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Morphological variations analysis among eight populations of cultivated and wild
and hybridized in Macrobrachium rosenbergii

GUO Hui' ,CHEN Li-ging' , YANG Guo-liang® , YAD Qian' , WANG Jun-yi*
(1. College of Like Science, Fast Clura Mormal Usiversity, Shanghei 200062; 2. Phejiang South Tailake Freshwater Fish Breading
Co. ,Id, Hushoy 313001, China)

Abstract ; Much debate has surrounded the genetic diversity of shnmp. Garvea and Acivar have analysed the
genetic vanation of Luopenaews vannamai of different populations and filtrated differential markens s
crssfully: Song Linsheng has investigated the genetic structure of the natural population and hatchery stock

of Pemoeus Japoniza , and found that the mesn proportion of polymerphic amplified fragmenes of narl
population was higher than that of harchery stock . The research about genetic diversity has also been made

in other animal species such as Semomovacula const ricta Lamarck . Paralichhys ol toaceus . Eriocherr sinen-
ne and Simipercs chuarn Basileusky . Macrobrackium rosenbergii, which is subjected to Macrobrachium
+ Palsemonsdee, Crustacea, is & very important kind of freshwater edible shrimps in China and the sconom-
ic value is prominent. [n recent years, it has suffered degeneration in its resource, and its wild and cultivat-
ed stocks and their genetic diversity has been threatened 10 some extent due 1w overfishing and inbreeding.
So it is the ume w0 investigate the varation of Macrobrachium rosenbergri of different populations. Based
on 12 morphological proportional characters of Macrobrzchium msenbergni . three multivariation analysis
methods (cluster analysis, prinpical component analysis and discriminant snalysis) were adopted to comps-
rably investigate the morphological vaniation among eight populations (1 cultivated, 1 wild and & hybridissd
populations). The results of cluster analysis and principal component analysis indicated that the morpholog:
ical characters were similar among the six hybridized populstions. But quite different from that of cultivaied
and Burma introduced population. In the principal component analysis of the female populations, five prin-
cipal components were constructed, the contributory ratio of the first principsl component was 26, 191%,
the second, the third, the fourth and the fifth was 16.036%, 13.309%, 10.796% , and 10.166% re

spectively. the cumulative contrbutory ratic was 76 _471% . Accoedingly, for the male populations, five
principal components were alo constructed, their contributory mtics were 25.206%, 20.27T7%,

16.985% , 13.222% and 8.945% respectively, the cumulative contributory ratio was 84.634% . The re-
sult of discriminant analysis revealed that there were significant differences among most of the eight populs-
tions (P<0.01). The identification accuracy of female was 60.03% - 100.00% (P1) and 33.30% -
100% (P2), the total discriminant accuracy was 92.1% . The identification sccurscy of male was 20.00%
= 100.00% (P1) and 20.00% - 100,00% (P2), the total discriminant socuracy was 86.4% . The results
ton, which have formed two independent populations; but other six hybridised populations (with the ex-
oeption of the population of B— + ) did not sppear distinct diversities, which was because these populstions
were the integrative offspring of the two populations mentioned above. [ Journal of Fishery Sciences of (hi-
na, 2006, 13(4) : 530 - 535]

Key words: Macrobrachism rosenbergni ; Morphological variation of populations; Multivariation analysis
Corresponding suther: O] IEN Ligao. Emml: Incheni@bso. oonu. edu. on
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Cloning and tissue expression analysis of gonadotropin-releasing hormone receptor
from the brain of Japanese flounder, Paralichthys olivaceus

FANG Bao-hai'? , ZHENG Fa-xin' , SUN Xiu-gin®, QU Ling-yun® , ZHANG Jin-xing*
(1. Department of Life Science and Technology, Oomn University of Chine, Ministry of Education, Cingdeo 266003, (hirg;
1. First Instinme of Qeeseography, SOA (Stsee Coearic Administration) , Qingedec 266061, (luna)

Abstract: A full-bength dINA, encoding 8 GaRH reoeptor (GnRH-R) . has been obtamed from the bran of Jipanese
flounder ( Paralichohys olivacews ). This dDNA encodes 8 proten of 415 amino acid residues exhibiting the typical
wrrangerment of the Gproeen-coupled meeptors. with sven tranenembrase domans. As already shown o other
tebermt fish, thos proten possesses an mtracellolesr carbwocy-termimal wal, n contrest with s Tk counter-

parts. In the case of Japanese flounder, this intracellular carboxy- terminal tail consists of 91 resdues. Reverse tn-
scription-polymernse chain reaction amplification products were found in the brain, the prtuitary, the eyes and the o
vary. [ Journal of Fishery Sciences of China, 2006, 13(4) ;536 - 546

