%
Polyrhachis vicina ¥ B #5 #(mushroom body, MB). fkfi "+ (antennal lobes,
AL). ¥ 3% 4 fk(central complex). X:Pt(optic lobes, OL)fu P+ Byt E 4 4%
(nerve fibers) & # ¥ % B (Kenyon cells) ¥ ¥ £ fi(Lu et al., 2011), B 2 WE R4
FH K mAChRs £ 4% B 205174, kA +# mAChRs X #EH R &R
REKTEHHE—EHER, HESRECNS 24 RE, BPRHEARR, ¥JH
efz. B, PEXEFT HLueral,2011).

S B

WS F, Ml BERPHERAFESZ AWK EEHRERTICL. ¥
£1d, € M1 X TIBAZHH R 30 E £ (Wess, 2003), B ML 5 g w4
FEMZXAEURPNERSWUEX. M2 TE L5 F4E ACh KA X, iR
S M3 E BB FRNKEFRES R, AFEFRNEARU 41 1
bl ki M2 e M3, ZHWHERESTNNKE; RRTHPRHERLEH M3 4
BN AAA, EARARRELTESERKAL. MAESREAESER
% 4k (dopamine receptor, DAR)3t %, ##ISCR kW % B B (dopamine) i, H#E
ACh NBHEFEA, EAAMERAREH ME TENHXRFBXRHEE
Sp, FETERFHMS EEHAL A, ARARKRAFEHE T M5 LR
Furigt 5 DA R4 X, MESAARERAT P ERZHMS £ B YRR
BHR. B4, EFRRFL% mACh BT ERRB AR EREERS, £
WM F DA R RY FRES, w Ml THFER DA AF; M2 5DAR5#
B XB; BUBLCRE A M4 K DA B A E S X Be MS (Rt DA &
Ko XA FRHERERTRRREFHRIAEE, OB ERRTEAM2 6
TR RE

HERBEA, B 1989 FEANRRBEATEREE — mAChR EEF7F
(Onai et al., 1989), #EiX R FEHARAF FEkP 2L EZH XX mACIR £ 5

4
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BRI R . WA TG R B (Clark er al., 2005), ¥ B H#3F %(Oliveira
etal,2010), K&, "4 7 (Heck et al., 2009; Hoffmann ef al., 2007), K ¥ JiC12.%
T 41 (Guez et al., 2010; Ismail ef al., 2006). mAChR B & 18 A W F & F1 51 B 418,
&R YT K H) % 1 47 (Honda et al., 2007).

ENBLHBERZHA

mAChRs B THELF K G EABERZK, BA L NEBEREN, P+
A ¥ BEIX 7 = AN L4 3F (extracellular loop, E1-E3)#1 = A M, i #(intracellular loop,
N-DB)EEW &, HEERMTTHRSM, RERTTHHRAM. mAChRs # ¥
BFERESEHABEERN G B TELRES, SIRAMASHAELNLER.
mAChRs 5B BT FRAKSE . BEL B, V2%, EFBE 5%, T
EWBNpHE R,

61 ESHIRE

mAChRs /& T GPCR %1k, il GPCR f& 5 4 % 2 # 3£ Bl 4 £ & GPCR ##
BEATIREMAE _FHERENKE. mAChRs HEE S, RELEEKY G
FEWAR, 4 HHE AKX KT H cAMP (intracellular cyclic adenosine
monophosphate, [CAMP]; )& Ca’* (intracellular Ca®', [Ca>' )ik E W%k &, NTi8| &
TEHNESHRRE,

—fRELE[C) RE. EFEFYF, ML, M3, M5 (56 BH Gy,
% & I B L % fe ¥ C (phospholipase C, PLC), PLC &8 3 = %% JLE R B R K7,
KB — T4 BE 4 & SR H— %% e Bt L B — 5% 8% (phosphatidylinositol 4, 5 —bisphosphate,
PIP2), AR M %¥ —fz 4, BV = 4% Nl % (inositol trisphospate, IP3)F1 — Bt % H #
(diacylacerol, DAG). —#HEAM KN & — 114, 4 #\#F IP3/Ca® Fn DG/PKC &
MET®E, W—NEIP3 HET HALANRNE LS TN IP3 T4, # Ca®
BEII, # CONNRRREAIFE, T F B Ca B, MK
Ca® N4} W . DAG 7% i b #9 & 15 # B (protein kinase C, PKC) (Berstein ef al.,
1992; Falkenburger ef al., 2010). PKC 884 ¥ REFZ WL AR H AR AL
MU, ATREXLEAWNIE, FEEPFERS.

5
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F—HRELE[CAMP] KX, ZHREE M2 and M4 F[BEX Gio, IR
B2 . B (adenylyl cyclase, AC)HYJE M, I N cAMP & B T, EE#HE A
(protein kinase A, PKA)E t 4K, 7 A& KA. BT aETIRE Ca RE%

K'#n CI™ 8 8 B JF 7, 4 48 Mo B KR 1 F& {IK.(Eglen et al., 2001; Honda et al., 2007,
Mohr and Trénkle, 2013; Wess et al., 2007).

Hel, 585z, BHENKN mAChRs FEMEA KD, 2 HFHAK:
the A-type mAChR #¢ the B-type mAChR, X I KX hH G SRR E 5B EIY
W ARTEAR M1, M3, M5 —#, {88k Gy, %JE PLC, PLC BB LB = 8%
BERR N, SRMA Ca® % FHMH%E PKC. T the B-type mAChR [ Bt 4.8
18k Gyo, 14| %3 8L I . B (adenylyl cyclase, AC)MTE M, F| R A cAMP 4 &
B T (Renetal,2015). ¥Z, GPCRE#EE, KEF _GHESAELHRAET
RERR R, A fE 5 18 VT A A B — AN R B S, X R SRR RO
7= A ] BB 5 B 4 i RO B9 3K Bk 98 /N (Blenau and Baumann, 2001).

Extracellular
A-type mAChR B-type mAChR
f— BN N [— m g
S PR E e : it
& v
GqU _J ‘\’/‘f _J
\ m
ATP cAMP
\PIPZ —a-%% DAG l
* Ga
® ACh
Intracellular

B 1.1 EH%kKA mAChRs FifBB M S # 2R E
Fig 1.1 Insect mAChRs coupled to different Signaling pathways
PLC: % fi§® C Phospholipase C; PIP2: #% fis B /LB — 858 phosphatidylinositol 4, 5

—bisphosphate; IP3: fl# =88 Inositol trisphospate; DAG: — Bt # H # Diacylacerol; PKC:

6
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% &1 # % C Protein kinase C; AC: &3 8 3 L8 Adenylate cyclase; PKA: & & #{ 8 A Protein

kinase A; ER: K i ® Endoplasmic reticulum.

6.2 HE¥H K

mAChRs A EF¥WARTEEFEMNHBAANERANARF. B
%A mAChRs 4% M1. M2, M3. M4, M5, LY2033298 %t M4 %4kt % # 41
RARBHEEN, HAZ Y HLELMN M4 SHREFA, ARTELHA,
LY2033298 AR ¥R, BANARBTHEL R ERENENF S (F
®4%, 2014). BH £ # mAChR # 3 #|, & . EEHK. HHH (arecoline).
%R = & W (pilocarpine). ¥ # % #(sabcomeline). 15 i ¥ #h(xanomeline)%, H
R RE A TIET AD B R SGH AR Z BB RBEM &I, HBRRFH BB
BAFREBITER (£—, 2009), % £ 7 -F(pirenzepine) &t F ¥ M1 &
RERN, ESARETERATHTERA: BHEKE M2 TAFEHH SCH57790 7 I
WRIAFEE A FITAL A T 3645 B & (tolterodine) £ 1 &, 2t M3 AR A, F
THFABERLEENE, BEXA0TETRRKE; #5175 ¥+ R % (totropium)# A
ARETRUBERFROE LS, 1S-KF _ARFEUESWR—£HA, 5t
MI-M3 ER B HERANERA, HEP 1,5-benzodioxepin 5T A BB N E
BAKGRLELY (£, 2009). BT M5 TRWHARTESZE, Bk
&7 MS M XKD

BRANAEFARIEARANAE, —REMGESRR, —RaGkHE
¥HRE (£, 2014). B RARYE D. melanogaster ¥ F A% T castaneum
HMERGEFFRARE. mAChRs REXGEF M FH) AW AK: the A-type
mAChR #7 the B-type mAChR, 3 7 the A-type mAChRs 5778 3.3 47tk i B9 M1-M5
mAChRs # & & ¥ sheb AL, THZBIER. FERUIAFTRE, HE%H
ERAFES. EERP - ETHFRYK; T the B-type mAChRs T 5 F the
A-type mAChRs F078 $L. ) 414k W B9 M1-MS mAChRs, *t 7 B fE %4 B B B0 %5
BAL, EXEERURMELTBERK 1000 &, TAEANRERATES.
EZERA 3-ETHETHYR(Collin e al., 2013), FX B EXI ML EBXHEAE
BT R HERRABESFRRI, SFER A mACHRs MARBZER
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FMERZERLFHANHETENEREA, BRRTHERANEEHTRKHA, '
mAChRs 75 5 E¥RIFH TR A X, P HESRBERF I RILTH
(Guez et al., 2010; Ismail et al., 2006), FEHEM & HFMF R E AR EFLHHAE
¥H, 2RI FERABEREER, MZRRTH AC W HIA
neomycin, U-73122 i #l, T 4 AC. 3-isobuty-l-methylxanthine 7 PKA & 1t
7 forskolin B, 428t 5| #&%5 & , #1899 mAChRs ¥ UL ¥7 ¥ = #9" 7 (Heinrich et al.,
2001; Hoffmann et al., 2007; Wenzel et al., 2002).

6.3 R A B

BIL M T, mAChRs EA BB X RMZ R G T BHE R AT REERA.
mAChRs BHET $MHABR AT HLE, wRBEHEFENHKLE, BE. O
R EEHWEY, ¥ T, KFEBubser et al., 2012; Caulfield and Birdsall,
1998; Hasselmo, 2006; Wess ef al., 2007). "B $.31 4 2 iX & # mAChRs #{ 8 # 1% 4
HWAAAEE R BERME, MERELY mAChRs RAMME R, BE
A7 3% 5 1% 4 Hi(Harvey, 2012; Tobin et al., 2009). mAChRs 7T LUE 4 R % %
RWGYEREE, GEDT, K&, BUHEEENF. MEXERKAF. B
AR BEMHOUE. FAR. LE. BE, QBXY. BERSHNAE. £3K.
WA R TR E A 1E . JE M i #8 /& % (Caulfield and Birdsall, 1998; Wess et al.,
2007). mAChRs Z4£H . B EREH X RWHR LBAET RAH R B (shii
and Kurachi, 2006).

ERRAR, BANWAREXNRD, REHEFH LA the A-type mAChR
#7 the B-type mAChR, ¥ the A-type mMAChR X EHFETMEZ %, TR/
E5ERZABES, £ F RAMBAELM. the B-type mAChR g Collin ¥ AT
2013 £ R, HEHEAREL. YREDMI AXLKH, REDMI XAhEE
EHZRRTHMATRAERSE, RAREDMI SREBEHHEERAT X
(Blake et al., 1993). YA E K¥& M sexta fit i ¥ mAChRs W R kA, W& TH
AR AR E RGBT RN R, WER iy L e LN F
AW BREE R T 85 &k KM H KA X(Clark ef al., 2005). K& B. mori fii 3
the A-type mAChRs R X, HEREMAHERLE) R KK, HE5RAMRKR

8
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¥ ¥ (prothoracicotropic hormone, PTTH)Z - W 4i R L F A P Z R E MR,
o it U 7T GE 98 W PTTH #¥ #98 # (Aizono er al., 1997). #L%& % K% P. vicina
mAChR mRNA /" ZH AT CNS F, HARFH. HERRINENMNZTHE
MAKE, KA mMAChRs 55T B WL FTH, HHE mRNA 7 555 53
JTRRIE, EREER. ERARHMRIEER KRR, &H#EA mAChRs T
RS EMEFREEENREKFE A (Lueral, 2011). mAChRs BH £ #Z 4
By, ELARANRAFIFHLETEANAR, BEWER 2L EH W EH K F RNAI
BADEH Y ZH, KKk%E 46 RNAI BAR#—FHXE £ mAChRs ¥ R E
EH Mo

TRE

Ba A TESRAEN mAChRs WHRAXN H5, TEE P ELBF LN E
FURANMTEAFR. EBHBEARXIAN mAChRs ZR REHWEY B Ry
SRHANED, EREANBRESRSREATE—SHAR, MALGEFY
HRARABI BN ERAANTUAEHUERBRRENTH, FRHU
mAChRs J ¥EAT i 5 B A ¥7 DU %, B f 2% s ) B R B9 X X 0 26 14 (Honda et al,
2007). B 8l A4 F 4 & E. R i B & % % the A-type mAChR #7 the B-type mAChR,
%t F the B-type mAChR E#H X &>, Hik, /w3 E = mAChRs WH R, H B
THRATREREHHZ £ ENS, 45722 the B-type mAChR, H I gEH 5%
FREA XA W R RER RS, FRFWR A REHFER.
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F_XE BRAKANSERREZHK

15|1%

% B J&(dopamine, DA)R —# " ZHF A TH S Y THE AWK £ W B
(biogenic amine). 7 4 # %k /7, DA & % ¥ L I % (norepinephrine, NE)fu i I i§ %
(epinephrine, AE)# & RA &, £ 5REANYSHABR T AL, v &
), W&, ¥ J 1L fo W E K 4 it 4% (Beaulieu and Gainetdinov, 2011; Missale ef al.,
1998). B, ERAHWEN DA WFREELTEEBPLITHE X DA %
HERMH AR MERRRL, Wil K5 A Parkinson® s disease). B E
(bipolar disorder)., % 4 ik # (drug addiction) DA & # # £ B #£ (schizophrenia) %
(Beaulieu and Gainetdinov, 2011; Sillitoe and Vogel, 2008), # E 4k, DA &
B % B % 5] %2 1z (learning and memory) (Agarwal ef al, 2011). # %
(decision-making) (Zhang et al., 2007), & Zfj(motor behavior) (Draper et al., 2007)
PAR % 88 A 8 B B E B 90 B & (phase change) (Yuan ef al., 2011),

1910 %, DA ¥ % & George Barger 7 James Ewens i it £ 3 % (L-DOPA)
4 B (Fahn, 2006), B 2| 1957 4 Arvid Carlsson % (1957)+ EALBL T EE LR
ROELRE, EAWZERERESVECARREEZEA L.

