RESULTS

In order to clone 5-HT receptor cDNA of Penaeus monodon, total RNA from
ovary undergoing stage 3 of ovarian maturation of wild broodstock prawn was reverse
transcribed. The resulting cDNA was subjected to PCR amplification using the
degenerate primers corresponding to the conserved amino acid sequences of the third
and seventh transmembrane regions of invertebrate 5-HT receptors. RT-PCR product
of an 800 bp fragment was obtained (Figure 1) and subjected to sequencing. The
nucleotide and deduced amino acid sequences were blasted in GENBANK database
and showed high sequence similanty to invertebrate 5 -HT), receptors. T hese p artial
sequences were used to design gene specific primers to clone 3’ and 5° end of this
gene by RACE.

Following R ACE, 3’ R ACE product obtained a 400 bp fragment (Figure 2)
which was translated into 59 deduced amino acids. The 3’ untranslated regions
consisted o f 1 77 nucleotide s equences. For 5’ R ACE, the remaining 5’ end o f this
gene was amplified. The first S’RACE product obtained a 850 bp fragment (Figure
3A) and the second 5S’RACE product obtained a 650 bp fragment (Figure 3B).

Diagram representing the PCR products of each region is shown in Figure 4A.
The complete nucleotide and deduced amino acid sequences of the full-length 5-
HTpm receptor is shown in Figure 4B. The full-length cDNA of the 5-HTpp, receptor
consists of 2280-2286 bps with a 1767-1773 bps open reading frame, coding for 589-
591 amino acids varying in the GGC tandem repeat in the third intracellular loop.

Sequence comparison of the 5-HTem; with other invertebrate 5-HT receptors
demonstrated that the receptor shared high sequence identity especially within the
conserved seven transmembrane regions (Figure 5). This receptor displayed highest
sequence identity to 5-HTpro14 (76%), followed by 75% to 5-HT e, 71% to 5-HTpro1B,
68% to 5-HTgom, 59% to 5-HTiymi, 58% to 5-HTap2, 47% to 5-HTmou1a , 47% to 5-
HTyumia » 44% to 5-HTpre7 and 33% to 5-HTrymz. Dendrogram analysis revealed that
the 5-HTpm was grouped and clustered primarily with 5 -HT;-like r eceptors c loned
from insect species such as 5-HTpw1a, 5-HTpro1, 5-HThe, and 5-HTgom (Figure 6).
Sequence analysis revealed 8 potential N-linked glycosylation sites in the
extracellular N-terminal domain. One potential protein kinase A phosphorylation site
was found in the second intracellular loop. Two protein kinase C phosphorylation

consensus sequences were found within the third intracellular loop. No palmitoylation
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site was observed in the C-terminal end. Amino acids that are conservedin all G-

protein coupled receptor were found in this receptor as shown in Figure 4B.
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Figure 1. Nested RT-PCR product of the transmembrane region (TM III-VII)

PCR was performed in the presence of two degenerate primers, SHTTM-III
and SHTTM-VII. cDNASs generated from total RNA of ovary (Ov) of wild broodstock
was used as a template. Genomic DNA (gDNA) was used as a positive control.
Negative control (-ve) was performed with distilled water. PCR products were size
fractionated on 1.5% agarose gel electrophoresis. PCR product of size about 800 bp
from ovary was gel purified, cloned and sequenced.

