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Comparative Expression of the Aedes aegypti 5-Hydroxytryptamine7 Receptor in
Drosophila Schneider2 and Chinese Hamster Ovary-K1 Cells

Dae-Weon Lee
School of Agricultural Biotechnology, College of Agriculture & Life Sciences, Seoul National University, Seoul 151-742, Republic of Korea

ABSTRACT : Serotonin receptor binds to serotonin (5-HT) and activates effector proteins such as
adenylyl cyclase, phospholipase C, cyclic GMP phosphodiesterase or ion channel through G protein on
the cell membrane, resulting in various physiological responses like diuresis, memory and development.
To examine the comparative expression of the 5-HT, receptor of Aedes aegypti, the Aedes 5-HT,
receptor gene was transfected into Drosophila Schneider? (S2) cells and mammalian Chinese hamster
ovary (CHO)-K1 cells. The expression of the Aedes 5-HT, receptor gene in selected cell lines, Tr-CHO
and Tr-S2, was confirmed with reverse transcription-PCR, Western blot and immunocytochemistry.
Compared with the induced intracellular cAMP level of Tr-S2 cell line to 5-HT, the induced cAMP in
the Tr-CHO cell line was over 9 times higher and was dose-dependent. These results suggest that the
functionality of Aedes 5-HT, receptor is much more effective in mammalian CHO-K1 cells and that
the Tr-CHO cell line expressing Aedes 5-HT; receptor can be used for synthetic agonist or antagonist
candidate screening.
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£ E :Azed 28405 Azsds 93se Azt G 9uAe S5 FHEA (adenylyl
cyclase, phospholipase C, cGMP phosphodiesterase, ion channel) & ZAI3}A|A, 0|1z, 714, A =2
tlekst AelA uk2o) Fodsit). A X9 Schneider? (S2)8}F 3258 A|Z¢] Chinese hamster
ovary (CHO)-K10l|A] Aedes 5-HT,; 4~8-A] $-4a} W3-& v|m3}l7] 930, Aedes 5-HT,; 584 §-4
AHe YA YA FE AEEl M EZFE(Tr-S2, Tr-CHO) A AzEy] 444 F2xte] 43
reverse transcription-PCR, Western blot, immunocytochemistry & o] 4-3le] #alslgic) ey =
EZ7}el] ¥ Aedes 5-HT, $842] 7)1%5-& ML ) cAMP $3¢ B3] A3 23}, Tr-CHO A
EFE Tr-S2 AlZFRG 9u) o] cAMP 4250] ¥A el on, o o]&EH 0]} o] Aajb=
283 AR Azl LRE G o}, A ze] Ffol HEatel] EA|E= G A xjolef e}
Z7HNA A zpolr} Sl RS BeiF9lvh CHO-K1 M ZolA Aedes 5-HT, 832] 7]%5°]
S2 AR} o &&- o, Aedes 5-HT; $8-A) 2 W8 3= Tr-CHO N 23: 534 = x|
Aol 8449 5 9l Hlez 7vdEn.

MO A zEd 4284, Aedes aegypti, cAMP, 4] 2 3], Immunocytochemistry
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TFoA o) m2 g FEEEF £ gAo 2sA
ZAEE B8 A3 & AR, olaid AgujAql 1t
ol FAAE LA G DA AR 4G
protein coupled receptor)2. A zt= 51 ¢Jvk(Schooley,
1991; Coast, 1996, 1998; Pietrantonio et al., 2000). &
3 FHA IFEA wE SEAALE S Fe3)
o, F8 F A=3 FFel ds) &3 A A7)z
L7-9dvHAdams, 1999). o]xztge] Hojdl= z=2 R
-2 biogenic amines$} 47 152 e}o]=(cardioac-
celeratory peptides, the calcitonin-like diuretic peptides
(DPs), Corticotropin Releasing Factor (CRF)-related
DPs and kinins)Z Y& 4 JvHYu and Beyenbach,
2002). CRF-DPs3= 30-477/02] olu|iAlo s FAl5 o]
gleom, utu] 7| 4Bl adenylyl cyclaseS EHA33}HA|
A, AZNe cAMP ¥%2& Z7}XFcHKay et al.,
1991; Lehmberg er al., 1991; Audsley et al., 1993).
Leukokinin-like peptides= FAFe] L28-4&(Schoofs
et al.,, 1992) == U3 7|4HY o|xE AT
(Holman et al., 1999). o]x=3% =2 %23} kinins o] 2j¢lj, 4]
Azl AAATEA, =+ AA2HEZ(Lange et
al., 1989; Roeder, 1994; Nassel, 1996) 7158 3= A
2 ¥x)(5-hydroxytryptamine)-> @E Z3o|A] o]x%}t
4(Coast et al., 2002) ¥4l ojjz} clokst gAjo| Fhod
3l H7]elE Az w3, AW RE 84
(Valles and White, 1988), A (Colas et al., 1999), &4
F} 7} (Bicker and Menzel, 1989) S-0] 3o} Al= 5
e =53 94 =39 AALE T4 940
A, el B (salivation)ol) & 98k Fri= Rl
elck(Novak and Rowley, 1994; Novak er al., 1995;
Clark et al., 1999). Al 25J-& Aedes aegypti 32
o9)7) 4% AT ZAA HZW cAMP F71E F3)
o] 3228 3} (Clark and Bradley, 1996, 1997), A.
aegypti %2 B3] 7)| ATl X] o)udTE Z7IAAH
BAEN|E2 Z7}A|Z]vH(Veenstra, 1988). 281} o]l
zaRoz A AzEde 7% AF A aegyptiolA
= QE&3lR] o) A aegypti AAEOA] Mz Er]o] o
rsarozr 2837 Y= Rodnius prolixusol
vlg o 10°-10°0) A= & Azsde] 2757 9
Folct

