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Abstract

The database from the Drosophila Genome Project contains a gene, CG9918, annotated to code for a G protein-coupled receptor.
We cloned the cDNA of this gene and functionally expressed it in Chinese hamster ovary cells. We tested a library of about 25 Dro-
sophila and other insect neuropeptides, and seven insect biogenic amines on the expressed receptor and found that it was activated
by low concentrations of the Drosophila neuropeptide, pyrokinin-1 (TGPSASSGLWFGPR Lamide; ECs, 5 x 1078 M). The recep-
tor was also activated by other Drosophila neuropeptides, terminating with the sequence PR Lamide (Hug-v, ecdysis-triggering-hor-
mone-1, pyrokinin-2), but in these cases about six to eight times higher concentrations were needed. The receptor was not activated
by Drosophila neuropeptides, containing a C-terminal PRIamide sequence (such as ecdysis-triggering-hormone-2), or PRVamide
(such as capa-1 and -2), or other neuropeptides and biogenic amines not related to the pyrokinins. This paper is the first conclusive
report that CG9918 is a Drosophila pyrokinin-1 receptor gene.
© 2005 Elsevier Inc. All rights reserved.
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The presence of a sequenced genome of Drosophila
melanogaster [1] gives us the opportunity to identify all
proteins and, therefore, to understand all biochemical
and physiological processes that occur in an insect.
Our research group is especially interested in G pro-
tein-coupled receptors (GPCRs), because these proteins
and their ligands (neuropeptides, protein hormones, and
biogenic amines) occupy a high hierarchic position in
the physiology of insects and steer important processes,
such as reproduction, development, feeding, sugar and

* The nucleotide sequences reported in this paper have been
submitted to the GenBank/EBI Data Bank with Accession Nos.
AF368273, BK005274, and DQ103706.
" Corresponding author. Fax: +45 35321200.

E-mail address: cgrimmelikhuijzen@bi.ku.dk (C.J.P. Grimmeli-
khuijzen).

URL.: http://www.bi.ku.dk/staff/staff-vip-details.asp?ID=90 (C.J.P.
Grimmelikhuijzen).

0006-291X/$ - see front matter © 2005 Elsevier Inc. All rights reserved.

doi:10.1016/j.bbrc.2005.07.038

water homeostasis, and behavior. Of the about 14,000
genes present in Drosophila, 47 genes code for neuropep-
tide and protein hormone GPCRs, and 20 for biogenic
amine GPCRs [2]. About half of these genes have been
deorphanized and characterized, so far, and it can be
expected that the characterization of the remaining
50% of these GPCR genes, which might be somewhat
more difficult to deorphanize, will occur within the next
few years [2]. The completion of this neurohormone
GPCR characterization project is important, because it
will supply us with a whole new view on insect endocri-
nology and physiology.

Drosophila produces a family of seven neuropeptides
that have the C-terminal sequence PRL/I/Vamide in
common ([3]; Table 1). Two of them are defined as pyr-
okinins (Drm-PK-1 and -2), which are characterized by
the C-terminal FXPRLamide sequence (Table 1) [4,5].
The pyrokinins are important and ubiquitous insect
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Table 1

Amino acid sequences of some structurally related insect neuropeptides and their potencies to activate the CG9918 receptor

Name Structure Species ECs (M) with the CG9918 receptor
Drm-PK-1 (Drm-myotropin, capa-3) TGPSASSGLWFGPRLamide D. melanogaster 5% 1078

Hug-y PQLQSNGEPAYRVRTPRLamide D. melanogaster 3% 1077

Drm-PK-2 SVPFKPRLamide D. melanogaster 4x1077

Drm-ETH-1 DDSSPGFFLKITKNVPRLamide D. melanogaster 3% 1077

Capa-1 GANMGLYAFPRVamide D. melanogaster NA

Capa-2 ASGLVAFPRVamide D. melanogaster NA

Drm-ETH-2 GENFAIKNLKTIPRIamide D. melanogaster NA

Leucopyrokinin (Lem-PK) pQTSFTPRLamide L. maderae >1x107°

NA, not active in concentrations up to 107> M. L. maderae, Leucophea maderae (cockroach).
Bold highlights the pyrokinin consensus sequence (FXPRLamide) or its C-terminal PRLamide portion.

