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Abstract InthemedakafishOり,Ziaslatipes,

manymutantsforbodycolorshavebeenisolated.

Amongthem,albinos(i-locusalleles)aretypical

colormutantshavingamelanoticskinandred

-coloredeyeswithnotyrosinaseactlVlty･Tocast
lightonthemolecularbasisofthealbinomecha-

nism,WehaveclonedcDNAsfortyrosinase,akey

enzymeinmelaninbiosynthesis,from thewild-

typefish,andperf♭medSouthernblotanalystsOn

genomicDNA from animutantfishwiththe

CDNAprobe.Theresultsdemonstrateda1.9-kb

insertionfragmentinexon1ofthetyrosinasegene.

Thefragment,designatedTol,(i)carriesterminal

invertedrepeatscontalnlngSequencesquiteSimilar
tothoseoftheTcltransposableelement,(ii)is

nankedbyduplicatedsegmentsoftheirhostchr0-
mosomes,and(iii)ispresentinapproximately80

copleSinthegenome,showlngspecificfeaturesof

theTcI-liketransposableelement.Itisclearthat

insertionofTolintothetyrosinasegenecauses
thealbinobodycolorinthe∫mutant.

AsacontrasttoalbinoJalleles,thereisacolor-

lessmelanophoremutantb,havingnormally

plgmentedblackeyesbutorange-coloredskin

withamelanoticmelanophores,thusshowlngthe

presenceofatissue-specificmechanismofmela-
ninformation.UsingtheCDNAprobe,Northern

blotanalysisonpoly(A)+RNAsfrom various
tissueswascan･iedout.Ⅰnthewild-type,the

tyrosinasemRNAwasexpressedineyesandskin

butnotinliver,correspondingtotissue-specific
melaninfol.mation.Inthebmutant,contraryto

expectation,themRNAwasdetectednotonlyln

eyesbutalsoinamelanoticskin.Therefore,

pigmentationofskincontrolledbybisnotdirectly
l'elatedtoexpressionofthetyrosinasegene.

lntroduction

Medakafish,Orvziaslatipes,isausefulanimal

forstudyingvertebrategeneticsandembryology.

Oneofthebestexploredareasisthegeneticsof

colorvariantsandmorethan40mutantsaffecting

lTowhomcorrespondenceshouldbeaddressed.

bodycolorshavebeenisolatedandmaintained

(Tomita,1975).Amongthem,spontaneousalbino

mutants(～-locusalleles)aretypicalcolormutants

havingamelanoticskinandred-coloredeyeswith

notyrosinaseactivity(Tomita,1975).Inaddition
tothealbinoJallelecases,thereisacolorless

melanophoremutantwhichshowsorangebody

colorbuteyeswithnomalplgmentation,thus

evidenclngtissue-specificformationofmelanin

granules.Thistraitiscontrolledbyb-locusalleles

withthemutantbeinghomozygousforrecessiveb
(Aida,1921,1930),whosebiochemicalbasisis
notknown.

Tyrosinase(EC1.14.18.1)isakeyenzymein
melaninbiosynthesis,catalyzlngtheoxidationof

tyrosinetodopaandthendopatodopaqulnOne
(KOrnerandPawelek,1982).Thisenzymeis

foundinvarioustypesofpigmentedcells,

includingmelanophoresinskinandpigmented

epithelialcellsineyes.Wetherefわreconsidered
thatanucleicacidprobeforthetyrosinasegene

mightbeaninvaluabletoolforstudiesofthe

regulationoftyrosinaseexpressioninvarious
medakafishcolormutants.Inthepresentstudy,

WeisolatedandsequencedtyrosinasecDNAsand

usedthem asaprobetoanalyzenotonlythe

genomicstructureofthegeneintheimutantbut

alsoexpres畠ionofthegeneinthebmutant･

MaterialsandMethods

(a)Fishstflains

ThefollowlngmutantsOfO･latipeswereob-

tainedfromDr.Tomita,LaboratoryofFreshwater

FishStocksatNagoyaUniverslty:aSpontaneous

albinomutantBiR(phenotypealbino-i,genotype

t'/ifortheL'locus),acolorlessmelanophoremutant

bIR(phenotypeb,genotypeb/b)anditswild-type

BIB(brownskincolor;wildphenotypeforwell
-characterizedthreeskincolorloci,b,iandr).The

wild-typeofskincoloriscommonlydesignatedin

thisway.
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(b)DNAandRNAextraction

High molecularweightDNA wasextracted
from bodiesoffishthrough proteinaseKtreat-

ment,phenolextractionandethanolpreclpltation
bystandardtechniques(Sambrooketal.,1989).

A singlefishwasusedforeachvariant.Total
RNAswereextractedfromeyes,skinandliverof

about500individualBIRandbIRfishbytheacid-

guanidinium thiocyanate-phenol-chloroform

method(Chomczynskiand Sacchi,1987).
Poly(A)'RNAs WereisolatedfromtotalRNAsas

describedpreviously(Inagakietal.,1994).

(C)Probesynthesisbythereversetranscriptase
(RT)-PCRreactt'On

ComparlngtheknowntyrosinaseCDNA se-
quencesofthemouse(Yamamotoetall,1987;

Mdlleretal.,1988),human(Kwonetal.,1987),

chicken(Mochiietal.,1993)andfrog(Takaseet

al.,1992),asenseprimerA (5'-AAGGAATG-
TTGTCCAGTCTGG-3')andanantisenseprimer
B (5'-GCATCTCTCCAGTCCCAGTATGG-3')

WeredesignedandsynthesizedonaDNA syn-
thesizer(Pharmacia-LKB,Upsala).Usingthese
primers,aProbedesignatedTyrFwassynthesized
frompoly(A)'RNAfromeyesoftheBIRfishwith
thereversetranscriptase(RT)-PCRreaction,and

labeledwith[a -32p]dCTPasreportedpreviously
(Inagakietal.,1994).