AzEd #8AE S99 T2 1S F9A
(agonis)®} o)A (antagonist)ol] i3t <F]HF-$-(phar-
macology)ell we} ZA 7709 subfamily®. e 4
9)vHGerhardt and van Heerikhuizen, 1997; Barnes and
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Sharp, 1999). 5-HT, 5} 5-HT, =& subfamily:= G,
A& 23] adenylyl cyclase ZA1-S HA| 3}, Al £
W) cAMP %58 B2 ubd, 5-HT,, 5-HT,, 5-HT,
444 subfamily: G, ¥ 2-& E3)] adenylyl cycl-
ase FAE ¥, AE U cAMP 358 Z7}x7Ic)
5-HT, 4=8-#| subfamily:= G, A& E3 A=
v Ca’t2} protein kinase C¢] ¥ %5 Xo]ui, 5-HT,
484 subfamily 7230 2 ligand-gated ©]-2F 2
(ion channel) 2. ¥ 315|o] it} 3| A] 5-HT, &
A= Drosophila melanogastero| A )-8 75 9] o]
(Witz et al., 1990), 2ol A. aegypti ‘)7 Ao 2
el 7|#/AX] A Z(tracheolar cell)oll A 5-HT,; $4-A)
A7 B 9o (Pietrantonio et al., 2001). o] &
$AREE HFFES SHL +44% 7249 +
AL ZHRE Aew EAEEHColas et al., 1995;
Pietrantonio et al., 2001). Z3}2]2] 5-HT, $8-A] | A
WA Gly-Ser HFE-AM D2 Neurospora®] Frequency
8} 23e]9) Clock fAAIM = W= o], dd2&
(circadian rhythm)el] #eddl= Aoz Ao
(Gerhardt and van Heerikhuizen, 1997), Aedes 5-HT, 4~
4A = Gly-Serg} 22 Ade] AR Wshend, T
7] &l o8l 71HAA] A ZAA WHEE A
o= Hol Yol AFT o|mztgd IYE AL
2 ARG

¥ A7 A aegypti 5S-HT; 84 1AE 25A4
3.9l Schineider29} 2]35E4|£¢] Chinese hamster
ovary (CHO)-K1o| A HHAA, A2 2ol 93] f=
He Az o] cAMP 5= ¥H3E vn - Mo
A, 1t 5 2EEQ A HEE B3 AE=Ed
T 594 =5 dPA AAA AN S48k g

JERE

weE] R

Schneider2 (S2) M Eel| Aedes 5-HT, 524 A=}
£ 28717 938, pCR2.1/5-HT, 2.2 8 ¥ polyme-
rase chain reaction (PCR)-& ©¢|&-3}o], 5-HT; 58|
RS SFAIZ G o] vk Zehe)w 2 Sero-F
(5’-CGGGGTACCACCCTCTTTCAGTATGG, 2 &
A RELS Kozak A9 (Kozak, 1987))2} Sero-R (5'-
CCCCGAATTCTCATAGGAAGCTCT, ¥& =l Bn%
< HAFZE) o] °)4Hem, PCR 2712 o127}

e
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t}: 96°C, 3&; 96°C, 18, 64°C, 1&, 72°C, 21240
cycles); 72°C 5%. 2% DNA e pCR2.1 ¥
(Invitrogen Co., USA)ol| Sz 4d3}e], pCRS-HT, 2 9
93taL, DNA 971494 £A4319. pCR5-HT, 4
€ Kpnl, EcoR12.2 # 2|3} o}-&, Aedes 5-HT, 314}
£ pAc5.1/V5-HisA " E|(Invitrogen)ol] %7 pAc5-
HT, 951 ) 2hshsoh

Aedes 5-HT, 4~8-#)| 2 Chinese hamster ovary (CHO)
K1 M=zl 38A17]7] ¢4, pCR2.1/5-HT, o 25
B] PCRE o] 83}ed, 5-HT, 44 F324-8 53413
t}. PCR =glo]H &= 5-HT-F (5-ATAGGGCCCCT-
CTTTAAGTATGGAT, W& 3 BRL Kozak A Q)
2} 5-HT-R (5"-CCGCGAATTCTCATAGGAAGCTCT,
AE 2 B2 HA2E)o| o]4FH ik PCR 271
thest 7o 96°C, 38 96°C, 14, 62°C, 13, 72°C, 2
240 cycles); 72°C 5% 223 DNA w318 pCR2.1
W E|(Invitrogen)ol] F24938}e, pCR5-HT, A2 93}
Aot 1A A Ee Flsh] 98] DNA @r7MdE
B89 e}). pCR5-HT,A WE S EcoRl, Apalo & *]z]
3t t}&, 5-HT, 48 $-%A= pCDNA3.1(-) H¥E
(Invitrogen)ol] &7 p5-HT,HE| S Alz}slsdc)