neuropeptides that play a central role in diverse physio-
logical processes, such as insect sex pheromone produc-
tion, diapause, pupariation, and gut motility [4-8]. The
seven Drosophila neuropeptides from Table 1 are pro-
duced by three preprohormones [3]. One contains
capa-1, capa-2, and Drm-PK-1, one contains Hug-y
and Drm-PK-2, and one contains ecdysis-triggering-
hormone (ETH)-1 and -2 [3]. We have previously cloned
and characterized the receptors for most of the neuro-
peptides mentioned in Table 1. The two ETH receptors
(the two splicing variants from gene CG5911) are specif-
ic for ETH-1 and -2, and do not cross-react with the
other peptides from Table 1 [9]. Also, the capa receptor
(coded for by the gene CG14575) is specific for capa-1
and -2 [10]. In contrast, the pyrokinin receptors appear
to be more promiscuous. We have cloned and character-
ized two Drosophila pyrokinin-2 receptors (encoded by
genes CG8784 and CG8795) that get activated by low
concentrations of Drm-PK-2 (ECsy’s below 1077 M)
[11]. However, also Hug-y and ETH-1 could activate
these two receptors, although 14-30 (Hug-y) and 40-
200 (ETH-1) times higher concentrations were needed
[11]. Drm-PK-1, albeit a pyrokinin, did hardly activate
the two pyrokinin-2 receptors [11].

The existence of a Drm-PK-1 receptor has not been
convincingly demonstrated, so far. Park et al. [12] have
cloned a Drosophila gene (CG9918) and expressed it in
Xenopus oocytes. Only very high, non-physiological con-
centrations (above 107> M) of Drm-PK-1 did activate
the receptor and, because of the high concentrations of
peptide needed, an ECsy could not be determined [12].
In the present paper, we will report on the successful
identification of the Drosophila Drm-PK-1 receptor.

Materials and methods

Database screening was carried out, using the Berkeley Drosophila
Genome Project BLAST server, and genomic DNA sequences were
analyzed for complete gene structures, using the Genscan Web
Server at the Massachusetts Institute of Technology. cDNA from
D. melanogaster third instar larvae (Canton S) was used as template.
As primers for our initial PCR experiments, we used the sense primer

5’-ATACCCGTAACGGTAGTCTAC-3" (corresponding to nucleo-
tide positions 61-81 of Fig. 1) and the antisense primer 5'-AGCTGG
AATGAGTGCTTCACT-3' (corresponding to nucleotide positions
531-551 of Fig. 1). The PCR program was 1 cycle of 95 °C for 30s,
58 °C for 30 s, 68 °C for 1 min followed by 30 cycles of 95 °C for 30 s,
58 °C for 30 s, 68 °C for 1 min, and a final extension step of 68 °C for
10 min. PCR was carried out using the Advantage2 PCR enzyme
system (Clontech). The SMART RACE cDNA kit (Clontech) was
used for the rapid amplification of cDNA end (RACE) reactions. The
3’-RACE reactions were made with the sense primer 5'-CTGAAGC
ACTCATTCCAGCTGTCCACGTTC-3' (corresponding to nucleo-
tide positions 532-562 of Fig. 1). The 5'-RACE reactions were carried
out with the antisense primer, 5'-GAGTAGACTACCGTTACGGGT
ATCACGATGG-3' (corresponding to nucleotide positions 53-83 of
Fig. 1). All PCR products were cloned into pCR4-TOPO (Invitrogen),
using the TOPO TA Cloning method (Invitrogen), and sequenced.

Chinese hamster ovary (CHO) cells were grown as described pre-
viously [13]. To amplify a full-length cDNA coding for the receptor,
the following primers were applied: the sense primer 5'-CAAGCTTAA
GATGTCCGCTGGCAAT-3' (corresponding to nucleotide positions
1-15 of Fig. 1) and the antisense primer 5-TCTAGATTAGTTGAC
TTGGACACCGATCATG-3’ (corresponding to nucleotide positions
1269-1293 of Fig. 1). The Xbal and HindIll restriction sites that had
been incorporated into the above primers facilitated the subcloning
into the pcDNA3 vector (Invitrogen). The insert was fully sequenced
and the plasmid was transfected into CHO cells, using the method
previously described [13]. The bioluminescence assay was described
earlier [13,14].

DNA sequence compilation, and nucleotide and amino acid se-
quence comparisons were performed using DNASTAR [11].