(d)CDNAcloningandDNAsequencing

Alambda-gtlOCDNAlibrarywasconstructed

from2FLgSamplesofthepoly(A)'RNAfromthe
BIRfishwitholigo-dTprimer(Sambrooketall,

1989)usingCDNAsynthesisandCDNAcloning
systemkits(Amersham).Wescreenedthislibrary
uslngtheTyrF DNA probedescribedabove･
PositiveslgnalsweresubclonedintopBluescriptII

KS+(Stratagene,LaJolla)･Generatingnestedsets

ofdeletions,representativeCDNA cloneswere

sequencedonbothstrandsbythedideoxychain
terminationmethod(Sangeretal.,1977)using
BcaBestDideoxySequencingKit(TaKaRa,
Kyoto)･

(e)Analysisofsequencedata

TheDNASISprogram (HitachiSoftware

Engineering,Tokyo)wasusedfわrsequencedata
compilationandtosearchsequencesforreading

frames,transcrlptlOnalcontrolslgnals,and

invertedordirectrepeats,aswellastoobtaina

hydropathyprofileoftheaminoacidsequenceand
todoadatabasesearch.

(j)Southernblotanalysis

HighmolecularweightDNAs weredigested
with severalrestrictionenzymes,fractionatedon
0.8%agarosegels,andtransferredtonylonmem-
branes(Hybond-N;Amersham)followedbyUV

i汀adiation.Themembraneswerethenhybridized
witha32p-labeledprobebythestandardtechnique
(Sambrooketal.,1989)･TheprobeTyrG wasa

genomicBglIIfragmentoftheBIRfishcontalnlng
TyrF,beinglabeledwithlal32p]dCTPtoabout

lxlO9 cpm/pguslngMultiprlmeDNA labeling
system (Amersham)･Hybridizationconditions
were6×SSPE(20×SSPE;3M NaCl,0.2M

NaH2PO4,0･02MEDTA,pH7.4),0.5%SDS,5×
Denhardt'sreagentand50FLg/mloffragmented
salmonspermDNAat65oCfor16hrs.

(g)Northernblotanalysis

10pgsamplesofpoly(A)'RNAfromliver,eyes
andskinoftheBIRfish,andeyesandskinofthe

bIR fishwereelectrophoresedon1.2% (W/V)

formaldehydedenaturlngagarOSegels,transferred
tonylonmembranes(Hybond-N,Amersham),
immobilizedbyUV irradiation,andthen
hybridizedwith32p-labeledCDNAprobesunder
theconditionsdescribedpreviously(Inagakietal.,
1994).Asaninternalstandard,aprobeforβ-actin
genewasgeneratedby(RT)-PCRfromliverRNA

oftheBIRfishuslngaCtin-specificpnmers.

Results

(a)Clom'ngandsequencingoftyrosinaseCDNA

UsingTyrFasaprobe,WescreenedtheCDNA

libraryandisolatedtwotypesofclones,amajor
clonebcTyrlandaminorlongerclonebcTyr&
ClonebcTyrlis2.2kbinsize,andclonebcTyr8

hasanadditional1kbfragmentatits3'site･The
nucleotide(nt)sequenceofbcTyrlwascom-

pletelydeterminedandpublishedelsewhere

(Inagakietal.,1994)･Fig.1showsthesequence

ofbcTyr8inwhichthemainpartofbcTyrIis
included.TheadditionalreglOnOfbcTyr8hasno

ORFandcontainsahighlyAT-richsequence.
Thus,thelongerclonemaybegeneratedby
alternativeprocesslng.

(b)Predictedaminoacidsequenceofmedakafish

tyrosinase

Fig.1alsoshowsthepredictedaminoacid

sequence.TheCDNAcodesfわr540aminoacids

beginnlngatnt322tont1,944.Usingapackage

program(KyteandDoolittle,1992)WithDNASIS,

thehydropathyprofileoftheaminoacidsequence



CTGGTTAGATGGGAGGTTAGAGTAGAAGTAACTTTGAAATATAGAAACACCAAGAGATTTG 8i

ccGATTTTTCATTGTCTGTGTACTTTPLAAGGGTATCTTCTGCATTAATTGCAGTTTAAGGCAAAGTATTGTGCTTTTGCATCTCでAPLAAGTAACTTTTTAGCATCAGATCTACAAGTCTG 20l

AGCTGCTGTCACTTCTTCAAACCTTCAGCCCTATCTCACCAGAGTGGTCAGCAGGTTGTTTTTCCTGCAGGACTTTTCCTCCTTCTGAGGTCTGGACAGATGTGGGTGAATCTTTTCATC 321

M K S i ど L S A V i L O F F E T C V S O ど P A P C A N S E G i 氏 T K E C C P V V 40
ATGAAGAGTCTTTTでTTGTCTGCCGTTCTGCTGCAGTTCTTTGAGACTTGTTGGAGCCAGTTTCCTCGCCCCTGTGCCPLAでTCAGAGGGACTGCGAACCAAGGAGTGCTGでCCAGTGTGG 441