Key werds: Peralichthys alivacees ; GaRH; GoRH mceptor

CLC mmmiber: (959 . 486 Documment code : A

The decapeptide gonadctropin- releasing hormmone
{GaRH) has been proved 1o be the kev information

molecular in hypothalamus-pituitary-gonad axis and
plays a central role in the neurcendocrine control of
the reproductive process i all vertebrates, notably by
stimulating synthesis and release of gonadotropins'' '
However, GnRH may also deserve other functions
such as neuromodulatory mle in sexual behavior 2nd
and regulating cell proliferstion role’ “?!. The brain
integrates the available information and transfers the
sigral 1o the gonadotropic cells either indirectly via
the portal system (in tetrapods) or directly vis axon
endings (in the most telecsts)'?). Due to the impor-
tant potential spplications of GnRH in fish farming'*’
and 1o the {act that telecst fish have turned out w be
of special interest 10 understand the mechanisms wn-
derlying the evolution of GnRH genes in veriebrates,
research on GnRH systemn in teleost fish has focused
increasing attention!*!

Foscwived dmte: 2008 ~ 08 - 17, Maviesd dute 3006 - 02 - 26

Article ID: 1005 - 8737 - (2006 )04 - 0536 - 11

With the progress of fish GnRH studies, & grow.
ing number of studies have been devoted w fish

GnRH-R since the cloning of the first fish GaRH -
ceptor (GaRH-R) in carfish’®’, Since then, sevenl
GnRH-Rs have been cloned in various telecs: species
including goldfish™ , rinbow treut!'!, Alfcan cat.
fish*, medake®, striped bess'™, unberjack
(AJ130876), Alrican cichlid "', Europen sea bus
(DILA419594) , and Japanese sel' 2], Fish GrRH re-
ceptors belong 1o the rhodopsin-like G protein-coupled
receptors family ( GPCRs), contmining seven hy-
drophobic trarsmembrane domains connected by hy-
drophilic extracellular and intracellular loops. In on-
trast with the mammahan GaRH-Rs, the fish recep-
tors contain an intracellular carboxy- terminal il thet
is required for piscine GnRH-R function! "

In the present study, we report the presence of
GnRH-R in Japanese flounder, Paralihthy oi-
vaoews . We have isolated the dDNAs encoding GrRH.
R and determined the nuclectide sequence, structunl

Fomndation; Metioral Fasic Resssrch Progzem (“973° Progrem) of Chiss (G1999002005 ).
Firmt aathor ibograpiy: FANG Bac-bai (1975 - |, mude, dotor studend. Tel 0800 - 88064171 Eoomal; b _ ovani® 163 coem
Correponding ssthor; SUN Xo-gin. Tel:0530 - B980T Fuou 0517 - BE66097. E-nal:sugin _ sel@fio og o
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organization, evolution analysis and rtissue distribu-
von. This GaRH-E bears s~ven transmembane dornains
charctenistic of Gprotein-coupled recepror (GPCR) fami-
ly and belongs o type | GnRH-R group.

1 Materials and mwthods

1.1 Animals

Mature female Japanese flounder ( Paralichehys
olruacnes ) (700 - 800 g) were obtained from the Ma-
nne Fish Market in Qhngdso City ( Shandong
Provinee, China) and kept under recycled water at

natural tempersture until we. The developmental
stage of the fish was estimated by the time of the year

and confirmed by the gonadoscmatic index.
1.2 RNA Preparstion and cDNA Synihesis

Total RNA was exiracted from the brain of
Japarese flounder wsing the TRzl reagent { Invitro-

FANG Heo-hai et al: Cloning and ussoe expresson snal yss of gonsdotropn- rdosing hormone recepion w
fromm the besin of J founder, Paradichahys o

gen, USA) according to the manufacture's proto-
col. Japanese flounder bruin cDNA used for mpid am-
plification of cONA ends was synthesized from | g o

total RNA using s SMART RACE DNA Amglifica-
tion Kit {BD Bicsciences Clontech, Palo Alto, CA),

scoording 1o the manufscturer’s  instructions,
Briefly, a reverse transcription (RT) resction was
periormed on 1 pg of wial RNA using an 3’ - RACE
(DS primerA (3" - CDS:; §' - AAGCAGTGGTAT-
CAADGCAGAGTAC(T)n VN - 3") for 3’ - RACE
and §5° = RACE (DS Primer (5' — (S) for §° -
RACE. The dONAs used ss vemnplates for the fimt
partial cONA smplication were reversely tanscripted
[roen 3 pg of denatured otal RNA using 10 pM adap-
tor-dT primer and 200 units of M-MLV Revere
Transcriptase ( Promegs, Madison, W1) ins 25 pl
reaction volume incubated at 42 C for 1.5h