DA T E BRI HEH R UMW S BB Z K (dopamine receptors, DARs) X 14 A,
DARs & THLE L i % G & & 188 %t X # (thodopsin-like subfamily of GPCRs).
EHILNYEA, REXESHS ABYBRGEF MR T4 DARs 4 4 H £
Dl1-like DARs %0 D2-like DARs. Dl-like DARs # 4 D1 (Sunahara et al., 1990)#0
D5 (Sunahara et al., 1991)% K, REK G & &, #E AC, 5IRMN cAMP £ &
# 7 %5 D2-like DARs &% D2 (Grandy e al., 1989). D3 (Sokoloff et al., 1990)%0
D4 (Van Tol et al., 1991)% 4k, RAEHFEEEK G EE, WH ACEY, 3IRM
W cAMP & B TH., AR2AA, BWEE=MHTA DARs HEKE, T4
A®%: Dl-like DARs v D2-like DARs, Dl-like 4.3 DOP1 2 DOP2, D2-like
RAE—M LY DOP3. #L4F %k, DA ERREKWHRHEHEEA AR E 247
AHRE, ERKASF DARs WA EF RABF WA R IS ZIARFLH
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FNWER, RER—BHERAE S, 1 EHRRE D. melanogaster (Han et al., 1996;
Hearn et al., 2002), £ & B. mori (Mitsumasu e al., 2008; Ohta et al., 2009)#1 7 77 &
¥ A. mellifera (Blenau et al., 1998; Humphries ef al., 2003)% . AX T EME 24
WDAWMABRL . 24 . £BEAURDARs W S#E, HEFRAE
EFEHTER.

2 6B

BEdiki DA WA K SHESH—#, UAEBE AR (tyrosine, Tyr) # & &
WK, B A B 2 18 (tyrosine hydroxylase, THY#I £ fl T £ & £ B (3,
4-dihydroxy-L- phenyl-alanine, L-DOPA), #& /5% % B it ®(dopa decarboxylase,
DDC)##£ F| T 4 f& DA (Restifo and White, 1990) (& 2.1). TH & DA & & &
# 17 IR % % (Blenau and Baumann, 2001), B#, TH ## DDC X Hi B 4% 5 f
EREABEERE, AR LIAEE T B 289%K & H & (Gorman and Arakane, 2010),
2 4, K Ri(Gorman et al., 2007; Huang et al., 2005)PA & & & $717 % (Hodgetts and
O'Keefe, 2006)% . -

EERRWEETY, BERLGY. BEPRESAHAAN, DA W27
GATHE. BaAhRN, DA LBE B-FARA, y-HBMA, N-ZBA, RRAS
EUBEREMBERNTIE. EREMAN, DA chony EHMEMER T A
A& N-B- Bt % & (N-B-alanyl dopamine, NBAD), H R A& ¥ #, —% NBAD
X #6 % tan £ F %A H NBAD A M8 1E ] T 4 /&% DA, NBAD Y| £ 5ZREH €
B R . DA 47 £ ¥ F It £ B -N-7 8 % # 1 8 (arylalkylamine-N-acetyl
transferases, aaNATs)fE Al T & & N-Z Bt £ & fZ(N-acetyl dopamine, NADA),
NADA £ 7€ B 107 5 19 8 441 R (Wittkopp et al., 2003). % E &P DA #12
RARMERLE 20, BB YBN DA WAF I EAE L RANS
(monoamine oxidase, MAO) #u JL X% B - & fr - ¥ % % #% 8
(catechol-O-methyltransferase, COMT)# #E fl . MAO A H A L &: MAO-A #
MAO-B, DA % MAO WA TR AL RE, #—F#HUyBPE; £ COMT
fEF T, DA BE (¥ &4, #— % % MAO B 1ER T £ & & & £ % (homovanillic
acid). R E S MK AE A TEE T MAO 2B, tn K4 % Crassostrea gigas

11



BT AEM LAY F_F BREANZERRAZE

(Boutet et al., 2004)7% #i 3. /& W\ Chlamys farreri (Zhou et al., 2011), B2 B8 # &
BRRERE ZEEMAO £H, BEGBARTHEMAO XARMREAELE
£ BRIAAE AN, £ B R#HEHRARD RAHF MAO & (Sloley, 2004).

3FE. BERERERK

DA # 3 7 ¥ B % 3% fk (vesicular monoamine transporter, VMAT)BYE Al T, A
48 Jfo 7 4% 15 2| R fuk B #2 (Chang er al., 2005). DA tFE X L EEK, HEEA
St R ERLMLERE DA R ML X fk(synapses) [ B (Greer er
al., 2005). HEHEIRALEFEH DA B4 4L T KAk /5H DARs, . FIRETMA
RREHEHARMENHETF. DA Lt E 4T XAMEH DARs, R # K
WHRBAAHET, TEAMEARIENIBRATLIEEF I E T HK
(autoreceptors), B XA AH fREER, EENH XML TAFERTN S
BABH, ENINERRE Y DA WB KB RAHA S DA K E T BRI KA,
RE% R ¥ E % 19 DA @i(Simbn et al., 2009),

" DA EREBATIRRBEERRERNAFEAXGES, EEAIS R
4 15 {k (dopamine transporter, DAT)¥# DA % dk# N\ KAk £ # ¥ (Donly and
Caveney, 2005; Gallant et al., 2003; Horn, 1990). DAT /& F Na'/CI & #i 14 Hy # £
ERHERKEK, BT —HEES, F 2ABESHE, RESPBEYER
Fiti. DAT #ETHCREMERAMNERWEL, ATHBEAY DA £E3|
RABHARETRA, HBEFZANCTUENRFNGHERRR, Bl
DAWEERTRINFHGENEN. BEl, CEESHLARDYANTES
2|7 DAT, &3 B R4 D. melanogaster (Porzgen et al., 2001). K& B. mori.
% W PR AT % S Caenorhabditis elegans (Jayanthi et al., 1998)% ¥ & H & ¥ Eloria
noyesi % (Chen et al., 2006). .55, X fi[&] PR (synaptic cleft)ty DA # # 15 3| X ft
WHEBE, 2% VMAT 22| RATELFA.
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COOH
ou—@cuz—ciu Tyrosine
NH,
TH
§OOH
NH,
OH
DDC
HO ; > CH,—CH, Dopamine
NH,
HO
ebony aaNATs
tan
HOOCHZ—?HZ HO‘QCHZ_?HZ
NH NH
HO N H !
H2C’c‘0 0 C,Ceo
¢H, "
NH,
N-g-alanyl dopamine N-acetyl dopamine
(NBAD) (NADA)

B 2.1 Bhiki DA K& & fe 4 K5
Fig 2.1 Biosynthesis and metabolism of dopamine in insects
Tyrosine: B £8; DOPA: % [2; Dopamine: % B f%; TH: %% 8 % /. B8 Tyrosine hydroxylase;
DDC: % B i % % Dopa decarboxylase; tan: a gene Drosophilia which encodes NBAD hydrolase;
ebony: a gene of Drosophilia which encodes NBAD synthetase; NBAD: N-B-7 Bt £ E &
N-B-alanyl dopamine; aaNATs: arylalkylamine-N-acetyl transferases; NADA: N-Z. % % B &
N-acetyl dopamine (&8, 2013) .
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4 /A

DA # B & ¥ & ¥ £ & 4 (central nervous system, CNS)Fu 5t El W 2 & 4
(peripheral nervous system, PNS) ¥ #i4 4% . %t R# DA 4 AR R HLBEN,
$ A R 95,8978 T # £ ¥ (suboesophageal ganglion, SOG). H # & (mushroom body,
MB)#v il 3 i & 3 & 4 K (central complex) ¥ 34 # % 7 (Zhang et al., 2007). MB &
# DA HETHREWFE T . 1CILE 48 X (Bang et al., 2011), wxH4& i fo L
B9 ¥ #Z(Riemensperger et al., 2005)% . ¥ RE A KN FELEWAE DA REZ 1k,
B4 & RBHE AT X (Kahsai et al,, 2012), UEBAFRMHA R ML FZE
£ JE 4, % % X i (Feany and Bender, 2000). DA 7t ¥ & # 3] i (Protocerebrum), %
A B (Deutocerebrum), J& il (Tritocerebrum) LA & # #+ (Optic lobes) ¥ 3 & 4
(Vieillemaringe ef al., 1984), EE 2 WEZRARFARTTHRHEEEAG., )
5, SFRMEF FAY DA PR B A B & 4 #4718 3 (Briunig, 1991;
Briunig and Pfliiger, 2001). TE MKW E 2 XA KN DA 4 TR, EZE4E
% 9 %78 B A (Hamasaka and Néssel, 2006), Sasaki &8 % X 3, Rl 5 165
[ DA & E&RD, t. \H¥E DA S ERERE, K)5F 4 THHarano ef
al., 2008; Sasaki et al., 2012), E#H 4k, FHR LB WAAE DA, TELH
AR, HAMZ% N-Z8 % ERERN Fo I i 44H 2 % (Sasaki and Nagao,
2001).

S4B

HEREEA, DA ThAMERT. AR ARREHEHUELREEEWAR
ke, MEZBWTAES. DALY HERNFEI 5. £k, REFARH
FEMTH (R21). B, % DA & B4 AEE R BB R 4 8 K@
W, 1833808 % 2|4 B W K18 B 1T 4 (Neckameyer and Weinstein, 2005);
MNREFELXIDDC XEHHHEAHKKE, TiELEE DA £ R EEHDe
Luca et al, 2003); st DA 5 57 REMH KRB ABREBILHF &
(Riemensperger et al., 2005; Schultz, 2005), i H DA % MB AWM Z H & R B
Wit BT HH EER W (Zhang et al,2007). DA R—HEEW S S F, A

14
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REERYFEEART REKES . RERESEEMLSENLiu o dl,
2008). DA # B MR B HF AR EE A mellifera EELHBET T
4 #9 & 3(Sasaki and Nagao, 2002). DA .6 B H & B R ET N, ARLKIA
54K T ¥ Locusta migratoria WHETHE XN ERZRETS 5T S EHRNE
B0 R A AR 3K, RNAT fo 24 T TR SZ I8 E 52, 32 % DA £ B i 4 DARs #30#,

BB R W B E T A (Yuan ef al, 2011). 7 B 246K DA 5% %) # % (Juvenile
hormone, JH). 1 # % % (20-hydroxyecdysone, 20E)#y 4 & H — € X %, DA 2 OA
e B REBAAM 20E A KRB JH &% 4 Rauschenbach er al., 2007).

Angela B. Lange ## Kenny Chan AR X A5 CE B EEH R L ¥ Locusta
migratoria 1 Jfi #74k % (Lange and Chan, 2008). DA ¥ & B & "&# I #1484 %,
HHRZI DA 45 5 E &K £ M AR Periplaneta americana "ER & 47 W T &
B #9'E W (Just and Walz, 1996), #F &5 RSFARAEE FREZBEHE

(Lang and Walz, 1999).

k21 EBRERRKAFT S5

Table 2.1 Functions regulated by dopamine in insects

3} &% Functions B & # % Insect species

% % XX References

% 3] #9101 Learning and T 77 E ¥ A mellifera (Agarwal et al., 2011a; Mizunami et al.,
memory R Gryllus texensis 2009)
X BAT 7 Mating behavior E B R D. melanogaster (Liu et al., 2008; Neckameyer, 1998)
# 4 Longenity E % &% D. melanogaster (De Luca et al., 2003)
"2 % Olfactory E i R % D. melanogaster; (Dacks et al., 2012)

T 7 & & A mellifera;

¥ R, M sexta
# & Phase change # T % ¥ L. migratoria (Yuan et al., 2011)
¥ ¥ Reward Z R ¥ D. melanogaster (Liu et al., 2012a)

RAERGBEREEAMES BB RE D melanogaster
% Regulates JH and

ecdysteroid titer

BEHR 0 % B Sleep and arousal [ Jf R ¥ D. melanogaster

iE 5 Locomotion E R % D. melanogaster;

WA E ¥ A mellifera

(Rauschenbach et al., 2007)

(Kumar et al., 2012; Liu ez al., 2012b;
Ueno et al., 2012)

(Akasaka et al., 2010; Draper et al.,
2007)
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6 FEEZK

DA #EHEARXETRNEEER, REFEBIAZRIAN. B,
BHANELHKKW DA ZRBRGCGEEERTLEK, HTIAMAEBRE, | M
oy B S Fu B A B AR 3, DAR 3 AN R A7 B 41 2R (Rosenbaum ef al., 2009).,

61 ETHIRE

CEREBRZAESHIIBTHEESR AR GPCREMEE LTI RAKA
FoREREWKE. DA ZHRBEHES, RELBRNGCEENTHE, 4¢H
MW cAMP 5 Ca®' R E MK E, ATiSIRFRANE S%5%%. & DARs #7F
MESHRRERSEZ, TEAXN AC HWBUE. WHFEE S WAL,

Dl-like DARs#"D2-like DARs F 4™k 3 56 45 # 43 BL A 8 AT 9 ] U 14
HEEAFWHEZER R, —HRECAMPKE KK . Dl-likely % BB %K@
TACHIEGE AMG Kk NTTRIBMCAMPH = 4, tEHBFAERMEN S BT
hEEE A RAI. DIRERELEGEE L, BEFEWGITELRFE HAC
RERN, SRZAMBHEERE, EATPEMALHAMP, AMPRE WH &4
WS K MCAMPIPKAR /Gt . PKASLS M R4 FHINL AR A AR ER L,
RERVEEERARES BAITESEE BN EFREEUR - BHEET
#WCREB, CREMA1ATF-1 (De Cesare et al., 1999). DA% & 4, 8 31 H| ACH /& 1,
FTERED2 ke # BB ZREMEUGE GWGRE KBS, FRACHH K. &
Dl1-like#y % B 2 % 4k 3¢ b, D2-like DARs A 75 K ot 5 B % B0 e 0.4 J 38 R 5K e
B8 % & J 86 4 70 40 M, +F #5 A% % 34 (Beaulieu and Gainetdinov, 2011).