S G D G S P C G A i S G R G ど C A D V S V S D E P N G P Q Y P H S G エ D D R ≡ R 80

AGTGGAGATGGCTCACCCTGTGGGGCCCTGTCTGGTCGCGGGTTCTGTGCAGACGTCTCGGTTTCAGACGAGCCCAACGGGCCGCACTACCCTCACAGCGGGATCGATGACAGGGAGCGC 56l

V P L A ど F N 氏 T_C R C A G N Y G G F N C G E C 氏 ど G Y V G S N C A ≡ Y 氏 ≡ S V 120
TGGCCTTTAGCTTTCTTCAACCGGACGTGTCGTTGTGCAGGAAACTATGGAGGGTTTPLACTGTGGGGAATGCAGATTCGGTTACTGGGGCTCCAACTGTGCTGAGTACAGAGAGTCAGでG 681

R R N 工 M S M S T T E Q Q K F 工 S Y i N i A K N T エ N P D Y V エ T T G T 冗 A E M 160
CCCAGGAACATCATGAGCATGTCAACTACTGAGCAGCAAAAGTTCATCTCTTATCTAAACCTGGCCAAM CACCATCAACCCAGACTACGTCATCACCACAGGCACAAGAGCAGAGATG 80i

G E N G E S P M ど S D エ N T Y D i F V V エ H Y Y V S R D T F L G G P G N V V R D 200

GGAGAGPLACGGTGAGAGCCCCATGTTCTCTGACATCAACACCTACGACCTATTTGTCTGGATACACTACTACGTGTCCAGAGACACCTTCTTGGGAGGGCCTGGGAATGTTTGGAGAGAT 921

エ D F A 77 E Ls vA A F i P i H -a V Y1- L L=="H--V E Q E エ R K エ T G D F N F T エ P Y V D 240
ATCGATTTTGCCCACGAGTCTGCTGCATTTCTCCCCTGGCACAGAGTCTACCTGCTTCACTGGGAGCAGGAGATACGCAAAATCACAGGAGATTTTAACTTTACCATCCCGTACTGGGAC 1O41

V R D A Q S C ≡ V C T D N i M G G R N A L Ⅳ P N L エ S P A S V F S S V 冗 V エ C T 280
TGGAGGGATGCCCAGTCCTGTGm GTCTGCACTGATAATCTGATGGGTGGACGTAACGCCCTTAATCCPLAACCTTATCAGCCCTGCTTCTGTCTTCTCCTCATGGAAGGTAATCTGCACC 11Sl

Q Q ≡ E Y N N Q E A i C Ⅳ A T_A ≡ G P i i 氏 N P G N 冗 D P N R V P R エ P T T A D 320
CAGCAAGAAGAGTACAACAACCAAGAGGCTTTGTGTAACGCTACTGCAGAAGGTCCACTGTTGCGTAACCCCGGCAACCATGATCCAAACCGCGTGCCACGGATCCCTACGACCGCTGAC 1281

V E ど T エ S i P E Y ≡ T G S M D R F A N N S ど 氏 N V i ≡ G ど A S P E T G M A V O 360
GTAGAGTTCACCATCAGTCTTCCAGAGTATGAGACTGGGTCCATGGACCGATTTGCCAACAACAGCTTTCGAAACGTCTTAGAGGGTTTTGCCAGCCCAGAAACAGGCATGGCでGTGCAA i401

G Q S T M H Zr-_A TL fZ V F Zt Ⅳ-~･=GL･.-~S∴･.-Zl 岳 S-1v o a S A Ⅳ D P i F i L _E X :五 三p -工 か_S エ F 400
GGCCAGAGCACCATGCACAATGCCCTGCATGTCTTCATGAhCGGCTC姐 TGTCCTCACTCCACGGCTCAGCCAACGACCCCATCTTCCTCCTTCACCATGCTTTCATTCACAGCATCTTで 152i

E A V i 冗 T H Q P P 冗 S エ Y P R T N A P エ G H N D G Y Y M V P F i P i Y 冗 N G D 440
GAGCGCTGGCTAAGtLACTCATCAGCCTCCCCGGTCCATCTACCCACGTACCAATGCACC3uTTGGCCACAATGACGGCTACTACATGGTGCCATTCCTTCCTCTTTATAGGAATGGAGAC 1641

Y L L S Ⅳ X A こ. G Y E Y A Y i i D P G Q A F V Q E ど L で P Y i Q Q A Q Q 工 U Q _.L 480
TACCTCCTGTCCAACAAGGCTCTTGGATACGAGTACGCCTACCTGTTGGACCCAGGTCAGAGGTTTGTCCAGGAGTTCTTGACCCCCTACCTTCAGCAAGCCCAGCAGATCTGGCAGTGG 1761

L i G A G エ L G A L エ A T r V A A V エ V F A R 氏 K R 氏 氏 N Q 冗 A K R A P S F G E 520
CTCCTGGGGGCCGGGATCCTCGGTGCTTTGATCGCCACAAでTGTTGCCGCGGTGATTGTTTTTCCCAGAAGGAAGAGGAGACGTAACCAGAAGAGGAAAAGGGCGCCCAGCTTTGGAGAG 1881

R Q P L L Q S S S E E G S S S Y Q T T L * 541

AGGCAGCCACTGTTGCAGAGCAGTTCAGAAGAGGGTTCATCGTCATACCAGACTACACTTTAACACAGAGAA姐 GCCTGCCGCACAGCTCCCTGTGCCATGCGGTTC竜 正正 弘 GGA姐 2001