Tab.l Primers for cDNA pythesis, smplification snd RT-PCR of GaREH-R cDNAs
B DNA AR .GaRH-R cDNA ¥R RT-PCR B3 W

“nrrae Prirners segpuerece ® Lralusas o

L1 3imreEm mm
Adaptor = dT 5" = GACTOGACTOCACCAATTCAAIT) 5= 3" cDINA synthesia
FGaRH-R1 5' - TGRTGACCTTYRTSGATGOC - 3 firnt-ronsnd PCR for partial cDNA amplificenon
RCnRH-R2 §' — AGARGOOGTACATGAYSCOGT - 3 firm- round PCR for partial eDNA smplifiann
PGnRH-R2 5" - TOGAACRTCSACRGTVCAg Tg - 3’ nested PCR for partial JDNA amglification
RCmRH-R1 §' - YAGGTAGTAKGGMGTUCAGCA - 3" Mested PCR for parvial cONA smplification
3" - FPouter §" - CTOCAAADGACTGAAAAGOC - 3 3" - RACE of firm round PCR
3" - Ffnner 5 - GAACAACATODOCAGAGC - 37 ¥ - RACE of nested PCR
&' - RPouer 5§ - TGAACTOCTUCCGATCAMGATGET ~ 3" §" — RACE of first round PCR
5" - HFinwrwer 5" - GOCAGAGGG TTGAGGATAL - 37 5" — RACE of mesiedd PCR
(nRH R-F §' = CTGCTGGACTOCATACTALC - 3° HT-PCR forward primer
CnRH-R-A §' = ACTGAGAAGAAATGGCACTA ~ 3§ RT-PCR reverse primer

Artinied 8" = AMAGOCAANCAGGGAGAAG - 1" Bactin amphcation

Actinfd7 5" - GATGCIGTIGTAGGTGST - 3 f-acun ampliosbon

Nowe: * Abbrevistigrs lor degenersis nuciestides: Y*Cor Ty ReGor Ay Mo Ao C; S5 Car Gy K= G Ty VoG, Aar Oy NuG, A,

T

o WAERAEY, Y=CRETI R=GRAM-ARC S~CEG K=CHRT: V=0, ARG N=G, A, TRC

1.3 Molecular cloning of GaRtH-R Precarsor cDNA

A first partial cDNA was obtained after nest
polymernse chain reaction (PCR) amplifications with
of known GnRH-R genes. The first amplification was
carried out using forward primer FGnRH-R1 and re-
verse primer RGRRH-R2. A 353 bp of product was

The 3' extremity and 5' extremity of the
GaRH-R (INA was cloned by 3' RACE (npd am-
plification of dDNA ends) or §' RACE-PCR, using s
§' -~ 3" RACE kit (BD Bioaciences Clontech, Palo
Alw, CA) sceording 10 the manufscturer' s cond-
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tions. A first amplification was carried outl with 3" -
FPouter for 3' —~ RACE or with §' RPouter for 5 -
RACE in combination with UPM of the kit. The re-

action conditions for the first amplication were as fol-
lows: 95 T for 3 ming 30 cycles at % T for 30 s,

68T for s, 72T for Iming and 72T for 7 min.
as templates for the nested PCRs with 3' — FPinner
for 3' = RACE or with §' -~ RPinner for §° -~ RACE
in combination with NUP of the kit. The conditions
for nested PCR were s follows: 95 T for 3 min; 30

cvcles st M T for 30s, BB for W, 72T for 3
min; end T2 T for 7min. 3" — FPouter, 3" — FPin-

ner, ' = RPoute and 5° ~ RPinner were designed
from the 353 bp DNA. The amplified products were
separsted by electrophoresis in o 1.0% Tris-borace
acid EDTA (TBE) agarose gel and visualized with
ethidium bromide staining and a UV trammillumins-
wr. DNA fragments were extracted wsing Nucleo-
Trap Nucleic Acid purification kits { BD Bicsciences
Clontech, Palo Alw, CA). The PCR products wore
doned into the EmR V sie of pMD 18T veomor
( Takara Biotechnology (Delian) Co., Lid) and
transformed into competent E. coli DHSa for se-
quencing
1.4 Sequence