FABRBEC T RENEE . ZEKEAB GuRELEEL, &4#ME
PLC #77% ¥ (Rhee and Bae, 1997). PLC R4 & #f —Fb lE & 4 R #—PIP2, F A
ME N Z%%ALE IP3 f DAG. IP; &4 W R M L4 £ IP3 24, ©
IR —% Ca® i, £4FMHHE CHBELI, Ca'BREMMF . Ca Bt
EREA BT FTRENEHAARBRE NI RTEENEA. 54, Ca®
W EF S EELEE, wEREE. BE4RY. FRBEEEYS, XEEHET
EOLEAEBRRSIBORNENEN. PLC 45K T DAG B4, DAG
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EFRELWE —fF, 844 Ga®WiE PKC Wi, PKC i PKA —#, PKC
BEERSZONLARPAEARZRERRL, NTRXXLEAHAE
(Blenau and Baumann, 2001). %2, GPCR % &5, BHASRESKEREE
t, TRIKERAETEE T EAR N RRBE, X REHR NS
AR NTT LB 5 51 SRS 6

Extracellular

DOP1&DOP2

® DA
Intracellular

K22 Bothk W DARs FTBBME S # R &E
Fig 2.2 Insect DARs coupled to different Signaling pathways
PLC: #JE® C Phospholipase C; PIP2: # & Bt L% — 8% 8 phosphatidylinositol 4, 5
—bisphosphate; IP3: AL =## Inositol trisphospate; DAG: —&t# H# Diacylacerol;
PKC: 7%& G # ™ C Protein kinase C; AC: f# 3 8% 311t ® Adenylate cyclase; PKA: & @ #k

B A Protein kinase A; ER: W it ® Endoplasmic reticulum.
6.2 HEFH R

BN DAXKEREEHuGE SR L SHAAWMAMN, EHEFERA
FRAME. DAZKEBNHEFXHRTERTEBAAFERYAFARLF . H
W, BHAF 6. 7-ADTN X B % Dl-like ZHKA#HAKR, A =M B :
IR % f& K Bk (Bromocriptine) . [ ¥} "5 HE (Apomorphine) f2  SKF-38393 *f K & Ky
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D1-like 5% & 3 K 5i(Ohta ez al., 2009). SKF38393 x¢ R % &7 DmDOP1 X 5 # %
(Gotzes and Baumann, 1996), *¢ % % # AmDOP1 N B 4 # 5 1k f (Beggs et al.,
2011). Z®WIL 34+, Bromocriptine £ D2-like DARs HJ# 7, Apomorphine
*t i A i1 DARs # R A S i S HEKR, SKF-38393 £ Di-like DARs ## 3]
FlFEHA P, W I 304 D1 HH A SCH23390, 7 4% 744 B # & & D1-like DARSs,
$ 3¢ D2-like DARs # #% & U % X.4R i (Beggs et al., 2011; Ohta et al., 2009).
Flupentixol. butaclamol # spiperone *f K & #y D1-like DARs H B IR K £,
il flupentixol *} & ¥ 8 AmDOP1 L& HFEH, xt AmDOP2 H& M. & LM
# #7 Flupentixol. spiperone. mianserin # epinastine 3%t & ¥ #9 AmDOP3 #1 &
#.%9 DmDOP3 T 8A & 93 1% R (Beggs et al., 2011; Hearn et al., 2002). 1~ [ %
DA KR FUBAANRERANTEARBER RF AN S KA HK.

6.3 T kHy £ B RE

DA WABYBIERAILAHBENZTRELIA. AHAXEKAREN
DmDOP1 % DmDOP2 (DAMB)X HZ X M ERF A PRk B £ 5T REITL
07 &(Han et al., 1996; Kim et al., 2003), R4 & 5 ## #(Inagaki et al, 2012)
MR AR HIIEAZ(Liu ef al., 2012a). #7E DA W& TRETI RREERN AL,
AT & % % DmDOP1 XAy kis, XMHR M EHEY, EREZTHRN KL,
DA I RHERRO ML BEXEIN. REH DmDOP3 #RE S5 T X RIEJE1T
17 X ¥R 1% (Draper et al., 2007), EX % Gt R R 48K E B KR E AT
HRE. AR ARE EER AmMDOP2 £ 5 L E 517 4 (Mustard ef al., 2010),
¥ AmDOP3 ## ¥ T 12 K ¥ (queen mandibular pheromone, QMP)# & 1 4
HVA (homovanillyl alcohol)# 7 , 3 %" B # cAMP & 4L, 5| £iTIZH 7 4 (Beggs
and Mercer, 2009),

TRE

DA REBMRAGIWTBEHEREF —RERZWHERR. WE AR W
ZHE . REXNT DA £ 5 R %% DARs 4 FRAEF0 3 6k B AE O A RAE X B
N, BEXTDAMDARs wf £ 5RBEB A MABR YR AARSFRE, &
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X ARWEE. HAANBEHURS 5¥ T HiRS. BN, BEAESHER
& 79 % 2| DARs, .35 £ $8.(Gotzes et al., 1994; Han et al., 1996), K & (Mitsumasu
et al., 2008)77 % ¥ (Blenau ef al., 1998)% . f & B = ¥ FH 4 # 5 RNAI # AW X
B, XXLBEAHTREBESHH DARs UR FRITE B =42 H M DARs, X E
KW DA R DARs £ BN BFARUF—MEXETFRBRR LM, £4
MAEAE - BALTH NP B E RN ME, B, FAFERAFAHNRXR
FlEELE
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F-#F CGIR2196 WIS HE AL E¥EAR

15]%

ERERWMERE T LBERETENNELRT, CEATRGHEANT
BLEERZ K. REAWZEWF A, TREL HIFL: BRALHEREE
B Z B B ® Millar and Baylis, 1995). #*BILziM+, ZRIERERTERE T
BERZAE, BTRABFREEZAK,; LR EHFEHBERIE, BT G
EEBBREA,

EEALHY T, R LRBHRCEAIAZHRINHRER X, 258
M1, M2, M3, M4, M5, 3 Ml. M3, M5 #£ &85 Gyu, %5 PLC, #Jg
B CHREBN-ARNBEKRYL, FEMEN C¥ B TFEEHHEPKC. 5—F
W, ALE M2and M4 B Gy, %] AC H7EH, BRI TEEHE G REHHA
AR TFRYE, ETFANXFEAR T ERARFAENBRL. ESERXRME
AGAb ARG REERA, Al MWL TR, LAKERRECE
(Bubser et al., 2013; Harvey, 2012; Tobin et al., 2009). mAChRs 7 UL 4R % & %
MEMERRR, BEOT. X%, BHEERMNF. mAChRs £4&H . ek
Ef B2 X RN R LG T R A B % 8 (shii and Kurachi, 2006).

Z+ %55, ABBERE D. melanogaster th N T H B 4F T B % # mAChR,
xf ¥ 4% ot 1% 4 R (Shapiro et al., 1989). E ¥, B kA mAChRs 24 # A %: the
A-type mAChR (Ef DmCG4356) #¢ the B-type mAChR (EF DmCG7918), # ¥
the A-type mAChRs Fu78 131 # fk Py #9 M1-MS mAChRs # 4 & #5 2h gE 48 0L, =t
HHRUERANMES . EERA 3-ETHFRYR; T the B-type mAChRs # %
ZGHERAFES, EERN-ZTHFTIKR, EARXLTERNERAHF T B
JE 9 o & ¥ 55 20 H 9 B 89 B 7E 3 B (Collin er al,, 2013), Z 2 M F¥& D.
melanogaster . * W4 % T. castaneum .. ¥ 6 BT A 2 th B 2 Fo ¥ B4 F 48 % £ the
A-type mAChRs # the B-type mAChRs.

AFRF, NRBEERAXLEET CGI2796 cDNA M4 K. CHEAFHEER
LBERE K, ¥agH CHTBEH % &h(the C-type mAChR). #H XX TF 4
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.57 ¥ 40 f.(Chinese hamster ovary, CHO-K])éBBé. B, A GE AN ERW
FEREMT REHR.

2HBEF®
21 BIRB &

AELBHRFERY BRI D melanogaster X B XALREH REHK, R
BEATALEAS (BERHE2°C, BEE 70%, XEHN L:D=12h:12h)
We FTABMMARENT RN IERE, HEALN T3%HEXR. 1%NFIH.
0.5%HITIE . LI%E B M. 7% W aBER 025%H RHa4Fit. A KH#H
R R R EXAARNFRE Y. AERAFAARXFNSYMYE Sigma-Aldrich (St
Louis, MO, USA).

REEMHEAT T
R4 % 3
& 1L
ExH 73g
R 10g
w M 5¢g
B O 17g
g B 70g
R84 ¥ g 2.5g
2.2 RNA ##

SRR ERBHAE RA, Wi, H2, B, REURERTE RN TR4A
oL MM, A TRIzol #(Invitrogen, Carlsbad, CA, USA)#R BUH & #9 % RNA, £
hBESREIIBLT:

(D ZREIWLAELEHESF A 1 ml TRIzol, WATEHKFLRHENK
TissueLyser Il 7% 1 min, E&E# E 5 min;
(2) BAHL4°C, 12000 g B S 10min, W EERKEFN 15ml BOE;
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(3) /A 200 pl F.A5 BIZU3K 5 15 sec, Eil## E Smin, 4°C, 12000 g & 4 15 min;
(4 REBETHHISm BOEF, wASOu FHEE, FEHE 10min 5,
4°C, 12000 g &~ 10 min;

(5) % LEH, WA I1ml75%H 78, #45, 4°C, 7500 g &4 5 min;

(6) F& L&, Ei@TH 5-10min 5, ¥R RNA # & & # % DEPC K +;
(7)% RNA R EUE,RNA 5T E M B TR A 1.5%8 7 B2 1 357 R0 IR W3k,
RNA 4 & & € £ &3 % U & A NanoDrop 43t % & it (Thermo Scientific). & %

E#HTELHRR, AT T FEREAFRET-70°C,

2.3 CG12796 cDNA % &

BL50 3k pk  REEBILIAHLR, KA TRIzol XA 3% (Invitrogen, Carlsbad, CA,
USA)# BLE RNA.

2.3.1 RT-PCR

DL 1.0 pg B RNA A #4%, % Fl K % %X #| & ReverTra Ace-kit (Toyobo, Osaka,
Japan)# 17 & # % & &% — & cDNA. |
A RQ1 DNase (Promega)i# 1T DNA ##., B&EHEwT:
(1) BHRBEER:

#F K % 8 RNA 1pL
RQ1 RNase-Free DNase 10X Reaction Buffer 1yl
RQI1 RNase-Free DNase (1 pg/pL) 1puL
Nuclease-Free water up to 10 uL

(2) 37°C ¥ & 30 min;
(3) 7w 1 uL RQ1 DNase Stop Solution 4 1k R J ;
(4) 65°C % 10min k&, BIETHk L,
# B R 3 F X | & ReverTra Ace-kit (Toyobo)it.BA 4 # /T R # %, Bk fEdw
T
(1) RNA # % 4.
HUAE R FH RNA 11 uL
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Oligo (dT) (10 pmol/pL) 0.5 uL '
Random Primer (25 pmol/uL) 0.5l
65°C, 5min /&, MBRE Tk L.
(2) KA ARE:

(1) %% )58 RNA &K 12 uL
5%RT Buffer 4 pL
dNTP Mixture (£ 10 mM) 2 uL
RNase Inhibitor (£ 10 U/uL) 1L
ReverTra Ace 1puL
(3) EHRXRN
30°C, 10 min;
42 °C, 60 min;
99 °C, 5 min;
4°C, 10 min;

REZ%E, BEHES,
2.3.2 CG12796 cDNA F R K&

R CG12796 X # 7 (http://www.flybase.org) b #9 7 5| % ¥, Kl Primer 5.0 3
HiRitEI . BEEEABAATI ALK 3.1, RERGER CGI12796 2K )77
7 cDNA H Bt # 20 L %9 PCR R Rtk Rt T2

cDNA # AR 1puL
5xPhusion GC Buffer 4 L
10 mM dNTPs 0.7 pL
L #EZ41(10 umol/L) 0.6 uL
T# 5] 47(10 pmol/L) 0.6 L
Phusion DNA 4 8 1puL
X ¥ ddH,0 12.8 uL

PCR B R A2 FF: 94°C 2 min; 94°C 15 sec, 60°C 30 sec, 72°C 2 min, 38 MM &3 ;
72°C 10 min; 4°C forever. PCR ¥ 3 = 4 | 1% 3R R B B e A AT ok £ = .
% 3.1 PCR § # CG12796 cDNA K5t A 5 4
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Table 3.1 Primers for cloning the gene CG12796 cDNA