ACATGA瓜 TGCTGG姐 CCGTTCPLAC品 C姐 TTTAATGTGTTAAACATATGTTCTCACCGACCACATCTAGACB.AGACCTGGATCAGCAAAAAGACATCCACATTTTAATGTm T
TTATTTTCATACでTTGTCACTCTGATTGACAGGTAGTTGACAGGTCACGTGTGCACATACTTTTAGAACTTCTGATGAAAATGTTTTCAAGCAAGTATTGCATAGGTGAAGCCAGTTCTA

ACATTGAATGCTTGTGTTCTTAAGGGTGAATTTTCATCCCACCAAATGATATGATTCAATGATPLATATAACCTTCATGGTGCTACAATATGGTTTGATAPLATTTAATTTTTTTTTCGGGC

AM TCACCTGCAA九九AAGGATAATGATGTATCATGAAAATGCATTAでTTATTTTAACCTGATCAAATTTCTGGGTATGGTGCAC姐 TCACTTCTATGGATCAAATAGCAGCATGGATCT

三三器 慧 …芸 …慧 …言霊 諾 誓 三…慧 諾 芸 喜慧 言芸 ……妄三…諾 …三言TG冒認 妄言…冨Ai :…三…慧 …三言芸 TG冒…cT…三TG三言…言TG言三言TT三言…三言g言諾 TG…三言慧 享…= 三言三言憲 慧
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TGGATTPLACAGAAGTGCTTATTCATTTTCACAGTGTAACTGCATCAATTGACTC
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Fig.I.NtICleotideseqtleIICeOrthe

medaka fish tyrosinase CDNA
bcTvl･8andthededucedaminoacid

sequence.Numbel'ingofthent]cleo-

tidesequencecorÌeSPOndstothatof

bcTyl･]aspreviottslydescJ.ibed

(Tnagakietal.,1994).ThebcTyl･8

specificseqtleIICeisFromnt2049to

nt3158.Thesixpolyadellylation

signals(AATAAAol.ATTAAA)in

the3'し111tranSlatedI.eglOnareboxed.

Thedel̀ivedORFbeginnlngatnt
3220ftheinitiationcodontothe

stopcodonatnt1942isdepictedin

onelettercode.Highhydrophobic

regions(doubleunderlined)aHheN-

terminalandneartheC-terminalare

illthesignalpeptideandtransmem-

branel･eglOllS,1.eSpeCtively.Plltative

copperbindingsitesareindicatedby

shadedboxes.TheriヤepotentialN一

glycosylatioIISlgnalsaretlnderlined.
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Human ML.AVLYC‥VS.Q.SAGH‥ .A.VS,KN.ME...‥P‥ ‥R.‥ .0‥ ‥ .ら.QN工LL.NA.

Mouse MF.AVLYC‥WS.OISDGH‥ .A..ら.XN.LA.‥ ..P.M‥ ..‥ .Q.‥ ‥9.0.工LL.SA.

Chlcken MF..AMGL..VILQPSTG‥ ‥V.‥TOS.LR‥ ‥ .P.D...T‥ .ER.N..T.QRエLL.QA.

Frog MESTTV.LATST‥LVLHASYG‥ ‥A.STAQV.LS.‥ ‥ ..P‥N.S..EV‥ ‥V.0..VP.NS.
Medaka … AVLLOFFETCWSQFPRPCANSEGLRTT(ECCPVWSGDGSPCGALSGRGFCADVSVSDEP★ ★★ ● ★
IIuman L.‥ F.FT.Ⅴ‥ ..S‥SV.Y‥ ∴O.S_.FM.....N.X.一.F∴p..T.R.L1......FDL.AP.XD

Mouse S‥ .F.FX.V.‥ .S‥SV.Y‥ ‥Q.3..FM‥ ...～.汰..FG二p..T.K.VL工‥ ‥FDL.VS.XN

Chicken L‥ .F.F..Ⅴ‥ ..D‥S∨.Y‥ .‥ .R‥FM‥ ‥ ‥ .7(∴FS.0‥T.R.L良T.‥ .FOLT工S.I(D

Frog V.A.F.F...‖ ‥N..エV.Y....Q.Q‥FM.Y...‥ ‥'..Tip..TVR.NM工.XD.FR.T.A.KD
Medaka NGPQYPHSGエDDRERWPLAFFRBエCRCAGNYGGFNCGECRFGW GSNCAEYRESVRRNエMSMSTTEQQ★● ★● ★
Human ‥FA‥T‥ .H..SS‥ ‥ PI‥YGO.-N‥ST...N‥ .工.‥ .‥M.‥ ..M.AL‥ .-SE工.

Mouse ‥F‥ .T‥ .H..SSV.‥P...YGO.-N‥ST‥ .N...Ⅰ‥ ..‥M....‥ ‥L‥ .-SE工.

Chicken ..LA‖ .....エPSK‥ ..A‥ .Y.Q.-N..SN.‥RN‥Ⅴ‥ ....M...A.‥ .L‥ .-S...

