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l[mml1nionto

theBiollistoryReseaＫｈＨａｌｌ
TbkindoSOkada
DirectorGeneral

ＡＣｏｎｃｅ減ＨａｌＩｆ“Ｓｃｉｅｎｃｅ

Ⅲ烈驚i繍臓臨撫鷲繍駕:：
receivedanyl､０，maleducationinmusicandmytolal

incapal〕ilityol､understan〔lingcomplicatedmusicscores，

Ｏｎｌｌ１ｅｗｌ１ｏｌｅ，ｍｕｓｉｃｉｎｔｈｅｏｒｉｇｉｎａｌｆｏｒｍｃＩ･eated｝〕y

composers1sunapproacl1a})lefbrlhegeneralpul〕lic・The

onlyopl〕ortunitylbrmostpeopletoappreciａｔｅｔｌ１ｅ１)eauty

ofmusicissolelypI･ovidedbype1,1brmers・

Likewise，ｓｃｉｅｎｃｅｉｓｉｎｐｒｉｎｃｉｐｌｅ，l10treadily

accessi]〕ｌｅｔｏｌ〕eopleoutsidethescientificcommunity，It

isclearthat“perlbImers”ａ,｡eequallyessenlialtopresenl

thewon〔le1･ａｎ〔１１〕eautyofscience・However,suchtalentis

muchmore〔liH､iCulttofindandtheirpro企ssionalautho,｡iLy

muchlesslirmlyesta}〕lishedinou1･societyシｃ()mpare〔llo

iheirmusicalcolmterpa1･ts，Therefb1｡e，theidea(〕fcreating

aplacewl,erepeoplec〔〕ul〔lenjoy“performances”of

scienlificresea１℃ｌ１ｐ１･esenle(lthroL1ghtalk，ａ１．t，musicａｎ(’

ThreemainactivitiesatBRH

Laborat廓yReSearCh

contemp()l･aryaudit()ryandvisualtechnologies9was

conceived

lrecallasiatementl〕ｙＤ１．．MaxineSinger，tl1e

President()fLheCamegielnstiiutionofWashington，ata

meetinghel(linJapa11，that“iflhe1･ｅｉｓａｃｏｍｍｏｎｗｏ1.1.‐

widecultu,．e，sclenceisitsname.”Thissent1mentisthe

moLivatingfo１℃ebehil1dthecreationoftheBiohistory

ResearchHall(BRH);topromotesucha‘‘culture"ｗｌ'ich

lseasilyaccessiblet〔)lhegene,，alpublic,Myhopeisthat

wl1aiac()ncerlhall〔loeslbrmuslc,ourResearchHallis

(loingIorscience．

Livi胸ｇＯｒｇａｎｉｓｍｓａｒｅＦｕＩＩｏｆＷＯｎｄｅｒ

Ｕ、(loubledlyヲbiologypl､()ｖｉｄｅｓｏｎｅｏｆｔｈｅｍｏｓｔ

ｓｕｉｌａｌ〕ｌｅ“repertoi'･es”fol･per1.01･ｍａｎｃｅｓａｉｔｌｌｅＢＲＨシ

llavingsuchimmensesoul，ces(〕Iwonder、Ｔｈｅｉｎ〔livi(lual

pl1enomena()１，ｅａ〔1ho1ganlsm，li･Ｏｍｌ〕a〔‘ｔｅｎａｌｏｍａｍｍａｌｓ･

an(ｌｌｈｅｉｌ,he,．enll〕eautyo［eachspeciesal･efascinaling

an〔ｌａｗｅ－ｍｓｐｒｍｇ、１１.ｗｅｃ()ｕｌ〔ｌｏｎｌｙｌ〕ｅｇｉｖｅｎｍｏｒｅ

(seepageslO-13and26-29）

ＡｔＢＲＨ，weconductexperimentaIresearchinthefieldsofevolutionaryanddevelopmentalbiology,whichcontributeimportani

knowIedgetowardstheunderstandingofbothuniversalruIesanddiversitiesinthebiologicalworld．

Ａ溶断Ⅵ熊専f○Wt'だ恩鎚朋⑥

(Seepages22-25,30-31）

Detailedtheoriesandresultsofmodembiologyarehighlyspecialized,butwithproperpresentation,thegeneraIconclusionsare

oftenquiteeasytounderstandandtheresearchprocessitselfcanbefascinatingeventonon-specialists、ＡｔＢＲＨ，research

resultsandscientificmethodsaresharedwiththegeneralpublicthroughavarietyofinnovativepresentationsutilizingvideos，

computers,musicandotherformsofartmedia、WealsoorganIzecoursesforyoungpeopleandprovideguidedIaboratorytours

わｇ〃epeopleachancetobecomepersonaIlyinvoIvedwithscience．

lPersPeCtiWeS⑥n2mlntegratedVieWofLife

(page6-8,30-31）

BaseduponourunderstandingoflifefromdiscoveriesinmodembioIogy,scientistsandresearchersatBRHconductactivitiesto

offerperspectivesonanintegratedviewoflife．Ｉncollaborationwithphilosophers,ariistsandspecialistsfromavarietyoffieIds1

andcomp1ementedbypublicparticipation,wehopetoproducenewperspectivesontheinterrelationshipofnatureandhumanity．



QrJ

/ＷＩｒﾙﾉ･XＪ

Ｔｈｅ（Iisl)ｌａｙｓｉｎＬｈｅＢＲＨａｌ･ｅｏｐｅｎｔｏｉｈｅｌ〕ul)liC

tlll･()ugh()uttheyeal､、0,,,,〔Iual･terlymagazme，BioﾊisI0ﾉγ・

tacklesdiverset()I),Ｃｓ（lealingwilhvar,()usasl〕e(・lsof

I〕iohislo,｡y,all(ｌｉｓｉｌｌｕｓｔ１･aledwilhc()l()ｒｐｌｌ()log,．nI〕hs・Ｏｕｒ

a〔､livitiPsare〔,〔)'1〔Iu(,le〔Ｉｉｎｃ()llabol･と１１'〔)ｎｗｉｌｈａｖａｒＭｙｏＩ

ｌｉｋｅ－ｍｉｎｄｅ(ｌｐｅ〔)ple，notonlyscientisLs，｝)ｕｌａｌ･tlsts，

ｍｕｓｉｃｉａｎｓ、ａｎｄｗ１．，tｅ１．s．ａｍ〔)ｎｇｏｔｌｌｅ１．s．Ｏｎｇ(),、９
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ＴｏｋｉｎｄｏＳＯｋａｄａ，

DirectorGeneraloftheBiohisto『yResearchHalI(1993-p｢esent),is

aProfessorEmeritusofKyotoUniversityandVice-Presidentofthe

lnternationalUnionofBioIogicalSciences(1991-present)．
SpecializingindevelopmentalbiologyIhehasservedasPresident

ofthelntemationalSocietyofDevelopmentalBiDIogisis(982-86L

andhasbeenawardedtheHarrisonPrizefromtheSociety(1989)．
ＨｅｗａｓＤｉｒｅｃｔｏｒＧｅｎｅｒａｌｏｆｔｈｅＮａｔｉｏnalInstituteofBasicBiology

(1984=89),asweliasPresidentofOkazakiNationaIResearch
lnstitutes（1989-91)．ｌｎプ995,hereceivedprestigjousrankof

側PersonwithCulturalMerit，，fromtheJapaneseGoverment．

(Photo:KenziAkagi）
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TheBRHis，(lespilPitsmodeslscal(ﾕｯawonderl･ul

challengP，Ｗｅｗｅｌｃｏｍｅｙ(〕ｕｔｏｅｎＪｏｙ５〔‘len〔,ｅｗｉｌｈｕｓ．
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()l〕l〕ortunitiestoappreciaiethem，lhese11atul､alwon〔lers

w()ul〔Inodouhlgivemu〔･hjoylomankin〔1．

ＡｌｌｈｅＢＲＨ，ｏｎｅ（)ｆｏｕｌ･spe〔1ialinlereslsoam()ng

manyolhe1･s-Ib〔､ｕｓｅｓｏｎＩｈｅ６も〔､hangesol､(),gamsmSwilha

lapseol､time.”These〔､hangPsin〔'1u(lelhetIansl・ormailon

(〕l､fertilize〔ｌｅｇｇｓｍｔｏａ(lultsaswellasIhoseincLlrl,e〔ｌ

〔Iul,ingevolulion（)ｖｅｒａｖａｓｔｓＩ)aｎ（)l､time、Ｔｌ,,.〔)ughlhe

ongoingeHb1･iol､s〔､ifntisls･lheexci1illgtalPso｢eacI,living

organ,ｓｍａ１･ｅｌ)eingiol〔ｌｉｎｉｎｃｌ･easil1g〔lelailWerel・el･lo

lhPsehi烏to,｡i〔･altale局ａｓ“}〕iohislory..，Ｔｈｉｓway.（･on〔1epts

ulilizil1gsLl〔‘l］ｋｅｙｗ(),,〔ｌｓａｓｅｖｏｌｕｌｉ〔)、，（)ntogenyo

l〕iodivPrsity・ＤＮＡ･gelwll(･〔,(〕(Ｉｅｅｌ(1.,〔1anbeilllegrale(l

illl(〕ａ＄illglPllist()ri(､ａｌｓｌ()ry・Ｔｌｌｅｌ()I)iＣｓ〔)foLlrresPalcl1

acliviliesarecl(〕ｓｅｌｙｌｉｎｋｅ〔ｌｉ(）ｔｈｅｃａｔｅｇ()rlesof

DevelopmentalBi()ｌｏｇｙａｌ'(lSyslemalicBiolog)'(})ase(lo11

DNAstu(lies)i''ｍｏ(lernl〕iologicalscien(:es．

ｅｘｐｅｒｌｍｅｌ１ｔｓｍｏｕｒ１･esear(‘ｈｌａｌ)〔)ralol･lesmaybeobserve〔１

１)yvisil()１，ｓｄｕｌ･ｉｎｇ‘､lal〕oratol･ｙｔｏｕ１．s.､ツＷＰＯ,．ganlzea

"summerscho()１，，loallow(ｌ１ｉｌ(1,･entol)ecomefamilial･ｗｉｌｈ

ｍｏ(lernl〕iology，１．e､，ｈｏｗｔｏｉｓ()lateＤＮＡ・Lastsumn1er，

ｗｅｓｔａｒｌｅ(ｌａｎｅｗ〔‘ｏｕｒｓｅｌｏｐｒｏｖｉ(ｌｅａ〔lｕｌｔａｍａｉＰＬｌｒ

ｎａＩ山･alislswill1an〔)pporlunltyi()tryPCRlechniquesm

lax(ｍｏｍ,〔‘stu(lies‐

、蝿
識ム

k･,‘
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Biohistory
NewPerspectlvesontheRelationshiPbetween
ScienceandSociety
KeikoNakamura
DeputyDirectorGeneral

KeikoNakamurahasbeenstudyingtherelationshipbetweenbiologicalsciencesandsocietyforover25
years．“BiohistcW,”atermcoiinledbyNakamura＄ｒｅｆｅｒｓｔｏｔｈｅｃｒｅａｔｉｏｎｏｆａｃｃｍｐｒｅhensiveintellect
baseduponbioIogyandnewpeIrspectivesontherelationshipbetweenscIenceandsociety‘

ＱｕｅｓｔｉｏｎｓａｂｃＵｔ‘‘Life”

~７ve1yonehasquesUonsaboutlife,andusuaUytheylau
_圭一｣intooneofLwocategories,Oneconcemslhesel[，and

maslightlywi〔lerperspect1ve，ｔｈｅｈｕｍａｎｌ〕ein９．Ｗl,ａｔ

ａｍｌ？Where〔li(ｌｗｅｃｏｍｅｈｏｍ，ａｎｄｗｈｅｒｅａ１･ｅｗｅｇｏｉｎｇ？

Theotherrelatestoou1･mterestinolherlivingcrealures

aroundus，Theylasciｎａｔｅｕｓｌ〕ytheirdiversity・ＭｏｓＬｏｆ

ｙｏｕｐｒｏｌ〕ablycanrecallachil〔lhoodmemoryofpaLienIly

()l〕servmgantsan〔loiherinsects・

RoughlysPeaking,quest1onsofthefbrmel･kin〔lwere

systemaljzedinlheib1･ｍｏｆｎａｔｕｌ･alphilosophy,andlhose

ol､ｌｈｅｌａｔｔｅｒｉｎｔｈｅｆｏｒｍｏｆｎａｔｕｒａｌｈｉｓto,．y・ＮａｌＬｌｒａｌ

philosophymainlysoughtlm1versalily，andnaturalhisiory

pursue〔ldiversiLy．

lnQuestofUniversaiity-DiscoveｒｙｏｆＧｅｎｅｓ
ｉｎＮａｔｕｒａＩＳＣｉｅ淘Cｅ

Ｔｈｅｎａｔｕｒａｌｓｃｉｅｎｃｅ｝〕〔)ｒｎｉｎｌｈｅｌ７１ｈｃｅｎｌｕｒｙ

ｉｎｔｒｏ〔lucedaslrongquestl､(),･universalityinnalural

histo,｡y・Thismovement，whichdevelope〔lmainlyin

physicsslariingwiIhNewton,begant(〕ａ鮭ct})iologyinthe

l9thcentLl]y、Three〔liscoverieswerelargely,.esponsi}〕le

Iorthis〔levelopmentinbiology・Onewasll]ecellilleo1y,

ｗｈｉｃｈｗａｓｄｅ１･ivedfl･ommIcroscopicobservat,0,,s：ｌｔ

ｌ･eveale(lIhatevelylivingol･ganismiscomposedolcellsシ

andtl1aLcellsarenotonlytheunits()fstmclure,}〕uialso

ol､lim〔､tion-inlheo1､ganism、Ｔｈｅｓｅc(ｍ(lwasihethe()ｒｙｏｆ

ｅｖ(〕luti()､：symholizedl〕ｙDarwin，ｓ“０，．igin（〕(､ＳＩ)ecies,”

ｗｈｉｃｈｃｏｎｓｉ〔leredeveryol､ganismoneal･ｌｈ，despite

aslonishingvarlety，ａｓｄｅｓｃｅｎ(lingfromcommon

ancestors・Ｔｌ'ｅｔｈｉｒｄｆａｃｔｏｒｗａｓＭｅｎｄｅｌ，ｓｔｈｅ(〕ｒｙｏｆ

ﾉJerediiy・proposingtheexistenceofelements，afteI･war〔l

relerredtoas‘‘genes.，'

Inihe20thcentury-bytheapplicatio、〔)ftech11iques

li･omchemistIyandphysics，ｖａ１･ioussul〕slancesessenlial

forlifewerei〔leniifiedandlheirl,Lmctionsclarified､

Followingtlle〔liscoveryofenzymes(proteins),itwasfbund

thattheentity()ｆｇｅｎｅｓｗａｓＤＮＡ・whichhasabeautihll

〔loublehelicalsl1･ucture，Molecula1･biologymade

aslonishingprogress，,.evealingthalallorganlsmsuse

DNＡａｓｇｅｎｅｓ・Ｔｈｅｔｌ･a''smissi()nofgeneticinfb]mal1on

homparenttoolISpringwasexplainedasDNAreplicaIion，

Vilalp1,Ocessesinthel〕(〕(lywereexplaine〔laslimctionsof

l〕rote'nswhichweresynlhesize(ｌｕｎｄｅ１･instrucl1onsli･ｏｍ

ＤＮＡ・Thepursuitoluniversalityinlivingorgan,sms

Proceede〔lsteadily．

ＰｕｒｓｕｉｔｏｆＤｉｖｅ『ｓｉｔｙＡｇａｉｎ－ＦｒｏｍＧｅＩｒＩｅｓ
ｔｏＧｅｎ◎ｍｅｓ

ｌｎｌｈｅｌ９６０ｓ，ｍａｌ'yresear(:hershelievedihatslLIdy

(〕「genesviaDNAanalyseswouldrevealｅｖｅ１･ｙｌｉｖｉｎｇ

Ｉ〕ｈｅｎｏｍｅｎｏｎａｌ１ｄａｌｌｏｗｕｓｔｏｕｎ〔lerslan[lwhallifEis，ａｓ

ｅｍｌ〕odie〔11〕ｙｔｌ'esaying“Ifyouunderstan〔ＩＥＳＣﾉzeJ･iichiia

co"，youwilllmde1,stan〔lelephanl."