54 % % 514 A 5U(5- 39

Primer name Primer sequence(5'- 3%)

CG12796-compF CTCATGGCATTTACCAGCAGCTCAT

CG12796-compR TTCTACCAAGTTAAAGCGTTGGGTT
2.4 PCR 454t

PCR /= #73# i¥ 1.0%H9 37 Jis 18 4 ik .ok 0 A % 2, KA Axygen Gel Extraction
Kit BB B A & # AT E kS, RARESRELT:
(1) ERSNTTHREFY T A4 H o DNA BRI B K;
Q) BERHAN 1S mL BOEF, A3 BEEKERNGEKE WK DE-A, &
EBEET715°CLRATET 6-8min. ZRRELABM, HEAE 23 mnkFE
SERA
(3) AEARMUHEBER F 0N 1.5 BRIKERHE S8 DE-B, B4¥H4, 44
BWHDNA FB/NT400bp B, TEMWA I MNEBRERK R AS, #85 BRRE;
(D BESERIFTHBELK, HBEDNAKIELE, FEATEHN 2mL KEY
W, Fif 12000 g -4 1 min;
(5) FHMK, EAFWA 500 pL Buffer Wi, i 12000 g & 1 min;
(6) F ¥, A F A 700 uL Buffer W2 (jr Z.88), F I8 12000 g & 4 30 sec;
(D EEFE (6) —%K;
B FREE, EEEKEKREEF, Fif 12000 g F 4 1 min, £RHEFEK;
(9) HERAKAN 1.5 mL BLOEF, A 25 uL 65°C T K& ddH,0, Fi&
# % 1 min, 12000g % 1 min, B LA DNA, Fada, BRI A E
W # B By DNA;
(10> B i& & 45K % Al NanoDrop # & £ 54 % 3% & it (Thermo Scientific)# 17
SEMR.
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25 EHWA B RERAER

¥ e EW PCR KB %% % pGEM®-T Easy Vector System I (Promega,
Madison, WI, USA)## ¥, xtH#TAFER, £ 3730 XL DNA 2471
(Applied Biosystems, Carlsbad, CA, USA), &% CG12796 Hi2KF5]. £#
RER T

H # DNA 3uL
T4 DNA Ligase 1puL
pGEM®- T Easy Vector 1puL
2xRapid Ligation Buffer 5L

BREAE, 4C REEEITR.
26 EEF L. EXPRF

% Axygen BB B IXF & EWRE, F45 pGEM®-T Easy k& E, #4
E TransT1 BZAMM, ##H T4 Amp, X-gal # IPTG &9 LB B 3% 5 £ 5%,
GEEMFEERRECEEE, RATEE PCR Bif, AHAHEABAL B
B A o

2.6.1 EEFHH A

WEBEEWFHRTEL, REREFELT:

(1) ERIBRE S0 UL £ R4/ 54 P8 TransT1 BREZ MM F WA 5L £
B, BRES, K LE#E 20 min;

(2) 42°C #¥ 45 sec /&, I EFE T L 2 min;

(3) %€ /mA 800 uL LB # R %, 37°C, 200 rpm k%W F 1h;

(4) %4 Amp (100 pg/mL)Fi 8 LB B &3 5 2 FR LAw A 40 pL 20 mg/mL
X-gal % 8 pL 100 mg/mL IPTG & #&, RgAERHLERRS,

(5) B 200 pL EHMERT LR IR, ARFBURIRERREY;

(6) FREZKTITPCEER T LR, BEFRYELEESR 10-16h,

262 A FHE RN F
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(D) AKEH 0L k& LB FREKBM S AL EE, HHEBERT 1mL
& Amp (100 ng/mL)FH B LB B ARE & %, 37°C, 200 rpm 3k 3 4 5
(2) VIEFRWERAEMR, T7/SP6 #5141, #TH % PCR %Bil, PCR K pitk

FH20uL, T
ddH,0 153 uL
10xEasy Taq Buffer 2yl
dNTP 1L
T7 %] 47(10 pmol/uL) 0.5 uL
SP6 5| 47(10 umol/uL) 0.5 uL
iR 0.5 uL
Easy Taq 0.2 uL

PCR & R £ % : 94°C 2 min; 94°C 30 sec, 55°C 30 sec, 72°C 2 min, 35 M &3 ;
72°C 10 min; 4°C forever.
DB 1%FERBER AL L EESFENA RN RZ AN EIBEAFTRA
R

2.7 JR ¥ DNA W3

(1> Fi# DNA #4842 & | Axygen Plasmid Kit, A& A FEwT:

(2) B 1-5mL 7 LB EFRE P AT RNER, Fif 12000 g F 1 min FLE
WA, FRLE;

(3) /8 250 pL 4% RNase A ¥ Buffer S1 £F K, Rk FEL B I KA,

(4) fw A\ 250 uL Buffer S2, BH3 43 Lt T8 4-6 RKBRAHTEHER TS
RiE, EEWRERWER.

(5) & LRBAKF WA 350 uL Buffer S3, BF# KoMt THEKK, EF
REEERITE, TEBE 12000 g FQ 10 min;

(ORBIRS THELCLFEHAEBERNELE(ET2mL FOF ), T8 12000
g HA 1 min, F .

(¥ %€ E 2mL B F, fw 500 pL Buffer W1, 38 12000 g & /% 1 min,
FIEHR
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(8) K#l4EHKE 2mL EL¥, /w700 L Buffer W2 (nZ88), Zig 12000¢
B0 1 min, FIEH; UUEHE A %EA 700 pL Buffer W2 28 %— K, FHRK;
(9) BHL£EHKE 2mL FOF, FiE 12000 g H4 1 min;

(10) FHEEHEHN 1LSmL FLEF, EHEEEF R 50 uL 65°C AR
K& ddH,0, ZiE# E 1 min, 12000 g B4 1 min, #E 8 AL RE L & F ok DNA,
FoME;

(11) #3675 H A NanoDrop2000 7% & % 44 X X E T4 DNA 4 .

2.8 pcDNA3-CG12796 B4 kL o9 H7 2

F Primer 5.0 %43t CG12796 MB35\ 4, &t PCR ¥ AR 4 Wi fr
B CG12796 2% F5, 3## Kozak ¥ %|(Kozak, 1987)% CG12796 # [ ¥y ORF
HEk A, XA Kpnl F2 Xhol 2%\ %t F7 15 K¢ 7] %= pcDNA3 (Invitrogen) i #1 # 1T 8§ 7
B, RELEMWEH PCR =H4% T4 DNA £ 8MEEZ 5% EF HA FEH
pcDNA3 #4& b4 pcDNA3-CG12796 &4 Fhr, #BIMFRALENFFIMIE
Hit, KRB FHANETIIHAK 2. AAREFEDLT: _

(1) 2 5% CG12796 ¥y 5'3% v 3'3% E it PCR % L B§ 112 % Kpnl v Xhol, Y18
El Uk PCR =41, B4 N8y, CGI12796 % LB 414 & # SOpL PCR R A0 T

K ¥ #9 ddH,0 29 uL
5xTransstart Fast Pfu Fly Buffer 10 uL
2.5 mM dNTPs 5uL

Kpnl-F 2L
XhoI-R 2 uL
cDNA 1pL

Transstart FastPfu Fly DNA Polymerae 1L
PCR R B %% % : 95°C 2 min; 95°C 10 sec, 55°C 20 sec, 72°C 1 min, 38 IME3F;
72°C 5 min; 4°C forever.
(2) X % & Kpnl, Xhol 1 K 3% 89 CG12796 F» # 4k pcDNA3 4 Bl # 17 X B 17,
100 pL R BET 4k R o T -
Kpnl 4L
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Xhol 4uL
10xM Buffer 10 uL
pcDNA3+H,0 82 uL

EIPCEHT, B3 h/E, ARByEREN EHHBRH#T 1%RIE
BREx, EkEH, MNERE.
) EEXBYEWEKNEE CG12796 fo# ik pcDNA3, 10 pL #yE &k L p
T

10xT4 DNA Ligase Buffer 1 uL
B H B CG12796 6 ulL
PcDNA3 " 2ul
T4 DNA Ligase 1yl

B B 4 [ oy BE AR 3BT 45 41 7 4% 1K PcDNA3 BE /R 3K 3-10 4%, 16°C £ #3T ,
HHBEFWES uL B TransT1 BREAMHF, RBEANEEEETIF,
FRATIFENEEK R BG4 Xhol #1TH % PCR RiE, #WFRILEWER
E#¥EN pcDNA3, iR FE,

%32 XEyalYy
Table 3.2 Primers for restriction enzyme digestion
5140 % % S FFI(5- 39
Primer name Primer sequence(5'- 3')
CG12796-Kpnl-F TTGGTACCACCATGGCATTTACCAGCAG
CG12796-Xhol-R CCCTCGAGTCACTGAGTGGCCTTC
29 $ EFFI et Rt it oA

H7T % CGI12796 #14+K cDNA F7%|. A NCBI M358 GenBank 33
J (http://blast.ncbi.nim.nih.gov/Blast.cgi) &t £ # 17 BLASTX [ ¥ 5 b3t 447,
F F Clustal W2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/) 1 5 % ¥ £, % 8 £ 71 i#
fTERFFItkxt, A TMHMM 2.0 Xt CG12796 k¥ Fi 5 #7 38 fv 45 #1 4 4 3 47 T
(http://www.cbs.dtu.dk/servicess TMHMM-2.0/), # %l F MEGA 5.05 3 #, %A 4K
{48 1% ¥ (neighbor-joining)# 1T R fL X T4 FH 5 H7 .
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2.10 & PCR

CG12796 mRNA ERBTEAWATNBRPARFHENRLEREL R E
PCR (quantitative PCR, qPCR)F| | % B 52l & 4 % 4 /2 B] 8 7500 < & PCR R 4
(Applied Biosystems)fl % . (1) W% BB R4 D. melanogaster 7~ Fl X # fr B #y &
K, EEAM CGI2796 B X FWRILE, 2 H1H FEAE(20-24h), 4 & (1d. 2d.
3d. 4d. 5d), ¥ (#840: 2d. 3d; MEHE: 2d. 3d), KR (EXEhfdh);

() KETRARMER, BT CGI2Z796 AR L FHRZE, 4R AkH
Wosk. Mo, M, MBREGSL. B9. R, BkAd, BXMd,;

(3) B R4 B K E £ S %A RNA BH1 4|78 PBS (Tris-buffered saline, 25
mM Tris—HCI, 137 mM NaCl and 3 mM KCl, pH 7.0) 3 % T %, L L& A4 RNA
932 B34 % B TRIzol(Invitrogen, CA )R il ik # B 31 98 45 # 175

(4) #£EIF % RNA J&, %A DNase (RQ1 RNase-Free DNase, Promega) ¥ 1t LA &
%% H 4 DNA H9i5 %, & 1 g XA XA & the ReverTra Ace qPCR kit X # %k
A& cDNA, ##F & #K: 37°C, 1Smin ##F KL ; 98°C, 5min Bk 7ER M.
BB & X G # £ REAE-20C 54T,

T qPCR 2 AT By 2514 W%k 3.3. AW £ 514 RpL11 cDNA K B (Collin
et al., 2013) 4 A7 % 35 A 2724 7 3 (Livak and Schmittgen, 2001)i+ E RBH AKX F
FERLANENRLE.

%33 £EPCREY

Table 3.3 Primers for real-time quantitative

314 4 # 54 55 37)

Primer name Primer sequence(5'- 3)
qCG12796-S TGTGGTCTTCATCATGGGCT
qCG12796-A AAGCCAGAGTTCTTCCACGA
RpL11-S CGATCCCTCCATCGGTATCT

RpL11-A AACCACTTCATGGCATCCTC
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211 MR R AR

CHO-K1 % }fi £ Dulbecco’s modified Eagle medium F-12 (1:1) (DMEM/F-12)
¥ 3 % (Gibco BRL, Gaithersburg, MD, USA) ¥ 3% 5%, 3 5% & W 4k 10%3 K k89
FBS (Gibco BRL)# 1% i £ ¥ (FEXFEEE), HHE TEE 37°C 7 5%
CO ¢ EW - RABERAFEH.

BREFENEBERREE: HERTHWEAERE, A 1 mL PBS
(Tris-buffered saline, 25 mM Tris—HCl, 137 mM NaCl and 3 mM KCl, pH 7.0)%#%
ok, A SmLFEHRE,

s RERES E T _

(D BREKFERTENR, BHNERERA, A 1 mLPBS B8 ##%;

(2) /200 pL BREEH AL 30 sec, LT BT 40 Bo 40 3 fk B ok 8 08K /) 400 B B 7K
71, 1k 30 sec B R & HEEE;

Q) BEANKEREFAT 1 min, BE—MFWERL, THFE, £HEH
FBEWIEERL, m1ml FEHKE, ASRRRBRRIT TR, B4Y;

(4) 100 jL FHEH LS, MASmL FERE, BIEK, HTHNER
R, HOEKALE, EEERER.