Multiple slignments and phylogenetic analysis
were carried cut using ClustalW 1Bl snd Megad pro-
gamme by 1 050 bootsirap repliostes respectively.
This analysis was performed using the amino acid se-
quences of GnRH-Rs availsble from GenBank. The
sequence sources, gene name abbreviations in this ar-
ticle and Genfiank sccession numbers are as follows:
Greater amberjack ( Seriola dumerili, SDRI,
AJ130876), Japanese eel ( Anguilla japomica, Jeel-
Rl. AB041327), Europesn sesbass ( Dicentrarchus
labrar, Escabessitl, AJ4195%4 ), swiped meabess

( Morone saxarilis, SeeabassR2, AF218841), black
seabream ( Acamthopagrus schlegelii, Bsbream-R1,
AYR20276), Cichlid ( Oreachromis aures % 0.
miloticus, OAxON R1, Cichlid-Rl; AY381299),
Nile tilapia ( Oveochromis miloticus, NrilapiaR2:
AB111356), North African eatfish ( Clarias garieps-

mus, MeatlishR1, AF329894 ), Japanese medsks
( Orymias latiper, JmedakaR1, ABOS7675), hulling
( Rana cateshriana , bullfrogR1, AF144063), chick-

en ( Gallus gallus, ChickenR1, NM _ 2M68);
GaRH — R2, NM _ 001012609 ), leopand gecko

( Eublepharis macularius, LgeckoR2, ABIONI),
Rio Cauca caecilian ( Typhlonectes natans, ROCRI:
AF174481), African clawed frog ( Xemopuw L,
ACIrgR2: AF257320), pig ( Sws scrofa, pighl,
NM _ 001001639), African green monkey ( Ceronp-
ithecus aethiops, AGmonkey-R2, AFISHS), wd

rhesus monkey ( Moceca mulatéa . RmonkeyR2.
AFA53987).

1.5 Tissoe distribation snalysis of Japanes fom-
der GaRH-R by RT-PCR

For the detection of GnRH-R mRNA, different
tissues were collected and total RNA was prepared
and reversely tramscripted as described sbove with

adaptor-dT primer. A 30 bp GrRH-R dINA was sm-

plified 1ming the primess GalH-R-F and GaRHR-A
The maction conditions were s follows; %4 T for 5 ming

Sy MT fordds, 57T for W, N fr
8¢ and 72T for S min. The PCR products were analymd
by elertrphoresis on & 1.0% THE agueese pd.

2.1 Qloning of a full-length cDNA for GaRH re-

ceptor of Japaness Mosnder
Using nest-PCR, a first cDNA of 353 bp we

obtained at the second round PCR. Nucleic acd blast
results on NCBI revealed that this 553 bp [mgment
showed shout 0% identity with the GnRH-R gens
of European sea bass (AJ419594), striped sen bas
(AF218841 ) or Seriola dumerili ( AJI30676).
Translation blast results on NCBI showed that the

predicted aming scid sequence ol this Iragment have
sbowt 92'% identity with 5. dwmerili GoRH-R

(CABSS407 ), B9% with Asasorilapa burtond
GnRH-R1 (AYT05931) and 92% with Dieewsrar-
chus labrax GaRH-R (CAD11992). Ths part wes e
venled t0 contain a part of the onding region sanning fmm
tranamernbrane domain (TM) [l © V.

The 1" extremity of Japanese flounder GnRH-R
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DNA was obtained by 3' RACE. Using this of the 5" UTR, an open reading frame encoding the
method, we have cloned 2 PCR product of 751 bp  extracellular N-termims and tressmembrare domsin
which has & part of 91 bp overlapping with the sbove  spanning from TM | © [l of the GaRHLR. The §' &

553 bp dNA. This product was shown to contain a tremmity chone overlapped BS bp of the 553 bp pan.
part of the coding region spanning from T™M V1 o the The complete cDNA sequence of Japanese floun-

intracellular Corerminus of the receptor and 276 bpof  der GnRH-R was spliced wogether from the above
the 3" untranslated region (UTR). A polysdeny-  three part cDNA and the total dDNA is about 1671
lation signal AATAAA was found st 134 nucleotides b including 147 bp of $* UTR, 1 248 by of entire
upstream from the poly(A) wil (Fig.1). ORF and 276 bp of 3" UTR (Fig. 1). The soquence

The 5" extremity of 584 bp long cDINA was ob- of this cDNA has been deposited in the GenBank (s
tmined by 3' RACE-PCR. This part contained 147 bp  cession number DQO11872).