Results

Already in 1999, one year before the completion of
the Drosophila Genome Project [1], we cloned a gene,
coding for a GPCR, which was later assigned the CG
No. CG9918. Fig. 1 shows the cDNA of this gene. It
is 1617 nucleotides long, contains a polyadenylation site
in its untranslated 3’-region and an in-frame stop codon,
preceding the start codon, in its untranslated 5'-region.
The coding region is 430 amino acid residues long and
contains all the characteristics of a GPCR, including
seven transmembrane o-helices and an ERY (Glu-Arg-
Tyr) consensus sequence shortly after TM III, showing
that it belongs to the rhodopsin-like GPCR family (fam-
ily-1 or family-A) [15].
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ACGCGGGATAGTTGAGGGGACATCGAGTCGCAGCCGG -100

AGCCGCAGCAGTTAAACGGCAGTGGAATTTAGCGCTGTTAGTGGAAATTTTGTGAAAACAAAACCGGACCTTAAAAAGGGGTTCCAGGCCGCCGGCGLCC -1
™ I
ATG TCC GCT GGC AAT ATG AGC CAT GAT CTT GGA CCG CCT CGC|GAT CCG CTG GCC ATC GTG ATA CCC GTA ACG GTA 75
Met Ser Ala Gly Asn Met Ser His Asp Leu Gly Pro Pro Arg|Asp Pro Leu Ala Ile Val Ile Pro Val Thr Val 25
GTC TAC TCC CTG ATT TTC ATA ACC GGT GTG GTT GGC |[AAC ATA AGT ACC TGC ATT GTG ATT AAG AAG AAC CGT TCA 150
Val Tyr Ser Leu Ile Phe Ile Thr Gly Val Val Gly|Asn Ile Ser Thr Cys Ile Val Ile Lys Lys Asn Arg Ser 50
™™ II
ATG CAC ACG GCC ACG AAT TAC|TAC CTC TTT TCG CTG GCC ATC TCG GAT TTC CTG CTC CTG TTG TCG GGC GTT CCG 225
Met His Thr Ala Thr Asn Tyr|Tyr Leu Phe Ser Leu Ala Ile Ser Asp Phe Leu Leu Leu Leu Ser Gly Val Pro 75
CAG GAG GTG TCC TAC|ATC TGG TCC AAG TAC CCG TAC GTG TTT GGG GAG TAC ATC TGC|ATC GGA CGT GGT CTG TTG 300
Gln Glu Val Ser Tyr |Ile Trp Ser Lys Tyr Pro Tyr Val Phe Gly Glu Tyr Ile Cys|Ile Gly Arg Gly Leu Leu 100
™ III
GCG GAG ACA TCG GCG AAT GCC ACG GTG CTA ACG ATT ACG GCC TTC ACG GTG|GAG CGG TAT ATT GCC ATT TGC CAT 375
Ala Glu Thr Ser Ala Asn Ala Thr Val Leu Thr Ile Thr Ala Phe Thr Val|[Glu Arg Tyr Ile Ala Ile Cys His 125
T™™ IV
CCG TTT CTG GGC CAG GCC ATG AGT AAA CTC AGT CGC|GCC ATT CGC ATC ATC GTC CTG GTT TGG ATT ATG GCC ATA 450
Pro Phe Leu Gly Gln Ala Met Ser Lys Leu Ser Arg|Ala Ile Arg Ile Ile Val Leu Val Trp Ile Met Ala Ile 150
GTT ACG GCC ATT CCG CAG GCT GCC CAA TTT|GGA ATC GAG CAC TAT TCG GGA GTG GAG CAA TGC GGC ATA GTG CGG 525
vVal Thr Ala Ile Pro Gln Ala Ala Gln Phe|Gly Ile Glu His Tyr Ser Gly Val Glu Gln Cys Gly Ile Val Arg 175
™ V
GTC ATA GTG AAG CAC TCA TTC CAG CTG TCC ACG |TTC ATA TTC TTC CTG GCT CCG ATG TCT ATT ATC CTA GTG TTG 600
Val Ile Val Lys His Ser Phe Gln Leu Ser Thr |[Phe Ile Phe Phe Leu Ala Pro Met Ser Ile Ile Leu Val Leu 200
TAC CTA CTT ATC GGT GTG CAC CTG TAT|CGA TCC ACT TTG GTG GAG GGT CCT GCC TCG GTT GCC AGA CGG CAG CAG 675
Tyr Leu Leu Ile Gly Val His Leu Tyr|Arg Ser Thr Leu Val Glu Gly Pro Ala Ser Val Ala Arg Arg Gln Gln 225
CTG AAG AGT GTG CCC AGT GAT ACG ATC CTA TAT CGC TAT GGT GGA TCC GGT ACC GCT ATG AGT TTC AAC GGC GGA 750
Leu Lys Ser Val Pro Ser Asp Thr Ile Leu Tyr Arg Tyr Gly Gly Ser Gly Thr Ala Met Ser Phe Asn Gly Gly 250
GGA AGT GGA GCA GGG ACA GCG GGC TTG ATG GGC GGC TCG GGG GCT CAA CTT AGC TCG GTG AGA GGT CGG CTC AAT 825
Gly Ser Gly Ala Gly Thr Ala Gly Leu Met Gly Gly Ser Gly Ala Gln Leu Ser Ser Val Arg Gly Arg Leu Asn 275
Vi ™ VI
CAC TAT GGC ACC CGG CGA GTA CTC AGG ATG|CTA GTG GCC GTG GTG GTG TGC TTC TTC CTC TGC TGG GCC CCC TTC 900
His Tyr Gly Thr Arg Arg Val Leu Arg Met|Leu Val Ala Val Val Val Cys Phe Phe Leu Cys Trp Ala Pro Phe 300
CAC GCC CAG CGA CTG ATT GCC ATC|TAC GCC CCT GCA CGG GGG GCC AARA CTG CGG GAT CAG CAC GAG|TTT GTC TAC 0975
His Ala Gln Arg Leu Ile Ala Ile|Tyr Ala Pro Ala Arg Gly Ala Lys Leu Arg Asp Gln His Glu|Phe Val Tyr 325
™™ VII
ACG GTG ATG ACC TAT GTC TCC GGT GTC CTC TAC TAC TTG TCC ACC TGC ATC AAC CCG CTG |TTA TAT AAC ATT ATG 1050
Thr Val Met Thr Tyr Val Ser Gly Val Leu Tyr Tyr Leu Ser Thr Cys Ile Asn Pro Leu |Leu Tyr Asn Ile Met 350
V2
AGC CAC AAG TTC CGA GAG GCA TTC AAG GCC GTT CTG TTT GGC AAG AAG GTA TCG AAG GGT TCG CTG AAT TCG CGA 1125
Ser His Lys Phe Arg Glu Ala Phe Lys Ala Val Leu Phe Gly Lys Lys Val Ser Lys Gly Ser Leu Asn Ser Arg 375
AAC AAC ATC GAA TCG CGC CGC CTG AGG AGG GCA CTA ACC AAT TCC AGT CAA ACG CAG CGC TTC TCC ATT GAG TCG 1200
Asn Asn Ile Glu Ser Arg Arg Leu Arg Arg Ala Leu Thr Asn Ser Ser Gln Thr Gln Arg Phe Ser Ile Glu Ser 400
V3

