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NucleotidesequenceofCDNAofbone-mineralizinghormonecalcitonin
inmedaka(Teleostei)
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AbstractAlthoughwesucceededinamplifying

CDNAfragmentsofcalcitoninin16Speciesof

teleostsuslngreversetranSCrlptlOn-pOlymerase
chainreaction(RT-PCR)withseveralprimer
sets,WecouldnotamplifyCDNAfragmentsof

medakacalcitoninuslngthesameprlmerSets.By

combiningtheRT-PCRandrapidamplificationof
CDNAends(RACE)-PCRmethods,however,we

wereabletodeterminethefull-lengthnucleotide

sequenceofmedakacalcitonin.Itwasdetermined
thatthenucleotidesequenceofmedakacalcitonin
wasdissimilartothatofcalcitoninsfromsalmon,

anglerfishandpufferfish,butresembledthatof
surffishorsole.

Introduction

Calcitoninisapeptidehormonecomposedof
32aminoacidresidues.Thishormoneisproduced
bycleavlngprOCalcitonin,whichconsistsofan

N-terminalpeptide,calcitoninandaC-terminal

peptide(Amaraetal.,1982).Inmammals,ca1-
CitoninlowersbloodCalevelsbydepresslngthe

activltyOfosteoclaststosuppressmobilization
ofCafrombones(Coppetall,1970)･Inlower
vertebrates,Calcitoninissecretedfrom theulti-

mobranchialgland.Werecentlyreportedthat,in
freshwatereelsfedahighCaconsommgsolution,
plasmaCaandcalcitoninlevelsincreasedrapidly
(Suzukietal.,1999a).Thissuggeststhatcalcito-
ninalsoplaysanimportantroleinCahomeostasis
inteleosts.

Theteleostmedaka(Oryziaslatipes)hasmany

advantageouscharacteristicsasanexperimental
animal:itiseasytokeep,itissalt-tolerant,and

itsreproductivesystemiscontrollablebychang-
1ngthephotoperiod.Therefore,webelievedthat

elucidationofthenucleotidesequenceofmedaka
calcitoninmightcontributetoincreaslngOur

knowledgeofCahomeostasisinteleosts･

Inapreviousstudy,wedeterminedthenucleo-

tidesequencesofcalcitoninfrom 16speciesof
teleostsbyamplifyingCDNA fragmentsuslng

reversetranscrlptlOn-pOlymerasechainreaction
(RT-PCR)(Suzukietal.,1999b).Asaresultof

thatstudy,itbecameclearthattheprlmaryStruc-
tureofthishormoneishighlyconservedamong
teleosts.Nevertheless,Wewerenotabletoamplify

medakacalcitoninCDNAfragments,despiteuSlng

thesameprlmerSetaSintheRT-PCRmethod･
Inthisstudy,therefore,Weattemptedtoclarify

thenucleotidesequenceofmedakacalcitoninby

combiningtheRlLPCRmethodwiththe5'-rapid
amplificationofCDNAends(RACE)-PCRand
3'-RACE-PCRmethods.

MaterialsandMethods

Medakaindividualswerepurchasedthrough
acommercialsource.Tissuescontainlngultimo-

branchialglandsweredissected,immediately

frozeninliquidnitrogen,andstoredat-800Cuntil
analysis.TわtalRNAwasobtaineduslnganisola-

tionkit(NipponGene,Tbkyo)･
TheRT-PCR methodwasperformedas

describedbyIwamietal･(1996)･Figure1(A)
showsthelocationsofthenucleotidesequences

ofthecalcitoninreglOnandtheprlmerreglOnS

usedinRT-PCR.TheN-terminalsenseprlmer
(Nl),whichwasa24-mer,wassynthesizedbased

onthenucleotidesequencesfrom the5'-reg10n,

excluding1bpprlOrtOtheconsensusportionsof
thehuman,salmonandchickencalcitoningenes.

TwotypesofC-terminalantisenseprlmerWere

synthesized.ThefirstC-primer(C1)wasa301mer
whosesequenceincludedthenucleotidesfrom

the3㌧reglOnOfthesalmoncalcitoningene.The
secondC-primer(C2)wasamixed26-merprimer
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N 1 :5--CCTGGA(C/T)AG(A/C)cccA(G/T)(A/G)℡C(C/T)AA(A/G)cG-3.