-147 ACGLCCLCCOACAGAAGACCACCTCCACATATETCCTCE TCCAACCTEACCLLTTCL -6
80 TCATCTTACAGC TG TG GA TCT T TTCCT T T T T I T T T TAATATTCCARACCTGOGLATCAGCC TCAACCTCCACAGCACT TGAACCRALT |

| ATGCATCACCTGCCAMGAGACCETCAACTCAACTCCA CCTCTCCOCATTCCAACTCEACCCCACCLGLCGACACTOTE B0
| MR ALPFPREDREGBLNEESD G 5§ 5 P RS HRYT AGOEDRTLN

¥l CAGCTGCCCACATTCACCACAGCACCCAAAGCTCAGGGTCACAATTACCTTCATCCTCTCCCCCACCTCURCCTTCTGCAMCCTGGCTETE 180
H 4L FTFPYTT A AR Y RY LTI OTPFP LAE LT R AR C N L ALR

™ 1
181 CTeTGGGCAGCCCACAGCCATELCAACCCTAAATCACACCTCACCCTECTEATAGTCAACTTCACTETECCTEATCTCCTCGTGACCTTC 170
1 LT A A RKREDPEGEDRITIEEYORY ¥ ¥ P L L Y TFW

ITI ATCGT AT GCCACTTEATGCACTCTELAACATCACAGTCCACTCCCTTECTCGEOACCTTECCTCCAGCCTACTEGATETTTCTCAMCTG 360
1 LI B E YN A Y R NITYQUR L AGDOLACGCRILLEPFLELIN

B8l CAGCCAATCTACTCCTECCCCTTTETCACTETCCTCATTACCCTCCACACGUACTCACCTATCC TCAACCCTCTOECTATCAACGAGECC 450
m_g_;_l_LthrrrtlLLulu:alLlrl.nlntum

451 ACAAAGACCAACACACTCATGCTCTCTCTCECCTCCACCATCACTCTCOTCCTCTCACTCCCTCAGATATTCCTTTTTCACAATETGALC 540
1“lIIII!ILIT]ITEITTLIIPIIFLEIHTTIH
v

B4l ATCCTTCATCCCGAGGACT TCACTCAGTCCACRACCOETCALAATTTCGTCAGTCACTCECATEAMMCTECCTACAMCATGTTCACTTIC 620
im 1 ¥y rEPrTRQRCTTRENR TP Y BNV R ET AYRNRRBRFTIIIN

83l TOCTECCTETTCCTECTECCTCTCECCATCATCATCATCTGCTACACAAGCATCTTCTCTGAGA TCTOCAAMCCACTGALAAGOCACLAC TH
m g € 1L F L L PFLAINRIICYTTRIPFCITISIERLTEESRBI
™ ¥V

71l TTETCETCCAATCAGCTCCATTTGCLETE
41 L S = N E ¥ A L R C $ E N M I F B A R M A T L
Bl TTETCT T AT AT T TG AC T A TAC T AT T G CCTETEE TACTECTTCTTOCCAGACCACCT TCAGGGGAANGTCTCCOCAC oY
l'.'lLIFII:E"'I“TITI‘LLIll‘rlfl"l‘ll'ﬁliillﬂ

901 TCGCTCACCCACATOCTGTTCATCTTTOGTCTCATCAACGECTGCTTOEACCOETCATCTACGGECTGTTCACCATTCACTTCOGALG 990
WS LTI AL P E L PRl C LR P Y LI ELPTINT AN

#1 CECCTOCOCACATATTTTTOTACACCTECTCOAGCOCC TAACCTEOATAACAACACTOTTTTAACTOEATCTTTCACT TG TACTGLCAAT (0a0
M} € LERY FCDRXIAPPFPAPFPDLOBENEDRTY LTGS FTCT AN
LOBL ATTTTACCACTEAANRCACACCTCAGCCCTCCCAGCCAGCACAAGTCCACCATCTACCCTAACAATCACCE TALAGAACACTCAACATCA 1170
i 1 LPFLERKENY S PFAS GEE ST HNY & F FHGEEREESTS N
IATL CANGGTGECACCTTT T TAACAGCACACATTTATACAGCTCGACATCGARACCACTCCAGCTCCCACAGCACCATCTCAGGACAGGALLEN 1240

¥ 4 &6 65 F LT AD I YT ARDDRNOQES S SDESTHNG 1L
1281 AAAGACCTCACAGTTTTATATAATETTETATAACTATATTATTTATTCATCTTTATTCATTGTCTAATG TG TEGAGTCCTGTATCTCTTG 1350
1351 AACACTETCATTTTACTCAAAARATTATECTTCTGTATATANEARL ' TGAMAGAAATATATATTTOCTATAAGAGGAGARACTTGGTALL 1440