GCG GAG CAG CCG ARA CCG TCG ATA ATG CAG AAT CCG ACG AAC AAG CCG CCA GTC GCC GCT CAG TAC GCC ATG ATC 1275
Ala Glu Gln Pro Lys Pro Ser Ile Met Gln Asn Pro Thr Asn Lys Pro Pro Val Ala Ala Gln Tyr Ala Met Ile 425
GGT GTC CAA GTC AAC TAA CTGATAAACTCGAACTCACTCTCTCGTGCGGCTTCCTGATGCTAATTTATTTGAATTCTGTTTAAGCCAGTTATT 1368
Gly Val Gln Val Asn * 430
TGTCGTCTATTGCTATTGCTGCTGCTACCAAAGCGTTTTGTTTAAACTGCTTTTGCATTCATTTGCATTTGGCAATTAAAAGTTAATCACAGTCGAGCG 1467
CACACTCTCCCTC(A) 1481

Fig. 1. cDNA and deduced amino acid sequence of the transcript (GenBank Accession No. AF368273) from gene CG9918. Nucleotides are
numbered from 5’- to 3’-end and the amino acid residues are numbered starting with the first ATG codon in the open reading frame. The introns are
indicated by arrows (numbered 1-3) and the exon nucleotides, bordering these introns, are highlighted in grey. The seven transmembrane o-helices
are boxed and labelled TM I-VII. The in-frame stop codon in the 5'-noncoding region is underlined. The translation termination codon is indicated
by an asterisk. The putative polyadenylation signal in the 3’-noncoding region is underlined twice. The putative N-glycosylation site in the

extracellular N terminus is indicated by a triangle.

