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ABO62171andABO62172.

AbstractWedeterminedthecompletenucle-
Otidesequencesofthegenomicstructureofthe

αlSubunitgene(FrGCS-α1)andtheβlSubunit
gene(FrGCS-Pl)ofJapanesepufferfish(Fugu
rubripes)solubleguanylylcyclase(GC).Inthe

Fugugenome,thetwogenesareonly161bpapart

andspanapproximately16kbpintheorderof
FrGCS-alandFrGCS-Pl.TheFugugenomic

structureswerecomparedwiththoseofhuman
solubleGCα1andβlSubunitgenesconstructedby
theHumanGenomeDatabase.

Teleostshaveallthecomplexphysiolog1-
Calfunctionsfoundinhighervertebratesand

agenerepertoiresimilartothatinmammals･
Comparativevertebrategenomesequenclnghas
beendemonstratedtobeausefulmethodfor

detectlngCOnSerVedregulatorysequences.The

Japanesepufferfish,Fugurubripes,hasthesmall-
estknownvertebrategenome(Venkateshetal,,
2000).ThehomologybetweenFuguandmam-

maliangenesishighenoughtofacilitateeasy

identificationthroughdatabasecomparison.This
formsthebasisofthesuitabilityofFuguforusein
comparativegenomics.Solubleguanylylcyclase
(GC)isaheme-containingheterodimerconsist-
ingofαlandβlSubunitsandactivatedbynitric

oxide(NO),suggestingthatitisakeyenzymein
theNO/CGMPsignallingpathwaypartlClpatlng
invariousphysiologicalphenomena(Koesling
andFriebe,1999;Lucasetal.,2000).Increasing

evidencehasdemonstratedthatbothαandβsub-
unitsarerequiredforbasalandNO-Stimulated

activityofsolubleGC.Theα1andβlSubunit
genesarecolocalizedinhuman,ratandmouse
chromosomes(Azam etal.,1998;Giuilietal.,

1993;Sharinaetal.,2000).Thesefactsimply

thattheexpressionofbothgenesiscoordinated.
However,littleisknownaboutthegenomicstruc-

tureofsolubleGC.Asafirststeplninvestlgatlng

whethertheexpressionofbothgenesiscoordi-

nated,Wedeterminedthegenomicstructureofthe

α1Subunitgene(FrGCS-α1)andtheβ1Subunit
gene(FrGCS-Pl)ofJapanesepufferfish.The
FrGCS-alandFrGCS-PlgenesareOrganizedin
tandeminthepufferfishgenomeseparatedbya

161bpspacersequence･
AJapanesepufferfish(Fugurubripes)genomic

libraryinEMBL3SP6/T7vector(Clontech
Laboratories,Inc.,PaloAlto,CA)wasscreenedby

hybridizationuslngCDNAfragmentsofmedaka
fishsolubleGCsubunitgenes,OIGCS-al(nuclel

otides191112534)andOIGCS-Pl(nucleotides

12-402),asprobes.Theprobeswerelabeled
withdigoxigenin(DIG)-dUTPusingaDIG-High
Prime(RocheDiagnosticsGmbH,Mannheim,

Germany)or[32p]dCTPusingaRandomPrimer
DNAlabelingKitver･2(TakaraShuzoCo･,Ltd･,

Otsu,Japan).PhageDNAobtainedfrompositive

cloneswaspurifiedbyusingaQIAGENlambda
kit(QIAGEN,Valencia,CA),andwassubcloned

intopBluescriptII(Stratagenelnc･,LaJolla,CA)･
ThenucleotidesequenceoftheinsertDNAwas

analyzedbyanABIPrism3770rgeneticanalyzer
3100WithaBigDyeTerminatercyclesequencing
kit(AppliedBiosystems,Japan).TbtalRNAwas

preparedfromtheFugubrainandovaryaccording
tothemethodofChomczynskiandSacchi(1987).