1441 TOGATETTTATETECTATCAATCTTCTAATTTCACATCTTCAAT TAAATTARATCTATCCALLAALAAAAAAALAALAALALAR 1514

Fig-l  cDNA end deduced smine acxd seguence of |spanese flounder GaRH- R
Sever. rrammrebewe dorairs e ncdcuted by underine with eeman pomenls AATAAA wes the polyaderylenon sgral
Crenflank swersmcn w0 o DOQPIIFT?
H 1 59 GaRH 24H ONA FH RN EERTN
TTRARRNML FHARPERTRN. AATAA % why(AMTS. BRSS9 % DQR1IET2

TGAGTATAGTTATTCIC AI0
E W 3 1 ¥ 1%
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1.1 Segoence analysis and comparisen of GnRH-R
with other GnRH-Rs
The nucleotide sequence and the deduced amino

scid (8a) sequence of Japanese flounder GnRH-R are
shown on Fig.1. The ORF ocodes 415 amino scid

residues. Hydrophobicity analysis by the method of
Kyte and Deolittle (Fig.2) and the transmembrane
domain prediction of the deduced as ssquence showed
that it bears seven transmembrane domains which is
charactenistic of Gprotein-coupled receptor. The pri-
mary structure of the GnRH-R contains an extracellu-
lar MN-terminal il of 44 sa, seven transmembrane

segments typical of a GPCR, three extracellular
loops, three intracellular loops and an intracellular C
terminal tail of 91 aa (Fig. | snd Fig.3), Similar 0

the other telecst GnRH-Rs. but in contrst © mam-
malisn GniRH-Rs, Japanese flounder GoRH-R pos-

sesses & C-termunal wil. [t shows highest homology 10
sequences of other GnRH receptors, followsd by s
quences from corazonin receptor, arginine vasopresin
receptor and mesotocin  receptor.  In particular,
Japanese flounder GaRH-R cDINA we found is most
similar to the GnRH-R sequence reported in Seriols
dumerili (B5% identity).

MW M @ W e 120 (40 18D (MO

43 5

—r——— —— —— —— -

00 330 M0 180 3N HX 120 MO a0 MD

\*/**\W,mgﬁ;ﬂ

Fig.2 Hydropathy plot of the Japanese flounder GnitH-H., using the method of kyte and dodlittle
MNoge: The w-sis gives the smine acd msidue mumber, snd the yaxn the edmphilcry odes. The plot yekds srem D
brwne dormsine (indbosimd by [ - W) thet align with the rnsmennbesne ragions of other G prosesn-ooupled seocpaon (Fig 3.
B2 59 GaRH 248 Kye and Doclicle #5M
Lt e 1t LRI A TES T I L TR 13 TeF (21 L ELS S A gl RIL LY B U]

BR AL ] EE)

Alignment of the predicted Japanese flounder
GaRH-R amine scid sequence with the corresponding
sequences described in such as cartfish, sea bass, bull-

frog, pig and so on was performed using Clustal W
(Fig.}). The alignment showed that the GnRH-R
mming acud sequences bear many conservative regions,
especially at the hydmphobic region and transmem-
brane regions (Fig.2 and Fig.3).

A Neghbor-Joining (N]) phylogenetic tee was

drwan with M3 progrem ( Fig.4). Thes analyses
showed that the |apenese flounder GnRH-R s dosely e

ated © the other fish GnRH-E and particilarly © the
Grester amberjack Seriala dumenli GaRH-R1 (85% -
dentity). However it shares ooly 49.6% identity with
the bullicg GaRHRI (smphibian), 39.2% with
Roonkey GaRH-R2 ( mesmemalian ), and 47.9% with
chicken GnRH-R1 (bird). The twee slso shows that the

Japerese flounder GnRH-R s more homologos 1o aon
GoRH Rls than GnRH-R2s and GaRHEs o oher
species such as mmphibian, bind, and meroeie. 5 i
may be dedued thet the cloned Japanese flounder GaRH-R
s type | gonadotropin: rdessing hommone recepur.
2.3 Tissue distribution of the CalH-R In Japaness
Nounder