SR RNRE T E T
(1) # 250 pL # %% OPTI-MEMG®I (1X) (Gibco BRL)% 588 % 4 10 uL f§ 5%
& 2000 (Invitrogen)Fn 4 ug pcDNA3-CG12796 #4k, ZiE#E 5 94,

(2) BREAE MK 2000 Fo pcDNA3-CG12796 HA MR, FEHE 20
min, | B8 &k 2000 (Invitrogen)# 4 pg pcDNA3-CG12796 H k3 N\ B 5% 31
£ K # CHOK1 # M F(H4Z 3.5cm MR, ~4 x 10° 44 f);

(3)% 500 L BARMWAKHERH LRI F, v\ 2 mL # 3% OPTI-MEM®I
(1X) (Gibco BRL) N 3% 5= 48  BJ 52 fk 3% 3¢,

(4) #F6hEHRELERBERA25mL, #$24h 5HER 100l THEFIL,
HRE - KMMA 20 pL G418 (0.8 mg/ml)ffik, SR £ E 30 pL =% 40 uL;
(5) FHFAURBRREHRFHAMEA, A RT-PCR. Western blotting F7 %, & 4
A 4G U 40 BB e &
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2.12 Western blotting

Western blotting | & 1 M4 fA Fe £, 4 RREZFRY RREE RS
M F Ak 4 % RO B9 = & CHO-K1 4 J.
ARRBERFASPARNEZR R TERES, RRARETEA:

(1) HREFHHEME, 4°C, 800xg B4 10 min, FE b EFERMK;

(2) #w )\ Bugmaster, 7EVk b#BEHRE S K, HREMH TS, R

(3) LA 1:1000 # el iw N & e B 04| ], M EZ B E, WA\ & & loading buffer;

(4) ## 10min, X LAHE, 4°C, 10,000 x g HL 20 min, LHEHTEH
BE, RREFAHFH 1LSmL BREP, BLOEHRNARYAEREZS.

AEREOSEARY 2 EREFPABRIERE, FREHHHT 12%
SDS-PAGE. Western blotting # Btk # 1F 7 i 40 T :

(1) SDS-PAGE ®.3k £ X 5 Fl £ 8 FAM B+ T8, B IR AN B
44 £ (PVDF &, 0.45 pm, Millipore), B B(ABE A/NBY 8 TRuE4K, 4 K— 1,
¥ & & A PVDF K 6] B B\ T 4% B % o P4 15 min;

(2) EEFHEONE—KHE 4 BHS. PVDF . &ERP FI 4 BRE,
B T4 B R E 55 R E B A R4, X F Bio-Rad A B¢ THHEERS
B, AGHEEI16VES 16min, FEK LW EOHINIMRI LXK 045
um) (Millipore).

(3)% 5% PVDF B N\ F I, /w \ 50 mL TBST(TBS with 0.05% Tween-20)
HIEF R, K Smin;

(4) PVDF EX R S%BLAE T £ 4CHAL RRERHA 1 h;

(5) 60 mL TBST %t/ 3 %, %X 5 min, WAF 5%BAESH% 1: 1000 B e
HA-taq # ZEHik, ZEHKE 1-2h;

(6) TBST %M 5%, #XK 5 min /5, WAR S%ELAE YR 1: 3000 # B9 HRP
FRACH ¥4 % = Hi(Sigma), EEHKE 1 h;

(7) TBST %% 4 %, %X 5min, &/5— K& TBS % 5 min;

(8) A 3.3,5,5'-0 ¥ X B ¥ i (TMB) (Promega) & £, =iR# X KN 1-2 min,
FEFAKILEE, 7 GS-800(Bio-rad) L B HKEFLER.
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2.13 % 5& 4 B ¥

SERABRUNARERRE, TRIBRN:

(DL ARELFAYRRELFNERA R H R TN E G CHOKI &

(2) 451810 pL £ 8 FLBY 2 E Z 3 A (Lab-Tek Chambered Coverglass System,
Nunc, Thermo Scientific)¥, & FI1Eif 37°C #1 5% CO, 2 B S BHKEHAB T
B3

3) ~RARERBEHKE 70%, £HREHRE, A PBS REFHEM 2 X, A
4%y % R F B E 2 B £ 20 min;

(4) =B EEHE, PBSE#A 3K, §X Smin, X 1% BSAGE T PBS)t 4
B BAARSEFNBARBTHE, TETHA LN

(5) #HAFEXRA PBS ¥ B K #AT R %, #3E, & Smin;

(6) Fl# 1% BSA # PBS LA 1:200 B9 ) % B & HA #7489 HA-Tag 4 % 1&
Fik, EETHEF L h. PBSEXAMM 3K, X 5min;

(T4 1% BSA 87 PBS LA 1:500 & b 7 #% %8 Al FITC #7089 ¥ # & — #i(Sigma),
iz TH£ 8 F 30 min;

(8) ZHiEFE, XA PBS A TESE 4|, K504

(9) # K% %k H DAPI (0.5 pg/mL)% € 5 min, 7 LSMS10 HH A ERE L HE
(Zeiss, NY)*f CG12796 & B # /T R Z K ANE.

2.14 Ca?*f &

41 o ) Ca”™ %k B 3l © % /A Easy Ratio Pro 45 & % 4 #7(PTL, Birmingham, NJ) %
5% . CHOKI MM % Ca®* RHB AL H:

(1) %% %% pcDNA3-CG12796/CHO-K1 % M # 7= 12 mm 3 A (Thermo
Scientific).t ;

(2) KERWBOEFM M, REEHRE, £APBS ARHR2%KE, WAR
PBS # B #9% £ 7 1 pmol/L ¥y Fura 2-AM (Dojindo Laboratories, Kumamoto, Japan)
B, BHRENEEMN N,

(3)37°C# X ¥ ¥ 30 min, % & Fura 2-AM TE¥%, Al PBS Z1& & 40 2 K,
PLFE 4 = B 5K B Fura 2-AM T1E#;
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(4)79 X\ PBS % HUH & S, % 37°C A4 W H 20-30 min, L% 4% Fura 2-AM
EHREAN TS EEBAUER;

(5) % /& Fil Easy Ratio Pro 45 &R 2 A XM AU 48 i, # K % K 380 nm (Fura 2)
%7 340 nm(Ca**-Fura 2), % 413K 510 nm.

2.15 cAMP J &

cAMP R By Rk BEH Z T

(1) # pcDNA3-CG12796/CHO-K1 4 e 5 R £ 12 K Nunc) L, # % 37°C 5%
CO I —RBABERE PR, TROIMBKFE 1 x 10%3L);

(2) M EMEHE, F PBS AHMH 2 K, G A 450 ul PBS BE 03k
JE 4 100 uM #4 3-isobutyl-1-methylxanthine (IBMX, Sigma-Aldrich) LA #| 8 8 —
Be B KM cCAMP By 7EH, ZEZFIRTHF 20 min;

(3) fm X\ 50 ul PBS AN & R E A, BABH5AEZE THF 20 min;

(4) £% LB, mA 250 ul 48 S 48 % (1 x cell lysis buffer), KR L& HE
# cAMP il % K %% F-80°C A ¥, | |

cAMP & & W l| € % B cAMP Parameter Assay Kit (R&D Systems, Minneapolis,
MN, USA; Catalog # KGE002B)# 1 F M # 17, BAkREFEWT:

(1) 96 T % 7 HA NSB H, %/ H./w 50 pL Primary antibody solution, &
TEHEH, RAEAFRFN (MixMate, eppendorf) 550 rpm & F 1 h;

(2) BB #7# cAMP standard, /v A\ 1 mL X% ddH,O B & 2400 pmol/mL, & &
WK E W B BEE A 1xcell lysis buffer, B X & ddH,O % B 25xWash buffer % 1x;

) HWHRERE-SOCKANR EABF A, EHRAL)RE, RERBERE
1.5ml BAEF, 4°C, 12,000 x g & 4 10 min;

(4)% ¥ & /5 84 Primary antibody solution, 1xWash buffer 7& # 4 %k , €7k 400 pL,
HREEET: '

(5) v\ cAMP conjugate, %L S0 pL, fr X\ 100 pL & BATAE . S1R R HK,
A A FR F N (MixMate, eppendorf) 550 rpm ¥ & 2 h;

(6) FEETEHHR, 1xWash buffer %28 4 %k, &k 400puL, #HT;
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(7) E3.mA 200 uL Substrate solution (Color reagents A 7 B & & 4), &
A E &K E 30 min;

(8) &3LmA 100 pL Stop solution, & A ATk H% X (MixMate, eppendorf) |
o

3HERE4H4T

3.1 CG12796 cDNA HI K& & 5| 947

B PCR FB, ARBLHITEHRE%S CG12796 cDNA FFlthe Kk (L
B 3.1), # GenBank LEYEF S H: NM_132130. FHILWERERH, KD
CG12796 #] ORF A/NX4 1116 bp, 345 371 MEE®, FAH FE A/ A 41.90
kDa, % &% 847, #it TMHMM # TMpred Tl & HLE %G — A o BAEH 7
BRIE, BTARNGEABRBRIARK (LE32), ABE3(TM3)EHA
2 X(ICL2) L HF £ A £ A B DRY (Asp 147-Arg 148-Tyr 149)% #38(Moro et al.,
1993), 7 TM7 L% £ 48 NPXXY &5, XA MENENELRLGEHE
REZEATERT. B2 CG12796 #9 ORF 5 X # 7 (http://www.flybase.org) b
B CG12796 2 A 13T Bl R £,3 M TR E LB, 2 7 & Arg 29, Val 255,
Ala 333 K% 7 (http://www.flybase.org) L # His 29, Met 255, Val 333 (JLH 3.3).

MEREATHH mAChRs XFWE LR FIHTLERFTI L. LTPE
Bt F #1 mAChRs ¥ TM2 ¥ # Leu 93, TM3 i Leu 141 7 TM6 ¥ # Ile 273 (1.
B33+ REHEAFC) BEART; & TM3 £ H Cys 123 1 ECL2 3 Cys
197 ZEF A 54, & mAChRs £ B (wE 3.3 FiR). AAER
FEHAML R B R MBI H 2B B & 4 & (Haga et al., 2012), = A AR
B N31 T AR — AME R AL A (N-x-[S/T]), PKC ([S/T]-x-[R/K])% 8. 1L 45 A iy
O AFETE-MEAR, E-MEAF. TM7 HERTE T K
I (T77, T163, S322, T340)

MAXPEHH mAChRs X EMNE ARG X FH M, UEH %
(neighbor-joining) E £ 1000 5k, 3L DmFR 44N E£H, 2474 £ k¥ CG12796
5 B # B4 8 mAChRs Kk £ T R gk b, BT UAHH CG12796 # ¥t & ¥

34



BT KF L FAIR £=8 CGI12796 Hi{5 S @B AAEE 5

BIBERZARK, o4 CHEXHLBER LA, C-typemAChR 5 &
X b I #2 ¥X (dnopheles gambiae, XP_310742), FK&(B. mori, XP_004924179), %
A8 A 3 (Cerapachys biroi, EZA62475), # 48 B(T castaneum, EFA01319) ] &
EHWEEREMUEL AN 71%, 61%, 57%, 56% (& 3.4),

1 ATGGCATT TACCAGCACCTCATCGCCOGCT TGGGAT TATCGAAGC TCCCCGGAAGCGTTIG
1 M AFTSSSSPAYDVYRSS?2EA AL
61 GGTGTCGTCCOGTICCTIGTGGCAGCACCAGAACGCCACGGAAACGCCAACGGAAATAACC
21 G YYPFLYQRQXNATETPTETIT
122 CICCAGGCGACCAGTTTCGG-GCCSGCCATCTGCTC TGGCTAGCCATCAATGCCTICTIG
41 L QAT SFGAGHLTLELATINATFTL
18. TTIGICCT TATCCIGGCOGGCAATATTCTGACCATTGTGGCGG TGCGCACCT GCOGCCAL
61 FEYLILGGNTILIIVYAYRTICRHEH
24- CTGCGATCGGTCATCTCCAA CTGI TCATCCTGTOGCTGGCOGTCTCOGACT ICTIGTGIG
81 LRSYISYLFILSLAYSOHIMOTXFCY
30 GGACTGGCACTGOCCTATCATCTGSTATTTTACATGGGCTCGGACATTGGOGCCATGAGA
10 G L ALPYHLYFYAGSDIGAUMUR
36. GGICCCTGOCTGCTGOCCT ICTTCCTGCTCATCTGCGCCIGCTGCG - GTCCATGTTGACT
12- ¢ P CLLRTFF FLLTICACCTYSMILT
42° CTGATCTCGATTGCGGTGGA”CGGTATATAGCAGTCGT CTATGCTC_GCACTATAGAAGA
142 LI S I AY¥DRYTIAY  Y¥YALHTYRR R
48. TACATGACCCGTOGAGTGGCATATAGCATCATCATATTCAATTGGTGCT TGGGTIGCATIG
16 Y Y TRRYAYSIIIFEFNEC GAL
54 GIGGCTCTGCTGCCAGTGT TCTGGAATCCATGGCCCGATGCACAGGCGTGCGAATTCCAC
18 Y A LLPYTFENRYPDAQATCETFTD
60. GAAGTTCTOGOGOC TGC TTAGAT TS COGGAGTGA TAACGCCGGGT T- TGTGATCATCIGG
20° EYLAPGTYIAGYITPGEFVYTIITE
66 ATCTGTATGT TCCTCGTCTACTGGCGCATCATGCGCGAGGCATCCAAGCAGGCGTTGCGA
22 L CMFLYY¥Y¥RTIMPREASIKG QALTR
72 TTGCGACAGT CGGTGGTCTACAACACGGACGAGGCCACCACCATGOGAAATCTGCIGCTC
24- LRQS YV Y XNXTDEATTV VYRYNLLL
78. CATCCAGACTGGAAGACCGTCCAGA TTGTGGTCT TCATCATGGGCTGCT TCACGCTCTGT
26- HPDV¥KSVY QILYVYFIMGC-=TTLC
84. TGGCTACCGTACTTICTCTGTGGCCATIGCCCAGCTATT TAGCATCTGCCAGAGCAGCICG
28 ELPYFCYAIAQLFSICOQSSS
90. ATGATCTACAAGACGACGT TCTCTCTGGCCATTGCCAACICTGCTC-CAATCCGATTATC
302 ¥ I YKTTFSLATIANSALNPITI
96. TACTOCTGGAAGAACTCTGGCTTTCGGOGAGCCT TTGTCCAAACAT-ATGCTGCOGAACG
32. Y S ¥ KXSGFRRAFAQTLCCRTI
1021  GUGAGGCAGTGCGAGGATCAATTGCCGGUGGACAGCAAGCACCGCA - GGAGGCCACATCC
34 ARQCEDOQLPADSIKHRMYZ:ZATS
1081 TCATCTCAGGAGATCAAACOGAAGSCCACTCAGTGA