Forreverse-transcrlptlOnpOlymerasechainreac-
tion(RT-PCR),thefirststrandCDNAwassynthe-

sizedusinganoligo(dT)primerbySuperScript
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.‥ ‥ ..‥ ACGTTCCCGGAGGTCCAACA TATTCTAATGAGAAGTGTGTGCGGTGAGAA AACTGAAATA GGAATATTCA -921

oct-1 0ct-1
TGTGTGACA TTTAGGAGCATGTGCGGTGA TAATGCTGATAAAACACACA GAGTCGCGGC CATGAAGCCA TGAGGCACAG -841

｡GCTTTGAT ｡ATGZLACAききSAFGGTTATPLAT CTT適 鮭 魁 TAGGTGT GTGTGTGTGT GTGTGTGTGT GTGTGTGTGT _,61
ACTCCAGAGA TGAAATATTT GGTTTCCCAGGATACACCTGAGTGAAGCCA -681

AP-1 C/EBP
CAAGGCCACCGGAAGTTAAGCAACCGAAG GACTCTATCG CCCCCTAGTGATGAAAAGACGTTゑ㍍ GTGC CCGGA姐ACC -601TCTCAGCA-cEctsT-TITg碁5GG4)GCGCTGTCTTGX;CTGGCTCTC｡C｡CGAAA.BLAGASFABfT-TTIAqkiMACTTCACAGAGAA _521
TGTGTGTGT ATGAGTGAGAGATTACGGTC

TAAAGAAT胤 AATAACATm｡AATATATATAhCA AAAで｡TGTG脇 AC AGGATATCTA TATATTATCT _441

･ATACATPcd漁TCGACACTCmSmoaA!GTCAGTGTGT GAGAGT- C∝CTW cATTAGTTCATA -361
TTTTATCCA GGACATTTGCTTTATTCCAT CCATATTTCA TAAGTGTGTCTGCGTGTGTA TGTGTGTGTG TGTGTGTGCG -281

TAGAGAAAA AGAGAGAGGTAGACATGAGC CACTTCACAG TTGGGTAACGAATGTTCAAA GGGACTTATT AAGACAGAGA -201

CCTCTCGGT GTCTGACGATAACCCCCCATCTGATGGAGC CTGCAACCCT GTCCGGAGGC AGACCTAAATAAAAAGTGCA -121

CREW Jun
GCATGCGA GGAGTCGCCTGGAAATAATTTCTGGCCGCT GATAGGCTGTTGGGCCACACCAGCCCCASTTGGTTACGGA -41

CdxA
TGGCCGGCT GCTCTrTm TCCAACCTCT CATTGGTTTT GCCACCATAG GTTTCCGAACATCTTGCGCC CGTACGCGTT 40

CGAATGAAT ATTGTATGCGGGCTCTGGAT TTAGATGCTGATCGGTGGAGTCGCCGCGTCGCTGACTTTG CTGCGCGTTC 120

TGCGTGAGC GCAGCAGA℡GATGGAATTTC CCGCAGGCGC AGCAGCCGCT CAGCCTCGGA ACATCAGATA AGGAATAGAA 200

TGGGAAA TTAGGGCCGACAAAAZLg TT CTGCACGAAGCTGAAGGAGC TGAAGATATCAGGAGAGTGT ..‥ ‥‥..

FrGCSII,'1

q leXOn 1

α1α2α3α4 α5 α6α7α8 1β2 β3 5 β6β7 β8 β9 β10β11β12

SPaCerSequenCe 1kbp
_....‥...CCTAGACAACACAACATG℡G ATGAATGTTC TGCTGCCATT CATTAATAAT℡GTGCTTTAT GTAGTCTTCA 6088

ATGT姐でCA - Gで∝- 脇 でATT- m- - C極 詳 芋 竺- T∝ATGTTTGT- m CT G型竺堅- 要 一121G弘 TAm GCTGGCCATATCTTAGCCCTT TCT∝m CTATCTTCTTTT TTAATTAAATClAEAETCTGA TGAdT * C A G ー41
GATA-2 .1二而百 ･. +1 トこR t'=̂ T^-1
GTAAAGATGAACCTAAATAT℡GGCTCTAA TGGGACGCGA TCCCATGCAG ATTAGTGGCATAm CAm TCTTTTTm 40