13



Figure 2. The nested 3’-RACE product of the 5-HTp,, receptor

The nested 3°-RACE was performed with N3RACE, a gene specific primer
and PM-1, an adapter primer. cDNAs generated from total RNA of ovary (Ov) was
used as a template. Negative control (-ve) was performed by adding distilled water.
PCR product was size-fractionated on 1.5% agarose gel electrophoresis. Lane M is
100 bp ladder DNA marker. The cDNA fragment of size about 400 bp from ovary
was gel purified, cloned and sequenced.
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Figure 3. The nested 5-RACE products of the 5-HTpu; receptor obtained from
the first (A) and the second (B) 5-end ¢DNA synthesis

The nested 5 -RACE was performed with NSRACE, a gene specific primer
and PM-1, an adapter primer. cDNAs generated from total RNA of ovary (Ov) by
standard protocol (A) and by partial heat denaturation (B) of reverse transcription
were used as templates. Negative control (-ve) was performed by adding distilled
water. PCR products were size-fractionated on a 1.5% agarose gel electrophoresis.
Lane M is 100 bp ladder DNA marker. The cDNA fragment of size about 850 bp (A)
and 650 bp (B) were gel purified, cloned and sequenced.
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Figure 4. (A) Diagram showing PCR products of the central region (from TM-III
to TM-VII), 3’ and 5’ end. (B) The complete nucleotide and amino acid
sequences of 5-HTp, receptor of Penaeus monodon. The deduced amino acid
sequence of the 5-HTpn, is shown in single letter under the respective codon.

Asterisks represent the terminator codons. Seven putative transmembrane domains are
boxed and numbered (I-VII);. Amino acid letters with underline represent residues that
are conserved in all G-protein coupled receptors. Arrows represent potential N-linked
glycosylation sites. Triangles represent putative protein kinase C phosphorylation
sites. Circle represents putative protein kinase A phosphorylation site.
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SHT-Pml T 72
SHT-DrolA : e 72
SHT-Drolg : o1 12
SHT-Hel r 1 12
SHT-Bom 5 72
SHT-Ce T 73
SHT-ApLZ o 72
SHT-Lym1l 3 72
SHT-Apll 1 72
SHT~HumlA 72
SHT-MoulA : 72
SHT-Pml 151
S5HT-DrolA : 150
SHT-DrolP 150
SHT-Hel 151
SHT-Bom 151
SHT-Ce 152
SHT-ApPl2 149
SHT-Lyml 149
SHT-ApPll 149
SHT-HumlA @ 149
S5HT-MoulA : 149
SHT-Pm1 : CIVgE - 219
SHT-DrolA . [EEENE o 218
SHT-DrolD : RtV GH A 218
SHT-Hel e 8 --{115)--- EEH 219
SHT-Bom - T = {97y~ Ek.} 219
5HT-Ca -- (108} --- EF 220
SHT-Apl2 L R EF 217
SHT-Lyml Lx[Z33 217
SHT-ApPll KATRM A 218
SHT-HumlA : - = {103) ---JrIgALA 217
SHI-MoulA il 217
SHT-Pml : BN B 3r G- RJAORYRPGKVR : 288

SHT-DrolA : I r GGHIJPVHYRBGKL~ : 287

5HT-DrolB : FGRKAAARARSAKI- : 287

SHT-Hel ’FGTHE::RYKKP——— . 286

SHT-Bom G-R RRRAPQ-- : 285

SHT-Ce RMCLIHDY-———=~ : 283

SHT-Apl2 FG--[@YRRGHO---- : 281

SHT-Lyml G- - |FYRRGHR-~ - 201

SHT-Apll B TR lr LR- - I RSVNRIT-— 285

SHT-HumlA : SRRl rREcsRHAPT LIBGAT I NS RN c dEai (AT} 380 #Y - v g K DRION QiR KB RIM C - - [JF CRQ- - - - - - 280

SHT-MoulA jpi{xc--[fFCR----~-~~ 279

Figure 5. Amino acid sequence similarity between the 5-HTpy; receptor and
other member of 5-HT; receptor subfamily

The amino acid sequences of the seven transmembrane domains and the
adjacent regions of 5-HT) receptors from Drosophila melanogaster (SHT —Drol A and
SHT-DrolB), Heliothis virescens (SHT-Hel), Bombyx mori (SHT-Bom), C. elegans
(5HT-Ce), Aplysia californica (SHT-Apll and SHT-Apl2), Lymnaea stagnalis (SHT-
Lym1), human (SHT-HumlA), and mouse (3HT-moulA) were aligned by using
clustal X program. Predicted transmembrane domain I-VII are overlined. Black boxes
represent amino acids which are identical in all of the receptors. Numbers in
parentheses correspond to the number of amino acids at the N-terminal end and the
third intracellular loop that are not presented in the alignment.