Ci:5I-GGTGC℡CTCAGGCAGGCTGCGTTTCTTGCC-3l
c2:5.-C(G/T)TTTCTTGCCAGG(C/管)GT(G/T)CCA(G/C)(C/T)(C/T)cc -3f

(B)

N2 - ,I:
I

N1 ------ ,i: :

(C)

AAAAAAA

i QT

ー Q0
ー Q I

QT:5l一ccAG℡GAGCAGAGTGACGAGGACTCGAGCTCA丸GCTTTTTTTTTTTTTTTTT-3I

Q0:5I-CCAG℡GAGCAGAG℡GACG-3I

Q1:51-GAGGAC℡CGAGC℡CAAGC-3I
打2:5,-AA(C/T)C℡(G/C)AG(C/管)AC(C/T)TG(C/T)GTG(C/T)TGGG-3.

AAAAAAA

< MI
Ql→
QO→
QT ,i

_J M2

M1:5I-GTTTGACT℡GC℡GTAATTT℡CAAATTGCTC-3l

M2:5I-AAAで℡GC℡CAAA℡AGAC℡TCTCTTCTTTCC-3l

M3:5I-℡AGGT℡TGCAG℡℡TG℡G姐TGTCC℡GC-37

Fig.1.PrimerlocationsforRT-PCR(A),3'-RACEIPCR(B)and5'-RACE-PCR(C).Inthefigure,theblackbaristhecoding
regionforthecalcitoninmolecule(96bp).

basedontheconsensusportionsofthesalmonand andPCRsolutions,andPCRconditionswereas

humancalcitoningenes,andwhosesequencewas describedpreviously(Suzukietal.,1997).

15bpinsidethe96bpofthecalcitoninreglOn･ TheRACE-PCR methodwasperfわrmedas

Thecompositionsofthereverse-transcription describedbyFrohmanetal.(1988).InFigure
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Fig.2.NucleotidesequenceanddeducedaminoacidsequenceofCDNAofmedakaprocalcitonin.ThereglOnShadedisthecalci-

toninmolecule.Theputativecleavagesitesoftheprecursorareboxed.Thepolyadenylationsignal(AATAAA)inthe3r-untransl

latedreglOnisunderlined.

1(B),theprimersusedfor3'-RACE-PCRare
shown.InthefirstPCR,afterextensionwiththe

QTprimer,theQOprimerandtheNIprimerwere
usedtoamplifyCDNAfragments.Inthesecond
PCR,theqlprimerandanewN-terminalsense
primer(N2)wereused.TheN2primerwasa
mixed23-merbasedontheconsensusnucleotides
ofseveralteleostcalcitonins.

InFigure1(C),theprimersusedfor5'-RACE-
PCRareshown.ThreetypesofC-terminalanti-

senseprimer(M 1,2,3)weresynthesizedbased
onthe3■-reglOnOfCDNAfragmentsclarifiedby
RTIPCR and3.-RACE-PCR.TheMlandM2

prlmerSWere30-mers,andtheM3prlmerWas
a27-mer.InthefirstPCR,afterextensionwith

theMIprimer,theQOprimerandtheM2primer
wereusedtoamplifyCDNA fragments.Inthe

secondPCR,theQIprimerandtheM3primer
wereused.TheconditionsofRACE-PCRwereas

describedpreviously(Sakamotoetal.,2000).
FivemicrogramsoftotalRNA wasreverse-

transcribedtosynthesizeCDNAfragments.These
CDNAfragmentswereseparatedfromareaction

mixturecontainlngtheM1-prlmeruSlngaPCR
purificationkit(BoehringerManheim,Tokyo).
Poly(A)wasappendedtothepurifiedCDNAfrag-
ments.ThefirstPCRandthesecondPCRwere

performedinthesamewayas3TRACEIPCR.In

thefirstRACE-PCRprocess,the(〕Tprimerwas
boundtothepoly(A)tailportion,anddouble-
strandedDNA wasobtained.Afterthesecond

reaction,theQOprimerandtheM2primerwere
usedtoamplifythedouble-strandedDNA.