36 S SQETIEKPIEKATQ »

B 3.1 CG12796 i H R fu & X 8 55|

Fig 3.1 Nucleotide and amino-acid sequences of CG12796
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TMHMM posterior probabilities for WEBSEQUENCE

probability

outside

inside

transmembrane

& 3.2 CG12796 Hy - ¥ B 45 #y 45,

Fig 3.2 Seven hydrophobic transmembrane domains of CG12796
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Dm-mAChR-C : ..... MAFTSSSSPANDYRSSPEALG VBFLWQRONARETPEE . . . . . . . .. ... ... .. ... ... ... iianaaannn H 40
Dm-mAChR-B : MRSLNESAGE! M CSFI TE: GESSDFNSWEVNEQL : 83
Tc-mACBR-B : . I)ISTEPS ITAE' CRTVYSGILSFGECTQALN: FKTWDPLIN........ 2 72
Dm-wmAChR-A : SLALAAHGPPSI) ‘ﬂ'ﬂ STTTTTASPAGYSPGY TA : 61

Te-mACBR-A : .......ccicicciccnccccntancnnnnns QJ ............ : 15

DB-mACHBR-C : .....cccccccccccssancancancancncsasacas 83
Dm-mAChR-B : QWYRNFDVNNTNLLLAVRNQSSDGGSTMSGSSSDSEI LG 165
Te-mAChR-B : ..... ILGNDSNIDFLEANATENGSSDFAPSVT. ... .. 143
Dm-mAChR-A : ....... LFENLTSTAASGLYDPYSGMYGNQTNGTI GPBTK 136
TO-MACHR=R = ... cncncnciancsesmasssinedsaisssnisasasasss HEA' 57
Dm-wAChR-C : 165
Dm-mAChR-B : 248
Tc-mAChR-B : 226
Dm-mAChR-A : 219
Tc-mAChR-A : 140
Dm-mAChR-C : 239
Dm-mAChR-B : 328
Tc-mAChR-B : 306
Dm-mAChR-2A : 300
Tc-wAChR-A : 221
Dm-mAChR-C : 294
Dm-mAChR-B : 968
Tc-mAChR-B : 622
Dm-mAChR-A : 743
Tc-mAChR-A : 531
Dm-mAChR-C :

Dm-mAChR-B :

Tc-mAChR-B :

Dm-mAChR-A :

Tc-mAChR-A :

B 33 CG12796 A EB 77| 5 AMA B RE F FREEN S EFFI o047

Fig 3.3 Sequence alignments of D. melanogaster and T. castaneum mAChRs. Accession No.:
Dm-mAChR-C, AAF46208; Dm-mAChR-A, AFJ23965; Tc-mAChR-A, AGG09676;

m-mAChR-B, AGE13748; Tc-mAChR-B, AFJ23968. The alignment was performed by
ClustalX, and the shaded sequences highlight the identity level of amino acids between the
receptors. The transmembrane helices are indicated by TM1-TM7. The six residues marked by
asterisks are the proposed acetylcholine binding sites (Haga et al., 2012). Cystine bridges are
indicated by “S-S”. The one marked by triangle is N-liked glycosylation (N-x-[S/T]) site. The
four marked by diamond are phosphorylation by protein kinase C (PKC) ([S/T]-x-[R/K]) sites.
The three residues with solid black markers are absolutely conserved among all mAChRs. The

snowflakes symbol is palmitoylation of a cysteine residue site.
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66 —— Hs-M1
97 L Hsms
99 Hs-M3 Human mAChRs
Hs-M2
86 Dm-mAChR-A g
100 —: Tc-mAChR-A
AbTSACHRLA Invertebrate A-type mAChRs
90 i Ce-Gar-3 =
83 Tc-mAChR-B 7]
100 _: Am-mAChR-B
49 Dm-mAChR-B Invertebrate B-type mAChRs
Ce-Gar-2
— Ce-Gar-1 _
99 A Dm-mAChR-C ]
73 _—: Ag-mAChR-C
66 Bm-mAChR-C Invertebrate C-type mAChRs
Cb-mAChR-C
Al Tc-mAChR-C
DmFR

B 3.4 CG12796 F 3£ & 7. Bt B 4% 5% 1 4 4t AL A 0 AT
Fig 3.4 Phylogenetic analysis of Dm-mAChR-C and various mAChRs. Neighbor-joining trees
were constructed in ClustalW2 using 1000-fold bootstrap re-sampling, and the resulting tree was
displayed graphically by MEGA 5. The numbers at the nodes of the branches represent the level
of bootstrap support for each branch. DmFR was used as an outgroup. Abbreviations: Hs, Homo
sapiens; Am, Apis mellifera. Ce, Caenorhabditis elegans. Ag, Anopheles gambiae; Bm, Bombyx
mori; Cb, Cerapachys biroi. Accession No.: Hs-M1, AAM18938; Hs-M2, AAM18939; Hs-M3,
AAMI18940; Hs-M4, AAMI18941; Hs-M5, AAMI8942; Tc-mAChR-C, EFA01319;
Am-mAChR-A, XP_395760; Am-mAChR-B, XP_006558421; Ce-Gar-1, NP _001204403;
Ce-Gar-2, NP_001022596; Ce-Gar-3, NP_001024236; Ag-mAChR-C, XP 310742;

Bm-mAChR-C, XP_004924179; Cb-mAChR-C, EZA62475; DmFR, AAF47700.
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3.2 CG12796 ¥ & & PCR

CG12796 mRNA R B FFEW X TN R AARFHES L ERELRE
PCR | 2 5 5 Fl & 41 % %7\ 5] 89 7500 & & PCR % %t (Applied Biosystems)il|
B MELERERARBKATE R TN RN CGI2796 5 = R4 AEX R &
BRE, HhRMER (H3S5A), ARHAF CG12796 F2 1M R ¥ L HARA &
KERE, EARBMERERNLST (A35B). &l &, CGI2796 W&R&K £
EHERBHLE.

A 6 B
15
5 ‘J .
13 -
1204 T
105

Relative expression levels

Relative expression levels

B 3.5CGI12796 MBS R BEMARL) AN RILE
Fig 3.5 Relative expression levels of CG12796 in different developmental stages and different
various tissues analysed by qPCR. (A) In different developmental stages of embryos (20-24h),
larvaes (2 days, 3 days, 4 days, 5 days), pupaes (2 days male, 2 days female, 3 days male, 3 days
female), adult flies (male and female). (B) In different body parts of adult male and female:
whole body, head, thorax, abdomen. Enough body parts were pooled for each mRNA isolation.
These pools are the same for each part. Data represent means + SEM with n=3. Note that the
receptor gene is strongly expressed in the 3 days larvae and adult fly heads, especially in adult

fly male head.

39



b RA N 2Tl = 2147238 FE=F CGI12796 M5 S BBMAGIRLH R

33 4k MRF

AT BIECGI2796 R EAFMEER LBERTATER R, RIBEE
% % pcDNA3 #4k |, ## %3 CHO-Kl A+, Bt G418 B T 44
REFWARE. REBL LB K ARNBHEL RS (F3.6),

A B

Empty CHOK1 pcDNA3.0-DmCG1279¢/CHO-K1

B 3.6 4 MBS R A R L
Fig 3.6 Cells of the immune reaction. (A) blank control: the immunohistochemistry of empty

CHO-K1. (B) the immune reaction of pcDNA3-CG12796 in CHO-K 1 cells.

3.4 CG12796 #£ CHO-K1 %} Wy k&

EXRZA CGI2796 WA ZF, 10 MM ZBE/EA . Befik. Eaff s B
FEXTHE A cAMP & EH & A & (B 3.7,

10 M B 5-A 6 i Bk fiZ . FE A B A £ BB M Ca>* R #H #vH, 10 nM
LBERAET I REA Ca¥ R BT 1 yM ZBEBER TS| ety K R (3.8 A).
LEERTI R Ca® R B MK E B 4 1 0M 3 10 pM (A K R1), 3 ECso 1 %
73.02 nM, % —#5h 7| EJE B & (oxotremorine M)F| & Ca®" R iz B ECso 1
48.23nM (F 3.8),
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g

% of Forvkolin-stimulated
cAMP levels

...
8

WL RS B=% CG12796 (15 5 BRAMBGEEHA

R BB Z R E A 100 uM F#E & F2 100 pM E % % (scopolamine
N-butylbromide) & % 4 # 41 100 nM ACh 5| &# Ca®* K &1 (& 3.9).

cAMP levels
8 8 8 8 § B

% of Forskolin-stimulated

Centrol Farsinlin ACh DA 0A TA

+10 pM Ferskelia

& 3.7 Z.BE BB g 4 pcDNA3-CG12796/CHO-K1 LW cAMP & B B %"
Fig 3.7 [cAMP}; modulation in CHO-K1 cells stably expressing CG12796. (A) Effects of various
biogenic amines and forskolin on [cAMP]; in CHO-K1 cells. (B) Effects of various biogenic
amines on [cAMP}; stimulated by 10 uM forsokolin in CHO-K1 cells. The date are represented
as means + SEM with n=6. Asterisks indicate values significantly different from the control
value using one-way ANOVA with the Tukey-Kramer multiple comparisons test (***P<0.001),

and ns means no significant difference

41



WITL K2R L2247 18 3 F=F CG12796 HIf5 SBEMGHEEHR

B —10"m
.
Ratio (340/380) = 0.1 il
10 ™
100s Ratio (340/380) =0.05 — .
255 10° ™
\ ™
]
"

(g}

D 0.5 —A— Oxotremorine M
Ratio (340/380) = 0.05 —@— Acetylcholine
10 pM
100 s 1pM v
+
100 nM

T T s T T T
-10 -9 -8 -7 6 -5
Log [Compound (M)]

B 3.8 ] 4 41 i Fo 8 5 ) %t peDNA3-CG12796/CHO-K 1 #9[Ca”"); K ki
Fig. 3.8 Representative [Ca’'); responses and dose-response profiles in CHO-K1 cells
expressing CG12796. (A) Effects of ACh and the biogenic amines 5-HT, TA, OA and DA on
[Ca2+]i in a representative single CHO-K1 cell. (B) Increasing concentrations of ACh
dose-dependently induced changes in the fluorescence ratio. [Ca2+]i was determined by the ratio
of the emission at 510 nm from individual Fura 2-loaded cells upon excitation at 340 and 380
nm (F340/F330). (C) Dose-response of oxotremorine M on [Ca’']; in a representative single
CHO-K1 cell. (D) Dose-response curve for ACh and oxotremorine M, as obtained from Ca**
assays. The presented data are the means + SEM of at least four separate experiments with each

point representatively selected 30 to 50 cells.
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Ratio (340/380) = 0.05

Ratio (340/380) = 0.05 I

100 s

100 s

$ $ $
QQN N § 0§ QN QN '\é :
¢ A ¢ S ¢ ¢
‘écQ ‘9 ] & A v
v &
&

& 3.9 ## 7% pcDNA3-CG12796/CHO-K1 [Ca®*); K KL
Fig.3.9 Effects of 100 pM atropine(A) and scopolamine(B) on 100 nM ACh-induced [Ca®"); increase. The CHO-K 1 cells which stably expressed CG12796 were

stimulated with 100 nM Ach at first, then incubated with various antagonists for 2 min ahead of the second application of 100 nM Ach.
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4 it

ARRF, RINNREAATHEE —FEHE mACR, ¥HEALEH CETH
% f&(the C-type mAChR). X HZGE XU RMY T H%, 4%kHLETF mAChRs X
RER. CREMZIARHEERFISHU AR Y B R F CHREH
mAChRs B8 L& B K.

R A1# the C-type mAChR # £ %k ik F CHO-K1 4, 2 H ¥ 521 K B the
C-type mAChR & # . mAChRs 252 % {4 i 7 R4 Fl. The C-type mAChR &t #
BN LB RS BAEBR FTMIE, BT 5] RM ECso A L4424 107 2 10° mol
I', R EANERNFERTETRAER . TREKA B-type mAChR
(Collin et al., 2013)#1 % Fi f& #F % & Caenorabditis elegans GAR-1 and GAR-2 (Lee
etal, 1999; Lee et al., 2000) L S W R R EN B BB BT, EFERHBRARE
tZ BB R AK 1000 £, i LBt BRI RABARR U TR ERE EANRER
AR, EER. —KIBR3-ETHEFEHR. AT, the C-type mAChR
W25 ¥ R B T A-type Fo 8 3L 3 4 1k A #9 M1-M5 mAChR. A-type 2 M1-M5
REHEERBTERBR LR ECABERAFER. B4, KEREQAMB T8
JERRET| MM Ca® R, TIBKEN00nMMY S Ejk. Bk, BERMEL
EEBTRIIRRN. F—FH, #URITHELT XL F, BLHHER
B M1-M5 o A-type B E MR EE— &, T B-type 7 C-type # % B F B By 01
(Fig. 2). E 1k, C-type mAChR T # MW EHK G, B A, &4 KFALEAH LR
#MPLC, & RMBRBE, 318 CaRA.