Ienjoye(Imolecular}〕iol(〕9ｙresearch(luring1l,ｉｓ

1,ｍｅ，}〕ｕｌｉｎｔｈｅｌ９７０ｓ，Iswiicl'ｅｄｍｙｆｉｅｌ〔ｌｔｏｔｈａｔｏｆ

ｃ()nsideringthel･elali(〕,ｌｓｈｉｐｌ)eIweenlifes(･iencesand

soc1ety．Ｉｗａｓ〔luitefascinate(１１)yDNAIesea１℃h，｝)ｕｌａｔ

Ｌｈｅｓａｍｅｌ１ｍｅ，Ｉｗａｓｌｒｏｕｌ〕le〔１１〕ｙｌｈｅｐｒｏｌ〕lemol，its

sel〕araLionliDm(lailylik．Ｔｈｅｅｍｅｌ･genceofl･ecoml〕inant

DNAleclmologyma(leevenclearerLheissuestobe

(!〔)nside1．e〔1．Thedevel(〕pmenl（〕Ithisleclmiquema〔ｌｅｉｉ

ｌ)()ssil〕lelostu〔lynlulti(lellularol･ganisms・Manｙ“Won〔lers

〔)[living()rganismsﾂﾂｗｅ,．ｅl〕egim,ingtol〕eclal･ilie〔linrapid

successIonッsLlcl’ａｓｈ()ｗｃｅｌｌｓＣｏｍｍＬｌｎ１ｃａｌｅｗｉｌｈｅａｃｈ

()lhert()ｆ〔)ｒｍａｎｉｌ,〔livi〔lual,ｏｒｌ１ｏｗｔｈｅｉｍｍｕｎｅｓｙｓｌｅｍ１ｓ

ａ}〕ｌｅｔｏｐｌ･oceｓｓｓｕｃｈａ〔liverserangeoff〔)reignsu}〕stances-

Howfascinaiing1Tlliｓｗａｓｔｈｅｈ(mestfeelingamong

l･eseal'(1hers、Ｔｈｅｏｕｉｓｉｄｅｗｏｌ･'。（)l'non-specialists．

h()weveI､，conside,｡e(lrecombinantDNAtechn()log)'ａｓａ

"God-challenglngtechnique，manipulalinglife.”The

usehllnessoftlletechni〔Ｉｕｅｗａｓ１･ecognizedinihefbrmof

l〕ioteclm()logy，ｂｕｔｔｈｅｐｕｂｌｉ(‘wasunawarelhatmany

marvelousdisc(〕ｖｅｎｅｓｃ(mceming‘‘living〔,realures，，ｗｅ,．ｅ

}〕eingma(ｌｅｉｎｈｉ(〕logyhymeansoflhistechniqueｯdueto

lackofc()mmullicati()n.SocietyingeneraLregar(led

scienljslsasthosewho〔lonotseelivingcrealuresaslivinｇ

ｃ１･eatul･es、ｂｕｌｌ･aihel､．】･educelhemlntom()rｅｍａｍｍａｔｅ



PauIGauguin，spictureI
‘Wheredowecome

from？Whatarewe？

Wherearewegoing?”
(1897）Theseare
questionswhichare
askedbyeveryone1

re9ardlessofwhether
he/sheisanartistor

scientist．（Tompkins

Collection,Museumof

FineArts,Boston）

AprjI1997 ｗ"Jr伽"

objectssu〔､hasgenes・Itwasi,'〔lee(ltruethal,duetolhe

fascinationwithDNA，ａｃｔｕａｌｌｉｖｉｎｇ（)rganlsmswere

(lisappeal･ing［,･ｏｍｔｈｅｍｉｎ(ｌｓａｎｄｌと,l〕()ratories（)l､many

rPsear(1hers.Ｌｈ()weve,,,fellthと,lol1esl1oul(１k､〔)wwhat

lil､eis、Theref(),,ｅｌｓｅa１℃he(11brawayto1lnilelheinte1･ests

oIl･esear〔､herswitl’thoseol､laymen･ｗｈ〔)､１１〕elieve(1,})()th

havealovGfol･livinglhingsan(ＩＣＩ,,､iosilyi(）Ｌｍ(lersia11d

lile，

The9ituとllioninreseal℃ｈｇｌ･a〔lLlallychtlnge(Ｉ〔lul･ing

iheearly80s(ｌｕｅＬｏｎｅｗ〔liscoverieBclarilyingmanylife

p,.(〕cesses，Ｔｈｉｓｃｈａｎｇｅｃａｎｌ〕esummarize〔ｌｉｎｓｈｏｒｉｌ〕y

sayingtl1altheinle1･estｉｎ（liversityretume〔１．１ｔ｝〕eCame

p()ssil)ｌｅｔｏｅｘａｍｉｎｅｃ()mplexvilalpr(〕〔､essessLlcl1as

,mmunity．（Ievelopmentan〔ｌｔｈｅｗｏｒｋｉｎｇｓｏｆｌｈｅ１ｌｅ,.v()ｕｓ

system・AsaresulLwecanasksuchquestlonｓａｓｌ()what

extenLfoI･example,the(ｌｙａｎ(lmouseal･ｅｉ〔lenlicalloeach

olherとｍｄｉｎｗｈａｔｗａｙｓｌｈｅｙｄｉＩl､Ｐｒ１１．０ｍ()neanoiher・Ａｉ

ｔｈｅｓａｍｅｔｉｍｅ,itｂｅｃａｍｅ〔O1earlI,atliIecalmoibe1･edu〔‘e〔l

togenes・The,．eforegeneti〔､〔letel･minismandre〔lu〔Htionism

l〕eganLodisapl)earl,romthemin(ｌｓｏｌ､mole(:ulal･'〕i〔)l〔)gists・

Ｔｈｅｓｅｎｅｗｍ()ｖｅｍｅｎｉｓｇａｖｅｍｅａｈｉｎｔａｓｌｏｈｏｗｌｏ

ｓ〔)ｌｖｅｌｈｅｐｒｏｌ)lｅｍｓｏｆＤＮＡ１･eseal℃l’ａｎ〔１１〕uil(lanew

Ielati()nshil)belweenresear〔1,ａｎ(1ｓ()(､iety、１，･ealizedlhat

the‘もgenome”couldhaveagrealpoientiall(）ｕｎｌｔｅ
１１ｎｌｖｅ１､salilvan(ldiversilv．

SringingSciericetoEve『y胡ａｙＬｉｆｅｂｙ

ＢｒｉｄｇｉｎｇＵｎｉｖｅ『sa1itya晩dDiversity

Ｔｈｅｇｅｎｏｍｅｉｓ‘もＤＮＡｉｎｉｌｓｅｌ１ｌ'ｒｅｌｙｐ１･esenlinlhe

l,u(､ｌｅＬｌｓｏ[acell，ﾂａ,'〔1〔!(mtainsallthegeneti〔‘infblmalion

neede〔ｌｔｏｆ〔)ｒｍａｎｉｎ〔livi〔lual･Ｅａ〔1ｈｌ１ｕｍａＩ’cellcontamsa

humangenomean〔ｌｅａｃｈｍｏｕｓｅ〔Oellamousegenome・

Whenlnolice(lthesemullipleaspecisofgenome・lhe

thougl,toccur,．Pdt()ｍｅｌｈａＬｉｔｃｏｕｌ〔11〕ｅａｐｏｗｅＩｆＬｌｌｌｏｏｌｔｏ

瀞i畷
/〕βﾉ城β“rﾉ画 007

Lln〔lerstandlife・Ｆｉｌ･st、“ｇｅｎｏｍｅ，，ｈａｓｔｈｅｆａｃｅｏｆ

Ｌｌｍｖｅ１･salityl〕ecauseitsDNAconst,tuent’spresentm

everylivinglhing,ａｎ〔ｌａｉｌｈｅｓａｍｅｔｉｍｅ,ｉｔｈａｓｌｈｅｆａｃｅｏ［

(live'･silybecauseit〔liffershom（),､gamsmLoolgal1ism、

Second，ｇｅｎｏｍｅｃａｎｓｙｍ}Jolizelifefromlhelevelsof

molecules,cells･individualsal1〔lslpecies・Thegenomels

ma〔ｌｅｕｐ()fDNAmoleculesan(ltheinformalioncontaine〔Ｉ

ｉ１１ｔｈｅｇｅｎｏｍｅｃａｎｌｂｒｍｃｅｌｌｓａｎ〔lindivi(luals・Moreove,・・

genomesymholizesspecles，

Usillglhegenome，wecanregainaclosewatchon

livingcreatul､eswhichwere［(),､goiten〔luringtheearly

yearsofDNAresear〔､ｈ､Topromoleresearchinlhis
〔lireclion,itisnecessarytoclarilywl,atthe“genome，，is・

Thegenome〔)fagivenlivingorganismispasse〔ｌｈｏｍｉｌｓ

ｌ)arenlorpal．e１，ts(i,llllecaseol･asexualreproduciion,the

genomeol,ｔｈｅｐａ１･entlspasse(linlact，ａｎｄｉｎｔｈｅｃａｓｅｏ［

sexualreproducti〔),,,eachparel1tcontl･ｉＩ〕ulesonehaH〔)fits

genome)．Whenlrace(lbackinthismanner,the()riginso［

lhegenomes(〕｢alllivi11gol･gan1smssl'ouldlea〔ｌｂａｃｋｔｏ

ｌｌｌｅｏ１･igin()ｆlife、Whengen(〕mesareanalyze〔１，wecan

reveと,Lfbrexample,h()whumansbecamehumanandl1ow
公cherlic/ｍａｃｏ〃}〕ecameEscﾉze7･jcAiiacolIj・Moreover,l〕oth

simila1･ｉｉｙａｎｄ〔liffel･en〔･ｅｌ]elwee11humansan〔lEsche7･ZcAjα

(,ojijwilll)efbund・Ｉ１１ｌｈｉｓｗａｙ・ｗｅｗｉｌｌｌ)ｅａｌ〕ｌｅｔｏｓｅｅｔｈｅ

ｈｉｓｔｏ１･ｙｏｌ､lifeａ,,dlherelati()nshipofalllivingcreaml･eson

iheearth，

The,．ｅａ,､ｅｔｗｏｗａｙｓｌ)ywhichonecanexaminelhe

histol･ｙｏＩ､ｌｉ[ｅａｎ(ltherelationshipsoflivingcreatures

throughgenomPanalysis・OneistoelucidatethepI･ocess

ol､ｅｖ()luti()ｎａｎｄＬｈｅ（)lhe1･ｉｓｌｏｅｘａｍｉｎｅｔｈｅｐｒｏｃｅｓｓｏｆ

〔levelopmeni・ToexamineLhehistoryoflivingorganlsms

(Gvolution）ａｎｄｌｌ,eprocessofformingindivi〔luals

(〔levelopment)isIoseelivingorganismsintheire､tirety

andlopayattentlontoihei,．divelsit)'．Atthesametime・it

placesgreatsignilicanceontheconceptof‘‘time,，，which
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BiOﾙ伽'y､sip"/"〃"rごﾉ･"""｡""/“"，〃0０８

KeikoNakamurawith

thedrawing

"Biohisto｢y，”inwhich
thehistoryand

diversityoflifeonearth
areilIustrated･ltisan

attempttoshowa

phylogenetictreeinan

artisticway．（Original
ideabyKeiko
Nakamurawith

consultationofMarina

Dan,OsakaCity

University・Drawingby

RitsukoHashimoto,）

(Photo:YoshikiGeka）
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哩皇Ⅱ彦、

【」

⑬

､盾銀醗ｗ２：

ＫｅｉｋｏＮａｋａｍｕｒａｉｓＤｅｐｕｔｙＤｉ｢ｅｃｔｏｒＧｅｎｅｒａｌｏｆｔｈｅＢｉｏｈｉｓｔｏｒｙ
ＲesearchHalI(1993-present)．Ｓｈｅｇ｢aduatedfromtheUniversity
ofTokyｏａｎｄｏｂｔａｉｎｅｄｈｅｒＰｈ,Ｄ，inmolecularbiology、ｉｎ１９７１，
shebecameChiefoftheLaboratoryforSocialLifeScienceandin
l981，ｂｅｃａｍｅＤｉｒｅｃｔｏｒｏｆｔｈｅＤｅｐａｒｔｍｅｎｔｏｆＮａｔｕｒａｌａｎｄＳｏｃｉａｌ
ＥｎｖｉｒｏｎｍｅｎｔａｌＳｃｉｅｎｃｅａｔｔｈｅＭｉｔｓｕｂｉｓｈｉ－ＫａｓｅｉｌｎstituteofLife
Sciences・