The location of GnRH-R could suggest its phys-
clogical roles. RT-PCR revealed that the GaRH-R
mRNA has widespread distribution in Japancse floun-
der, GnRH-R mRNA is strongly expressed in brain,

testes, kidney, eyes, and ovary (Fig.5). A wesher
signal was also obtained in liver and restice. The ex.
pression of this mRNA in both eyes and pituitary
strongly indicates that this receptor is probably scti-
vated by multiple forms of GoRH in tite,
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Fig.4 Amino scid sequence phylogenetic snalysis of the
GaRH-Ra

M4 GoRHESIEMENN RN T

3 Discussion

In the present study, we have cloned a dINA o

GoRH R from Japanese founder brsin and studied
the localization of the corresponding mRNA in differ-

ent tissues by RT-PCR. In this cONA, a methionine
eodon is found at the position 31, 148 and the sop
eodons are @t the same position. However, in-fmme
ATG, st 148, could give rise 1o & protein with puts-
tive transmembrane domain typical of G-protein cou-
pling receptor family. Multiple transeription sun
sitea have already been reported in many genes,
cluding GnRH-R as for example in hoean'™,
sheep! ¥’ or rainbow trout!).
Phylogenetic analysis reveal that Japanese floun-
der GnEH-R is more closely relsted 10 the gresies
amberjack GnRH-R1 (85% identity). Phylgenetical
analysis of these telecst GnRH-R indicates that the
presence of two main types, termed type [ and type
[l GaRH-R, and examination of the as ssquences of
type 1 and type [l receprors revealed the presence of
divergent motifs: all type | moeptors have o CGAFVT

M ov g i U =upl P u b e B w

EE— GaRH-R

00bp™

T T buia

Fig.5 Disribunon of GaRH-K in |apanmse flounder tmsoe sssessed umng KT-PCH

St s b — rming g — il e — bemerts = ket i — iy B — bvers s — ke ov — overy s B RSy wp - ez

= - vk e — et

BS5 RT-FCR AN GoltH 263 TROSR T H 48
T e g~ ke~ O i~ B~ T~ PR o~ U o~ - 0 - B - W - M- WAL

motif in TM Il whereas type [l exhibit a SAFIL
type motil; all wpe | receptors heve a
DLEGKVSHSLTH like sequence st the beginning of

TM M. while ype | have a VTPEY motil a1 this
sitel¥ . In the Japaness flounder GaREER as se-

quences, there are a CAFVT motif in TM [l and »
DLEGKVSHSLTH motil at the beginning of T™M
VII, which are the characteristics of the type | recep-
tor. The above fact is accordant 1o the phylogenetic
analysis that the GnRH-E abtained from Jepanese
flounder belongs w type | GoRH-R. The present

siudies have the evidence that there are two or more
subtypes in the single telecst fish, mammals or eam.
phibians™** 1] whether 8 second potential GrRH-
R eDNA exists in the Japanese founder is required 1o
be conformed.

The alignment of the primary amino acids se-
quence of Japanese flounder GnRH-R with the other
species shows that a number of key features are con-
served. Japunese (lounder GnRH-R shows three main
functional domains that include N-verminal exiracelly-
lar domain (44 aa), & large transmembone domain
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(280 aa), and & Cterminal eytoplasmic domain (91
sa). The transmembrane domain is constituted of
seven highly conserved transmembrane alphs helixes

that are required 1o anchor the receptor 10 the cell
membrane

This telecst fish GnRH-R bears an Asp™ residue
in transmembrane domain [1 that is conserved among
members of fish GnRH-Rs, in the contrast an Asn
residue in mammalian GoRH-Rs receptors, is re-
quired for piscine receptor function’, [n T™M VII,
GaRHR bears an Asp™' comserved smong mam-

malisn and fish, but this Asp is not required for
GnRH-R functions'?!

The regions between the alpha helices form -
tracellular or extracellular loops and were proved to be
nvolved in signal transduction and ligand selectivity.
At the cytoplasmic border of the T™ 111, there is &
motif DRQSAI (DRXXX1/V) that may be involved
in Gprotein-coupled signal transduction and GnRH
lgand-induced receptor activation! W1 Ancther
cornserved domain is the NPXXY or DFXXY mouf lo-
cated in TM W (DPVIY in the Japanese flounder
GnRH-R). This motif has been shown m be involved
in the internalizgation of some GPCR including the
GnRH-Rs and at the same time this motif especially
the Tyr in this motif may be critical for receptor acti-
wation and signal transduction'®’. In the third IC,
there is & residuoe Als { Als™ in the Japanese floun-
der) conserved among (ish GnAH-R which was deter-
mined to be also critical for Gprotemn-ooupling and re-

s disulfide bridge formed by two cystemnes between
the first and second ECs ia conserved that is necessary
for the correct folding of the receprons™!, The
Japanese flounde GnRH-R, like other GoRH-Rs,
presents a putative disulfide bridge betwoen rwo cys-
teines (Cya"™ and Cys™ ) sited in the first and second
EC loop respectively. The complete absence of this
bridge affected the structural integrity of the recep-
tors and decrease its selectivity for GnRH'Z.