MlZujet ol "Ao|(transfection)

Chinese hamster ovary (CHO)-K1 M Z3¥x 10% fetal
bovine serum (FBS, EquiTech BIO, USA)7} &7}l F-
12K s X](Invitrogen)ol| A] wj<Fs}sict. CHO-K1 A=
T 37°C, 5% CO, =719} w7 iA FA X131
Schneider2 (S2) 2= 10% FBS7} A7}¥ Schneider
v 2] (Invitrogen)of| A]  wjj QF3l3l o, 27°C wlj 4F7] el A
ZA 7. CHO-K13+ S2 Ajx2] 3Aelgle:=
LipoFECTIN (Invitrogen)Z} CellFECTIN (Invitrogen)
< 7t ol g3lglom, Al zAte] Hie| wet 35
A HA-eldR S2¢F CHO-KI MxE FolA 747+
hygromycin3} neomycinel] A3}A& Hol= HEFE
Ak, Tr-S28) Tr-CHO=Z 1= 3}ed et}

Reverse transcrption-PCR

Al M ZFoA total RNAE Trizol reagent
(Invitrogen)& ARg-3ted, Al zA}2] ubel] e} F&
E]9Jo}. Total RNA 2 2 DNasel (5 units; Roche,
German)E ] z]s}od, genomic DNA®] 23t o g<
AAstAs. 5-HT, 43 F3242] cDNA A2

SuperScriptll reverse transcriptase (SuperScriptll first-
strand synthesis system; Invitrogen)2 A}2-5}gic}. o]
uh-Sol] Arg¥l xepe]w= RT-R (5-CCTCTGTGC-
CATCTCAGTTGACCGGT; $*]: 1306-1331 bp)o] 12,
§4¥ cDNAY: PCR HI-8-& |83}« dsDNAE 3
A5t et PCR b3l o] 431 Zeghe]wj= RT-R, RT-
F (5-GGATCGCCGTACTGACTGTGGTAGAA, $]4:
603-628 bp)o]™, PCR ®F-g =7-> t}1-&3} g2t} 94°C
38 94°C, 15, 61°C, 18, 72°C, 1840 cycles); 72°C,
5. p5-HT, WEi7} oFA o 2F, pAc5.1/V5-HisA E=
pCDNA3.1 (-)2 A" Mzr)l gAdzT=
21855t} PCR BF2-AME-2- 1% agarose gel-S- o] 83}
o, A7) 5 FYsrdt

M Z Y cyclic adenosine monophosphate
(cAMP) &£H

Aedes 5-HT,; =82 §2A35 w33l NEZS 6-
well platesl] A oF 8 X 10° cells/well =2 w3},
700 x g, 387 AR sl WA A As e A Z
2 1 mM EDTA, 20 mM HEPES (pH 7.4)7} E¢]ql&
phosphate buffered saline (PBS)& 2 #lo]337, 700
x g 28-=q} ¥AlRa]sledr}. 10 mM HEPES (Sigma
Co., USA), 10 uM Pargyline (monoamine oxidase #]3}
A; Sigma, USA), 0.5 mM 3-isobutyl-1-methylxanthine
(IBMX, cAMP phosphodiesterase #) 3 A]; Sigma)7} &
ojgl: F-12K ¥l Z|(CHO-K1) == Schneider ¥ ](S2)
g 43, 37°C, 3085 A AlzsEg 10°
cells/mlZ 24 495l Ml Z2AL A2 2l nm-10
M)l EofglE FHe| ¥, HEFFIE S00uz
kx5, 37°C, 3085k ¥k-2-A)Z v} 10 uM Forskolin
(Sigma)-> FAd =Tz A3 B33 5854t
Fersted AAAF 9,000% g, 3¥-5<t AT
e, 100l AP -2 cAMP 2A o o] 23193t} cAMP
35 Cyclic AMP [*H] assasy system (Amersham,
UK)E o]&3}9ich A= W cAMP =¥ 3= Excel
(Microsoft, USAYE A}L-3lo] AAFSle] B, SigmaStat
(SPSS. USA)& o] 43} FAAelstsic.