ＳｈebecameaprofessorattheSchoolofＨｕｍａｎＳｃｉｅｎｃｅ，Waseda
Universityinl989・ShewasavisitingprofessorattheＣｅｎｔｅｒｆｏｒ
ｔｈｅＡｄｖａｎｃｅｄＲｅｓｅａｒｃｈｉｎＳｃｉｅｎｃｅａｎｄＴｅｃｈｎｏＩｏｇｙｏｆｔｈｅ
ＵｎｉversityofTokyo（1995-96),andnowisatOsakaUniversity
(1996-)．

Ｓｈｅｉｓｔｈｅａｕｔｈｏｒｏｆｍａｎｙｂｏｏｋｓａｎｄａｌｓｏｗｅｌｌ園ｋｎｏｗｎｆｏｒｈｅｒ

ｔｒａｎｓｌａｔｉｏｎｓｏｆｓｕｃｈｉｍｐｏｒｔａｎｔｂｏｏｋｓａｓｔｈｅ“ＤｏｕｂｌｅＨｅＩｉｘ，,ａｎｄ
"MolecularBioIogyoftheCell”intoJapanese．

AImosieigllLyearshavepassedsincewestartedthe

fiel〔lofbiohistory(tl,eBiohist(〕ryResearcllHallwas

openedinl993)．Duringtllistime・ｍａｎｙ}〕iologistsllave

demonstratedtheirsupportandcooperalion.Ｓ1,.〔)ng

inlerestwasshownbyspecialistｓｉｎｏｔｌ'erHeldsofscience

andthearts,andbythegeneralpu]〕lic，Manystated“Ｉａｍ

ｔｈｉｎｋｉｎｇｔｈｅｓａｍｅｌｈｍｇ.，，BiohistoryIsacomprehensive

al〕proachtothequestionsofli企,ｓｕｃｌ１ａｓｗｈａｔｗｅａｒｅａｌ,d

whysucl，〔liversityexistsamonglivingcI･eatures，The

constanlsupl〕ｏ１･ｉｗｅｌ'avereceive〔ｌｈａｓｇｌｖｅｎｕｓｔｈｅ

ｃｏｎ[ｉｄｅｎｃｅｉｏｃｏｎｔ１ｎｕｅｐｕｒｓｕｉｎｇｌｈｅｙ〔)ｕｎｇ［iｅｌｄｏｆ

１

４
１

biohisiory、

Ｉｎｔｈｅｓｏｃｉｅｉｙｏｆｔｈｅｌ・LItu,．e，ｔｈｅＬｍ〔le1･stan〔ｌｉｎｇｏｆ

"wllatislifも”ｗｉｌｌｌ〕ecomemoreimpol1antlhanever、To

ensure〔Iualilyoflife，ｗｅｍｕｓＬｓｏｌｖｅｍａｎｙｌｐ,.o}〕lems

co11cemingenv,,，()nmeni,polpulalion,[CO〔Ｌmedicine.

e〔lucatl0n,ａｍ(〕､ｇ〔)1hers．Ｆin(lingsoluljonswill,．e〔IuIrea

soli〔lun(Ierslandingofthemeamngof‘･lilも.”

ＯｎＩｈｅ｝]ａｓｉｓｏｆｔｌ'ｅ’･esulIs〔)ｆｓｃｉｅｎ〔‘ｅｗｌ１ｉｃｈ

ｏＩ･iginatedn〔)mLlledualismofDescal･tesan〔ｌｈａｓｌ〕een

strictlyol〕servingll1el〕asicprinciplesofobjeciiviiy,logic，

universality,analysisan(１，e〔luction,l〕i(〕historyattempisto

esial〕ｌｉｓｈａｗａｙｏｌ'Ihoughll｣]atcomprehends“lilWe”ｉｎｉｔｓ

ｅｎｌｉ１･ety・Ｗｅｈｏｐｅｔｈａｔｌ〕iohistorywilltakel･()otand

contril〕LltetoLhelbrmat,ｏｎｏｌ,lhefuturesociety．

Ｆ'､〔)、（)urexpe]･iencesoverlhesel〕asiIouryearsat

theBi(〕histol･yReseal･ChHall，ｗｅａｒｅｃ(〕nvm〔､ｅｄｔｈａｔ

ｂｉｏｈｉｓｌｏｒｙｈａｓｔｌ]ｅｌ)()ｔｅｎｌｉａｌｌｏｕｎＩｔｅｓｃｌｅｎｃｅａｎｄ

ｈｕｍａnilies,involvingl〕olhaca(ｌｅｍｉｃａｌ１(llayI)ersons．

ル

弱1,

.Ⅱ

haslargelybeenneglectedinscienｃｅｔｈａｔｗａｓｌ〕ase〔ｌｏｎ

ｒｅ(luctionisman〔ldetelmil,ism･Ｗｅｎａｍｅ〔ｌｔｌ'ｉｓ［iel(Iol

researcl，ｉｎｔｏｔｈｅｈｉｓｔｏｒｙｏｆｏｒｇａｍｓｍｓ，“l〕iohisto1｡y･”

Ａｌｌｈｏｕｇｈ｝〕iohisloryl･ｅｌｉｅｓｏｎｍ()dembiological

techniquessuchasDNAanalysis，itisnoirestricte(Ｉｔｏ

"Science”ｉｎａｎａr'･owsense・Ｉｎｌ〕iohistory，ｗｅｅｍｐｌ'asize

br()adaspectsofl)iology，suchastheartcontainedwilhin

it・Ｏｎｅｃａ１１ｆｉｎｄｍａｎｙｍｔｅｌ･esling‘‘sio1，ies”oflifein

biology，Toreconstructthesefascinatingsloriesusing

researcl1resultsisｏｎｅｏｆｔｈｅｍｏｓｔｉｍｐｏｒｔａｌ'ｔａ〔､tivitiesof

}〕i(〕l1isto1､y･Ｆorlunately，ｉｎｌｈｅｈ･ontranksofhiological

resea１℃ｈ，ｉｎｖｅｓｌｉｇａｔｉｏｎｉｎｔｏｔｈｅｆｕｎｃｉｉｏｎｏｆgenesln

developmentalprocesses（inclLldingapoptosis),ｃｅｌｌ

〔livision，signaling，etc，ｉｓ}〕ecomingpopular・Assuch
sludiesconlmuetoadval1ceandl〔〕revealtheinv(〕lvement

ofgenomeactivityinmorel〕henomenaofli企,wewillget

closel,ｌｏｔｈｅｅｌｕｃｉ〔lationofthemagnilicenthistoryofall
livingcreatures．

ＷｈａｔＷｅＷｉｌＩＬｅａｍｆｒｏｍＢｉＯｈｉｓｔＯｒｙ
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MechanismsofLife
KenichiMatsubara
Professor,NaralnstituteofScienceandTechnoIogy，
MolecularBiology

ＶｏｙａｇｌｎｇｔｏＧａｌａｐａｇｏｓ，Ｐｅｎｅｔｒａｔｉｎｇ

ｌｕｎｇＩｅｓ、ＤＭｎｇｔｏｔｈｅｂｏｔｔｏｍｏｆｔｈｅｓｅａ

Ｐｒｏｂｉｎｇｉｎｔｏａｄｒｏｐｏｆｗａｔｅｒｏｒｃｌｏｄｏｆｅａｒｔｈ

ｔhroughamagnifyingglass…Thesereports

arealwaysfullofwondersWefindmyriad

formsoflifeeverywhere、Eveninthemost

unlikelyenvlronments，wefindwell-adapted

inhabitants.Theyareverydiverse，proudly

displayingallthepossiblevariationsoflife、

Ｗｅａｌｓｏｅｎｃｏｕｎｔｅｒｏｔｈｅｒｆｏｒｍｓｏｆ

ｗｏｎｄersinthesenon-daiIyexperIences,ｓｕｃｈ

ａｓｔｈｅａｓｔｏｎｉｓｈｉｎｇｌｙｃｏｍｐｌｅｘｒelationships

betweenmanycreatures、Ｗｈａｔｗｏｎｄｅｒｆｕｌ

ｍｅｃｈａｎｉｓｍｓｆｏｒｌｉｖｉｎｇ１Ｗｈｅｎｗｅｐｒｏｂｅ

ｆｕｒｔｈｅｒ,ｆｒｏｍｃｅｌｌｓｔogenes，ｗｅｃａｎｓｅｅｙｅｔ

IntotheAgeofLifも
Sciences
KatsuhikoSato
Professor,UniversityofTokyo,Cosmology

Ｍｙｆｉｅｌｄｉｓｃｏｓｍｏｌｏｇｙ，ｔｈｅｓｔｕｄｙｏｆｈｏｗ

ｔｈｅｕｎｌｖｅｒｓｅｗａｓｂｏｍandhowithasevolved

toattainitspresentprofoundconfiguration

Thetoolsofourresearcharethephyｓｉｃａｌ

Ｉａｗｓｔｈａｔｈａｖｅｂｅｅｎｅｓｔａｂｌｉｓｈedby

experImentshereontheearth、Ｔｈｅmotion

ofallmatterisgovemedbyphysicallaws

whoseparametersｗｅｒｅｉｎｉｔｉａｌｌｙｓｅｔａｔｔｈｅ
ｂｉｒｔｈｏｆｔｈｅｕｎｌｖｅｒｓｅ、Ｗｈａｔｗｅｗｉｓｈｔｏ

ｕｎｄｅｒｓｔａｎｄｉｓｔｈｅａｃtualscenariothrough

whichtheunlversehasevoIvedunderthese

physicallaws、

lhaveastronginterestinlife,becauseｌｉｆｅ

ｃａｎｎｏｔｂｅｅｘｐｌａｉｎｅｄｉｎｔｅｒｍｓｏｆ“ｓｉｍｐｌｅ,，

ｌａｗｓｓｕｃｈａｓｔｈｏｓｅａｐｐｌｉｅｄｔｏｔｈｅUniverse・

Ｗｅａｒｅｍａｃｈｉｎｅｓｗｏｒｋｉｎｇａｃｃｏｒｄｉｎｇｔｏ

"'''一aCreature
ToruNishigaki
ProfessorlUniversityofTokyo，
lnformationTheory

lamabein9thoughlrarelyconsiderthis

condition・Ｉａｍｎｏｔｄｅｐｌｏｒｉｎｇｔｈｅｆａｃｔｔｈａｔｌ

ｌivelikearobotbeingconstantlyurgedtodo

trivialmatters・ltisnotbecausebiologywas

thesubjectlhatedmostinmyjuniorhigh

schoolandhighschooldays(ｔｈｅｐａｉｎｏｆ

ｍｅｍｏ｢ｉｚｉｎｇｔｈｏｓｅｓｔｒａｎｇｅｎａｍｅｓｏｎｔｈｅ

ａｎａtomicalchartsandtaxonomictablesstill

lingersinmymemory)ａｎｄｔｈａｔｌｈａｖｅｂｅｅｎ

ｔｒｙｉｎｇｍｙｂｅｓｔ，ｕｎｃｏｎｓｃｉｏｕｓｌｙ，ｔｏｈａｖｅ

ｎｏｔｈｉｎｇｔｏｄｏｗｉｔｈａｎｙｆｏｒｍｓｏflife･

Ｉｔｈｍｋ“ＩａｍＩＭｎｇ,,whenlputmyselfin

thepositionofaｎｏｕｔｓｉｄｅｏｂｓｅｒｖｅｒｔｏｌｏｏｋ

〃ﾙ,ルル７

９１
ｐＴ

othergreatmarvelsintheirstructures、The

fineworkingsandregulations，Ｗｈａｔａｍａｚｅｓ

ｍｅｉｓｔｈａｔａｌＩｌｉｖｉｎｇｆormsstrictlyobeythe

basicformsandcommonfunctionsoflife，

withnoexception・Ｌｉｋｅｓｉｂｌｉｎｇｓｆｒｏｍｃｏｍｍｏｎ

ａｎｃｅｓｔｏｒｓ，ａｌｂｅｉｔｔｈｅｉｒｃｕｒｒｅｎｔｗｉｄｅｌｙ

ｄｉｖｅｒsifiednaturesobtainedduringthecourse

ofevolution．｜visualizeagreatstreamoflife，

ｃｏｎｔｉｎｕｉｎｇｗｉｔｈｏｕｔａｂ｢ｅａｋｆｏｒ３､５billion

ｐｈｙｓｉｃａｌｌａｗｓ，ｂｕｔａｔｔｈｅｓａｍｅｔｉｍｅｗｅ

ｄｅｃｉｄｅｏｕｒａｃｔｉｏｎｓｂｙｏｕｒｏｗｎｗｉｌｌ・This

apparentcontradiction，ｗｈｉｃｈｈａｓｂｅｅｎＩｎ
ＦＤ、

ﾊﾂ

Q↓此／
、

↓

.‘雪

contentionslncetheearlydaysofnatural

philosophy，ｈａｓｎｏｅａｓｙａｎｓｗｅｒ・Ｏｕｒｆｒｅｅ
ｗｉｌｌｗａｓａｔｔａｉｎｅｄｏｖｅｒａＩｏｎgevoIutionary

backatmyself、Canacomputerdothiskind

ofthing？Ｗｈｅｎｌｐｏｎｄｅｒｏｖｅｒｌｓｓｕｅｓｓｕｃｈａｓ
ａｍａｃｈｉｎｅｗｉｔｈａｍｉｎｄ',ａｎｄ“ｗｈａｔｉｓ

６６

information,”ｌｍｕｓｔａｌｓｏｂｙａｌｌｍｅａｎｓｆａｃｅ

ｔｈｅｉｓｓｕeofcreatures，Ｉｓｉｔｔｒｕｅｔｈａｔｏｎｌｙ

ｃｒｅａｔｕｒｅｓａｒｅｃａｐａｂｌｅｏｆｐｒｏｃｅｓｓｌｎｇ

βR〃助ん〃
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ｙｅａｒｓｓｌｎｃｅｔｈｅｂｉｒｔｈｏｆｌｉｆｅ，ｗｈｉｃｈｈａｓ