18



| 0.05 |
 r SHT-MoulA
L SHT-HumlA
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SHT-Pml
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SHT-Dro7
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SHT-Dro2
— SHT-Lym?2
5-HT receptor Accession No. %I1dentity
SHT-DrolA Z11489 76
SHT-Hel X95605 75
SHT-DrolB 211490 71
SHT-Bom X95604 68
SHT-Lyml LO6803 59
SHT-Apl2 AF372526 58
SHT-Apll AF041039 53
SHT-Cel Ul15167 51
SHT-MoulA U39391 47
SHT-HumlA AB041403 47
SHT-Dro7 MS55533 44
SHT-Lym2 Us50080 33
SHT-Dro2 X&1835 32
SHT-Ce2L AF031414 25

Figure 6. Phylogenetic analysis and % identity of the S-HTpr, receptor of P.
monodon and other 5-HT receptors

5-HT receptors from Drosophila melanogaster (SHT —DrolA, SHT-DrolB,
SHT-dro2 and SHT-Dro?7), Heliothis virescens (SHT-Hel), Bombyx mori (SHT-Bom),
C. elegans (SHT-Ce and 5-HT-ce2L), Aplysia californica (SHT-Apll and SHT-Apl2),
Lymnaea stagnalis (SHT-Lym1 and 5HT-Lym2), human (SHT-HumlA), and mouse
(SHT-moulA) were aligned by using Clustal X program and constructed a

dendrogram. Analysis was based on the amino acid sequences of the seven
transmembrane domains and the adjacent regions.
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DISCUSSION

Serotonin or 5-HT plays important roles in various biological functions 1n both
vertebrate and invertebrates. In penaeus prawn, it involves in ovaran maturation and
spawning (Vaca and Alfero, 2000). Serotonin has been proposed to stimulate the
release of gonad stimulating hormone from brain and thoracic ganglion and resulted
in an induction of ovarian maturation and spawning (Sarojini et al., 1995). It mediates
the effects by interacting with its receptor. Most of them are G-protein coupled
receptors with the exception of 5-HT; which is a ligand-gated ion channel receptor.
Most of invertebrate 5-HT receptors are 5-HT,; -, 5-HT> -, or 5-HT>7 - like family. To
our knowledge, this is the first report to clone a full-length cDNA of a putative 5-HT
receptor from penaeus prawn. An identification of the cDNA coding for the 5-HTpn
receptor will enable us to understand how 5-HT transduces the signal and induces its
various physiological functions especially ovarian maturation and spawning in
Penaeus monodon. In this study, the full-length cDNA encoding a putative 5-HTppy
receptor was cloned by RT-PCR technique using the degenerate primers designed
from the most conserved amino acid sequences in the third and the seventh
transmembrane domains of invertebrate 5-HT; —like receptors. The 3’ and 5’ end of
this gene were cloned by RACE method using the derived gene specific sequences as
primers. The combined full-length cDNA of 5-HTpm receptor of various clones
varied from 2280-2286 nucleotides encoding 589-591 amino acids varying in the
GGC tandem repeat. The coding region of the 5-HTpm receptor consists of seven
predicted transmembrane domains which is a major characteristic of the G-protein
coupled receptor, variable regions in the third intracellular loop and a short carboxy
tail. In addition, it has high amino acid sequence similarity to other invertebrate 5-HT,
receptors. Therefore, sequence analysis shows that 5-HTpy, receptor is possibly a 5-
HT, —like receptor.