Immunocytochemistry

Tr-CHO M| 232 PBS=E H-S & 10°cells/ml =
2 I-well cytofuge concentrator (StatSpinTechnologies
Co., USA)e| 12X]17F H-oF wieksledct wieksl Al=zsS



158 Korean J. Appl. Entomol.

3.7% formaldehyde (Fisher, USA)¢} 50 mM EGTAZ}
Eoi9lE PBSE 1587 AT w8, 70% k&2
1087 33 45 Sl RAFAH. Ax2E 10%
normal goat serum (NGS, Sigma). 2.2 24A|7F E<t
blocking3}31, 2% NGS7} &3 PBST ¢b=¢]| anti-
rabbit 5-HT, S48 1:2,000 B] &2 3A3}e] 2047}
ZoF wijeksledr). oFA o & 3F-2 anti-rabbit B-integrin
(Molecular Probes Inc., USA) A & o] &3}gc} Al

£ 2% NGS7} =35l PBST ¢ o s 158 33 A
01—‘5 & biotinylated anti-rabbit goat IgG (Vector, USA)
B 1:2,50002 543 ©he, 24|7F Fob AFLolA] uj
okstgdc}t. PBST-NGSE 158, 33] Aoja o&, 1
2,000 3]AIB]-&-2 Streptavidin-Texas Red-X (Molecular
Probes)& @31, Aol A} 1A]7Fgst vk Al Zc M=
Z PBST= 204, 83) Aoj& t}-&, &loj =) Vecta-
shield™$} DAPIS- #7}sled 333v] g ol
slgel. 338n) AR Zeiss Axiophot Er) A (Carl
Zeiss Co., Germany)E o]&3lgth Al&xE= C5810
CCD 7h¥#Hamamatsu Photonic, Japan)2. #33}%
1, DAPI®} Texas Redol]l djsl] z}z AA, =4 HE
E Abg3tgdol Az Hd oju|A]&= Photoshop
(Adobe System Inc., USA)o. 2 H-A3}4ie}

Western blot

ujeksl M ES 1000x g 325t dAReE] s, A
AL AAT oL, PBSE. 33 AojFHt AEE
200 ul lysis $+&29(0.05M Tris, 0.15N NaCl, 1%
Nonidet P-40 (pH 7.8))& 37}sted 37°C, 1085t o)
okalolch X8-S 1200x g, 5E-5oF YAl Be]s L, A
Ao A)g9hZ9(0.25M Tris-HCI (pH 6.8), 10% 2-
mercaptoethanol, 4% SDS, 10% Sucrose, 0.004%
Bromophenol blue)el] @32, 3871 S8 o, 3,000
X g 4°ColA SEEF ARt 43N
SDS-polyacrylamide gel electrophoresis (PAGE)$}
Western blote]] o]-£-3}53 e}

Aedes 5-HT, =8-5412] &A1= N2t B2 TSES-
SPAEPVNVLTE &A% o}&, 70 $ste] AL
g oh. Western blot2 Laemmli®] ¥4(1970)e.8
SDS-PAGE3} &, Towbin®| vl (1979)¢] whel 43
ok, A& Polyvinylidene fluoride (PVDF)
membrane (Advantec, USA)2. 2 &7l 3 50ml PBST
ool 37, 10% blocking (5 g skim milk/50 ml
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PBST gh3:all) follof] Ap2oflA] 2A17F <t =3t
t}. Aedes 5-HT,; $8-A|2] €&x)&= 7oA d2 3|
& olgsigon, 10000 243k} 342 B W
A7)3, PBST h3elos s¥zt 33 AelFeic.
Anti-rabbit goat IgG-alkaline phosphatase conjugateZ-
10,0008 3)A3}ed, PVDF membrane®} 1x|7F Z4b
Hh-$-A)7) 5, PBST b5 o2 587 53] A5
oAl elx|= Supersignal detection kit (Pierce, USA)
£ o185l Xray BB WABAC

23 o nF

Hill et al. (2002)-2 Anopheles gambiae2] genomed]|
Al 2767) G @A AR 584 (G-protein coupled
receptor, GPCR)E EX3lglon], o]&5 oAl bio-
genic amine &7} 187] &A1t n B wslg
S-AALe] BEAIEo] gho] k¥ Al Drosophila genome2]
amine 8- family¥ rhodopsin &% GPCR super-
familyel] €3} Aoz A7t 1 )i Vanden Broeck,
2001). M2%9 g0 B3 AP Drosophila
melanogaster, Bombyx mori, Heliothis virescens S-ol| 4]
FaEglom, AzEd £449 AsHDe] 7 ¥
A& D. melanogaster?] 483 S(5-HT;p,0. 5-HT | Aros
5-HT (gpro)dI A BH GTH Witz er al., 1990; Saudou
et al., 1992). Pietrantonio et al. (2001)2 Aedes aegypti
9] 2@E7) AT 4= 7)FA4R] M Z(tracheolar cell)
M MlzEd LAl (Aedes 5-HT, receptor)?} &2 3}
= AL salsigdow, F o Lee and Pietrantonio
(2003)= Aedes 5-HT, 2859 71%o] Wat 2AS
Byslgdvh ¥ A7 G A3 £8A4<) Aedes
5-HT; 84 3218 2839 A zAE 24}
34}, T2 L Schneider2 (S2)8} H¥EEE A=
Chinese hamster ovary (CHO)-K1Z& o]-83}e] 284
713, AzEde) 9g 5-HT, 5849 28 9@ 7)%
4 AlZ W2) cyclic adenosine monophosphate (cAMP)
O LR EREELEE