ｒｅｐｅａｔｅｄｌｙｅｘｐｅｒｉｅｎｃｅｄｄｒａｓｔｉｃｃｈａｎｇｅｓｌｎ

ｔｈｅｇｌｏｂａｌｅｎｖｉｒｏ、ｍｅｎｔ，successlvemass

extinctions,andgreatevolution・

ＲｅｓｅａｒｃｈｏｎｔｈｅｇｅｎｏｍｅＩｓｎｏｗＩｎ

ｐｒｏｇｒｅｓｓ、Mucheffortisbeingmadetoclarify

ｈｏｗｍａｎｙｇｅｎｅｓａｒｅｐｒｅｓｅｎｔｉｎｔｈｅｈｕｍａｎ

ｂｅｉｎｇ，ｗｈａｔｔｈｅｙａｒｅ，ａｎｄｈowtheyglve

instructionstoregulatethebody・Ｔｈｉｓｉｓａ

ｑｕｉｔｅｆｏｒｍｉｄａｂｌｅｔａｓｋｂｅｃａｕｓｅｏｆｔｈｅｈｕｇｅ

ａｍｏｕｎｔｏｆＤＮＡｉｎｖｏｌｖｅｄ、Ｔｈｅｇｅｎｏｍｅ

ｃｏｎｔａｉｎｓｂｏｔｈｔｈｅｗｒｉｔｔｅninstructions

controllingtheIifeofeachindividual，ａｎｄｔｈｅ

ｒｅｃｏｒｄｏｆｉｔｓｅｖｏｌｕｔｉｏｎａｒｙｐｒｏｃｅｓｓｔｏｔｈｅ

ｐｒｅｓｅｎｔＷｅｃａｎｆｉｎｄｄｅａdgenes，tracesof

ad-hocadditionsandmodifications、Wesee

alsoevidenceofvariousviｒａｌｉｎｆｅｃｔｉｏｎｓｔｈａｔ

ｍｕｓｔｈａｖｅｔｏｒｍｅｎｔｅｄｏｕｒａｎｃｅｓｔｏｒｓ･

ＷｏｎｄｅｒｓｒｅＩａｔｅｄｔｏｔｉｍｅａｒｅｎｏｗｅｍｅｒｇＩｎｇ

ｗｉｔｈｒｅａｌｉｔｙ．“Ｂｉｏｈｉｓｔｏｒｙ”ｉsindeed

fascinatingandenjoyable．

processbeginning３．５billionyearsagowith

thebirthofthefirstunicellularorganlsms・

Ｎｏｗｎｅａｒｌｙｏｎｅｈｕｎｄｒｅｄｍｉｌｌｉｏｎｄｉｆｆerent

typesoforganlsmsexistontheearth、Using

basicelementsfromtheunIveｒｓｅｓｕｃｈａｓＨ，

Ｃ，ＮａｎｄＯ，suchadiverseworldoflifehas

bｅｅｎｃｒｅａｔｅｄｔｈｒｏｕｇｈｎａｔｕｒａｌｓｅｌｅｃｔｉｏｎ．

WhenweexamIneanindividuallife，wecan

seeinitshistory，natureIstriaIsanderrors．

Ａｓ“ｂｉｏｈｉｓｔｏｒｙ'，ｓｉｇｎｉｆｉｅｓ，lifecannotbe

understoodwithoutdiversityandhistory．

｜firmlybelievethatthe21stcentu｢ywillbe

theageoflifesclences、Ｔｈｅ２０ｔｈｃｅｎｔｕｒｙ

ｈａｓｂｅｅｎａｎａｇｅｏｆｓｃienceandtechnology

baseduponphysics．｜ntothenextcentury，

greatprogressinlifescienceswilIresultin

significantreformsinhumansociety，The

BRHhasaveryimportantmission；ｔｏｒｅａｄ

ｔｈｅｓｔｏｒｉｅｓｏｆｌｉｆｅ，andtocreateanew

civilization．

informationandcomputerstechnicallycan

onlymanipulatesymbols？

Theresu1tofthisponderingisthatbiology

Isnowoneofthemostinterestingfieldsof

leamingtome，｜，whostudyinformation・Ａｔ

ＢＲＨ，ｗｅｃａｎｌｅａｍａｂｏｕｔｔｈｅｌａｔｅｓｔｔｏｐｉｃｓ

ｆromoutstandingbiologists．｜ｎｔｈｅｍｉｄｓｔｏｆ

ｔｈｅｓｅｐｒｅｓｅｎｔｄｅＩights，ｍｙｍｅｍｏＩｙｏｆｔｈｅ
ｄａｒｋａｎｄｂｏｒｉｎｇｌｅｓｓｏｎｓｏｆｂｉｏｌｏｇｙｌｎｍｙ

ｙｏｕｔｈｉｓｇｒａｄｕａllyfadingaway．

“Biologyisabsolutelyfascinating.,，Ｔｏ

ｍｙｓｕｒｐｒＩｓｅ，｜ｓｏｍｅｔｉｍｅｓｆｉｎｄｍｙｓｅｌｆ

ｐｒｅａｃｈｉｎｇｔｏｍｙｓｏｎ、Suchahaphazardand
flexiblecreatｕｒｅａｍ“1.'’

(TranslatedhomBjoﾉzisJo7〕',No.1）
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tioninRadiation
fDiversificatio､？

PamllelEvoluti

ANewPrinciPleof］

ApriI1997

HowhasIifeevoIved？HowhasIifediversified？Ｗ肘latarespecies？

AccordmgtcChaIrIesDaiwin:stheoI'ｙｏｆＥｖｏＩ“ｏｎＩｔｈｅｐｒ砿,cipIeofdiversificationoflifeis
naturaIselection,ButisittruethatonIynaturaIseIectionmakesnewspecies？Ｉｔｍａｙｎｏｔｂｅ
ＡｎｅｗｓｔｕｄＶｏｎｔｎｅＣａｒａｂｍａｅｑｒｏｕｎｄｂｅｅｔＩｅｓｂｙＢＲＨｈａｓｕｎｃｏｖｅredaremalrkableＡｎｅｗｓｔｕｄｙｏｎｔｎｅＣａｒａｂｍａｅｇｒｏｕｎｄｂeetles
evolutio侭aIryhistory．

ＤＮＡAnalysis⑧fＧｍＬｍｄＢｅｅｔｌｅｓｂｙＢＲＨ

3;照駕慨;職it鴨駕蹴:：
(Zhi-HuiSuan〔lothers,}1eadedbyprojectleaderSyozo

Osawa)showedihatclustelingofthespeciesinll'emolecular

l〕l1ylogenetictreeislinkedtotheirgeographicdist1･ibution'

notnecessarilyco１．，･elatingwitl1morphological

characleristics.'）Specieswhichareconsideredtobethe

“same”laxonomically,ormembersbelonginglothesame

specles-group，a,･escatteredamongmorelhantwodi錐rent

cla〔les(clade=lineageo1iginatmgh･omacommonanceste1)．

Ｆｏ１･example，０ﾉzomOpjerusdehaanjiiisalarge-sized

(larkbluecaral〕ｉｄｗｌ,ichisdistribuledinChubuシKinki，

Chugoku,Ｓ}]ikokuandKyushudistIicts・Thespecimenshom

tl1esedistl･ictsshouldbelongtoIhesamelineageintl1e

phylogenetict1･eeiIthephylogeny-basedmorphologyis

correct,l〕utinsLeadtheyradiateapproximalelyintofour

independentlineagestowhichothersmalle1・ａｎ〔ｌ

ｍｏ１１〕1,ologicallydiHbrentcaral〕ids1belong・Takingtl,e9-10

millionyearsol〔lfbl･ewingfossil･ofanOhomOptems-like

caral〕idlbImdattheTatsumiPass,Totto1･iPre企ctureasthe

stan〔lard,ｉｔｃａｎｂｅｓｅｅｎｌｈａｔｉｈｅＯ.。eﾉ'α〔mjjofWakayama

an〔lthatol､Ｓｌ,ikokul〕ｅｌｏｎｇｔｏｔｗｏ〔listinctlineswl1ich

〔livergedoverseveralmillionyearsag〔)．Thisunusual

siiuationisalsoseenｉｎＯ.γαＣＯ"加"’０．ｊ叩0肌ijc“α"ｄｏ．
、皿"CCIα・

Osawanamedlhisphenomenon“Pal･allelevolutionin

1oadiation."!）Parallelevolutionistheoccun,enceinwhich

organismsbelongingto〔liffe1･entlineagesevolvetohave

similarmorphologicalcharacteristicsandfimctions・Good

examplesaretlleevolutionofＭａｒｓ叩jaZjaoftlleNew

ContinenlandthａｔｏｆＥ皿/be7･jaoftl1eOldConlinent，They

haveevolve(lintosimilarfbm1spI･esumablyresultjngli･omthe

similariliesintheirenvironmentsandlifestyles･Thistypeof

conveIgeI1ceisLIsuaⅡyexplainedbyadaptaiion、Osawa，

howevel．,pointsoutlhal‘‘thepresenlcasemayl〕ebelte1・

attriI〕uIe〔ltotheneutralmulaiionsofgel]esratherthanto

adaptalion.”ThelateMoto〔)KimuradeveloPedaneutral

Ｃａｒａｂｉｎａｅｇｒｏｕｎｄ
ｂｅｅｔｌｅｓｏｆｔｈｅｗｏｒｌｄ

Carabinaeground
beetlesarefoundin

Europe,Ａｓｉａ
(excludingsouthem
India),ＮＣ｢thAfrica

(Mediterraneanside）
andNorthAmerica、

About700speciesare
known･

Leftpage：European

specIes・

Cmsoca/abusare

iridescentbeetles

(centerleft)whichare
typicallyfoundin
CentralEuropeand

France，Thetwolarge

beetles(center｢i9ht）
belongtoPmcerusIthe

largest-sized

Carabinaespecies:the
toponeisfrom

Caucasus,andthe
bottomonefrom

Turkey．



Rightpage：Asian
species，Beetlesfrom
ChinaandSiberia

(tundraand

steppeareas)are

showninthetopleft，

Thosewithsmalllumps
ontheirbacksbelong
toCopわ/abﾉus、

Damasrerb/apro/des

(secondrowfromthe

bottom,right)easily
recogrIizedbytheir

blackcolorandIong
necks,areendemicto

Japan．

(Photo:Susumu

Yamaguchi）

AprlI1997 L1I“

theo]yofmolecula1･ev()luiioll・Heprop()sedaccidenIaldril・ls

ofneutralchangesofgenesasbeingLhemaInmotivelb１℃eof

speciesdiversilicationratl1erthannatuIalselection､2）Osawa

argLles､“Ifsomemastergeneswhichconlroltheexl)ression()ｆ

ｍｕｌｌｉｐｌｅｇｅｎｅｓｔｏｍａｎｉ[eslcertainmo,｡ｐｈ()logical

characterislicsmutaledneutrallyindepen〔lent(〕l､naLural

selectionineach1･esl)ecl,vearea,cal･al〕i〔1ｓmorphologically

indistinguishal)lehomeacl'othe1･wouldhaveevolvedin

ParalleL”

Ｈｅｎａｍｅ〔lsuchneuImlan(’（lisco11tlnuouscl1angesln

molophology“type-swilching.，，ＡｖｅＩｙｓｉｍｉｌａ１･phenomenon()ｆ

ｐａ１･allelev(〕lutionin1･a〔lialioniskn〔)ｗｎｉｎＩｈｅｃａｓｅｏ［tl1e

neot1･OpicalHejijconiiusbuttel･niesofS(〕ｕｉｈＡｍｅ１･ica､

Specimenswhichappeartobel()ｎｇｔｏｏｎｅｍｏｌ･phological

specleswerefbLm〔Itoradiateintosevel･al〔lislincllines，base(l

uponphylogenetIcanalysisusingmitocl1on(lrialgel1es

(Brower,1994).:りInihalregion,drasticclilnalicchanges

〔luringlheglacialpe1･io〔lproducedmanygeograpl'ically

isolatedareas,wheresimila1･’ifnolidenticaLwing-colo1.

iii
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patiemsseemtohaveevolvedin〔lependently・Ｔｈｅwell‐

studieddiHerentiatio,'oftheejaculaloIybulboftl,ehuitfly，

Drosol〕hila，isaverysimilarphenomenon，inwhicl1an

identicalorganevolvesindiHerenllineages(Throckmorton，

1965).Il

OnemightarguethattlleresultｓｏｎｔｈｅＯｌｍ,opterus

mii(〕Ｃｈｏｎ〔lrialphylogenymayl〕ｅ｝〕ｒｏｕｇｈｔａｂｏｕｔｌ)y

paIticipationofancest1･alpolym(〕mhismandrandomlineage

sorijngorofhy}),i(1in(Iivi(luals・Evidencehasl〕eenobiained

againsItheSepossibilitiesfb1･lhe(〕bse1､veddistI-il〕utionof

mitocll〔ｍ〔lrialDNAhaplotypes・Ｔｈｅmostplausible

explanaUonoflhel･esultsisthatl〕arallelevolutionlookplace

in〔li鮭,･entlineagesduringradiation．

Pa『aⅡeIEvoiutio鋤愚ndDiversificatio廓

oｆＯｒｇａｍｓｍｓ

Ｄ'･amat'〔1perio〔lsoltheexplosivediversificationof

orgamsmsareknowninthel1istｏ１ｙｏｌ､evolulion;suchasthe

bigexplosionoflileintheCambrianperiod(500million

yearsago),thediversifi〔｡ationofInsecta(300-400million

yearsago),an〔llhediversiHcationofMammaliaahe,．iheel,〔l

oftl'ｅ(Iinosaurlanperio〔l(６０milli()nyearsag(〕)．Douglas

E'･win()fSmilhsonianlnsljtuti()nfblmdihatasingletreema

ll･oPicall，ａｉｎｆ〔)'･estwasinhal)ite(1)〕ｙａｌ)out600speciesof

arthrop〔)｡s,mainlyinsfcts・Fromihis,ｈｅｄｅ〔lucedthalthel･e

couldl〕Ｇａｓｍａｎｙａｓ３０ｍｉｌｌｉｏｎｓｌ〕eciesoftropicalaI･thropo〔1s．

sin〔Hetl'ereareanestimateｄ５０’000speciesoftropi〔1altrees

(1982).副Osawal)elievesthattheexplosivediversification

an〔l〔､onCenlrati(〕nofspeciesinlimite(lareassuchastr()pi〔,al

lbrests“ｍａｙｂｅmoreIationallyexplainedhyneuU･allype‐

swit(，hingI･aLhel･thanDarwiniannatm･alseleclion.”