Invertebrate 5-HT,-like receptors have been identified from Drosophila
melanogaster : 5-HTadro and 5-HTgdro (Saudou, et al.,, 1992), C. elegan : 5-HT¢.
(Olde and McCombie, 1997), sea snail (4plysia california) : 5-HTap and 5-HTa,:
(Anger, et al, 1998 and Barbas, et al.,, 2002), and fresh water snail (Lymnaea
stagnalis) : 5-HT)Lym (Sugamori, et al., 1993). Most of them encode 445-834 amino
acids. Most of 5-HT)- like receptors couple to Gai protein and result in a reduction of
cAMP level. Some receptors also couple to stimulate phospholipase C leading to an
increase in inositol triphosphate. The pharmacological binding properties of the
invertebrate 5-HT,-like receptors do not follow the mammalian counterparts.
Therefore, the functional characterization of the cloned 5-HT receptor of Penaeus
monodon will be essential for understanding the signaling mechanisms of 5-HT
receptors and define a specific agonist that can be potentially used to inject in black
tiger prawn to induce ovarian maturation and spawning without eyestalk ablation.

20



REFERENCES

1. Angers A, Storozhuk MV, Duchaine T, Castellucci VF, and
DesGroseillers L. Cloning and functional expression of and Aplysia 5-HT receptor
negatively coupled to adenylate cyclase. J. Neurosci. 1998;18:5586-5593.

2. Barbas D, Zappulla JP, Angers S, Bouvier M, Castellucci VF, and
DesGroseillers L. Functional characterization of a novel serotonin receptor (5-HT,p2)
expressed in the CNS of Aplysia californica. J. Neurochem. 2002;80:335-345.

3. Colas JF, Launay JM, Kellermann O, Rosay P, and Maroteaux L.
Drosophila SHT; serotonin receptor: coexpression with fushi-tarazu during
segmentation. Proc. Natl. Acad. Sci. 1995; 92: 5441-5445.

4, Fingerman, M. Roles of neurotransmitters in regulating reproductive
hormone release and gonadal maturation in decapod crustaceans. Invertebr. Reprod.
Dev. 1997; 31: 47-54.

5. Gerhardt, C.C. and van Heenkhuizen, H. Functional characteristics of
heterologous expressed 5-HT receptors. Eur. J. Pharm. 1997, 334: 1-23.

6. Gerhardt CC, Leysen JE, Planta RJ, Vreugdenhil E, and Van Heenkhuizen
H. F unctional c haracterization ofa SHT; receptor c DNA cloned from a Lymnaea
stagnalis. Eur. J. Pharmacol. 1996; 311: 249-258.

7. Hamdan FF, Ungnn MD, Abramovitz M, and Ribeiro P. Characterization
of a novel serotonin receptor from Caenohabditis elegans: cloning and expression of
two splice vanants. J. Neurochem. 1999; 72: 1372-1383.

8.  Huttemann M. P artial h eat denaturation during reverse transcription and
PCR screening yields full length 5° cDNAs. Biotechniques 2002: 32: 730-736.

9. Li XC, Giot JF, Kuhl D, Hen R, and Kandel ER. Cloning and
characterization of two related serotonergic receptor from the brain and reproductive
system of Aplysia that activate phospholipase C. J. Neurosci. 1995; 15: 7585-7591.

10. Olde B, and McCombie WR. Molecular cloning and functional
expression of a serotonin receptor from Caenohabditis elegans. J Mol Neurosci.
1997, 8:53-62.

11. Sarojini, R ., N agabhushanam, R ., Fingerman, M. Mode of action of the
neurotransmitter 5-hydroxytryptamine in stimulating ovarian maturation in the red
swamp crayfish, Procambarus clarkii: an in vive and in vitro study. J Exp. Zool.
1995; 271: 395-400.