ThePCRproductswereelectrophoresedon3%

agarosegelsandvisualizedbyethidiumbromide

stainlng.OnlyCDNA fragmentslocatedatthe
samepositionasthecalcitoningenewereextract-

edfromtheagarosegel,purified,andligatedinto
thepT7BlueT-Vector(Takara,Tokyo).After
screenlng,thenucleotidesequencewasdeter一

minedbyaDNAsequencer(Model373S,Applied
Biosystems)usingthedideoxynucleotidechain
terminalmethod.

Resu一ts

lnRT-PCRwiththeClprlmer,CDNAfrag一
mentsco°ingmedakacalcitoninwerenotampli-

fied.OnlytheC2prlmerWasCOmpatible.Asa

result,theCDNAfragmentslackedthelast15bp
ofthe96bpsequence.
Inordertoelucidatethefull-lengthsequenceof

thecalcitoningene,3'-RACE-PCRand5--RACE-

PCRwereused.Usingthe3■-RACE-PCRmethod,
thereglOnlackingthe15bpandthe3--reglOn

uptothepoly(A)tailwereidentified.Usingthe
5'-RACEIPCRmethod,the5r-reglOnWasClarified･

The-full-lengthmedakacalcitoninCDNA

consistedof650mucleotides,excludingpoly(A)
tail(Fig･2)･Thebeginningofthesequencewas

composedofa58-bp5'-untranslatedreglOn.The

N-terminalpeptide(237bp)anda6-bpputative
cleavagesitefollowed.Calcitonin(96bp)was
locatedinthenextreglOn･Furthermore,a12-bp
putativecleavagesite,a57-bpco°ingC-terminal

peptide,anda184-bp3--untranslatedreglOn,
whichincludesthehexanucleotideAATAAA,
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Table1.Percentsimilarityofnucleotidesequence(A)and

aminoacidsequence(B)ofcalcitoninsfromvarious
teleosts.

(A)

MEDAKA

SURFF工S王i

75日2176[垂云

75i75178E94184 FILEF=SH

GOLDFISH

74 76 79 91 83 94 84

71 73 72 91 82 93 80

PUFFER

ANGLERFZSH

MEDAKa

SURFF工S壬i

FLLEF=SH

GOLDFrSH

PUFFER

SALMON

ANGLERF=SH

SALMON

wereidentified.TheAATAAAreglOnisatypical

polyadenylationsitethatlocated14nucleotides

upstream ofpoly(A)･Thus,theopenreading
frameofmedakacalcitoninCDNAencodedan

N-terminalpeptideof79aminoacidresidues(aa),

aputativecleavagesiteof2aa,the32aacalcito-

ninproteln,aputativecleavagesiteof4aaanda
C-terminalpeptideof19aa･

Discussion

Amongteleosts,thefulLlengthCDNAofcal-
citoninhasonlybeenclarifiedinsalmon(P6schl
etal.,1987).Thesimilarityofthenucleotide

sequenceoftheN-terminalpeptideofmedaka
tothatofsalmonwas65%(154/237bp),Onthe

otherhand,intheC-terminalpeptide,thenucleo-

tidesequencehadonly30%similarity(17/57bp)･
Thus,theC-terminalpartofmedakacalcitonin

isverydi胞rentfromthatofsalmon･Thiswould

explainwhyRT-PCRwasnotabletoamplify
CDNAfragmentsco°ingthecalcitoninreglOnin
medaka.

Thenucleotidesequenceofmedakacalcitonin
wassimilartothatofsurffishorsole.Further-

more,thededucedaminoacidsequenceof

medakacalcitoninwasverysimilartothatofsurf

fishorsole,asonly2aaand3aadiffered,respec-

tively.However,medakacalcitoninwasdifferent
fromthatofotherfish,e.g.salmon,anglerfish

andpufferfish(Table1)･Atpresent,however,the
reasonsforthediscrepancybetweenthese2tele-

ostgroupsareunclear.
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