Aedes 5-HT; $824) §4A= S2 A=} CHO-KI

HqEAA LHA77) f8), S-HT, 2843 FH12F
PCR Zg}o|w & o] &3] FFAZ A TaA8} T4
DNA ligase & o|&3lo] Aedes 5-HT; 84 F-AAE
W E]Ql pAcS.1/VS-HisAS} pCDNA3.1(—) HEe]
F2431e, pAc3-HT, 3 p3-HT, &S Al=3igiet.
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AMC 2

1 3 6
+ -+

4 5 7 8 C M
- 4+ - 4+ -

«5-HT,R

Fig. 1. Detection of the Aedes 5-HT,; receptor by reverse trans-
cription-PCR (A) and anti-5-HT; receptor antibody (B). (A) The
c¢DNA synthesis was done with RT(4), or absent (—) as a control
for genomic DNA contamination. M: 100-bp DNA ladder, C:
positive control (PCR product from p5-HT;). Lanes 1 and 2: nega-
tive control of vector-only (pAc5.1/V5-HisA) transfected cells,
lane 3 and 4: negative control of vector-only (pCDNA3.1 (—-))
transfected cells, lane 5 and 6: Tr-S2 cell line and lane 7 and 8:
Tr-CHO cell line. (B) Lane 1: vector only (pAc5.1/V5-HisA)-
transfected S2 cells, lane 2: vector only (pCDNA3.1 (—))-trans-
fected CHO-K1 cells, lane 3: Tr-S2 cell line, lane 4: Tr-CHO cell
line and Lane 5: Malpighian tubules from Aedes aegypti.

A ztd @ e S S2 Al 29t CHO-K1 Aol 2
o]}z, Z+7t hygromycin®} neomycinel] *3HA1&
Holx= Tr-S29F Tr-CHO M| 255 Awsisic) Tr-S2
9} Tr-CHO M E5o| A Aedes S-HT, 483 4-x17}2)
g FAbs)l7]) ¢4, total RNAS F28)ed reverse
transcription-PCR-& S8 8}gd oh(Fig. 1A). &AAH =2+
L pAcS5.1/V5-HisA¢} pCDNA3.1(—) 9El2 3ol
UE M ZoNAM F23) total DNAE ©]-4-3}9] 12, geno-
mic DNA 298 #<lslr] g3 JAALE A (reverse
transcriptase) & d7151A] 942 AlRE dYlzTFE o8
dlodch AN =T2E p5-HT, HEE o] 435+
RT-F¢ RT-R Zglo|jg 2Z¥ PCR AMEI7|+
750 bpsd.o, P 2T, Tr-CHOS} Tr-S2 A E7o]

A Aedes 5-HT, $4-A f-3A} 5-e]= <l DNA ©H-&
el 5o ck(Fig. 1A).

ArE] M EZ| A Aedes 5-HT; 444 23S
97 Sl 2A487] $18l, anti-SHT, 4419 3
AS o)-238}e, Western blotg 4383}91=H(Fig. 1B).
A Y RTFEE pAc5.1/V5-HisA2} pCDNA3.1(—-)
HE7L A o|¢El HZE o435 o, =T
2 AEe Hu74&HE AHESH(Fig. 1B). Tr-
CHO, Tr-S2 M52 oA 2F-o|A] anti-5-HT, 4
SA A9} ubgstel ot S Tl Aedes
SHT, 58] =il 2 e shld & dieh o4
o AT A2E M EZFo|M Aedes S-HT, 84
$4A7F MRNA 45 23F opjzh Sl 4iolA)
R

S2 M e} CHOK1 Al 2 of& AEANES] Thgsh
445 WA= AEFE dY o4 e
o, FA7EA] S2 A ZAM AdA oz WEEE G
B2 A3 FEA A 4 5 e BaE o}
A7 A ¢lor), CHO-K1, HEK-293, HeLa 52 ol
A ZE Hgt G A A FEAES WHA 3l
oH(ZA]: http://www.tumor-gene.org/GPCR/gpcr.html).
AZE 29 G QB 2849 FFE A2
26, 053 WL G DUAE Dokt Aoz 4
ZFgie}. CHOK1 Al Zel e 97 48471 #siA 2
om, o]FoA] 5-HTp £8A = A zeds XS
u, G dA-E A A Az e cAMP =&
PE= 7)=8 gll(Giles ef al., 1996). Tr-CHO®} Tr-
S2 MEZFoA L3 E Aedes S-HT, 5837} M2=
el Hh-gst=A8 Falslr] $le, ‘Hezw zx9
CAMPE- |43l M2 BN F=Z7le] uf M=z
el cAMP 5= 3tE ZABIH. 272 o
2.5 Forskoling- 483 ¢le] 213 adenylyl cyclase
SASIAIA cAMP 2jE4<] ANEE FEFT
(Seamon et al., 1981; Laurenza et al., 1989). Tr-CHO
M 2T HzEe F=rt 715l uhet Az
9] cAMP 2% ¥lEA oz Zrlslglon, NzEy]
o 25t AlE W cAMP Z7}1= Tr-S2 A EFol|A] B
ok 9ufol At EokekFig. 2). SAAHRTAME BAH
°2 Fo]E Kol cAMP Z7/12 #Ad 4 sk
Tr-CHO M| = Fol| 5-HT, 8- 7} w353 g o,
Azxd 7 o8] A=Z W cAMP =7} Z7}s)
= AL Aol H Aedes 5-HT; $-£-A ol 2|3t aden-
ylyl cylase A $Fo] 5-HT,5 $8-Alo] £]3t aden-