Frog .L.A..‥ ‥H..S.....A...YEQ.-N‥SN‥ .̂ ‥SA‥ ‥ ....‥A...R‥ED-.S‥A..
Medaka XFエSYLNLA7(NTINPDYV工TTGTRAEMGENGESPMFSD工NTYDLFVW工HYW SRDTFLGGPGNVWRDI

Human .....AP‥ .‥ ‥LF‥R‥ .‥O.L‥ .E‥ .‥ .....‥EIく.D1...EY‥ .OHPT‥ ..L.‥
Mou8e ...‥APG.‥ ‥ .LF..L‥ .‥ .EL...E‥ .Ⅴ‥ ‥ ‥ ‥EN.D工.‥EYL...HPE‥ ..L‥ .

Chicken .....APG.日 ...AF..i..A..0.....E............ED.V1...EY...QHPT....L...

Frog .- -APG..‥ ..F...L‥R‥Q.Ⅴ‥ .D‥ ‥ .F.‥ ..‥0..L‥ .EFF..THPTSN..L‥ .

Medaka DFtulESAAFLPⅥ1RVYLLW EQEエRl(工TGDFM≡ユエPYWDVRDAQSCEVCTDNLMGGRNALNPNLエSPA
★ ★

l

Human .F....QIV.SRL....SHO5...0.P....R.......7(STY..L.SS.....CL..TO..S....7(

Mouse .F.‥ .Q工‥SRS..‥SHOV‥DG.P‥ ...‥ .....RAT(T..L.SS..‥ .CL‥T0..9.‥ ‥

Chlcken .F.‥ .Q‥ .‥S‥ ..5.0‥ ..‥S‥ .Ⅰ‥ .‥ .N.I(S.で‥L.SSSE‥ .CLT.TQ..S‥ ‥K

Frog .F....OLHSRP._..SLRII..G.N......S..R..R..T..L..S....ACL..TD日 ..A...

Medaka SVFSSWfN工CTQQEEYNNQEALCMlエAEGPLLRNPGNHDPNRVPR工PTTADVEFTエSLPEYETGSMDR★ ★
Human A..F....T.......L..I.DAB..5......IY...T..0................V.日 ..0..Q

Mouse T..F....T‥V‥ ‥L‥ 工.DPS‥S..‥ ‥工..‥T‥Q‥ ‥ ‥ ‥ ‥ ....‥V‥ ‥ .Q.‥

Chicken M‥Y‥ ..T‥ ‥ .D.H.AISNIS‥GL‥ ...エY‥ ‥ ‥Q‥ ........エ‥ ‥ .Ⅴ‥ ....‥ .

Frog S‥F‥ ‥T‥ ‥ .V.TS.Ⅰ.NRS‥S.‥S‥ ‥L.‥ ....‥ ..‥ ‥ .V.‥ ‥V..L..Q.‥

Medaka FA虹吐SFRNVLEGFASPETGMAVOGQSTMHNALHVFM鮎追MSSVQGSANDPエFLLHHAF工Ds工FERVLR

n

Human R.R.LQEV..E九‥ ..‥ .RES‥ ‥ .エ‥ ...‥FF工.S.D...D.S‥Q.SDPDSF.DY工KS..E.

Mouse R.R.LLEV..EA...‥ ..ROS‥ ...I...‥ ..FFエTS.D...D.9‥QESDPG.YRNYエE‥ .E.

Chicken R.R.MLEV‥AA‥ .....REP.....Ⅰ‥ ‥ ‥EFFI.SRE‥ .D.E‥QE.ALGSF.D‥エ‥ .7(.

Frog R...SLDV.･EA･･.V･..RE･N････I.･FT･･EFFVOSRD･･･D･D･･AES- GSIED･･L･･･E･

Medaka THQPPRSIYPRTNAPエGHNDGYYW PFLPLYRNGDYLLSNt(ALGYEYAYLLDPGQRFVQEFLTPYLOQ

Human .SR‥S‥ ...AMV..VLTALL.GPVSLLC一一.HKR7(一一一一一QLPE.K‥ ‥MEKEDYTt.L-‥SH.

Mouse .SR..P‥ ‥ .ALV..V..AALSGLSSRLCLQKT(KKK.一一一一QPQE‥ .‥ .MDXDDY71.LL‥SH.
chlcken .H‥ .P..V..AVI.G工.TAVLSGL.-L.C一一.7(I(RT(I----GTSP.Ⅰ..‥TE.EDYNNV‥ .SHF

Frog .氏.......‥AV‥G‥TAVI.TL SLTC一一-7(RKTX- 一一ISE･TR･･･MEAEDYQ-AT･･SN･
Medaka AQQェVQVhLg冬OエLgaL1811y坤 ⅤエVFARRKRRRNQKRKRAPSFGERQPLLQSSSEEGSSSYQTTL
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Fig.2.AlignmelltOftheaminoacidsequencesofvertebratetyrosinases･FiveN-glycosylationsites(NXSandNXT)areunderlined･

conservedcysteiI-eI･eSidtIeSWereil-dicatedbyasterisk･Ial-dllrepresenthighlyconser､′edreglOnSOrPutativecopperbindingsites

intyrosinases,tyl･OSinase-1･elatedpl･Oteinsandhemocyaninmolecules･Shadowsindicatetheconservedcysteines･aromaticresidues

andglycinesinachal･aCtel･isticaHyspacedpatternseeninanEGF-motif(Jacksonela/･,1992)･
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wasanalyzed.High hydrophobicitywasfoundat
theN-terminusandneartheC-terminus(datanot

shown).AccordingtovonHeijne'smethod(von

Heijne,1983),19aminoacidsattheN-terminus

al.ePredictedtoconstituteaslgnalpeptidefound

insecretedproteins.TheC-terminalhydrophobic

1-eglOnisaputativememb1-aneSpannlngdomain.
FivepotentialN-glycosyiationsites(As n-XI