Ｔｈｅi〔leaof‘‘paloallelevolutioninradiati〔)､”wasfirst

suggeste〔１１〕ｙＯｓａｍｕＴｏｍｍａｇａ,anamateurentomol()gislan(ｌ
〔10-Ｗ()rkeroIlhepresentproJect、Heorgal1izedtheKinki

Stu〔lyGroupoftheCaloabinaemo,｡ethan20ye皿sago,an(l
sin〔?ethenhasmadeprecise〔list,｡il〕utionmapsofthe
Ca1･abinaeiniheKinki〔listrict・Whileinvestigalinglhe

('islli}〕ulion(〕f0..ＧAα(mijj・helbun〔lstrangeblankal，eas・He

exl〕lains、“ＩｆｗｅａｓｓｕｍｅｔｈａｌＯ.。e/,ααﾉ戒ｅｖ〔)lvedfl･oma

certainsinglelineagean(levenlydispersed,thepresenceof
suchl〕ｌａｎｋａｒｅａｓｃａ１１ｎ()ｔｌ〕eexplainedeventakingthe

〔､hangesmgeohistory1ntoconsideralion．Ｉf,however，
i(1enlicalfbrmswe1･ｅｔ(〕ｈａｖｅｉｎ〔lependentlyevolve〔lintlle

1oespectiveareas,asol〕servedinlhephylogenetl〔Itreedrawn
hommito(･hon〔1,．ialDNAanalysis，thesehlankareasare

easilyexplaine〔1．，，

ＲｏＩｅｏｆＮｅｕｔｒａＩＭｕｔａｔｉｏｎｓ

Ｄ()eslhetype-swit(lhinghypothesisI･eallysuggesta

I〕()ssibiliIylhalneuiralmutatlonsofgenesmighlhavebeen
lhe（Iause()I･thephenotypicchangeswhichspreaｄｉｎｔｏｌｌ'ｅ

ｐ()pulali(ｍwith()utnalu1･alselection？

TakaHhiMiyata(amole〔‘ularev《)lutionistalKyoto

University)examil,edmanykin〔lsofgenesan(lreacheda

surp1｡isingconclusionlhatmanyneuh,alcl1angesmusthave
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msu比o値?(Sadols.）

amow胸nuskomjyaﾉ(Shizuoka）
a"ひw/anusnakamu面(Nagano）
yaconn7us(Hyogo）
yacon伽s(Shlmane）
y日conjnus(OkiIs.）
”cｏｎ伽s(Ehime）
dbhaanjY(Hiroshima）

－’
【】

一一○

Q-l

-↑

ｰ

:－ｒｌ

２６

”o北ＵＳＣ伽gokuensjb(Hiroshlma）

:dehaan"(Kochi）

雛，
ﾉaponjbusfsusjWmae(Tsushimals.）

dajsenokianus(OkilS‘）

旗maIo(Osaka）
だw“"妬(Yamanashl）

aIb尼ch〃okumu伯/(Yamanashi）

klmu旧『(Shizuoka）

ａ他障”esa縮nus(Yamanashi）

aIb紹ch"〃白jﾉSadOIs.）
ａ他鱈ch"fohokuensjs(Aomori）
ａＩｂ砲chI川Hokkaido）
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Ｅ蜂：

ｏｃ〔､u､｡e〔lailhemolecularlevelinlheCaml),･ianexl〕losi〔)n．

MiyalasuggestslhalwllPnlhep1，essLlreol'naturalselecLion

sla〔‘kened(luringtl1ispe,｡i()〔Lmutaiionswhichotherwise

wouldhavebeenham1fillan〔lselededout､l〕ecameneuil'al・

Thusmorphol〔)gicaldivel,sificati(〕、01.01.9ａｎ'smswas

accelerate〔l(1994).‘’Osawasuggeststl'aItheparallel

radiationo１．０ﾉzomOﾉﾉ”ｕｓ，ｓａｎｅｘａｍｐｌｅｏｆｌｈｅｓｃｅｎａｒｉｏｏＩ
ａｃ〔､umulationofneut1･alva1oiatio11s→〔live,･sil,icalionin
66

morphology”andlhalsucl1parallelra〔liali(〕ｎｏｃｃｕｒｓ

ｃｏｍｍｏｎｌｙｉｎｅｖｏｌｕｌｉｏｎｌ･egar(llessofthep,．esence(),，
absenceofnamralselecIion・

ＴｈｅＯＡｏ"'Clﾘjer"sｈａｖｅ〔･},ilinpieces((･opulalory
organs)inthemalegenilaliawl,i(．l,arecharaCteIistiCt()each

‘‘species９，．Cup.”FemJlesaTeprovidedwitl1acor,･esp()､(ling
vaginalapl〕e'1(lix(Ishikawa,1973).7）Ｔｈｉｓｃ()mbinaIi()、

〔Iemonsl1,alesaclearexampleofl･eproducljveis〔)lalion

tl11，Oughalock-and-keymecl]anism，Therehavebeenmany
ol〕sel･vallonsol､atlemptedcopulalionl)elweel1caraI〕i(ls

possessmgsuchdiHerenlrel〕ro〔lL1ctiveorganswl1el･ｅｅｉｌｌ１ｅ１・

tl1efemaledied〔lｕｅｌ０ｖaginall〕lee〔lingorthemale

col〕ulaio1ypiecewasbroken(Sota＆Ｋｕ}〕Ota,1995).剛Using
ihesecopulatoryplecesasmal-ke１．s’Ryosukelshikawa

classifie〔lOAom叩”･usintofvesl〕eclesgIoul〕ｓin〔,lu〔linglwo
groupsoftriangulartypes､onepeachstonelype,andanoll,eI

hooktype，Thenheconsideredlhesecopulalｏ１ｙｐｉｅｃｅｓａｓ
ｄｅｒｉｖｉｎｇｌ｡romanancestralf(〕ｒｍ，ｗｌ,ichevolved

orll1ogeneticaⅡyli･omasmalle1･(andsimpler)fom,intolarger
(an〔lmoreelaborate)Ibm,s・However,thepresenIanalysisby

lheBRHgmuphaseduponmilochondrialgenesequences，

〔loesnolsupporIhisi〔lea．ＯﾉjomOpZemshavingcopulatory
p1ecesofdimerenttypesappearwitI1iｎｉｈｅｓａｍｅｌｉｎｅａｇｅin
ourPhyl〔)genet1clree．

Experimentsol11hel〕uuerHyManjolIajl"油'qshowthai

tl1eselock-an〔l-keymechanismso[thecopulaio1yorgansa1，e

nolnecGssa1･ilyli1nclional(Gourson・’993).りlAccor(linglo

Goul･Son,ｓｏｍｅｐａＩｔｓｏｆｔｌ１ｅｃｏＩ)ulatoryo1･ganswhichal･ｅｕｓｅｄ

ｌ〕ylaxol1om,ststoi〔lenlifythespeciesdonol,ｉｎｆａ〔､I,

parlicipaieinc()pulation,Astudyusingca1,al〕i〔1-1)eetles

showstl1atthe“l()ck-an〔l-key，，doesnoinecessarilyfimction

l〕erIecily(Sola＆Kul〕Ota,1995).‘lGourson(1993)，lpointed

()util,ailhemo1･pl1ologicalcl1angesincopulalＤ１ｙｏｒｇａｎｓｍａｙ
ｂｅ〔,ause(l1101onlyl〕ynatmalselection,}〕utinvolveneutral

(IifIerenliationaswelL

Ta〔lasl'iKomatsuofHokkaidoUniversiiy(insect
syslelnalics)examinedllleselwoalternat1ves，Heselected

eigh1leaiLl,'esolthecopulaloryorgansandten企aiuresinthe

ove1､allmorphology,Ｔｈｅｎ1,eexaminedthevarIanceand

co1Telaiionwiil]inindividualg1･oupsandintergroupsof

Aﾉ)ﾉ"叩h0raij"ler"ze〔ﾙiacollectedh･omsevenareasinSapporo
city,ｌ０１Ｈｅａｌｓ(）ｃｏｍｌ〕aI･ｅｄｔｈｅｓａｍｅｃｈａＩ･aclerislicｓｏｆ

Ａｐﾉ"･叩ﾉzoramjeﾉ･ｍｅ伽awithitsiburclosely1･elaiedspec1es.

Ｃonlra1ytoll1etraditionalview,vananceslngenital企amres

withil,pol)ulaLionswe1･elbun〔lｔｏ}〕emuchlargerthanihosein

non-genilallleaIures，Ｆｕ１･them1ore，lhereisalargeamong-
populaii()ｎｖａ１,lancemgenitalcharaclerislics，Theseresults

suggesill]atslocl'asticprocesses(randomgenetic〔l]in,etc.）
shouldhavesigniHcantlyaHbcLedIhediflErentiationoImale‐

genilalmorphologyamongspeciesasweuaswithinspec1es・
F1oomthisstudy,Komatsuconcludes“atleastinsomeinsect

groups,ｌｈｅｔ１･adiIionalviewofgenitaliahavingsuchan

1ｍｌ)o,．tantlunctionlhattheirmorphologyshouldremain

invariableun〔lersimngna皿｡alselectionwasnotsupporte〔1.号，

Ｔｈｅi〔leaol'‘‘devel(〕pmentalconstraints，，exists,evenm

ortllo〔IoxDarwinism(All〕erch,1982;mjMaynardSmithetal．

Typeswitchingand

paralIelevolutionin
radiation．

Amolecular

phylo9enetictree
constructedf｢om

mitochondriaIND5

genesequences･

Specieswhichwere
consideredtobethe

samefrom

morphoIogicalanalysis
arefoundtobe

dispersedintovarlous

distantlyrelated

lineagesbytheDNA
analysis・During
diversificationtheyare
beIievedtohave

undergonerapid
changesInmo｢phoIogy
bytypeswitching
(markedbycircles）
ｍａｎｙtimes，Sincea

varietyoftype
switchingcombinations

arepossible,thisflow

showsjustone
possiblecase

yeIlow＝dehaamtype
red＝脂ＣＯ､/nustype
blue＝ﾉaponjbustype
9reen＝msu化o/ａtype
(Photo:Hirotaka

Matsuka）
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1985121)．TheseConstra''1ｉｓａｒｅ(lFfine(lとlsl)iasesolllI1e

produclionoIvaria､11〕henotyI〕ｅｓ(〕rlimitali()ｎｓｏＩ１ｌ〕l1enoiyl〕lc

val･iabilitycause〔I}〕ylhesmIclLlre.〔,hal･a(,lel．､ComI〕ositi()１１.Cl・

〔lynamicsofihedevelopmenlalsysIｅｍ、All〕er(･harguesln

lhepape1･･Developmentalconslｒａｉｎｌｓｉｎｅｖ()luti()nary

processes，“Neo-Darwiniantheorymevoluiionl〕ase(Ｉ()n

naturalselectioncanprediciwhatismorelikelyIosurv've

onceilthasappeare〔1,butilcann()laddl･essthe〔Iuesiio1101

whatismol･ｅｌｉｋｅｌｙｔｏｈｅｇｅｎｅ１･aied・DevFI〔)I〕mPlllal

constraintsde6ne〔llhepolGnlialPalhwayoft1･ansf〔〕mlai,()ｎ

ａｎｄｉｍｐｏｓｅａｎａｄ〔lilional〔letemlinisti〔1Ｃｏｍｌ〕onel1Ion

evolutionaryl〕,．ocesses.”Iflhese(､Onstloainlswl1i(,ｌ１ｗ〔〕,．ｋｉｎ

〔liHerenlevolulionaIylineagesarel･emove〔lindePGn(1e､ilyin

IheIoespectivelineages,ａｎ〔1,．esuliil1IheemergenceoIs(〕ｍｅ

ｉｄenticalfeatures,doesthisnoilo()klikeparallelevoluti()nin

radiationbytype-switching？

Thetype-switchinghypolhesisl]ａｓ})eenwflc()ｍｅ(lby

researchers〔)ulsi〔leexpel･lmellIall〕iol(〕gy・Ｏｎｅｇｌ･()Lll〕

inclu〔lesthesL1oL,cturalists,whoassel･llhaiallp()ssiI〕lelbI･ｍｓ

ａＩｅｓｔｒucturedα/)ﾉーZoriinag,｡oupof()l･ganisms:oIgal,,ｓｍｓ〔,ａｎ

〔liversilyonlywithi1,arangewllichlhe"slructure''1〕rovi(lrs・

TheyaI･guelhatparallelevoluti〔)ｎｉｎＩ･a(liaIi()ｌ１ｍａｙｌ〕e

explainedbyl〕arallelmaniIeslali()ｎｏ［l1i〔l〔lel,，l〕皿ｐ'､e‐

existing,characteristiCsinrelatedspe〔}ies･

AtsulliroSiI〕aLani,ｏｎｅ()1.ihel〕ioneel･ｓｏ１，s1,､u〔､UIralisln，

attribLItestl1eexl〕losive〔liversifcalionol､〔,ichli(lsinLake

Victol･iatoalype-switching-likeinhe,,ｅｎｔｆ〔),.(｡e，Ｌａｋｅ

Victoria，logelherwiihitssaiellilelakes，1,a,.b〔)u１．ｓ,．oughly

200en(lemicll〔)ｒｍｓ(〕Ｉｃｉｄ'1i(lfishes,ｗｈ()ｓｅｍ()'･phologyis

extensivelyvaried･YellhelLlkesysiemislGssthanamilli()、

years〔)１．.Base(１０，１)hylogGnei1canalyseSu烏ing

mitochondrialgenes･seve1､alauth(〕'･sSLlggesle(ｌll1allhe

diversi6cationLookpla〔‘ewiihinthel)ast200,O00yea齢li･ｏｍ

()ｎｅａｎ(‘estralsl〕eciesinthelake(Meyel．､Willso,,ｅｌａｌ，

l990l3lAvise､1990''１)．

AnotherwPllkn()w、企aLure()''1heseHsl1islhatsimilar

morphologiesarefoLll,(lamongspeciesin〔lifI､ｅｌ･Pl1IlakGs・

RecenllyKocherand()theIsanalyse〔llllemiL〔)Chon(1,,ialDNA

h･〔)ｍｓｉｘｐａｉｒｓ()fmo叩１１()logicallysimilarci(‘hlidsli･(〕mLakes

Tanganyikaan〔lMalawiandlbundlhattllese6sl,(),｡igil,aIe(l

li，omsepal･ateancesI1､alspGcies､Ｉ３ｌＳＬＩｃｈａｒａｌ)i(ｌｐａｌ･allPl
(liversili〔‘ationishardtoattril)uIel()naiL1ralselecli()nalon(』．