k-4
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ylyl cyclase A} $FHo} =2 oz Azt
mRNAY} shl2l 420 A Aedes 5-HT,; 4847} &
o) Hgo} Hzedo] 93} HE Y cAMP %

100 -
=
S
g 80/
e=1
£
e
S 60
<
o
£
E 407 e Tr-CHO
5 o Tr-S2
= v §2
5 204 v CHO-K1
®
0 4 = : 7 —Y
—-11 -10 -9 -8 ~7 -6 -5

Log [5-HTIM

Fig. 2. Dose-response of Tr-CHO and Tr-S2 cell line expressing
the Aedes 5-HT, receptor. The 1.48£0.26 and 0.43+£0.13 pmol
of cAMP (obtained with 10 pM 5-HT) in the vector-only tran-
sfected cell line of CHO-K1 and S2 cells was considered as 0%
response, respectively. The 20.440.74 pmol of cAMP production
in the Tr-CHO cell line was considered as 100% response (obtain-
ed with 10uM 5-HT). Data are the mean+ SD of duplicate assays
from three independent experiments.

Cell Antibody DAPI

Vector only 5-HT.R

Tr-CHO

5-HT,R

Vector only B-integrin
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7t Tr-S2 A ZF A g v vehd A2 Alx o
oA FAAE LHY FAQL ApejRE M EeA ¢
252 wjshA HEg-E = G A subunity} 7}
Azshe e 24e AR7) dEez P2 o
g Here 22z S0 hE £ Sl B
e BRNRE o, Azol AR G halgo)
A9 At U e w2 EAT A4, Gy
A B2 o) AR PRHAIIN Bk n
a9} U] stek(Butkerait et al., 1995; Boundy et al.,
1996; Ohtaki et al., 1998). 2222 Tr-52 Al ZF0)| 4]
Azxx o] 27 cAMP 529 3718 §-x2317] 44
M Aedes SHT, 5434 $729 A%et G gl
subunit -AAE FAlo s Ao Hasidi
gekec

Tr-CHO A 23| A] Aedes 5-HT, $~8-38] Ex:
anti-5-HT; 54312 3A& <] £3F immunocytoche-
mistry= ZASIATh YRAEE ZEAF)] 9, 2
Z} kA 2. biotinylated anti-rabbit goat IgG#} Strepta-
vidine-Texas RedE ©]-2-3lg v} Anti-5-HT, 444} 2
8}A= Tr-CHO M| 3] 3% Aedes 5-HT, 8-
o A3t A& e IekFig. 3. E and F). 44

Texas-Red

Merged

Fig. 3. Immunocytochemistry of Tr-CHO cell line with anti-5-HT; receptor antibody. There was no immunofluorescence detected from
vector only-transfected cells (A, B and C). The positive signal was detected in the cytoplasm and plasma membrane (E and F). The red
fluorescence emitted from B-integrin was shown as a positive control (H and I). Blue color indicated nuclei (DAPL; A, D, and G).
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Hztze A zated daEE B-integrin YAl 2] 8}
A& o] 43t CHO-K1 A ZE wH§A|Zic}. anti-B-
integrin A= M x2to] ZA)El= B-integrin ¥hH A
£ 4|3}, Tr-CHO Ml 3ol A9} 22 &34-E 1Y
tHFig. 3. H and 1). $A T ET-2 24 CHO-K1 M=
oM anti-5-HT, A<} k-3 33-& AR 5
gl glekFig. 3. B and C). °] ZA3}= Tr-CHO A £
A Aedes 5-HT; 4-A7} al=o] A xatel] EA4F
o234 H2EAFH 23t G diAe iz A
Z U cAMP 3-59] Z7ke} dA¥T Ag HAE
t}. S2 A Zol|A Aedes 5-HT, 5484 C-=tol] green
flurore-scence protein (GFP) -AAE A3AIHA, 44|
v (transient expression)-2 =38t A3}, A A Ao
Al GFPol| &J8t o] IAFHGTG(AIE vlA|A]. L
gE2 Tr-S2 A|ZFA Az2Ede] &3 v A%
W cAMP Z71= 5-HT,; 5847} Alxatol] £x]34]
A FEAY BAAE a<le] E 4 glem, $olA
Aggt A9 9BAEE Adshs A G Y
Ao Agozx 494 4 glH.

o]Are] AIE-E FYIY, Aedes 5-HT; -84 #
ZAA7F S29F CHO-K1 A ZeA =% dd=glon,
AzEddo] Hat AsHag Add Tr-CHO Hx5
oA Y53 B o] AL HEFoM WHEHE A
28y $£449 722 GPCRY 75L& M=EY FF
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Aojr], Adx} oz MxEv 23 HAFA|(secondary
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o 2 dolA AeE Tr-CHO A 25 Az Exds
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PR

Literature Cited

Adams, T.S. 1999. Hematophagy and hormone release. Ann.
Entom. Soc. Am. 92: 1~13.