Serrrhl.)arepresentinthesequence(Fig.1).
Alignmentofthetyrosinaseaminoacidse-

quencesfromvel'tebratespecies(Fig.2)indicates
thatthemedakafishtyrosinaseshowsabout60%

identltytOthoseofothervertebrates,i.e.,human,

mouse,chickenandfrog.Thishighhomology
indicatesthattheisolatedclonesareindeedfrom

thetyrosinasegene.FivepotentialN-glycosylation

signalsandfわurteencysteineresidues(Fig.2)are

sharedwithothel.tyrOSinasesequences,indicatlng

theirpotentialimportancefortyrosinasefunction
andconformation.Conservationofcysteines,aro-

maticresidues,andglyclneSinacharacteristically

spacedpatterniswellknownasanEGトlikemotif

whichisimportantforprotein-proteinrecognltlOn
(Jacksonetal.,1992).Themotiffoundatamino

acidpositions90to113wasalsofわundconsel･Ved

inthealignment(Fig.2).Miilleretal.(1988)iden-
tifiedtwohistidinesitesinhomologousreglOnSOf

tyrosinases,tyrosinaserelatedproteinsandhemo-

Cyaninssel'vlngaSthecopper-bindingsites,the

activecenteroftyrosinase.Thispostulationis
consistentwithourobservationthathistidinesin

thesereglOnSareCOmpletelyconserved.

(C)Structuralchangeofthetyrosinasegeneinthe

albino-imedakafish
lnordertocharacterizethealbinomechanism

oftheimutant,SouthernblotanalystsOfBIB,bIR

andBiR genomicDNAswascarriedoutwith

severalrestrictionenzymesuslngtheTyrGprobe･

Fig.3isanautoradiographforHindIII,demon-

StratlngStrongSlgnalsforslnglegenesinaH

DNAs,indicatlngthatthetyrosinasegeneis

presentasasinglecopy(Inagakietal.,1994).

NoteherethatBiRalwaysshowsaslgnallength

largerbyapproximately1.9kbthanBIBandbIR.

SeveralDNAblotanalysesuslngOtherrestriction

enzymesalsogavethesamel'eSult,indicatlngthat

thealbino-ifishcarriesanextraDNAfragmentin

orneartheprobedI.egion(Fig.3).Theextrafrag-

mentisinsidethefirstexonofthetyrosinasegene

anditsgenomicst1-uCtul.eisshownschematically
inFig.4.
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Fig.3.SouthernblotanalysISOrtyrOSinasegenes.10〃g

samplesofgenomicDNAfrom0.latL'pesBIR(wild-type;lane

1),blR(orangecolorvariant;lane2)andBt'R(albino-imutant:

lane3),digestedwithHindIIlandhybridizedtotheprobe

T.1,7'G.

Usingaclonecontalnlngtheextra1.9kb

fragmentasaprobe,SouthernblotanalystsOf
BIR,BiR andbIR wascarriedout.Theresults

indicatedthepresenceofmulticopleSOfthefrag-

mentinallDNAs(datanotshown),suggesting

thatthefragmentsarerepetitive.Thecopynumber

oftheelementsinthegenomeof0.latipesisesti-
matedtoberoughly80.Wehavedesignatedthese
repetitivesequencesasTol.Theparticularcopy

foundinthetyrosinasegeneisdenotedTo1-tyr.

(d)Propertiesoftransposableelements

ThewholeTo1-tyrelementanditsflanking

regionswerecompletelysequenced(Kogaetal.,

1994),itslengthbeing1854bp･Acharacteristic
featureisthattheoutsideendsofTo1-tyrhave

clearterminalinvertedrepeats,flankedbyan8bp

apparenttargetsiteduplication.Therepeats
consistof14nucleotideswithonemismatch,

havingcharacteristicsequencesofCAGTAG at

oneendandCAGTGGattheother,qulteSimilar

totheconsensussequenceCAGT(AノG)(T/C)of

theTcJDNA-mediatedtransposableelement

family(Rozenzweigetall,1983a,1983b;Harriset

all,1988)･Thoughthenucleotidesequenceof
To1-tvrwascomparedwithothersequencesin
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Fig･41Schematicrepresentationofthetyrosinasegeneofthealbino-t'mutanLTheupperdiagrammapsthepositionsofrestriction
siteswiththelocusofthewild-typetyrosinasegene･Thelowerdiagramshowsthesamelocusofthealbino-imutant,contalnlnga
T()Ielement･ThelengthsoffragmentsexpectedinHt'ndIITandAl,aldigestsareshownforbothversions･Thetyrosinase-coding
l･egionscommontobcT.vrJandbcTl･l･8andspecificforbcT.vI･8areindicatedbytheopenandshadedboxes,respectively･Regions
fromexon2to5thathavenotbeeI-completelydeterminedarerepresentedbydashedboxesandlines･Tyl･G:aBIRfishgenomic
Bg/llfragmentcontai1-ll-gpal一orexo1-10fthetyrosil-aSegene･Restl･ictionsitesareabbreviatedasfollows;A,AImⅠ:B,Bg/ll;Ev,
Ec()RV;H,Hil1dILI.NotaHsitesareshown.

GenBankandEMBL databanks,withspecial

attentiontosequencesofknowneukaryotictrans-

posableelements,nosimilarsequencewasfound.