A comparison of the cDNA of Fig. 1 with the geno-
mic sequence of CG9918 revealed only a few nucleotide
differences (Table 2). These differences did not lead to a
change in amino acid residues in the receptor protein
and probably represent allelic variations of the gene.
The comparison of cDNA and genomic sequences also
revealed that the gene contained four exons and three in-
trons (Table 3).

We stably expressed the coding region of CG9918 in
CHO cells that also were stably expressing the o subunit
of the promiscuous G protein G-16 [14]. These cells were
also transiently transfected with DNA, coding for the
protein apoaequorin. Three hours before the assay, coel-
enterazine was added to the cells. Activation of the ex-
pressed receptors and G-16 in these pretreated CHO
cells would result in an IP;/Ca’"-mediated biolumines-
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Table 2

Nucleotide differences between the receptor cDNA of Fig. 1 and the
corresponding genomic sequences from the Berkeley ‘“Drosophila
Genome Project”

Position of Type of nucleotide Type of nucleotide Change in

the nucleotide in the gene in the cDNA amino acid
in the cDNA
39 A T —
75 G A —
87 C G —
105 A G —
108 G T —
Table 3
Intron/exon boundaries of the CG9918 receptor gene
Intron  5’-donor Intron 3’-acceptor Intron
size (bp) phase
1 TAG gtaatta... 528 ...cctttag TGG 1
Val Val
2 AAG gtgagta ... 133 ...cctttag GCC 3
Lys Ala
3 CAG gcaagtg ... 89 ...catccag AAT 3
Gln Asn

cence response that could easily be measured and quan-
tified [13,14].

We tested a neuropeptide library of 25 Drosophila
and other insect neuropeptides, and seven insect biogen-
ic amines on the transfected CHO cells. Low concentra-
tions of Drm-PK-1 gave a strong bioluminescence
response in CHO/G-16 cells transfected with the recep-
tor DNA (Fig. 2B), whereas non-transfected cells did
not react (Fig. 2A). A dose-response curve of the biolu-
minescence response yielded an ECsq of 5x 108 M
(Fig. 20).

There are other Drosophila neuropeptides that are
structurally related to Drm-PK-1 (Table 1). From these,
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only Hug-y, Drm-PK-2, and Drm-ETH-1 could activate
the receptor, but six to eight times higher concentrations
were needed to elicit the same effects as Drm-PK-1 (Ta-
ble 1). All other 20 insect neuropeptides tested and the
seven insect biogenic amines (listed in [11]) did not acti-
vate the receptor, except for leucopyrokinin, which is a
pyrokinin isolated from the cockroach, Leucophea
maderae [4] (Table 1).

The Drm-PK-1 receptor (CG9918) is structurally
closely related to the two Drm-PK-2 receptors
(CG8795 and CG8784) (Fig. 3A) [11]. There is 46% se-
quence identity between CG9918 and CG8795 (60%
similarity), whereas these numbers for CG9918 and
CG8784 are 48% (60%). A blast search of the genomic
databases from the malaria mosquito Anopheles gam-
biae and the honey bee Apis mellifera revealed an ortho-
logue to the Drm-PK-1 receptor gene in each of these
two model insects (Ang-PR-1 and Ame-PR-1,
Fig. 3A). All five receptor genes have two introns in
common (with the same intron phasings), supporting
the view that these receptors are evolutionarily closely
related. A phylogenetic tree analysis of the five receptors
from Fig. 3A further confirms their close evolutionary
relationships (Fig. 3B). The tree also shows that the
mosquito and honey bee receptors are orthologues to
the Drm-PK-1 receptor (CG9918) and not to the Drm-
PK-2 receptors (CG8795, CG8784).