Audsley, N., I. Kay, T.K. Hayes and G.M. Goast. 1993. The effect
of Manduca sexta diuretic hormone on fluid transport by the
Malpighian tubules and cryptonephric complex of Manduca
sexta. J. Exp. Biol. 178: 231~243.

Barnes, N.M. and T. Sharp. 1999. A review of central 5-HT
receptors and their function. Neuropharmacol. 38: 1083~1152.
Bicker, G. and R. Menzel. 1989. Chemical codes for the control of

behaviour in arthropods. Nature 337: 33~39.

Boundy, V.A., L. Lu and P.B. Molinoff. 1996. Differential coupl-
ing of rat D2 dopamine receptor isoforms expressed in Spodop-

tera frugiperda insect cells. J. Pharmacol. Exp. Ther. 276: 784~
794.

Butkerait, P., Y. Zheng, H. Hallak, T.E. Graham, H.A. Miller,
K.D. Burris, P.B. Molinoff and D.R. Manning. 1995. Expres-
sion of the human 5-hydroxytryptamine, , receptor in Sf9 cells.
Reconstitution of a coupled phenotype by co-expression of
mammalian G protein subunits. J. Biol. Chem. 270: 18691~
18699.

Clark, T.M., A. Koch and D.F. Moffett. 1999. The anterior and
posterior ‘stomach’ regions of larval Aedes aegypti midgut:
regional specialization of ion transport and stimulation by 5-
hydroxytryptamine. J. Exp. Biol. 202: 247~252.

Clark, T.M. and T.J. Bradley. 1996. Stimulation of Malpighian
tubules from larval Aedes aegypti by secretagogues. J. Insect
Physiol. 42: 593~602.

Clark, T.M. and T.J. Bradley. 1997. Malpighian tubules of larval
Aedes aegypti are hormonally stimulated by 5-hydroxytryp-
tamine in response to increased salinity. Arch. Insect Biochem.
Physiol. 34: 123~141.

Coast, G.M. 1996. Neuropeptides implicated in the control of
diuresis in insects. Peptides 17: 327~336.

Coast, GM. 1998. Insect diuretic peptides: structures, evolution
and actions. Am. Zool. 38: 442~449.

Coast, G.M., L. Orchard, J.E. Philips and D.A. Schooley. 2002.
Insect diuretic and antidiuretic hormones. Adv. Insect Physiol.
29: 279~409.

Colas, J.-F., J.-M Launay and L. Maroteaux. 1999. Maternal and
zygotic control of serotonin biosynthesis are both necessary for
Drosophila germband extension. Mech. Dev. 87: 67~76.

Colas, J.-F., J.-M. Launay, O. Kellermann, P. Rosay and L.
Maroteaux. 1995. Drosophila 5-HT, serotonin receptor: coex-
pression with fushi-tarazu during segmentation. Proc. Natl.
Acad. Sci. USA 92: 5441~5445.

Gerhardt, C.C. and H. van Heerikhuizen. 1997. Functional charac-
teristics of heterologously expressed 5-HT receptors. Eur. J.
Pharmacol. 334: 1~23.

Giles, H., S.J. Lansdell, M.L. Bolofo, H.L. Wilson and G.R.
Martin. 1996. Characterization of a 5-HT,y receptor on CHO
cells: functional responses in the absence of radioligand bind-
ing. Br. J. Pharmacol. 117: 1119~1126.

Hill, C.A., AN. Fox, R.J. Pitts, L.B. Kent, P.L.. Tan, M.A. Chrystal,
A. Cravchik, F.H. Collins, H.M. Robertson and L.J. Zwiebel.
2002. G protein-coupled receptors in Anopheles gambiae.
Science 298: 176~178.

Holman, G.M., R.J. Nachman and G.M. Coast. 1999. Isolation,
characterization and biological activity of a diuretic myokinin
neuropeptide from the housefly, Musca domestica. Peptides 20:
1~10.

Kay, I., G.M. Coast, O. Cusinato, C.H. Wheeler, N.F. Totty and
G.J. Goldsworthy. 1991. Isolation and characterization of a
diuretic peptide from Acheta domesticus, evidence for a family
of insect diuretic peptides. Biochem. Chem. 372: 505~512.

Kozak, M. 1987. An analysis of 5’-noncoding sequences from 699
vertebrate messenger RNAs. Nucl. Acids Res. 15: 8125~8148.

Laemmli, U.K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriphage T4. Nature 227: 680~ 685.

Lange, A.B., I. Orchard and F.M. Barrett. 1989. Changes in
haemolymph serotonin levels associated with feeding in the
blood sucking bug, Rhodnius prolixus. J. Insect Physiol. 35:
393-~399.