Furthermore,noplausiblecodingframeswere

detectedinT01-tyr.Thesefindingssuggestthat

thisparticularcopylSnotlikelytobeanauton-
omousmember.

(e)Tissue-specljice_1'PreSSE'onofthetyrosinase

geneinwt'ld-typemedakajish

ToknowwhethertyrosinasemRNAisprefer-

entiallyexpressedinvariousplgmentedtissues,

NorthernblotanalystsWasperfわrmedwiththe

CDNAclonebcTyrlasaprobe(Fig.5A).Inthe

wild-typeBIRfish,asignalof2.2kbcorrespond-

1ngtOthetyrosinasemRNAappearedineyesand

skin(Fig.5A,lanes2,3),butwasnotdetectedin
liver(Fig.5A,lane1).Thetranscriptwasmost

abundantineyetissue,andtheresultsconfirm

tissuespecificexpressionofthetyrosinasegenein

themedakafish.Thus,theproductionoftyrosi-

nasemaybemainlyregulatedatthetranscrlptlOnal
levelasinmice(Ruppertetal.,1988),human
(Kwonetal.,1987)andchickens(Mochiietal.,
1993).

(i)Alternativeprocessing intyrosinasegene
expresst'On

OnNorthernblotanalystsWithbcTyrl,We

coulddetectminorsignalslargerinsize(4.3kb
and5.6kb)inadditiontothestrongsignalof2.2

kb(Fig･5A)･Tocharacterizethesesignals,the

samemembranewasrehybridizedtothe3'-

additionalsequencespecifictobcTyr8.Theprobe

couldhybridizeonlythelargerfragments,andthe

majorsignalof2.2kbinFig.5Adisappeared(Fig.

5B).Therefore,thesetranscriptslargerinsize

seemtocontainthespecificsequenceforbcTyr8.

Sincethetyrosinasegeneisaslnglecopylnthe

genome,theadditionalsequenceofbcTvr8adjoins
the3'regionoftheabundantclones.Thisindi-

catesthatthelargerclonebcTvr8isgeneratedby



MedakatyrosillaSegene

kb

B

1 2 3 4 5

13

7.4-

5.3-
2.8_

1.9-
1.6-

Fig.5.NorthernblotanalysisoftyrosinasegenetranscriptsindifferenHissuesanddifferenHypesofmedakafish.A.Expressionof
thetyrosinasegenecomparedbetweenBIR(lanesト3)andbIR(lanes4,5).RNAswereextractedfromliver(lane1),eyes(lanes2,
4),andskin(lalleS3,5)frombothfish.10FLgSamplesofpoly(A)'RNAswereloadedineachlane.TheCDNAclonebcT)'l'Jwas
LlSedasaprobefわrthetyrosinasemRNA.Closedandopenarrowheadsindicatethemajor2.2kbsignalandthelargertranscripts,
respectively.Thesamemembl･aneWasrehybridizedtothep-actinprobeasaninternalcontrol(datanotshown).B.Thesame
membranewasrehybridizedtotheprobefortheadditionalsequencespecificforbcTvl･8.Openarrowheads,largertranscrlPtS･

alternativeprocessing(Inagakietal.,1994)･ andperitoneum(Tomita,1975)･Toknowwhether

However,theslgnificanceofthemultipletran-

scl●lptSfわrthecommonfunctionofvertebrate

tyrosinasesisnotclear(Miilleretal.,1988).Note
herethatasmallbutdetectableamountofthe

largertranscrlptSbutnodetectablehybridization

slgnalforthenormaltl.anSCrlPtWereapparentin

liverRNA (Fig.5A,lane 1),suggestingan
unknownfunctionoftyrosinaseintheliver.

(g)TyrosinasegeneexpresLu'oninthecolorless

melanophoremlLtant

Inthewild-typeBIB fish,melanizationis

detectedintheeyes,skinandperitoneum.Onthe

otherhand,thecolorlessmelanophoremutantbIR

hasnoplgmentedmelanophoresintheskinin

contl-aSttOthenormalplgmentationintheireyes

tyrosinasemRNAislackinglnSkin,Northernblot

analysisOfbIR wasperformedwiththeprobe

bcTvrlasdescribedabove.Contrarytoexpec-

tation,Wecoulddetectthesamesignalsnotonly

intheeyesbutalsointheskinofbIR(Fig.5A,

lanes4,5).AlthoughtheskinofbIR isnot

plgmented,thetyrosinasegeneisthusclearly

expressedinmelanophoresatthemRNA level.
Wethereforeconcludethattheballeledoesnot

suppresstranscl'lPtlOnOfthetyrosinasegerle.

Discussion

(a)albt'no-imutant

Originally,∫wasaspontaneousmutantisolated

fromabreedingpopulationofmedakafish.The
recessiveallele-icausesthealbinobodycolorin
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itshomozygousca汀iersthatshow notyrosinase

activityinvivo(Tomita,1975).Alinkbetweenthe

∫locusandthetyrosinasegenehasbeenproposed

becausedefectivetyrosinasegenesresultinthe

albinophenotypeinthemouse(Beermannetal.,
1990;Yokoyamaetal.,1990;Tanakaetal.,1990)

andhuman(Takedaetal.,1990).Inthepresent

study,wecouldshowthatthealbino-icarriesaI.9

kbextraDNAfragmentT01-tyrinitstyrosinase

gene.Itislikelythattheexpressionortranslation

ofthetyrosinasemRNA mustbeintemptedby

theelementandthisprovidesstrongevidenceofa

causalco汀eSpOndence.