Discussion
Already in 1999, we cloned the cDNA of a GPCR
that later, by the Drosophila Genome Project, was as-

signed the CG No. CG9918. It has long been unclear,
what the intrinsic ligand of the CG9918 receptor was.
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Fig. 2. Bioluminescence responses of non-transfected CHO/G-16 cells (A) and of CHO/G-16 cells, expressing the CG9918 gene (B) 0-5 s (black), 5—
10 s (grey), and 1015 s (white) after addition of 5x 107 M Drm-PK-1. (C) Dose-response curve of the effect of Drm-PK-1 on CHO/G-16/CG9918
cells (ECso, 5% 1078 M). In all panels, the SEMs are given as vertical bars, which are sometimes smaller than the symbols used (squares or lines). In
these cases only the symbols are given. In addition to Drm-PK-1, the CG9918 receptor is also activated by Hug-y, Drm-PK-2, Drm-ETH-1, and
Lem-PK (Table 1), although much higher concentrations are needed. Twenty other insect neuropeptides (listed in Table 1 and [11]) and 7 biogenic

amines (listed in [11]) did not activate the receptor (tested up to 107> M).
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A ANG-PR-1 mm oo o m o m e o MSTSLKNM 8
Ame-PR-1  m s oo m oo e e e e e - MDHLTTILPNV 11
CGB795  mmmm e e e e e e MLPTNSSGVLATDLQLFHNEKFLLN 25
CcG8784 MLQGVAITIANDSNDDGLNQSFMAHVSPSPNQSPSIGVGIGIASSTMANPSES PEMLLLKNDKFLTHVAH 70