Laurenza, A., E.M. Sutkowski and K.B. Seamon. 1989. Forskolin:
a specific stimulator of adenylyl cyclase or a diterpene with
multiple sites of action? Trends Pharmacol. Sci. 10: 442~447.

Lee, D.-W. and P.V. Pietrantonio. 2003. In vitro expression and
pharmacology of the 5-HT;-like receptor present in the mos-
quito Aedes aegypti tracheolar cells and hindgut-associated
nerves. Insect Mol. Biol. 12: 561~569.

Lehmberg, E., R. Ota, K. Furuya, D. King. S. Applebaum, H.



162 Korean J. Appl. Entomol.

Ferenz and D. Schooley. 1991. Identification of a diuretic hor-
mone of Locusta migratoria. Biochem. Biophys. Res. Commun.
179: 1036~1041.

Nissel, D.R. 1996. Neuropeptides, amines, and amino acids in an
elementary insect ganglion: functional and chemical anatomy
of the unfused abdominal ganglion. Prog. Neurobiol. 48: 325~
420.

Novak, M.G., J.M. Ribeiro and J.G. Hildebrand. 1995. 5-hydroxy-
tryptamine in the salivary glands of adult female Aedes aegypti
and its role in regulation of salivation. J. Exp. Biol. 198: 167~
174.

Novak, M.G. and W.A. Rowley. 1994. Serotonin depletion affects
blood-feeding but not host-seeking ability in Aedes triseriatus
(Diptera: Culicidae). J. Med. Entomol. 31: 600~606.

Ohtaki, T., K. Ogi, Y. Masuda, K. Mitsuoka, Y. Fujiyoshi, C.
Kitada, H. Sawada, H. Onda and M. Fujino. 1998. Expression,
purification, and reconstitution of receptor for pituitary adeny-
late cyclase-activating polypeptide: Large-scale purification of
a functionally active G protein-coupled receptor produced in
Sf9 insect cells. J. Biol. Chem. 273: 15464~15473.

Pietrantonio, P.V., C. Jagge and C. McDowell. 2001. Cloning and
expression analysis of a SHT;-like serotonin receptor cDNA
from mosquito Aedes aegypti female excretory and respiratory
systems. Insect Mol. Biol. 10: 357~369.

Pietrantonio, P.V., G. Gibson, D. Petzel, A. Strey and T.K. Hayes.
2000. Characterization of a leucokinin binding protein in Aedes
aegypti (Diptera: Culicidae) Malpighian tubule. Insect Bio-
chem. Mol. Biol. 30: 1147~1159.

Roeder, T. 1994. Biogenic amines and their receptors in insects.
Comp. Biochem. Physiol. 107C: 1~12.

Saudou, F., U. Boschert, N. Amlaiky, J.-L. Plassat and R. Hen.
1992. A family of Drosophila serotonin receptors with distinct
intracellular signaling properties and expression patterns.
EMBOJ. 11: 7~17.

43(2), June 2004

Schoofs, L., G.M. Holman, P. Proost, J. Van Damme, T.K. Hayes
and A. De Loof. 1992. Locustakinin, a novel myotropic peptide
from Locusta migratoria, isolation, primary structure and syn-
thesis. Regul. Pept. 37: 49~57.

Schooley, D.A. 1991. Chemical identification of insect diuretic
peptides. pp. 83~94. In Insect Neuropeptides: Chemistry, Bio-
logy and Action, eds. by I.J. Menn, T.J. Kelly and E.P. Malser.
453pp. American Chemical Society, Columbus, OH.

Seamon, K.B., W. Padgett and J.W. Daily. 1981. Forskolin:
unique diterpene activator of adenylate cyclase in membranes
and intact cells. Proc. Natl. Acad. Sci. USA 78: 3363~3367.

Towbin, H.R., R. Stachelin and J. Gordon. 1979. Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellulose
sheets: Procedure and some applicatin. Proc. Natl. Acad. Sci.
USA 76: 4350~4354.

Yu, M.J. and K.W. Beyenbach. 2002. Leucokinin activates Ca** -
dependent signal pathway in principal cells of Aedes aegypti
Malpighian tabules. Am. J. Physiol. 283: F499~F508.

Vallés, A.M. and K. White. 1988. Serotonin-containing neurons in
Drosophila melanogaster: development and distribution. J.
Comp. Neurol. 268: 414~428.

Vanden Broeck, J. 2001. Insect G protein-coupled receptors and
signal transduction. Arch. Insect Biochem. Physiol. 48: 1~12.
Veenstra, J.A. 1988. Effects of 5-hydroxytryptamine on the
Malpighian tubules of Aedes aegypti. J. Insect Physiol. 34: 299

~304.

Witz, P., N. Amlaiky, J.-L. Plassat, L. Maroteaux, E. Borrelli and
R. Hen. 1990. Cloning and characterization of a Drosophila
serotonin receptor that activates adenylate cyclase. Proc. Natl.
Acad. Sci. USA 87: 8940~8944.

(Received for publication 12 April 2004;
accepted 10 May 2004)