[CAMP]; & F #9  Z Fl % # # C-type mAChR T# S &% . RITZR K
AEEHK. LK. BESTARANEYES ZBERA T35 RREHE cAMP
i & B B %) & forskolin % # By cAMP A& F(Fig. 6) BT 47, C-type mAChR
B BE G, & & . 7185 G; & & . The C-type mAChR % R34 = X4 & fotf
B MAEN KL ERE(Fig. 4A 71 4B), BEREL AN ELER BB LT X
BEWARBES, REAMBANI0E A%, 9 CtypemAChR £ E LR BH
AL ERE,

AL HE mAChRs TR FEEFREE R AT, WA HELETREME .,
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WHERFRAREAET, REEH T mAChRs SHERHE. B3, KMo
.7 3 (Torkkeli et al., 2004). M1 mAChR * ZE5 AR BH X, BETHEXK
% Bk I 5% 25 41k A ¥2 & (Eglen, 2005; Wess et al, 2007). M2 mAChR £ EHF
A%, M3 mAChR £ B 5 P& JLUK 4 %0 Bk 44 89 2 3 & % (Caulfield, 1993; Caulfi
eld and Birdsall, 1998). M4 mAChR B 1K A B M 4 RAE#IHL R (Scarr ef al.,
2007). M5 mAChR 5 A i fn & B9 % % & % (Yamada er al., 2001). E % mACh
RsRHET £ MABREMT AL, bk UHN, BHAEAH Ctype mACh
REFRFERWTARIEFTHRNEEREAC. PENELMBREKNHAR,
EFHTENTHRELERHENEENS, HEN - NEBENERFREHR T
A R A ‘
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#£WHE CG13579 &9%%3&%#?52*‘%"6?%

15]%

DA RERBA—HEENEYE, s ERLERNSMHLBREFT AT
B. DARILEANRMN G EREBHRTK, B DARs £ B A A X ET Bty #
GREERN, RYBRRZENTHES, hvFEI 5. he. KB, L7,
RE. B, EFH%. EAHKAN, Di-like DARs 4% D1 (Sunahara et al., 1990)
%o D5 (Sunahara et al., 1991)% 1k, HEMBE G, & &, $iF AC, 3£ A cAMP 4
E# %, D2-like DARs &1 D2 (Grandy et al., 1989). D3 (Sokoloff et al., 1990)
%2 D4 (Van Tol et al., 1991)% 1K, HBMEEBK GoZE, WH ACHEH, 3|k
Far cAMP 2 B T M. R AN, BN EE=-HTH DARs HEKZ. 5B
HESNME AWK T %, DARs T4 A # #%: Dl-like DARs # D2-like DARs.
Dl-like DARs X €& 2 # T &, 4 %] 4 DOP1 2 DOP2.DOP1 1% &5 | & i 5§ cAMP
Wy L7, T DOP2 BEAET| R MK cAMP 8 | 7, X B MBEX ML A Ca’ iy % i . D2-like
DARs R & —# T & DOP3, #:35|RH A cAMP &1 .

AFRAFE, NREBAEATEE—MHEE CGI13579 ¥ cDNA K54k, T
B J ## DARs Kik. ¥ H 4 A %EF AT 4H (human embryonic kidney,
HEK-293), M EAE¥RUFFERNETERMEAARAR, H#FNHLEH
WE_GERAEEMFEL .,

2HBE &

21 $#HRAE &

AR EBERYE D. melanogaster, BRI EZF 2.1, KLBRFTARAHY
% B Sigma-Aldrich (St Louis, MO, USA).

2.2 RNA ##

RNA B F TRIzol 3%, E4BEF EENE=F 22,
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2.3 £ & CG13579 cDNA 54k

CG13579 cDNA FHIHH A FERE =% 23, "nEEEIIHWLEK 4.1,
% 4.1 PCR ¥ # CG13579 cDNA K 5| Fr A 5|4

Table 4.1 Primers for cloning the gene CG13579 cDNA

CIE/EX Bl AEFI(S-3)
Primer name Primer sequence(5'- 3)
CG13579-compF AAGTGAACAGATTGGGCGTGTGATG

CG13579-compR

CTTGATCCCAGTGCCCTCTGTGATC

24PCR FHsif. BWMHBRERRREHERREZMEL. EXUF

PCR FMibft R B A B ZE 23; BNARE CRRAERAS
S04, EREHNEL. KR AR FHRERES RS E 25,

2.5 pcDNA3-CG13579 B4 R R 9 #y 2

A Primer 5.0 %% it CG13579 Wi® 75| 4, #i PCR ¥ &2 & By {L
LB CG13579 &K F 5|, 3% Kozak ¥ 7| (Kozak, 1987)F CG13579 ¥y ORF 18 &k
4, F A Kpnl #2 EcoRI % 5|3t Fi 4% ¢ 5| = pcDNA3 (Invitrogen) /i #r # 17 B8 47 4&
B, REHWHBLEN PCR FH% T4 DNA ZEBMEEE S WAH HA FFEH
pcDNA3 #1k b 4 pcDNA3-CGI3579 @4 ik, B FREHENFFINIE
Hi, KRB PFHANEEI ML 42, BAREFERFZF 28,

%42 REY5IH

Table 4.2 Primers for restriction enzyme digestion

314 %

Primer name

Bl 4 515 3")

Primer sequence(5'- 3)

CG13579-Short-Kpnl-F
CG13579-Short-EcoRI-R
CG13579-Long-KpnI-F

CG13579-Long-EcoRI-R

TTGGTACCACCATGGATCTAAAGACTGGC
CGGAATTCCTAGATGTCCGGAATGCT
TTGGTACCACCATGGATCTAAAGACTGGC

CGGAATTCCTACTTGCGATACTCGGC
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2.6 =& PCR

CGI3579 mRNA AERBIRMWA TN R AR PN R R ERI R E
PCR F| Fl % B 5 Fl 4 4 % 452 51 B9 7500 = & PCR % 4t (Applied Biosystems)#l 52 .
AT qPCR 2 #r ey 4% 4 51 4 & 4.3. A9 %5 47 RpL11 cDNA # B (Collin et al.,
2013) 4 #5815 A 27°4°T 77 4 (Livak and Schmittgen, 2001)it A R WA A L Tl
FHLHWAENRLE. TEPCR AABEFEELE =% 2,10,

%43 EEPCR 3

Table 4.3 Primers for real-time quantitative

544 # SR FI(5- 37

Primer name Primer sequence(5'- 3")

qCG13579-S TACACCAACAGCCCCGTTAT

qCG13579-A TGCTGGAGTGCTGGTAGTAG

RpL11-S CGATCCCTCCATCGGTATCT

RpL11-A AACCACTTCATGGCATCCTC
2.7 WHE R R R

HEK-293 % ffi #£ D-MEM 3 # % (Gibco BRL, Gaithersburg, MD) ¥ 3 %, % %
£ A 10% # K KB FBS (Gibco BRL), 41 E T 1518 37°C, 5% CO, 4 B
ZEABERA PSR AR 2000 (Invitrogen) ¥ 4 pg pcDNA3-CG13579 #;
HENEREEH £ K HEK-293 M+ (3.5 cm BHIEH I, ~4 x 10° M4 j),
HREWHEMA G418 (0.8 mg/m)fF ik UK BB T L MMM E, A Western
blotting M & R MM A F R MARE R R E., RAREFERAL =% 211,

2.8 Ca¥* W&
2 NE=F 214,
2.9 cAMP | &

S RE=ZF 215,
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3EREAH

3.1 CG13579 cDNA BB & R B 5| 2 ¥

HIXPCR AR L H BB IR CGI3579 cDNAM F 7| &K (LEA.1),
% GenBank LB XS X: NM_001274240, FFI &R KH, K CGI3579
B ORF A/ 1953 bp, k445 650 MEEBR, ML) FEANN 71kDa, £,
B 860, # CG13579 % 651 NEERAR ML LEFETF, BHWNEH 650
AMEEBREN % CG13579 M B F 5], it TMHMM % TMpred FUH £ I
MR FHREAN RSN, HE—NE o EENLEBTHK, BTHAY
GEUHBBREARK, BAFBKNWE-NANRREYET R XESE LA
42). EZHELEM (TM3) 89535 /6 7 7 S£ &) 9 DRY (Asp 147-Arg 148-Tyr 149)
SGHE, ELEBEEH (TMT) LEENPXXY &M%, AFEAEHRERRL
FE GEOBBRXAABTERT. RBH CGI3579 cDNA 5 A % %
(http://www.ilybase.org) L #9 CG13579 & 3 N FHH %, EHEEXRFI T4
1. | -

%t CG13579-Long 77 B, K W CG13579-like B £ A A XB FHHT L ER
Flthat (LE4.3), B4 = AMATER N16,N184, N338 4L 2 N sl (L &
(N-x-[S/T]), TANEEARER M E TR E G # B C (PKC) ([S/T]-x- [RK])
BRMMLR, AMTE-MEAR, —MTF TMS &%, =AMTFHE=A
H2 P9 3R (S1s2, Si53, S199, T324, Ta28, T343)e F TM3 Fo TMS i 4 A1 H — M ¥ A A B %
£, RS E5ETRENES.

MAXPELWSIERZIGEANRRAGA T AR, UL R
(neighbor-joining) € £ 1000 kX, DL DmFR #sNEEE, 444 E%%H CG13579
EEMNEANSERTIEREETRNEAEL, TEHARERSERELHR
DmDopEcR R # [F] —i# b4 L, Frbl CG13579 TR A W S B Z R RXE(LE
4.4).
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1 ATGGATCTAMGACTGGCT CTCTOCTGG TAGCACCCGCOGT GANGAACTCCAGCTGCTOGCATOUGCSCTACT COGGCCACAAT TTCATC
1 MDLEKTGSLLYAPAYKXNSSCSHPRYSGHNTFTI
91 GOOCACATAGGGAT TGCGGAGACCATAGAGGCGGTGCT CATCCTGGTCCTCACACTGGGOGT CATCGSGGCCAACTGCCTGR TCAT ST IC
31 AHIGTIAETTIEAYTLTILVYLTLGYTIGANXCTLTYTITF

131 GTCATCAACAACOGOOGCT ATGCGGOCT ACAT ACACCAACAGCCCOG TTATCTGCT CAOCTCGCT GG OCCTGAATGACCTGACAATTGGT
81 Y I XNJNRRYAAYIHQQPRYLTLTSLALYNDILTITIG
2n CTGCTAATTACACCATTCGGT CTAATGCOGGCAT TG TTOCACTCCTGGCCATACGGAGAGATCTTCTSTCAGATACAGGCOCTGCT OCGA
91 _L LITPFGLMNPALTFHCTEYPYGETLTFTC

361 GGGGOGCTTTCCCACCAGAGCGCOGTCATCCTGGT T TGCATGGCAGT CATAGATACATG TGTGCOCTGCATCOGCGCOGCTACTACCAG
121 G A LS QQS AYILYCMNAVYDRYMXCALHKPRRYTYHAQQ
451 CACTCCAGCAAGAACGGCTCCGTGGOCATACTGAGCTTAACCT GGAT TATCAGCCTGACGGTCTT TGSCTT ICTGGIGCTGCCCAAAGGT

151 HS SKEKGCYATILSTLT®IISILTIVYFGETLVYLEPIEKSGEG
541 “ACTACTTCAACAATACGGGTCTAATGGOCTGOGAGOCCT TCTACAGCAAGCCATCCTACAGGAT ACTGTCCACGTGCGCCCTCTACT T
181 YYFXYNXTGLMACEPFYSKPSYRTILSTICALYTF
631 COCACGACGATGGT CCTGA GTACTGCTACGGCTCCAGCTTCCACATGAGCCGCTTCCGGCTAAACGATCCGACCATGOCCCTCACSGCG
211 P T T NYLMNYCYGS S SFHMSRPFRLYXDE ETMNPLTIA

121 GOOGCCCACCACCCOCATCOGCACCCACAT CCCACCGCOGCOCAGCAGCTGCAGAT GCACCAGCACCAGCAACATCACCAGCAGGCSGGA
241 A AHHPHPHPHPTIAAQQLQNHQHQGHHO QGQAG
811 ATGCACTCGCACCTCTACCACGGOCACT OGCATCACOCCAGOCACCCCAGTCACCCARACCACCCCAACCACCACGOCCACCCCCACCAT

271 MHSHLYHGHSHHPSHPSHPNYNHPXHHGHPHH
901 CATGGACCGOOCGT TATGGGCCATCTCAGCATGGOCATGAGCATGGGACTCGOCGGCATGOCGAACATGACAAACAAGAT TACCAAMAAG
301 HGPPVY NG HLSNAXYXSNGLAGYPYXMNIXKTITIEKTE K