TCTTGAAACACAATTTCでGATGGCTTG GTCATGGCAA.ATTTAAAACG CCTTAAAGBLA TTTTTCATGC CAAAAAGAAC 120

CAAAACCTC TGTTTTTTAATTAATAATAG GCTACAAGCG GTAGCAAAでA GCGTAAAACA GGAGCGTATG CATCATTAAC 200

AATTTTCT GCCCGTGATGATm AGGTで CACTGGTG丸瓦GAGATCTGCG TTCCTATTGG TCAGTCATCG ATTACGTAAG 280

CGCAGGCTGATATTCTATTGGTCGGGCTC GCTGTCAATT CCGGCTCTGA CGGGAAAAGG GGGTGGGTCG TTGAGAGGTC 360

AGCATCTCCACCGAACGATGAATGTTGCC TCAGCTTCTG CGTTTTTTGC TTAAAAATACGGATAAATAC GGGCGGCCAC 420

α1eXOn8

β1eXOn 1

Fig･1･GenomicstructuresoftheFugusolubleGCsubunitgenes,FrGCS-alandFrGCSIP]･Exon.sareindicatedbyopen-boxes
(non-co°ingregion)andclosedboxes(co°ingregion)withnumbers･Thetranscriptioninitiationslteisindicatedby+1･The5'-

frankingregionofFrGCS-alandFrGCSIPIisshownintheupperandlowerpanelswithseveralknowncis-regulatoryelements･

Thenucleotidesequencesofthe5'-frankingregionofthehumansolubleGCαlandβlSubunitgenesarefromNCBIandthe

CeleraHumanGenomeDatabase,respectively.

II reverse transcriptase (Life Technologies,Inc･,
Rockville,M D).Poly(A)+RNA wasisolated using

anOligotex-dT30<Super> m RNA Purificationkit

(Takara Shuzo Co.,Ltd.),according to them anu-
facturer'sprotocol･ThetranscrlPtlOn StartSitewas

determ ined by theprlmerextension method uslng

the oligonucleotide prlm erS,5'-GATATCTT-

CAGCTCCTTC-3'forFrGCS-aland 5'-CCCGI

ACCAATAGA ATATCAG Cl3' for FrGCS-Pl,
according to the previously described m ethod

(M ikam ietal.,1999).

The genom ic structures of FrGCS-al and

FrGCS-Pl are Shown in Fig. I. In the Fugu

genome,FrGCS-al and FrGCS-Pl are 161 bp
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(A)alSubunit

Fugu ZiFCTm R飢民ISGECPFTSSA R 一 一 一 一一TyOLEESJ:QLSRDVALELPTSmVR一四でGENAPEQRSSRAXVNLHTLGESエRm CPEFERLflTALRRHRRLS 94
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Fugu DPSREPASPFVCCTEYQRCSDt)PEElⅦ SJ49SSRXAZQJtDTLRVALGEEI-F地 CYEEDREZLRW GGALEIDFLNSnrVLLXQSSTL甘YQDREDCVNIZP 194
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Fugu --一一
Human SGエD 690

(a)β1Subunit

Fugtl Z4YGFV耶 ALfnLVLRNYGPEVVEDIKREAOLDTEGQFLVRItYEDAXTYDLVAAAS貫VもRIDAGDILOLFGKMFF肝 CQ苫SGYD℡‡LRVLGSIⅣREFLQN 100
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YHi8105
Fugu LDALRD肌GT王YPG托RApSrRCnAERGFSLrLEYYSEREGLQDIV工G工IRm QO工8GTBェEJtm 工QPRSRECDE工RFLZ丑EXDSEE弘 FYEDLDGFEE 200
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Fig･2･Alignmentoftheaminoacidsequencesoftheα.(A)andβ.(B)subunitsofFuguandhumansolubleGC,andmolecular
phylogeneticanalysisofvariousGCs(C)IThededucedaminoacidsequenceofFrGCS-a]orFrGCS-P]wascomparedwith

thatofthecorrespondinghumansolubleGCsubunit(accessionnumbers;CAA75738forαlandCAA47144forβ1).Aminoacids

identicalbetweenthetwosolubleGCsareindicatedwithasterisks(*)belowtheresidues.Gapsinthesequencesareindicatedby

adash(-)･TheconservedhistidineresidueinthePISubunit,whichisnecessaryforhemebinding,isindicatedbyanarrowhead.

Theputativecatalyticdomainsareboxed･AlignedaminoacidsequencesofthecatalyticdomainofsolubleGCα1,β1,a2andβ2

subunits(human,bovine,ratandmedakafish)andmembraneGCs(ratandmedakafish)Weresubjectedtophylogeneticanalysis.