The N.terminal domain is less conserved. but
contains glycosylation sites which may be required for

FANG Hao-hai o1 al: Cloning and tissse expreson wnalyss of gonsdocrops- releasing hormone recepr
from the bewin of Japanese founder, Paraischshy olrumons

GnRH R expression, tmafficking of the GaRH-Rs o
the cell surface or its stabiliy! ! [ntroduction o the
additional mouse receptor glycosylation site into the
human receptor incressed receptor number but ot of-
fected receptos-binding affinity or ligand selectvi-
™ Bl The Japanese flounder GaRH-R contains
three potential glyoosylation sites at its N-termins
(NYSSW, NBGSS, NP WTA), one in the fim EC
loop (N"™[TV) and ane in the second EC lop (N™
VTI), which has more potential glycosylation stes
than the mammalisn counterparts. Further studie

should be carmied out 10 determine whether and how
the glycosylation site numbers affect the level of ex-

pression, degradation rates or affinity of the piscine
CnHH receptors.

GnRH medistes & scries of signal transduction
pathways: binding of GnRH 1o the receptor activates
phospholipase C; phospholipase C hydrolyss phos-
phatidylinositol 4, 5-bisphosphate 1o genente both in-

ositol 1, 4, S-triphosphate { IP3) and discylghyoend
(DAG); 1P3 is sble to mobilize Ca** influ from in-

tracellular stores and sctivate protein kinse C
(PKC); and then the cAMP-sdenylate cyclase system
is involved in the relay of GnRH toward the relesse of
LH'®, GaRH elicts GTP loading on both G, ind
Ggay and increased the levels of intracellular cAMP
and GnRH-Rs may couple 10 the Gy, -linked PKC,
G linking FKA or the both signaling path-
way 2T In the fiesst IC of the Japanese flounder
GoRH-R, s motif (®*KRKSH™) identical w tGnRH-
R Il (KRKSH™) is present which is a G-recogni-
tion motif ( BEXXE, where B is a basic amino acid
and X s any amino acid). It may be deduced that
this motif is relevant with cAMP production s
oGnRH - |l incressed sthGoRH-R activity m (087
cells via 8 cAMP-PKA pathway' ™'

Similar to other nonmarmmalian GaRH-Rs, the
Japanese flounder receptor contains s C-termiral in-
eencellular tail. This intracellolar tail is required for
piscine GrRH-R functions because the truneation of
this domain produces the loss of both the sbility for
agunist binding and GnRH-stimulated ¢AMP produc.
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LI

tion!™ | Likewise, addition of cfGnRH-R C-terminal
tail 1o the rat GnRH-R affects its expression, regula-
tion, and the differential coupling with G proteins,
producing & mapid desensitization of inositol phosphate
production =s well as incressed internalizstion
atet 2 Iy the third IC loop, the Japanese
flounder GnRH-R contains two PKC phosphorylation
site (™ SKR™ snd ™ TLK™), In the C-terminal
tail, it also has one PKC phosphorylation site (%
TAR™). Src homology 3 (SH3) binding domain
(PxxP sequence )'®! in the carboxy-terminal tail,
which eould potentially conwvey the possibility of eons-
pling ®© milogen-activated protein  kinases
(MAPKs)™ | is also present in the Japanese floun-
der GnRH-R. In tilapia GaRH regulstes GPa and
ing st the MAPK level, whereas the regulation of
FSHJ transeription by GnRH is carried out via PKA-
dependent, but PKC and MAPK.-independent path-
ways ¥

In conclusion, & GaRH-R <DMNA of 1671 bp has
been cloned from Japanese flounder trout and may en-
code & protein with & 44 sa extracellular il and an
191 ma intracellular tail, in contrast with its rmam-
malian counterparts. This intracellular tail is required
for piscine GaRH-R function'™! and has been in-
volved in the desensitization of a chimeric receptor by
decreasing the rate of internalization!®!. The corre-
sponding mR™NAs are expressed in retina, brain, pi-
tuitary, and ovaries. In the brmin, the highest ex-
pression is clearly sssociasted with & mesencephalic
structure, the nucleus lateralis valvulse, whose pre-
cise function is unknown but may concern the pro-
cesming of sensory or motor information.
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