991 ATTGTTCCCATCCAAGAGAAGAACTCCAGCGGATCCACCTCCCCCTCGATGGOCGCCATT TCACTGGSCTTCATAG TGATGG TCACTCOG

351 lVl’lQEK.\SSGS'.'SRSIAAL§I.§EL!I![E

1081  TGGACGATTCAGGAAATAG “CACCCOCTGCACGGGATCCAAGCTGOCGCOGTTCCTCRATTTCCTCG

361 __I_l_Q_h_l'TA(-TGSKLPI’l'LDLL_Y_l_LA_I._:_._

1171 AGTCTCTGGAACCCCTTCAGTACTGGCTGCTGAACTCOCATTTCOGCOGCATGAG TCGCCAGCTGATGOCGAACAMTGCTTCCCICAC

391 S L % MPF N YU® LLDNSDFRRNSROQLMNFIMNKCFPH
AAGZATT TCGAAATCACACGCTTOCGA

1261  GAGGATACGOCUGACCACAMTCAGGCTGT TGTCACATCAATGCT, \TTCOCCCGGAGOCSCCA
421 EDTPEHKSGCCH:IXNXAXNXDFEITTILEIPPETPTP
1351  TCATOCOGTCCACCCGGOGGAGCAGGAGGAGGAGCT GGAGGTCCATCCAGTGGAGG TCOCAGCTCTCSCGGCGGAG TGGCCAGT TCZATT
451 SSRPPGCAGGGGGCGPSSGGPSSGGGYVY ASSI
1441  GGOGGCTCOGTCCTTGGAA CTGOGGOCGCTCGCGCACAAMCAGCCT CAGOCGCAGCGCCTCCCAGTACAT CCGAGCGACAATGGGOGGA
481 ¢ SYLGICGRSRTXSLSRSASQYIRGTNGSG
1531  GGAGTCCACAATCAOCAGGCCACGCAAGOCTTCTCCACCACGAGGCCTSACA ACTCGGGOGAGATICTG
511 G VHNXNHQATEAFS TTRPDIEGLSEZKTYYGETIL
1621  GAGAGACOGTCAGCTCGGCCAACCTGAATGCCATGCAGAAGCACCT GCOGCCCCACCTGCCCTACGICCAGCACCTGGTCCACCASATC
541 ERTVYSSGNLYANQKHLPPHLPYAHRHLVYHII
1711 CACCAGCOGCAGCACCACCACCAACAGCAGACCACCTCCTTCAGCAAGSCCAGCGATCTGCAGCTGAACCTGAACCTCAGCCAAGCAGCT
571 HQPQQHHQQQTTSFSEKASDLAOQLYNLNYXLSQAARA
1801  AOGGCTGCOGAGCTCGGCAAGTTCTCCAACTCGGAGCCGAAGCTGTGGGAGCACCTCTTTCACGACGTGAACTGOGCCAAGAGCAASGCC
601 TAAELGKFSYNSEPKLCEHLFHDYXCAKSEK KA
1891  GOCAACGGGGATGGCGAGTOCTCOGGCAAGCTGGOCTGOGGTCGCAGCATTCGGGACATCTAGTACGOCGAGGACG TGATCCTGGCTAAG
631 AXGDCGCES SGEKELACGCRSIPDI=*YAEDYILAK
1981  AAMCCAACTGCTGGCCAGGCAGGCCAAGTGCTCGCACCA TCCGCTGCACCAGCAGGCCAAGACGOG TCICCATT CCCACACGGGCAGICTG
661 XQLLARQAKCSHUHEPLHQQAKTRLIHESHTGS SIL
2071  CGCTTCAGOOGGAT TOGOGCTGCCTGCCACAGTCCGOCGOCGGAGAAGT COGGCTTTCCAATGGCOGAGTATCGCAAGTAG

691 RFSRIRAACHSPPPEKSAFPIdAETYRK~»

B 4.1 CG13579 B H B fn & X% 77

Fig 4.1 Nucleotide and amino-acid sequences of CG13579
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TMHMM posterior probabilities for WEBSEQUENCE
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Fig 4.2 Seven hydrophobic transmembrane domains of CG13579
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DmCG13579

TcCE13579-1like :

AgCG13579-1like : |

DmDOPECR

DmCG13579

TcCG13579-1like :

AgC613579-like :

DmDOPECR

DmCG13579 2 & :

TcCG13579-1ike : CRR BEMLY /MM . . . . .ottt e e e :

AgCG13579-1like : .¥¥ & 13 A »ﬂAﬂe@pmnrsmrsmmxnﬁusa :

DmDOPEcCR s B3 VA . - o o i e e s e s e e s e :
*

DmCG13579

TcCG13579-like
AgCG13579-like
DmDOPECR

DmCG13579

TcCG13579-1like :
AgCG13579-1like :

DmDOPEcCR

) ® A ——
. e I
: f]n‘mcrmwmshg!;z)&cnu‘vzﬂans-ocxlpmnsn m:amng.\ is :

O o oo 4 st i e e 1 6 T S i e

| SRS ; B PEHKSG
= SKVSDTGRI VR SH A
PP DVIQSTLHM BA V) GML B RRILMMTSESPQI: TAL VFCL . I-CKTBGR......

B 43CG13579 AR F5 5Lt E i FFEEH £ EFF x94T

Fig 4.3 Alignments of amino acid sequences between CG13579 and the other insects orthologoues.

Abbreviations: Dm, Drosophila melanogaster; Tc, Tribolium castaneum; Ag, Anopheles gambiae.

Accession Nos. : CG13579, NP_001261169; DmDopEcR, NP_647897; TcCG13579-like,

NP_001280536; AgCG13579-like, XP_564170. The alignment was performed by ClustalX, and

the shaded sequences highlight the identity level of amino acide between the receptors. The

transmembrane helices are indicated by TM1- TM7. The three marked by triangle is protential

N-glycosylation sites. Five protential phosphorylation sites for protein kinase C are marked by

snowflakes symbol. The two cysteine residue sites labeled by diamond are predicted to be

involved in agonist binding.
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42 BmDOP1

36 _:AaDOP1 1
o L DmDOP1

90 TcDOP1

100 AmDOP1
45 l——— GbDOP1

IsDOP1

73

D1-like receptors
90 99 L—— HsD5

IsDOP2
96— DmDOP2
100 L AaDOP2
65 AmDOP2
TcDOP2
BmDOP2
49 GbDOP2
99 HsD2 3
HsD3
HsD4
51 TcDOP3 D2-like receptors
AmDOP3
DmDOP3
9 AaDOP3
66 DmDOPECR
AiDOPECR
GbDOPECR
SrDOPEcCR
76 v — A DmCG13579
T : — TcCG13579-like
~———— CbCG13579-like
99 L AMCG13579-like
DmFR

93
77

51

11

I

44

100

49

TH

|

98

100

95

K 4.4 CG13579 ¥ & BB X K H M 4AT
Fig 4.4 Phylogenetic analysis of CG13579 and various DARs. Neighbor-joining trees were
constructed in ClustalW2 using 1000-fold bootstrap re-sampling, and the resulting tree was
displayed graphically by MEGA 5.05. The numbers at the nodes of the branches represent the
level of bootstrap support for each branch. DmFR was used as an outgroup. Abbreviations: Hs,
Homo sapiens; Am, Apis mellifera; Dm, Drosophila melanogaster; Tc, Tribolium castaneum; Bm,
Bombyx mori; Aa, Aedes aegypti; Ai, Agrotis ipsilon; Cb, Cerapachys biroi; Sr, Strongyloides ratti;

Gb, Gryllus bimaculatus; 1s, Ixodes scapularis. Accession Nos.: HsD1, NP_000785; HsD2,
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NP_057658; HsD3, NP_001277738; HsD4, NP_000788; HsD5, NP_AAA52329; DmDOPI,
NP_001247092; DmDOP2, NP_733299; DmDOP3, AANI15955; DmDOPEcR, NP 647897;
CG13579, NP_001261169; AmDOP1, NP_001011595; AmDOP2, NP_001011567; AmDOP3,
NP_001014983; AmCG13579-like, XP _003251787; TcDOP1, NP_001280543; TcDOP2,
NP_001280503; TcDOP3, NP_001280515; TcCG13579-like, NP_001280536; BmDOPI,
NP_001108459; BmDOP2, NP_001108338; AaDOPI1, AFB73766; AaDOP2, AFB73767;
AaDOP3, XP_001648623; GbDOP1, BAMI15634; GbDOP2, BAMI15635; GbDOPECR,
BAM15638; IsDOP1, XP_002409287; IsDOP2, XP 002399655; AiDOPEcR, AGN74919;

SrDOPECcR, CEF70555; CbCG13579-like, XP_011347246; DmFR, AAF47700.
3.2 CGI3579 £ & PCR

CG13579 mRNA EARBAEMA TN BRAMAPAF N ELERBERZE
PCR A | % [E 5 Fl 4 #1 % %/ 5] 87 7500 £ & PCR % %t (Applied Biosystems)ill & .
MEERFKARBURATE X EWERE CGI3579 1t RIEE = K5 F A8 xS
FirgEmE (H440). BRL A F CGI3579 e R\ LHEA R X ERE,
EREMMRBNLE (H44B). T4, CGI3S79 kX T BA R B L
W, WERTXRLZERE.

A s0- B
b T 210, . -
=2 @

E -:-; 1804
H Z 1504
= 301 =
2 £ 120
£ Z
] £
P 204 - (=9
2 Z
o3

104-T =
T
(-1
=
0-
N < 3 & ¢ 23 - ? - C
> SIS S i A 3} S
.&p' & b\"‘ b\""’ b\"‘ Q\»Q QoQ N QoQ \\\‘vQ \,\\Q
¢‘~°§\ L RS A M AP
&

B A45CGI3S7T9MAA KRBT RAL L) M RILE
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Fig 4.5 Relative expression levels of CG12796 in different developmental stages and different
various tissues analysed by qPCR. (A) In different developmental stages of embryos (20-24h),
larvaes (2 days, 3 days, 4 days, 5 days), pupaes (2 days male, 2 days female, 3 days male, 3 days
female), adult flies (male and female). (B) In different body parts of adult male and female: whole
body, head, thorax, abdomen. Enough body parts were pooled for each mRNA isolation. These
pools are the same for each part. Data represent means + SEM with #=3. Note that the receptor

gene is strongly expressed in the 3 days larvae and adult fly heads, especially in adult fly male

head.
3.3 CG13579 7 HEK-293 4 j b oy % %

HTHE CGI3579 BHRHWETHERERGEXMR, AREAA
pcDNA3-CG13579 # % T HEK-293 #jg ¥+, BUF LB T REXZXFRZZH
HWaEE. FELA 10 MBS ER. B, EaBMS-BERENIA CR
RS A B, W CG13579 R 1B G, & & .

A# 3T pcDNA3-CGI3579 ¥ HEK-293 4 i *F fv 10 uM M B . & ik o
5-REHEAMA cAMP AFRARH, T 10 M KRENS ERESIIREA
CAMP Wy b A, EF 8 R £ BB #E T HEK-293 4 - B % 9 DARs R E (L
K 4.6A),

FFRH 10 uM forskolin % 5 /& 8 pcDNA3-CG13579/HEK-293 4 X ., &
W10 pM BB, oA S-RERABEHTETIREA cAMP XFHFAH
R, AR 10y M FERRHEN ST RN cAMP £ BWARBEA S

(LE4.6B),
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% of Forskolin-stimulated 3>
cAMP levels

L KFH L2483 FOE CGI13579 WIS SHSMAEERR

g

LL L]

SEEIITLILT

ns ns ns

g & 8 8
.
% of Forskolin-stimulated

Countrol Forskolin DA TA oA SHT

Control Forslolin DA TA OA SHT

+10 uM Forskolin

4.6 DA #*f pcDNA3-CG13579/HEK-293 i 1 cAMP 48 89 8
Fig 4.6 [cAMP]; modulation in HEK-293 cells stably expressing CG13579. (A) Effects of various
biogenic amines and forskolin on [cAMP]; in HEK-293 cells. (B) Effects of various biogenic
amines on [cCAMPY; stimulated by 10 pM forsokolin in HEK-293 cells. The date are represented as
means = SEM with #=6. Asterisks indicate values significantly different from the control value
using one-way ANOVA with the Tukey-Kramer multiple comparisons test (*P<0.01, **P<0.005,

*#%*pP<0.001), and ns means no signiﬁcam difference.
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43t

AFRE, RIVAREAKA TEZ CGI3579cDNA Folek, RELBES
¥38, B MR 3 FFIX B (intracellular loop 3, ICL3)%K &, Z £ & G BB T K
ik, BXMNABBEF¥UFUNS AL, RALTHET DARs, Ik E5HME
AETEILH A Bk B IR #Y DARs A AUE RAK, AT AT 4 #7 8 DAR.

KAV CG13579 # 2 %A T HEK-293 @i+, B ¥ LR XH CGI13579 5
#16 DARs W E ¥4 K TRMF. CG13579 T3 REAN Ca REME L,
RHETBE G, &EH. [cAMP];, X FHAZ F & %A CG13579 T# 5 EE,
LB R H DA b4 A AR # 4 forskolin i 5 # cAMP KT (H 4.6), B it™ 4,
CG13579 188 G, & &1, 4.% % CG13579 T# BT DAR. DA RE A A—F &
EHEYE, S5 RBEAWEMEBEREATALE. SEREILSRRHN
B G EEBBTER, ERIANKECANMEREER, ATEREZRMA
HEH, ¥ I 5iEiZ. A, KB, £F. _¥E. BB EHE. BREA
DA %tk E 4 A% %: Dl-like DARs 2 D2-like DARs. D1-like DARs X &4 2
IR, %5 % DOP1 f2 DOP2, DOP1 &% G, & &, EER B A cAMP X-F
H9 L, 7 DOP2 ELAES| AL AT cAMP B £ 7, X REBERAL A Ca® 9% 3 .D2-like
DARs [\ &4 —# L& DOP3, B8 G & &, MK forskolin # B K LA cAMP
A,

iy T A 18] o B B A X CG13579 RAEBTWHFMAR, RAEFIR
BRELRD, FEL—SHARAENTFRU4NBREASEERZRNITERERR
FRBEELEER L '
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BT RZME2A R Jok]

R

1 A RHAFIL

1) EERFERE CGI2796 cDNA 2K, FAHEER A E XL, FZREIEZ
k%, BH Ca®'f cAMP WM RBR MR Z S L EHNESESPLEF YR
BIFR, CHRHEAFEEERCHER L&,

2) RERFIIRE CGI357T9 IS F AR DNA WAL K, HHEART B RL, #
TERBSIEZRL, B Ca™F cAMP etk B WA X L EHHETES
PHBEURHATNSAR, RARTHRAFES EEIHE.

2 RH R A

D BRAHFHCHENHNIHBERTA, EXHABDHARMENT#;
2) BX CGI3ST9MT MBS HB¥LMN, EHRZELHERLASERTER; i
HEFURPEBFARKERT R — S WK,

34 RWHHRF |

D FAHEE CGI35TI RN R ARTAHE 5 BB THK,

2) M RNAI BB REEERBAARF LS LB ERIENDLORT
RERBEAYEEER;

D AATEINNFEERBICBER S UL EHIE, FREAAZEAR
FRE T REME .
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