Anunrootedphylogenetictreewasconstructedbytheneighbor10lnlngmethod･Branchlengthswereproportionaltoevolutionary
distance.
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Tablel･ ExonandintronsizesinFuguandhumansolubleGCα1andβ1

subunitgenes･Exonandintronlengthsareinbp.Humanexon/intronsizes
werederivedfromtheCeleraHumanGenomeDatabase.

Exonsizerbpl

Number Fugu Human

Intronsizerbpl

Fugu Human
l30 380

497 670

77 28577

773 6814

702 4247

726 2261

200 1846

3581

4735

7824

3105 609351

2

3

4

5 6

7

8

9

10

ll

Total

462 240

68 74

89 94

710 367

486 62

144 59

155 710

908 486

144

155

597

3022 2988

BISubunitgene(9601bDI

ExonsizerbDI

Number Fugu Human

IntronsizerbDI

Fugu Human
290 643

1264 15106

89 2455

98 12072

879 >3596

141 1253

566 919

850 3367

1063 2267

569 1044

949 827

74 355

1159

6832 >45063

447 82

74 74

101 101

119 119

198 198

231 231

117 117

134 134

198 198

238 238

141 141

155 155

616 127

519

2769 2434

12

34

5

67

8

9

10

ll

12

13

14

Total

FrGCS-alandFrGCS-PlareOrganizedintandemandspanover15889bp･

Thespacersequencebetweenthetwogenesis161bp.

apartandspanapproximately16kbpintheorder
ofFrGCS-alandFrGCSIPl･FrGCS-aIconsists
of8exonsandFrGCSIPICOnSistsof13exons･
TheGT-AGrulewasmaintainedfわrallsplice

sites･Althoughanumberofknowncis-regulatory
elementsarepresentinthe5'-upstream reglOnS

ofeachgene,thereisnoTATAboxconsensus

sequence･Comparisonofthededucedaminoacid

sequencesofFrGCS-alandFrGCS-PIWiththose
ofthecorrespondinghumansolubleGCindicated
thattheaminoacidsequencesoftheputativecata-

lyticdomainofFrGCS-αlandFrGCS-βlare81%
and88%identicaltothoseofhumansolubleGC,

respectively(Fig･2(A)and(B))･Furthermore,
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phylogeneticanalysisofknownsolubleGCα1,

β1,a2,andβ2SubunitsandmembraneGCsdem-
onstratedthatthecatalyticdomainsofαlandβ1

subunitsarehighlyconservedbetweenFuguand
mammals(Fig.2(C)).

Comparisonofe又onandintronsizesof
FrGCS-alandFrGCSIPI Subunitgeneswith

thoseofthehumansolubleGCαlandβ1Sub-

unitgenesbasedondatafromtheCeleraHuman
GenomeDatabaseindicatedthat,lntheco°ing

regionoftheβlSubunitgene,alltheeチon/intron
boundariesarethesameinbothspecleSexcept
forthelastexon,andexons417inFrGCS-alcor-

respondtoexons7110intheαlSubunit等eneOf
humansolubleGC(Table1).Thedataba垂 also

revealedthatthehumansolubleGCαlan,dβl
subunitgenesareorganizedintandemintheorder

ofα1andβlWitha28kbpspac.ersequence㌧on
chromosome4.Thus,thegenomlCStructuresOf
thesolubleGCsubunitgenesareverysimilarin

bothspecies.Theseresultssuggestthattheexpres-
sionofthesegenesisregulatedinthesameman-
ner.WereferredtotheHumanGenomeDatabase

ofCeleraandNCBIfordetectionoftheregula-
toryelementsandfoundthatvariousknowncis-

elementsinthe5'non-co°ingreglOnOfbothgenes
wereconservedinFuguandhumans(Fig.1).

SequencecomparisonsbetweenFuguand
mammalshaveidentifiedseveralconservednon-

codingsequences(Venkateshetall,2000)IA
comparisonofnon-Co°ingsequencesbetweenthe

evolutionarydistantFuguandhumangenomes
isusefulfわrdetectlngCOnSerVedregulatoryele-
ments.Thefunctionofsuchconservedelements

canbetestedincelllinesortransgenicsystems.
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OurstudyshouldhelptoclarifythetranscrlptlOn-
alregulationofsolubleGC.Furtherstudiesarein
progressinourlaboratory.
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