lmpoitanceofNaturaISeIectiorl

lsilthenreally(liIIiculiIb'･nalIIralselP〔､tiol,ioexplai11

l､apidm(),･phologiCal〔:hangesan〔lexpl(〕sive（liversiIicaljon()Ｉ

species？Recentstu(liesoflin〔･ｈｅｓｌ〕ｙＭｌ．.＆Mrs､Ｇ１･ani(〕I

PrincetonUniversityillLheGlalapag()HIslalI〔1s，whel．⑬Dal･win

wasfirmlyconvmcedofevolutio,,Ｃｌ.ｏ,､ganlsms､showlI1at

nalLlralselecli()､〔loeschangemoI･I)hol()gyvel･yqui(,kly・

Thesesmalll〕i,(lsowhichlooklikeJavaspa,｡,､()ＷＳ,ｈと,vebPaks

wh〔)ｓｅ〔liverseshapescoI･resp(〕l1dtolheirealinghal〕its・Ilwas

〔1alculaie(llhatonespe(､ｌｅｓ（‘ａｎＰｖ(〕lveinl(〕ａ（lillPl･enl(),,e

withinal〕()ｕＩｏｎｅｈｕｎ(1,･ｅｄｙｅａ１･sifl1alural（lisaslerssu〔1ｈｆｌｓ

(lroughto〔､curli･equenlly、Theysuggeslthal1･ecoInl)inatio11s

ofgenesoccun､th1･oughcrosses，ａｎ(ltheloPsLlltingl1ybl､i(１ｓ

w輔繊
ｊＶｔｗﾉ‘欧Ｗ'“ﾙ･0'"β/YＨ 013

lhatfilillemselvest()llleenvll･onmentlea(l1otlleemergellce

()Ianewspe〔ies．（7ｿ'ｅＢＧａＡｑ/､j/ｌｅＦｍｃ/１．Ｗeine1.,19941‘'）

Howeveroevel1lh1･oLlghtheworkofiheGranls･iheemergence

()「ａｎｅｗｓｐｅ(:iesbyl1atul，alsele(‘Ｉｉｏｎｈａｓｎ()ｌｙｅｔＩ〕een

〔‘()n1pleiely（‘()l1fi1･ｍｅ(1．Ｐ,･esumal)ly･evoluti()ｌｌｉｓａｇｒｅａｔ

〔!(｝,nplexd1oamaｼinwhichmal1yfaciors，in〔‘ludingDarwinian

1,allu1,alsele(Dlionan〔lneulraltype-swil〔･hing･ｈａｖｅｌ〕een

〔)perallngIogeiher．

Ａ〔･〔‘o,｡〔lingtothemoleculm'1〕hylogenet1cstu〔lies()nll1e

Caral〕inaegl･()Lln〔11〕eetlesl)ｙｔｈｅＢＲＨｇｌ･(〕upolllelbllowing

h〔､tshavel〕eenhnallyreveale〔１．．．Anappal･entm(〕'･I〕hologi〔､ａｌ

(‘(mlil1uity（l()esnoinPceHsarilyin(li〔Oaleac()ntimIityin

Pvoluli()n．Thereforeeveniftwospeclmenshavesimilal・

morph〔)I()gies・ｌｈｅｉｒｉｉｍｅ（)fdivergencelsnolnecessal･ily

,．e〔!ent.，，Ｉｎｓｌｌ〔)rL,ｗｅ〔,onclu〔lethal“so-calledm〔)'1)hol〔)gi〔･al

species（1ｏｎ()Ｉnecessarily｝〕ｅｌｏｎｇｔｏａ烏il1glel)hylogenetlc

lil1e・ﾂｮ

Taxonomi〔‘allv･ｉｌｈａｓｌ)eenbelieve(ltllatea(､ｌ１ｃｌ･ossln

lhephylogeneti〔Itreesignifiesasplittingo{､thesI)e〔ies、Ｔｌ'e

lin(Iing()ｆｐａｌ･allelPv()lutioninra〔liationingroun〔11〕eeIles

suggesisthalihisll,a(litionalviewisinv&lida1,(lthalwe

sh()ul〔1(・arefilllyl･ethinkwhai“thesl〕ecies.､is、

０/１０"z叩舵ﾉ･“isel1demicioJapananditsra〔liationis

〔､alculaiedi(〕ｈａｖｅ烏larte(labouilOmilliol1yea１，ｓago，

(､(ｍｃｏｌ･(lanlwilhlhPlimeol､illesFl〕a,．ali〔)noItl1PJapanFse

AlでhipelagoIl･〔)ｍｌ｣1ｅｃｏｎｌｍenlasesl1mate〔１１〕ｙ,．e〔､Ｐｌ１ｔ

ｇ(』()logi〔‘alstu(liFs・Ｔｈｅｓｌｕ(ｌｙｏ［Iinchesshowslhatll,ei1・

ev〔)luti()、ｗａｓ（,loselyl､elate(llonalurall)henomenasu(‘ｈａｓ

('1．()ughl隅ａｎ〔ｌＨ〔)o〔ｌｓｏｎｔｈｅＧａｌとlpagos、Evolulionmavn〔)ｗｌ〕e

ull(lersi()ｏｄｉｌ’relali〔)、ｌ(）〔ｌｙｎａｍｉｃｇｌｏｌ〕ａｌ〔‘hal1gPs・

Evoluti()､ary｝〕iolOgyhasP〔ｌｏｎｓｕｌ〕stanlialPvi〔len(‘Ｐｌｓ

Ｐｌ･()gresslngveryl､al〕i(Ilyall()verthewo]１．と、〔1Ｗellavel〕PgLm

l(）maI）ｌｈｅｌ･elationsl1ipsI)etwePngenPli〔､〔･hangesと、〔１

ｍ(),oph()l(〕gicalemecls.Ｃ(〕nt,．a,．ｙt()Ｃａｌ･lPoI)l〕er，sIamousview

lhalthe制u〔1Ｖ()[･･evolulion，.i烏,,ｏｔａＨ〔｡,e､(｡ｅl〕ecauseii(‘(〕ul(１

，()tI〕everifie〔LPvolllii(〕nhasl)ecomereals〔1iel1〔,el50yea,･s

aI1erCh副rlesDarwinwrote7ｿIcOrZgi"q/､Sﾉﾉecjes．

(I<azuyLlkiMogi/Formere(lil()rofBio/心#orγ､Ｐ'･ese,'１Ａ〔l〔Iress

:Seitokuじ''ive'､sitv）
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憩撫

H凹､詞師醐e鋤､rHKl

Collabomtions

ToperformavarietyofactivitiesaｔｔｈｅＢＲＨ，

itisimportanttocollaboratewithpeopleindifferentfields
Overthｅｐａｓｔｆｏｕｒｙｅａｒｓｗｅｈａｖｅｈａｄｔｈｅｈｏｎｏrofworkin9

ｗｉｔｈｍａｎｙｐｅｏｐｌｅｏｕｔｓｔａｎｄｉｎｇｉｎｔｈｅirfield．

~？h窓1,manyscienlistsbolhinan(loulsideJapanhav･
__‐continue(l1ooiTertheil･generousassIstancefo1･ｔｈｅ

l)ubli〔．alionofourjournalan〔lorgal,izatio,,ofour

exhibilions，Oneexamplewasthepholoexhil)itionof

"Tl1eCelL"fbrwhichlenl〕i(〕logistsintl1e6el〔lsofcelland

〔levelol〕mentall〕iologykin(llyconlribute〔lphotographs．

D1..Ｎ０１〕utakaHirokawa(UniversityofTokyo)generously

lGtususemanyofhisph()Logral〕hsincludingihose〔)f

kinesinn1otoI･I〕roteins・Wealso1oegularlyaskscientistslo

〔lescril〕etheirresea１℃1,inourquarlerlyjoumalBioﾉ,iisZoﾉｯ，

i〔)allownon-specialistsl)ｅｕｅｒａｃ(､esstolheforefronI（)ｆ

,､esear〔:１，ｐ1.09,．ess，Manyforeigl1researchel･ｓｋｉｌ'(lly

spare〔liimefo1･interviewso1･〔liscussi(〕ns.

Ourresearcllprojecl()ntheevolulionofCaIabinae

groun〔１１〕eetles(p・'０－１３)isafineexampleofcollal〕oraiion

betweenpr〔)fessionalbiologisisan〔lamateurbeelle

enlhu5iastswhoollenl1aveal･emal･kal〕ledepth()I

knowle(ｌｇｅｏｎｔｈｅｉｎｓｅｃｌｓ・WeoIganize〔Ｉａｎｅｔｗ(),､ｋ

ｌｈ１･oughwhiChwecouldexcllangeideasａｎｄ，．esearch

resulis、Ｉｔｗａｓｔｈｅｓｅａｍａｔｅｕｒｓ（!h(〕ughiheyare

l1rofessionalintermsoftheirenihusiasmandknowledge

ｏｎｔｈｅｌ)eetles)whowPlltoL11intlleHeldlocolle(轡iinsecis

liDmallove1･Japan．

Ｍａｎｙｐｅ()pleoulside})iologyalsol〕arlicipale〔lｉｎ()u'・

activiliesinavarleIyofwaVs：Ariists，９，．aphi〔､（lesigne,．s，

musicians，ａｎ〔１，．esearchersindiverse「iel〔1sシincluding

so〔･ｉａｌｓ(oien〔･ｅｓａｎ〔lliteraiure・Ａｌ･tistsc()ntril〕Lllediheir

workl〔),.〔lisl〕layin〔)urexhibitionhall，KoreanarlislJae

ELmChoi，sworkusil1gbutlerHiesgivesalioeshwelcomelo

ourvisitors・JunkoMa(ｌａｍａ〔leseveralartislicobj催(‘ls

inspil｡e〔ｌｂｙａｎｉｍａｌｓ・MaSashiKimura，ascienlifi(o

illustl･alortraine〔IaitheSmithsonianlnSiituti()nwasi11

charge()[designingmanyoI(〕ｕ１･Llisplaysinll,eexhil〕ili()l1

hall・Ｗｅａｌｓ〔）collaboraledwill1lheKyotoSymphony

Orcheslra（conduぐtor:Michiyoshilnoue）ｔ()perf()ｒｍ

･‘sCienceopera，，ｉｎＡＩ１ｒｉＬＩ９９５（p,22-23)．Ｍ()re

I)erfo1･ｍａｎｃｅｓｗｉｌｈｌｈｅｍａ１･eplamle〔ｌｉｎｌ９９７、OIher

peoplP〔1omril)uledariiclesan(lessaysloBioAjsZoﾉﾌ゙,、

Illlllelbllowi1唯pages(p､16-23).ｙ()uwillIin〔lsome

Pxamplesofoul･(､o()|)Ｇ１･ativfﾕinlel･a〔･tl0n．

L"r”〃 ＡｐｒｉＩ１９９７

TheBiohistoryResearchHaII，
wheresciencemeetsartand

wherescientistsmeetpeople，

TheexhibitionhaIlseenthroughthegIassbaIlsinoneof
JunkoMadａＩｓａ｢tworks

(Photo:NaruakiOnishi）
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1．NobutakaHirokawaoftheUniversityofTokyoat“TheCelI”exhibition、The
roundblackobjectisanartworkｂｙＪａｅＥｕｎＣｈｏｉ,‘‘MomentandLife,”whichis
installedintheexhibitionhallentranceoftheBiohistoryResearchHaIl･A

butterflythatwasplacedinsidecａｎbeseenthroughamagnifyinglensinthe
center.
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ＭａｎｙｓｃｉｅｎｔｉｓｔｓｆｒｏｍａｂｒｏａｄｈｅＩｐｅｄｕｓ、

2.Comelial､Bargmann(Unive『sityofCaIifomia,SanFrancisco,USA）

3.NicoleLeDouarin(CNRS,lnstituteofCelIuIarandMoIecuiar

Emb『yology,France）

4.WalterJ,Gehring(UniversityofBasel,Switzerland）

5.SimonConwayMorris(UniversityofCambridge,ＵＫ）

6.JamesD,Ebert(FolmerPresidentoftheCamegielnstitutionof

Washmgm,USlhI〉
(Photo１，４;YoshikiGeka）
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GroⅢdandUnderground
RelationbetweenＭｅａｎｄＬｉｆｅ
ＪａｅＥｕｎＣｈｏｉ

司甚口上畠

撫蕊

JaeEunChoiisanintemationallyreknownedartist・

OriginallyfromKorea,shehasbeenactivelyworkinginJapan,Koreaandothercountries
Manyofhercreationsarerelatedtotheprocessesoflife
Here,shetalksaboutherworksandherrelationshipwithnature．

司甚口上畠

I鮮W1j:制鯛順W鳥:繍繍照
恥6α"α(I1owerarra,'gement).andlllefollowi,'９year･I

begal1studyingitaitl]eSogetsuS〔‘hooLIl'ｅｌｄａｓｌ１､ong

intereslinsuchanaestl1eticinwhicl1fol,ｍｓｏｌ'lifbare〔Hut

oⅡａｎ〔lartisticallya1Tanged，ａｎ〔IIheresullil,ｇｗｏｒｋｓ

ｔ１･ansmitte〔laslbrms・CLlttingmeanste1･minaiion()ｆlife．

'〕ulintheworldof砧e6α"α，iicloeatesanewlife・Dyingis・

il1fa〔､１，ａＩ１ｅｗｌ〕irth・Thisintl･igue(Ｉｍｅｖｅｒｙｍｕｃｈ、

１，１９８５.ｍｙｅｘｌ１ｉｌ〕itionenlille〔1“Eal･Ih”ｗａｓｈｅｌ〔lat

lheSogetsuPlazainTokyo・Tllirteentonsol､l〕lacks(〕il

werel〕roughtil,toaterrace〔lgarden(〔lesigne(1)〕ylsamu

Noguchi)．ThenlsowedseedsofKi"z血CSO,averyIhin

plantwhi〔､hg1oowsveryqIlickly,WiIhintwoweeks.|he

6,．stshootsappeare〔landtheygrewtoaheigl1lofal〕oulll

cenltimete1os・Ｔｈｅl〕lacksoiltransfbrmedintoa〔､aI･peiof

greengrass・Tl1edegreeofihegrowtl'ｏｆｔｈｅｇ,｡assandlhe

direclionofligl1t，dependingonthetime，exhibiledll1e

very〔liversecolorsofthegal･den:black､red,green、From

ll,esechangesonecouldfeeliime・Ilwaslheil1emeoflhis

w〔)rk．Ｋﾉ皿加s()wastheplanlm)Ｌｍ(linnlysearchfo1･the

stl(ldeslplantintl'ｅｗ(〕1.1.．Ｔｌ'eweake1･theappearance，

lheslrongerthelife．Ｄ〔〕､，ｔｙ()uagree？

Thellexiyear・IsiarIe(lanewprojeci,ＴｈｅＷｏｒｌｄ

Ｕｌ'dergroun〔lProje(》1,whicl,inv()lve〔ltakingsheelsola

specialpaper,(level()pe〔ｌｂｙＭｒ,HeizEll〕ur(〕Iwal1oofFukLli

Pl･efe〔‘lure，an(IbLlryingtheminten〔IⅢ､ｅ１･entcountr,es，

inclu〔lingJapan.Ｋ(〕rea，Italy,ａｎ〔lKel1ya．Ｔ1,．eelofbuI

yearslaterLhesl]eelswel,ｅ１･ehieve〔Landwhel1exl〕ose〔lto

ai,．､lhecol･rosivechanges〔lLleloba〔､Ieriacouldl〕eseen・

FromihemoIcreate〔lanartwork･

Ｆｏｒｍｅ，Ｉｌ１ｅｕｎ〔Ie1-gl･oun〔lorearthsignifies‘息pu1･e

nalu1,e・”IIislllPunityol､malter，time・ａｎ〔Ispa〔!e・Ilistl1e

placeofl〕irih皿ｄｇｅｎｅｌ･ali()n.Aslongaswehumansare

pl，esentonthPeal･Lh’the〔lestlouciiollofnatuI･Ｐｃａｌｍｏｉｌ〕e

avoi〔led・Therelbrelihink(〕［lhegroLln(ｌａｓａｍａｎ－ｍａ(le

l)lace､The,．elationshipl]etweengroundandundel･gmLmd

ismyeternaliheme、Ｔｏｍｅ,11'eground(above)ａ,,。

u､〔lerground(l〕e,,Patl,)desl〕itetheir(licl,olicnature，

c〔)mplemenloneal,01her;likeI〕ｌＬｌｓａ１１〔lminus,ｓｕ,過cｅａｎｄ 1,2.“Ｅａｒｔｈ'’１９８５

Stonesculpturegarden

bylsamuNoguchi，

SogetsuPlazaI

SogetsuKaikan，

Tokyo･Architect：

KenzoTange．
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,nteno,.､andlighlan〔lsha〔low･