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

13.  Sugamori, K. S., Sunahara, R. K., Guan, H.C. Bulloch, A. G., Tensen,
C.P., Seeman, P., Niznik, H. B., Van Tol, H.H. Serotonin receptor cDNA cloned from
Lymnaea stagnalis. Proc. Natl. Acad. Sci. USA 1993; 90: 11-15.

14. Vaca, A A. and Alfaro, J. Ovarain maturation and spawning in the white
shrimp, Penaeus vannamei, by serotonin injection. Aquaculture 2000; 182: 373-385.

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

16. Tierney, A. J. Structure and function of invertebrate 5-HT receptors: a
review. Comp. Biochem. Physiol. 2001; 128: 791-804.

21



PROJECT OUTPUTS
1. Publication

Ongvarrasopone, C., Roshorm, Y., Pothiratana, C. and Panyim. S. Molecular
Cloning of a Putative 5-HT Receptor From Black Tiger Prawn (Penaeus monodon).

Manuscript in preparation (submit to Journal of Biochemistry and Molecular
Biology).

2. Oral Presentation

Chalermporn  Ongvarrasopone, Yaowaluck Roshorm, Chetsada Pothiratana

and Sakol Panyim. Identification of a Novel Serotonin Receptor From Black Tiger
Prawns (Penaeus Monodon)

Oral Presentation in The Annual Scientific Meeting of the Hong Kong Society

of Neurosciences on 9th and 10th December 2002 at the Hong Kong Baptist
University.

22



NMAHUIN

IDENTIFICATION OF A NOVEL SEROTONIN RECEPTOR FROM BLACK
TIGER PRAWNS (PENAEUS MONODON])

Chalermporn Ongvarrasopone, Yaowaluck Roshorm, Chetsada Pothiratana and
Sakol Panyim

Institute of Molecular Biology and Genetics, Mahidol University (Salaya C ampus),
Nakhom Pathom, Thailand.

Biogenic amines such as serotonin (5-hydroxytryptamine, 5-HT) is a
neurotransmiter that has various physiological functions in both vertebrates and
invertebrates. In crustacean, it has been proposed to stimulate the release o f gonad
stimulating hormone from brain and thoracic ganglia and resulted in an induced
ovarian maturation and spawning. Serotonin modulates its various physiological
functions by interacting with different 5-HT receptors which most of them are
members of a G-protein coupled receptor family. In this study, we isolate the partial
cDNA sequences encoding a putative 5-HT receptor from a black tiger prawn
(Penaeus monodon). Total RNAs isolated from an ovary (stage III) of a wild
broodstock prawn, and from brain and thoracic ganglia of juvenile prawns were
reverse transcribed by using an oligo(dT) primer and ImProm-II'™ reverse
transcriptase. The d ouble stranded ¢ DNAs w ere amplified by using two d egenerate
primers corresponding to the conserved amino acid sequences in the third (TM 1)
and seventh (TM VII) transmembrane domains of 5-HT, receptors from invertebrates
species. The 3’ and 5 end cDNAs of this gene were amplified by 3’ and 5’ Rapid
Amplification of ¢cDNA End. The partial nucleotide sequences contained 1458
nucleotides encoding a protein of 425 amino acids. Deduced amino acid sequences
were blasted in GENBANK database and showed high amino acid sequence identities
with invertebrates and vertebrates 5-HT, receptors. The sequence analysis showed
that this 5-HT receptor contained seven transmembrane domains, a characteristic of
G-protein coupled receptors. Moreover, it presented a large third intracellular loop, a
short carboxy tail and several conserved amino acids which are characteristics of 5-
HT, receptor family. Sequence comparisons revealed that this receptor shared amino
acid sequence identity (86 % to 53%) to the invertebrate 5-HT receptors.
Characterization of the pharmacological binding properties and the signal transduction

pathway of this cloned receptor will be essential to identify the type of this receptor in
the future.

Oral Presention in The Annual Scientific Meeting of The Hong Kong Society of
Neurosciences on 9th and 10th December 2002 at the Hong Kong Baptist University.
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