TMI
CG9918  mmmmmmmmmmmmeeoo MSAGNMSHDLGPPR’IDPLAIVIPVTVVYSLI FITGWGINISTCIVIKKNRSMHT 53
Ang-PR-1 PYELLEILTTDNESILSDGVESLTEMYGPKRDPLYVVIPITIIYLLIFITGVVGNISTCIVIARNRSMHT 78
Ame-PR-1 SNLSFLHSQNFSLYTNHTNEINSVPSSVPHRDSLHIVIPVTIIYVSIFVIGI IGNISTCIVIARNKSMHT 81
CG8795 LTQVLNISADNLTSLLQGLEPEELLPTVIPMTPLSLLATLSVGYALIFIAGVLGNLITCIVISRNNFMHT 95
CcG8784 LLNITTENLSNLLGSTNGTNASTMAADSPVDESLTLRTALTVCYALIFVAGVLGNLITCIVISRNNFMHT 140
i TMIT. 1 | TMITI |
CG9918 ATNYYLFSLAISDFLLLLSGVPQEVSYIWSKYPYVFGEYICIGRGLLAETSANATVLTITAFTVERYIAT 123
Ang-PR-1 ATNYYLFSLAVSDFLLLVSGVPQEIYFIWSKYPYVFGETFCVLRGIAAEMSANATVLTITAFTIERYFAT 148
Ame-PR-1 ATNYYLFSLAVSDLLLLASGLPAEI YMVWCKYPYVFGEGFCILRGLAAETSTNASVLTITAFTVERYLATI 151
CG8795 ATNFYLFNLAISDMILLCSGMPQDLYNLWHPDNYPFSDSICILESVLSETAANATVLTITAFTVERYIATI 165
cGe8784 ATNFYLENLAVSDLILLVSGIPQELYNLWYPDMYPFTDAMCIMGSVLSEMAANATVLTITAFTVERYIAT 210
I TMIV i —
CG9918 CHPFLGQAMSKLSRAIRIIVLVWIMAIVTAIPQAAQFGIEHYSG- - -VEQCGIVRVIVKHSFQLSTFIFF 190
Ang-PR-1 CHPFLSHTMSKLSRAVRFICVIWLIAIVSAIPQALQFGVTNQGG- - - IDQCVVKRIIIQHSFELSTFLFE 215
Ame-PR-1 CHPFLSQTMSKLTRAVKLILVVWLVALSFALPQALQFGLVQHKAHPEVVMCTVKRILLQHSFELSTFLFE 221
CcG8795 CHPFRQHTMSKLSRAVKFIFAIWIAALLLALPQAIQFSVVMQGM- - -GTSCTMKNDFFAHVFAVSGFLFF 232
CcG8784 CHPFRQHTMSKLSRAIKFIFATIWLAAFLLALPQAMQFSVVYQNE- - -GYSCTMENDFYAHVFAVSGFIFE 277
— TMV
C€G9918 LAPMSIILVLYLLIGVHLYRSTLVEGPASVARRQQLKSVPSDTILYRYGGSGTAMSFNGGGSGAGTAGLM 260
Ang-PR-1 FAPMTMITILYALIGLKLRTSTLMQORDGTLQRR - == === === === === == === === m o e oo~ 248
Ame-PR-1 VVPMSLITVLYALIGLKLRKSNMMKRSRGREMG- - - - - - - - - - - — - o m oo o oo o e oo oo m - 254
CG8795 GGPMTAICVLYVLIGVKLKRSRLLQ- - ~ALPRR- - == === === = m - m o oo oo e oo 262
CcG8784 GGPMTAICVLYVLIGVKLKRSRLLQ- - - SLPRR -~ == === === === === == m o oo oo~ 307
f TMVI ]  —
CG9918 GGSGAQLSSVRGRLNHYGTRRVLRMLVAVVVCFFLCWAPFHAQRLIAIYAPARGAKLRDQH- - -EFVYTV 327
Ang-PR-1 - - - -TQPSPRQSFANSQGSRRVLKMLVAVVVAFF I CHAPFHAQRLVYIYGVNTNHQPSDPL - - ILKLFII 312
Ame-PR-1 ------- GSCRHQTGR - SSRRVLKMLVAVVIAFFICWAPFHVQRLIAIYGTNSEDHISSNSEWIEFLYLL 316
CG8795  —mmmm--- CYDVNRGISAQTRVIRMLVAVAVAFFICWAPFHAQRLMAVYGS - - -TSGIESQWFN-DVFSI 320
cG8784 00 —-m----- TFDANRGLNAQGRVIRMLVAVAVAFFLCWAPFHAQRLMAVYGLNLINIGISRDAFN-DYFRI 368
TMVII
CG9918 MTYVSGVLYYLSTCINPLLYNIMSHKFREA LFGKKVSKG-------------~- SLNSRNNIESRRL 383
Ang-PR-1 TTYISGILYYLSTCINPLLYNIMSNKFRQAFK |- ------------mmmmmmm oo 344
Ame-PR-1 MTYISGVFYYISTTINPILYNIMSNKFRVAFM-f - - - --c oo oo 348
CG8795 LDYTSGVLYFLSTCINPLLYNIMSHKFREA LARHFGLGG- - - KNQGRGLPHTYSALRRNQTGSLRL 387
CcG8784 LDYTSGVLYFLSTCINPLLYNIMSHKFREA LTRQFGLARNHHHQQSQHHQHNYSALLR-QNGSMRL 437
C€G9918 RRE----- e e e LTNSSQTQRFSIESAEQ-------------~ 403
CG8795 HTTDSVRTTMTSMATTTTGLNGSANGSGNGTTTGQSVRLNRVSLDSVQMQGQNRSRQDLFDNPRRMLQTQ 457
CG8784 QPASCSVNNNALEPYGSYRVVQFRCRDANHQLSLQDSIRTTTTTTTINSNSMAAGNGVGGGAGGGGRRLR 507
CG9918 mmmmmmmmmme- PKPSIMQNPTNKPPVAAQYAMIGVQVN - = = = = = == = == = == = m e m e e e = 430
CG8795 ISQLSSVGDAHSLLEEDLQFPGEPLQRQPTMCSIDELTDDLAISRSRLKLTRITRPPGGVTGGVAGGSTT 527
CG8784 KQELYGPVPGTAVPHRMLQAQVSQLSSLGDANSLLEAEVVDRHYASGRAKRALLATKSGALLVTPPQSGD 577
CG8795 VAAGSGGVSGDESSGKVRKAKVKVLKSSSPFKGLRTKFNWRARRKGSHKPHEKGATVNGGDTEERAAF-- 595
CG8784 PSEVSQPATRLKLTRVISRRDEVANASTPPFCGSHSLPDPETCQSASVAGRSSRKFPWRKRRQKTEDPSS 647
CcG8784 EGLTYGSPKSQ- = === === == = = = = = = = e o e e e e e e oo 658
B — Ang-PR-1
A CG9918 (PK-1)
Ame-PR-1
CGa795 (PK-2)
CGET84 (PK-2)
CGT485 {(tyramine, octopamine)
166.9
T T T T T T T 1
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Fig. 3. (A) Amino acid sequence comparisons between the Drm-PK-1 receptor (encoded by CG9918), the orthologues from the malaria mosquito 4.
gambiae (Ang-PR-1, with GenBank Accession No. DQ103706) and the honey bee 4. mellifera (Ame-PR-1, Accession No. BK005274), and the two
Drosophila Drm-PK-2 receptors (encoded by genes CG8795, Accession No. AY277899; and CG8784, Accession No. AY277898). Amino acid
residues that are identical between the CG9918 gene product and at least one of the other proteins are highlighted in grey. The seven transmembrane
a-helices are indicated by TM I-VII. The two common introns are indicated by vertical boxes. (B) A phylogenetic tree analysis of the five receptor
proteins from (A). The Drosophila tyramine/octopamine receptor gene CG7484 [18] is used as an outgroup.