Ｅｖｅｒｙｔｌｍｅｌｌｏｏｋａｉｔｌ１ｅｃｈａｎｇｅｓｉｎｔｈｅｌ〕apertl1al

wasrec()ve1･edfi･omtheg1,Cu､(LIam(leeplym()ved・Itis

indeedawon〔le1･I､LIlthingil､ＩｃａｎＣｒｅａｔｅｍｙｗｏ１，kｓ（)１．

ｂｅａｕｔｙａｎｄａｔｉｈｅｓａｍｅｔＩｍｅ．ｐon(le1･ｏｎｓｕｃｈ〔ｌｉｖｅｒｓｅ

ａｓｐｅｃｌｓａｓｔｈｅｐ()ｔｅｎｔｉａｌｏｌｔｈｅｅａｒｔｌ１Ｅｌｓａｐｌａｃｅｏf

genel･atIo1，ａｎ〔１１〕irtl1，ａｎ〔ｌｌｈｅｎｕｍｌ〕ersａｎ(ｌlypesof

bacteriawhichconiribute(ｌｉｏｔｈｅｃｈａｎｇｅｓｏｎｍｙｌ)urie(Ｉ

ｐ'eces〔)１，pape1･．

Ｂａｃｔｅｒ１ａｔｈｅｍｓｅｌｖｅｓｗｅｒｅｌｈｅｔｏｏｌsformy

expressl0n、Iwishe(Itoknowwhaishal〕ｅｓａｎ〔lf〔),･mslhose

l)acteria・ｔｈａｔｐｒ(〕ducedlhel〕eauly〔)Imyw(〕'･ksha〔1.

Seve1･alyParsagoJpaidavisittoD,・・ＭａｓａｏＫａ１，ul〕eatthe

ResearcllCentel｡Ⅱ)''Ａ〔lvance(lSciencefm〔lTeClmologyoI

IheUniversItyofTokyo，Ｉｈａ〔ｌｎｏｐＩ･eviousacquamtance

withhim・ｂｕｔｈｅｗａｓｋｉｎｄＧｎｏｕｇｈｔ()ｓｈｏｗｍｅｓａｍｐｌｅｓｏＩ

soilhomvarlousc〔)untrieslhrougham1croscope・Itwas

flscinaling，Ｔｌ,eworldwhi〔､ｈｉｓｖｉｓｉｌ)lＰｔ(〕ｏｕ１･nakedeyeis

sove1-ylimited，Whatｗｅ〔‘annoiseeisinIinite，

ＷｈｅｎＤ,｡.Karubetol〔lmethaln(〕wadaysarlistsan(l

scienti$ｌｓｗｏｒｋｌ()gethe,.、ｉｔｉｍＰ１･esse(lmedeeply，Ｉｈａｖｅ

ｈａｄｉｌ１Ｐ（〕ppol･tunllyofailen〔lingllleBRHsalontwice・

Theｓ(,ｉｅｎｔｉｓｔｓｌｈａｉｌｍｅｌｌｈｅｒｅｓｅｅｍｌｏｈａｖｅｓｕｃｈａ

１､ealisli〔oviewofliI､elhatl(l(〕noiknowhowsclencecoul〔１

１〕erelale〔ｌｔｏｍｙｗ〔),ks・ＩｎｓＩ)iteoflhisシＩｗｉｓｈｌｏｈａｖｅａｓ

ｍａｎｙｏｌ〕lportuniliesaspossihleofatte､(Iingthesal()､．

(Translale〔1ｈ．omBjo/liisJoハ．､No.l）
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TheWorIdUndergroundProject,whichbeganinl986,isstilI

ongoingtodaywithdiffe｢entmethodsofexpressIon、

lnrecentyears3Ms･ChoihasbeenassistedbyDr,EiichiTamiyaof

theJapanAdvancedlnstituteofScienceandTechnology、
ｌｎｌ９９４,ｓｈｅｅｍｂａｒｋｅｄｏｎａｎｅｗｗｏｒｋ,“Chaos,，,inwhichsmaII

plecesofthepaperthathadbeenburiedｗｅrefurtherculturedand
thenphotog｢aphedbyelectronmlcroscopytorevealthepattemsof
thebacteriaresponsiblefortheoriginaldesigns･
ｌｎｌ９９５,sherepresentedJapanattheVeniceBiennalewithher
newwork“Micro-Macro”ｉｎwhichthemIcroscope-magnified
lmagesofthebacteriaonthesheetsofpaperwereshown,along

withvideoimagesofthebacteriainmotion．

、0

電魁.，息』劇

圧
』

i龍
､恥静露蝋

§

６

3.‘WorIdUnde｢ground

Project'’1986‐、
Kyong-Ju,Korea:ln
l986;ｏｕｔ１９９０．

medium:Buried

Japanesepaperetc、

4,5.℃haos''1994.

TheSogetsuArt

Museum,Tokyo･
Diameter:５８ｃｍ、

Ｈｅｉｇｈｔ９０ｃｍ、
Medium:ｄｒｕｍ,waterp

heat,film,bLIriedpaper

(WorldUnderground

Proiect,Gifupref.，
Japanl991-1994)．
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Biennale,VeniceItaly、
Installation,Area250m3

mediumacrylsheets，
film,TVmonitor,ＬＤ，

neonli9ht．

(Photol:ShigeoAnzai，
3~6:ShigeoMuto）
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6.“Micro-Macro,'１９９５．

Japanpavilion,Venice
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LoolKingatMembmneProteins
througl,ａＩ,ElectronBeam
YOshinoriFujiyoshi
Professor,FacultyofScience，
KyotoUniversitiy

Youmayhavebeeninti･iguedbythewonderofthedoublehelicalstructureofDNA
Proteins,whichareasImportanttoorganisｍｓａｓＤＮＡ,havefineandelaboratestructures・
AtthemIcroscopiclevel，theyappearquitebeautiful，Ｉｉｋｅｗｏｒｋｓｏｆａｒｔ・Themostadvancedelectron
microscopecannowreveaIthevirtualimagesofproteinsataresolutionof3/10,000,000millimeters．

"S;:繍駕翼I嚇淵洲I鼎
mainlyonvision・Ｔｈｉｓａｌ〕pliesalsotounderslan〔linglhe

lmnctionofplooteins,whicl1arecent1･altolilも,l)ｙ“looking”
attheirdetaile〔ｌｓｔ１､ucIures．

ThefbundationsofcrysIallograpl,y,ｗｌ,ichexammes

molecularstructure,werelaid()utl〕ｙＷ,ＨＢｒａｇｇａｎ〔lhis

son，Ｗ，Ｌ、Ｂｒａｇｇｉｎｌ９１２、Ａｍｏｎｇｓｏｍｅｏｆｌｈｅ

ｍｅｔｈｏｄｏｌｏｇｉｅｓｉｎcrystallography，X-raycrysiallography

haspl･ogl･esse〔ＩＣonsiderablysothatinrecenlyears･new

inib1･mation1，egardingprolelnstructuIel'asaccumulated

rapidly・However，ｌｈｅｓｔ１ｏｕｃｌｕｒｅｓｏｆｍｅｍｌ〕'｡aneprotems，

whichareessentialforexcl,angeofinl,Cl･mailonand

energy}〕etweencellsandthei1･envil･onmem.l,aveelude〔l

analysis・Tl1esemembranel]rotelnspose(lal〕'･Cl〕lemibl・

X-1oaycIystallograplly〔luelolhedifficuliyinobtaining

largeCIysials．

The〔)relically,ithadbeenspeculate〔Ｍｏ１･sometime

lhatelect,.０，〔lilIIaction,10,0001imesmorepowe1fulthan

X-1･aydifhacli〔)､，couldbeapplicdloanalyzel〕roIeln

structureailheatomiclevｅｌｈ･ｏｍｍｅｍｌ),･anousan･aysoI

justonemoleculeintl'ickness(50Ａ)．Ifacllievable,ｏｎｅ

ｍｉｇｈｔｔｈｅｎｉｍａｇｉｎｅｅｌｅｃｔｒｏｎｃｒｙstallogl･ａｐｈｙ，asa

replacemenik)rX-raycrystallography､Bulinl973，when

lfirstbeganlosludyelectronmlcroscopy･iLwasuncertam

wl1eiherin(leedalomscoul〔lbevisualize(１１〕yelectron

mlcmscopy．

whichrequiredonlyamillimaldoseolelectronl〕ｅａｍｌｂｒ

ｌａｋｉｎｇｉｍａｇｅｓｏｆｒａ〔ｌｉａｌｉｏｎ－ｓｅｎｓｉｉｉｖｅｓｐｅｃＩｍｅｎｓ･

UnfbriLll1alely・thisalonewasyetinsuⅡicienttopresPl･ve

lheinlegl･iIy()fourspecimens･Ｗｅｃ(〕ncludedll1atI(）

mainlainlheintactm()lecularstru〔:lLll･ｅｕｎ〔lel･aminimal

doseofelect,.o､beam,lhespecImensmusll〕ekepi

atanext1･ｅｍｅｌｙｌｏｗｌｅｍｌ)e,．alurecloseL(〕ahsolulPzPl･(）

(-273.16℃)．Ｔｈｅ〔liHiculiylhalremaine(lwasto(level()I〕

ａｍ,〔！,･ＯＳＣ〔)pestageforl'01dinglhespecImensシwhi(‘h

woul〔１，．esislagainsllhevibl,aljonscauseLll)ylhecoolanl．

１１'（!()Ⅱal〕oratlonwilhDl｡､HideoYamagishiatKyol〔）

UniversiiyaI1〔ｌＪＥＯＬＬｌ(1..ｗｅｂｅｇａｎｉｎｌ９８３ｔｏｄｅｖｅｌｏｌ〕

anele(11,.()nmicl･oscopell1aicouldl〕ｅｕｓｅｄａｔａｖｅｒｙｌｏｗ

ｔｅｍｐｅｌ･aiure・DuringihislimeッIalsohappenedtomeel

D1､､Taka(〕Mizusaki〔lul･inganurseryschoolexcursl()、!(）

whichla(!〔!ompaniedmy(laughter．Ｆ(),･luitously，ittu1．､e〔l

outihalDr・MizLlsakiwとlsaspecialistinlowtempe1･atuI･e

physicsaiKyotoUnivers,ly,andwiihoulhisvalua})le

a〔lvi(｡e，ａｌｌｏｆｏｕ,．ｅⅡ〔),･lswoul〔lhaveYetl〕eenlnva,ｎ．

OverlhGllexlelevenyea１．s,ｗｅＷｅｌ･ｅａＩ)ｌｅｌｏ(levelopihreP

pl､otolypes，ｅａｃｈｏ［ｗｈｉ〔:hcoslseveralmillionU.Ｓ・

dollars・Fillally,ｗｅｓｕｃ〔bee〔ledｉｎ,,educingihedamaget(）

ourpl･ote,ｎｓｐｅｃｍ,ensl〕ymorelha,]ａｎｏｒ〔le1･ofmagnitu〔le

witl1lI,elaiestversionwhichwasableloachievea2A

resolutiona11.5Ｋ(-271.7℃)．

1．ｌｍａｇｅｏｉｃｈｌｏ｢inated

copperphthaIocyanlne

crystaImoleculesas

seenthroughan

eIectronmIcroscope・
Thishistorical

photographprovedfor
thefirsttimethat

individualatomscould

bedistinguishedby
useofelectronbeams．

2.Aschematicthree-

dimensionalstructure

ofthebroadbean

antennachlorophyII-

bindingprotein､The

helicalregionofthe

proteinisrepresented

bythepurpleribbon，

green-chIorophylla；

light9reen-chlorophyll

b;yellow-lutein．

２

ThereIol･eevenafterl5yearsシIstilll･ememl〕er

clearlytl1eknee-shakingsensal,onuponseeingourfirst

successfulphotog1･aphsofll]emolecularsLl･uctureof

chlorinatedcopperphthalocyanmecrystalsallowi1,g

individualatomstobedislinguishe。(phoiol)．Ｔｌ]is

experimentconvincedmeofelectronmlcroscopy，s

tremendousPOtentialforst1･ucturalanalysiswithatom1(。

'･es()ｌｕＩｉｏｌ１・However，ｗｅｅｌ'〔:(〕unlere〔ｌｄｉＩ，[icultywhen

a(laptingtl1ismethodtoanalyzeｏ１ｇａｍ〔9ｍ()lecules，ａｓ

Ｉｈｅｙｗｅｒｅｔｏ〔)Ii･agiletowithsiaI'(llheelecL1･()、}〕eam．

弓嘉墨鶴 ／~、４Ⅱ■＝

1,1980.ｗｅｃａｍｅｕｐｗｉｌｈｍ()Ｉｅｅ鮭cliveequIpmeI1t
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q、髄

３
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§
鈴

「
ソ

露
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3.ThreemoIecuIesoftheantennap｢oteinarearran9edtofo『macompact
trimericstructure、