(b)Tt'ssue-specljicexpressionofthetyrosinase

geneinthebmLLtant

WhenHishidaetal.(1961)incubatedscalesof

thebmutant(bIR)inthepresenceofiodoac-

etamideandtyrosine,anumberofartificially

melanizedcellsappeared,showlngthepresenceof

thetyrosinaseactlVlty.Ⅰnthisreaction,tyrosineis

asubstratefらrtyrosinase,andiodoacetamideacts

asablockerofsulmydrylbonding.Basedontheir

histochemicaldata,theyclaimedthatthecolorless

melanophoresofbIRmustcontaintyrosinasesin
aninactivestateandsometreatmentssuchas

iodoacetamideseemtoremovetheHinhibitor"of

tyl'OSinase.Recently,howevel',uSlngtranSgenic
medakafish,Matsumotoetal.(1992)demon-

strated thatbIR canpresentbrownish skin

plgmentationasaresultofintroductionofthe

mousetyrosinasegeneintothegenome.Contrary

tothe"inhibitor"hypothesisdescribedabove,the

mockgenecouldbeexpressedandactivatedinthe

colorlessmelanophore.Onepossibilityisthusthat

theauthentictyrosinasegeneisnotexpressedin

realityandthatthetyrosinaseactlVltyShownby
scalesisanartifact.

Ⅰnthepresentstudy,wefわundthatthetyrosi-

nasegeneiscertainlyexpressedinskinofbIR,as

wellasinthewild-type.Thisindicatesthat

tyrosinasemRNAorthetyrosinaseenzymeinvivo

ispresentinaninhibitedstateinb,whichwould

implythepresenceofanHinhibitor(S)Morthe

absenceofan=activator(S)''ofmelaninsynthesis

inskinmelanophores･Therefore,theblocusgene

productmustregulatemelaninfomationinskin

by somemecllaI-ism independentofnormal

expressionofthetyrosinasegene･Whythisshould

notblocktheactionoftyrosinaseorlglnatlngfrom

anintroducedmousegene1-elllainsunclearbutone

plausibleexplanationmightbethattheHinhibitor'l
itselfcannotinteractwiththeexogenousgene

product.Anotherexplanationisthatoverproduc-

tionofenzymeduetothedoublegenedoseeffect

ofbothauthenticandexogenousgenesovercomes
the"inhibitor".

(C)Atransposableelementinmedakajish

Wehavedescribedatransposableelementin

medakafishtermed Tol,especially To1-tyr,

whoseconspicuousfeatureisinvertedrepeatsat

itstermini,Rankedbyaduplicationofasegment

ofthehostchromosome.Furthermore,partial

sequencesoftheinvertedrepeatsarequlteSimilar

tothoseofTclwhichwasorlglnallydescribedin

thenematodespeciesCaenorhabditiselegans

(Rosenzweigetal.,1983a).Theserepeatsand

duplicatedhostsequencesarethehallmarkof

DNA-mediatedtransposableelements(Howeand

Berg,1989)･Furthermore,Southernblotanalysis

ofthegenomicDNA clearlydemonstratedthe

presenceofmulticopleSOftheelements.The

dispersedlocationsofTolfurthersuggestatrans-

posablecapacity.ItisthereforelikelythatTolisa

memberoftheTc1-likeDNA-mediatedtransposon

family.

Becausecompleteversionsofvirtuallyall

knownDNA一mediatedtransposableelements

encodeaproductnecessaryfわrtheirownmove-

ment,theautonomoustransposableelementsare

characterizedbyshortinvertedterminalrepeats

flankingputativetransposase-encodingreading

frames(seeHoweandBerg,1989).SinceTo1-tyr

hasnoconvinclngORFsinitssequence,itisnot

likelytobeanautonomousmember,although

otherversionsOfTolmightcontainsuchgenes.
WhileseveraldistinctfamiliesofDNA一

mediatedtransposableelementsareknownin

prokaryotes,lowereukaryotes,plantsandinverte-

brates(seeHoweandBerg,1989),Onlyafew
candidateshavesofarbeenidentifiedinvertebrate

genomes.Hostsarelimitedtofrogspeciesof

XenopILS(KayandDavid,1983;Schubigeretall,
1985;GarrettandCarrot,1986;Gerber-Huberet

al.,1987)andacyclostome(Heierhorstetal.,
1992).Amongthem,cycIostomeTeslistheonly
Tcl-likeelementinvertebratesknowntodate.In

thepresentpaper,WeshowedthatTolmustbea

memberoftheTclfamilylnthegenomeofthe

vertebrate0.latipes.Thisindicatesamuchwider

phylogeneticdistributionoftheTclfamilythan

previouslythought･Itremainstobeestablished
whetherthisbroaddistributionisduetoevolution-

aryconservationortohorizontaltransferofthese
elementsacrossspeciesborders,whichhasbeen
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proposedfol'Othertransposonfamilies.Weexpect
tllatfurtherdatawillallowtllemolecularevolution

oftheTcljamilytobediscussedinthenearfuture.

TclelementsarethemaJOl.CauseOfsponta-
neousmutationsincertainC.elegansstrains,and

havesuccessfullybeenusedasanagentfor
screeningandcloningofseveralgenes(Moerman
andWaterston,1989).Unfortunately,noevidence
fortransposaseactivltyWaSObtainedforTol,and
itisthusprematuretocommentonthemutational
impactofTolelementsinthemedakafish
genOme･
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