Park et al. [12], who expressed the cDNA in frog oo-
cytes, found that the receptor could be activated by
Drm-PK-1, but only very high, non-physiological con-
centrations (above 107> M) could elicit responses and
no ECs, value could be determined. Furthermore, Park

et al. [12] found that the receptor was insensitive to any
of the Drm-PK-1-related neuropeptides given in Table 1.

We have now expressed the CG9918 ¢cDNA in
CHO/G-16 cells and established that the receptor was
a Drm-PK-1 receptor with an ECs, for its ligand of
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5% 107® M (Fig. 2). The difference between our present
findings and that of Park et al. [12] is obviously due to
the expression system used and most likely to the G
protein involved. This illustrates that it is important to
choose the right expression system, when characterizing
a GPCR. In this context, it is of interest to mention that
CHO/G-16 cells are not always the optimal expression
system for GPCR genes. For example, several years
ago, we cloned the cDNA corresponding to the GPCR
genes CG7285 and CG13702. When expressed in
CHO/G-16 cells, we could not activate these receptors
with any of the ligands contained in our insect neuro-
peptide library, including the Drosophila allatostatin-C
(Manduca sexta-type allatostatin) peptide [16]. Howev-
er, when expressed in frog oocytes, the CG7285/
CG3702 receptors were activated by low concentrations
of Drosophila allatostatin-C, showing that these recep-
tors are allatostatin-C receptors [17]. Expression of the
CG7285/CG3702 ¢cDNAs, therefore, is more optimal
in frog oocytes than in CHO/G-16 cells, the opposite
situation as found for CG9918.

As mentioned in the Introduction, Drosophila pro-
duces three preprohormones that give rise to the seven
related neuropeptides of Table 1. In addition to Drm-
PK-1, three other Drosophila neuropeptides (Hug-v,
Drm-PK-2, and Drm-ETH-1) activated the Drm-PK-1
receptor. However, six to eight times higher concentra-
tions were needed to elicit the same effects as Drm-
PK-1 (Table 1). Whether this cross-reactivity of the
three neuropeptides with the Drm-PK-1 receptor is of
physiological relevance is currently unclear. All three
neuropeptides have the C-terminal sequence PRLamide
in common with Drm-PK-1, which is probably the rea-
son that they cross-reacted. It is interesting to note that
it is not important whether the Drosophila peptides are
pyrokinins (having the FXPRLamide sequence) or not.
This is supported by our finding that leucopyrokinin
(from the cockroach L. maderae) only showed a very
low potency (Table 1). These results, then, show that
the PRLamide C-terminal sequence is important for
cross-reactivity, but that also the more N-terminal ami-
no acid residues contribute. The most surprising result is
that the Phe residue in the FXPRLamide consensus se-
quence apparently is not essential, or even can be a dis-
advantage (such as in the case of leucopyrokinin). These
findings question the whole concept of the pyrokinin sig-
nature and it can be anticipated that when more PRLa-
mide peptide derivatives will be tested on the Drm-PK-1
receptor, a better impression will be gained on the
“true” pyrokinin consensus sequence.

All the above findings and conclusions are confirmed
by a reinspection of our earlier work on the two Drm-
PK-2 receptors (CG8795, CG8784) [11]. Although being
a pyrokinin, Drm-PK-1 did hardly activate the two
Drm-PK-2 receptors, whereas ETH-1 and Hug-vy,
although being non-pyrokinins, were about 100 times

more active [11]. Again, being a pyrokinin (having the
FXPRLamide consensus sequence) can even be a disad-
vantage for the activation of a certain pyrokinin recep-
tor. This conclusion, then, suggests that the ‘“‘true”
pyrokinin consensus sequence might, in fact, turn out
to be two or more pyrokinin consensus sequences, each
representing a certain pyrokinin subfamily that activates
its own type of receptor.
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