4.Acomputerizedelectrondensitymaｐｓｈｏｗｉｎｇｔｈｅａｒｒａｎｇｅｍｅｎｔｏｆａｍｌｎｏ

識

acidsdowntotheleveloftheiratoms(/Vaiu尼,vol367,ｐ､616,1994）

『
し
Ｌ

』’

apl〕earstoproteCtchlolophyllahomoxidativedegradalion

du1ingphotosynll1esis．

(Tra1,slatedhon'BZO/ziiSZo7ｼ'.No.6）

Finally・ｗｅｈａｄａｌｌｔｈｅｌＤｏｌｓｗｅｎｅｅｄｅｄｌｏＩ〕roceed・

Ｏｕｒｆｉｒｓｌｌ〕,,eaktl11･oLlghcamewiihtheanalysisol､ｔｈｅ

ａｎｔｅｎｎａ〔､hloropl]yll-l〕ｉｎ〔ｌｉｎｇｐｒｏＩｅｉｎｆ１･()msoyl〕ean

chlorol)ｌａｓｉｍｅｍｌ)ral,ｅｓ１ｌ１ｃｏｌｌａｌ〕oratl0nwilhW・

Kuhll〕ran(Ｉｉａｎ〔ｌＰ・NWang、Tl1isprotein，whi(１１１１〕laysa

cent1･a１，･oleinthelighi-harvestlngslep〔)ｆｐｈ〔)l(〕synthesis･

istightlyarrange〔ｌａｓａｉｒ１ｍｅｒｗｉｉｈｉｌ１ｔｈｅｃｈｌｏ１･oplasi

mem1〕rane，Ｏｕ１･resullsallowe〔luslovisualizelheaclual

anangemｅｍｏｆｔｈｅｉｌ,(livi(lual（1hlorophyllm〔)ielieswithin

thetrimericcomplexｄｏｗＩ１ｌｏｉｈｅａｌｏｍｉ〔、level，

Conse〔IuGnily？ｗｅ（liscovere〔ｌｌｌ１ａｌｔｌ１ｅａｎｉｅｎｎａｌ〕,.otem

coor〔linalestwo〔lillbr(皇nLlyl〕ｅｓｏｌ､chloropl'ylls(ａａ１１ｄｂ）

andａｎａ〔､cesso1yPlgment,lutein,inordertotl･ansmillighl

energywilhminimalloss・FuItheImore,thisｃ()nligurai1on

However，ｔｈｉｓｗａｓＪｕｓｔｉｈｅ［i'･stsiep・Ol1lyiwo-

dimensi()nalinformal,ｏｎｃａｎｌ〕ｅ（〕})Iaine〔11,T()masingle

electronm,(､,｡oscopi〔･image・Ｔｏｏl)lainil]ree-dimensional

stl･uctu1･ａｌ〔lata･ｌｍａｇｅｓｈｏｍａｓｅｌ･lesofmoreLhan200

tilte〔ｌｓｐｅｃｌｍｅｎｓｍｕｓＩｂｅｌ〕,｡()(･ｅｓｓｅｄｔ(）ｐ,.o〔lucea

compulerizedelectl･〔)、〔Iensitymal〕,｝)asedonll1eelectIon

crystall(〕91．al〕hyie〔魁h''iquedevel(〕pe〔ｌｈｙＲ・He,1dersonel

al・Ｉｎａ〔!〔､or〔lancewill1lheprolein､ｓａｍｍｏａ〔､i〔lsequence･

ｔｈｉｓｉｎｌ.(〕'･ｍａｔＩｏｎｌｌｌｅｎａｌｌｏｗｓｕｓｌｏｄｅｌｅｌ･mil,ethe

coordinaIesofin〔livi〔lLlalatomsl(〕reconslruciastereo

vlewol･ll1Gprotell1．

Almosttwenlyyearshavepassedsincelstarle〔ｌ

ｗｏ１･kingwiththeelectmnbeam､Ｏｕｒｐ,.ogressduring

theseyea1･ｓｈａｖｅａｔｌａｓｔｅｎａｌ〕ｌｅｄｕｓｔｏａｎａｌｙｚｅｔｈｅｔｈ１･ee‐

dimensionalstl･uctureofprotemsattheatomicleve1.1〕y

meansofelectrollmicroscopy，Atpresentthougl1，ｉｌｓｔｉｌｌ

ｔａｋｅｓｕｓｏｖｅｒｔｗｏｙｅａrstodetermmeeachnewstructu,．e・

However，ｗｈａｔｌ（loanticipateinthenearfuture、ａ,｡ｅ

[ｕ１･lherlmprovememswhichwouldallowconsecutlve

analyses，ena1blinglhedeIerminahionofdynamicIour‐

dimensionalstructu1･ｅｓｏｆｍｅｍｌ〕ral1eprotems．



seemedtodestroythisgene1･allyaccepted

ideahomitsverybasis・Ｍｒ,RilleiOkada，a

lea〔lingstudentinll1egraphologyofBasho’ｓ

legen〔lswrittenon皿『刀,ze，orinkdrawings，

Pul)lishedinRe71gaHajAajKEﾉ7ﾊｙｕＶｏ１．４６ａ

ｓｃｒｏｌｌｏｆｗｈｉｃｈｓｕｍ１ｅａｎ(lhaikuwere

altributedtoBasho.(photoontllerigl'tpage）

Ｔｈｅ〔ｌｒａｗｉｎｇａｎｄｌｈｅｗｒｉｌｉｎｇｔｏｏｋｔｈｅ

ｌ〕elieversof“witl'eredbranchandawintel・

crow”l〕ysurpl･ise，Ｓｉｎｃｅｔｈｅｎｔｈｅｗｏｒｋｈａｓ

ｌ〕eｅｎｋｎｏｗｎａｓＫｎｒｅｅｄａｋαｒａｓＭ，Ｋａｓａｙａｃｊｏﾉ･＃

(Wilheredl〕ranchandcrows/takingshelter

underahathomrain)．Thedrawingsllows

sevencrowsperchingonwilheredbranches

will1scarlet-ltinge〔livy､Abovethem，tomy

surPrise，ａｆｌｏｃｋ()ftwentycrowsareHying

aroun(1．Ｉｓａｗｌｈｉｓｗｏｒｋｆｂｒｔｌ,elirsttimein

lhefLlllcolol･pholographl･el〕〔〕rledl〕ｙＭ１．.

OkadainBessa,！s肌勉jγopublishedattheen[ｌ

〔)fl976．Ｉｔｗａｓｉｎ〔leedashock“likebeing

bewiichedlbyal､ox,ﾂｯIimmediaielyshowed

Ll1eworktomyesieemedhiendD,.､Donal〔ｌ

Keene，agreatauthorilyonJapanese

lilel､atLlrewhospecializesinBasho・Eventhe

el･uditeDr,KeenemoEmed，ＢｏｔｈｌａｎｄＤ,.、

Keenel〕elongedlollneadhe1oentsof“single

crow.，，Ｂｙｌｈｅｗａｙ，histranslaiioninto

Englishwas：

Onthewilheredbranch/Acrowhas

alighle〔1.../Nightlallinaummn．

BiOﾙ敵･ワ､Sﾘ)…ﾉﾙ”"“･""/“"0〃 Ｍｚ"“〃 AprIl1997020

驚鐘

lE季aｙ

Basho巻CmwandMandelbrot
WViewontl,elssueof
lllockofCrowsvs､ａＣｒｏｗ
SoichiFuruta

岸謬蛎塞零i織蕊i甑蕊迩諏垂唾諜諺.:帯冒雪で列

‘‘Quoi？Quoi？QuOi?”“Rie､”

LeColrbeau:Ｒｅ癒ard『Ｈ７Ｓｍ"ｅｓ/Varu尼"eｓ

ザ
④
妨
媒
北
１
両

alighIol1awiiheredbranch・Manyyearshavepassed

sincepeopleingeneral，ｉｎｃｌｕｄｉｎｇｍｙＳｅｌｆｗｅｒｅ

}〕rainwashedtoaccepttheconventionalsulbjecLo[Chinese

painling“witllere〔１１〕rancllan〔ｌａｗ,ntercrow.”Thisis

wellilluslrate〔11〕yll1efactthaiinlhetranslationsofthis

haikuofBashointomanylanguagesincludingEnglish9

mneouloflent1･anslationsopledlbr"aｃｒｏｗ,
ﾂｦ

Anextraor〔linaIveventoccurIedi,’１９７４，Ｗl,icl’

ｒ-1ｈｅ‘GSLudyoftheCoastlineﾌﾌbyBenoitMandelb1･Cl＊is

---abeautilillpoem。ItismoreinspiringLometllanany

oneofthemodempoelry，ＨｅｗｒｏｔｅｉｎｈｉｓＦｒａｃｌｳaI

Ceome町,aslbllows:Thelinerthescaleo1､Observationis,

themorejaggedthecoastline：Itbecomesmonstrous,an〔l

itslengthisextraordinarilylongwhenmeasuredbyany

method，Allinall,itwouldbeappropriateloconsiderlhat

thelengtllofthecoastlineisinfinite，Ｔｈｉｓｍａｙ｝〕ｅ

ｓｕｍｍｅｄｕｐ，inessence，ｔhatreducingthefieldof

observationleadstoinfinity・Sincethenlhavebeen

possessedwiththisconcept，Ｉｔｈａｓｌ〕ecomethebeautiii1l

keytomycosmology・

The,｡ethetime-honoredcosmologyoftheEastumtes

remarkablywiththatoftheWest・Ｌｅｌｕｓｓｕｐｐｏｓｅｔｌ]at

Mandellbrotwasbom300yearsagｏａｎｄｃａｍｅｔｏＪａｐａｎ，

andthattherehehappenedlomeetBasho，＊anilinerant

poet，andtraveledtheﾉVarrowRoadJorAeDe印jVbr6ハwilh

himasafellowtraveler・Itgivesmeathrillofpleasureto

imaginehowLhesetwoextraordinarymen,beingpossessed

wilhmacroscop1candmicroscopicobjects,wouldmake

marveloustravels・Basl'０，anelemalwan〔lerer,migl1ll,ave

anticipatedthe"hactaltheory，，ofMandelbrotandhave

goneonaJou,･neytohisinfiniiecoasiline，Basho

compose〔lafamoushaiku(orafailure?)inl681：

Knreeda7zjKnrasz"zoTomar血rIり'αA肋１０ﾙ”ｅ

（Ontl,ewitheredbranch/Hasacrowalighte。

/Nightfallinautumn）

Thereisavarlantofthisllaikuシwhichwascomposedin

l689：

Knree血凡iiKarasun07bmarjAerjA肋zoﾙ”ｅ

（Onthewitheredbranch/Acrowhasalighled

/Nightfallinautumn）

Today，thelatterl1aikuismorewidelyknown・Opinionsol

thehaikuworldandloveｒｓｏｆＢａｓｈｏｖａｒｙｉｎｔｈｅａｐｐ１･aisal

ofthishaiku・TheyareroughlydividedinloagrouｐｒａＵｎｇ

ｉｔａｓａｎｎｅｐｉｅｃｅａｎｄａｇｒｏｕｐｒａｔｉｎｇｉＬａｓａｄｕｌｌｏｎｅ・I

myselfbelongtothelatte1･raiherthanthefo1･mer，

Ｎｏｗ,ＩｗｏｕｌｄｌｉｋｅｔｏｎａｒｒｏｗｄｏｗｎｍｙｉｈｅｍｅＩbrLhis

essayto“whethe1-Bashotreated‘‘crowﾂ，assingular（)'‘

plural.，ツＭｏｓｔｏｆｔｈｅ１･ea〔lerswoul〔ｌsay，“Itisasilly

questIon、Ｎｏｄｏｕｂｔｏｎｌｙｏｎｅｃｒｏｗ.，，Ｉｔｉｓｃｏｍｍ()ｎ
弾

Atypicallegend

symboIizingonecrow

(1692orl693)ｗｒｉｔｔｅｎ

ｂｙＢａｓｈｏｏｎａｄｒａｗｉｎｇ

ｂｙｈｉsstudentIKyoroku
Morikawa，ltisknown

asanexcellent

examp1edepictingthe
charmoftherefined

simplicityofBasho．

(Propertyofldemitsu

ArtMuseum)，

一ｔ目／
.』壁

鵬

溌蕊蕊

Accordingloanessay,ＤｒａｗｍｇＱ/、

Crol0,l〕ｙＭｒ・TsulomuOgaIa（YuseiiVo12.

1987),ｍａｎｙsch(〕lars､oneafteranotl1er､ａｒｅ

:Ｉ
？

#＃

｡画

芽

ア

木

少巴

h､

す『
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Thelegend(writteninl615)reportedim974byM｢.Rihei
Okada,aresearcherofBasho・ltwasusedasthebasisforthe

"fIockofcrows,'theory，Ｔｈｅhaiku‘‘Ｙｂ､ﾉﾉUruwaSa虚､/Sougmo
Yado鰍ana"(RainlremindsmeofthehardshipofIife,lamnow
shelteringunderasmallhatandmyIifeismuchharde「thanthat

ofSougi)waswrittenonabackgroundofawinterscene・

Althou9hithasthesignandsealof‘‘HakusendoBashoouj，the
gene｢alviewnowisthatthestyleofthedrawingsuggeststhe

workofap｢ofessionalartistratherthanBasｈｏ．

寺

＝TIj

承

灘、
偶
“

一
・
口
・
噸

森暴
寺 臼型

￥
犀〉

ｒｆ）島､ チ

か

蕊』。
(Privatecollection）

iハ（

b徳jr哲

篇
ちＩ

Ｉ

＃布と深ｘ

ハ
.〃

jｩ＄

鶏
誠ｌ
ｆｉ’

司降

券

］

argLlingaboutthe(levelopmenl()Iaslateol､Bash()，ｓｈａｉｋｕ

ｏｎｉｈｅｂａｓｉｓｏｆｔｈｅｐｉ〔､tureofall()(､ｋｏｆｃ１ｏ０ｗｓ、ＩＩｉｓｔｈｅ

ｏ〔､〔､url･ｅｎｃｅｏｆａ：r(〕ｕｐｆｏｒ。.ａ1.1o〔,ｋ()ｆ〔.,､owsvPrsusthe

gl･oLlPfo1･‘ｏａＣｍｗ.｡‐Ｍ１｡､Ogatal)１，esente(ll1is〔l()ul此inhis

essay,abouttheassumptionl〕yM1｡､RiheiOka('ａｔ､(l(〕lhe1・

(lislPLllantstllatlhPlegendonlhiss(‘rollwaswl･lIlellby

Basl1ol'imselfMl｡､OgatastaI,〔1ｓ(〕l1thesi〔ｌｅ()l､allPgallve

lhe(〕rylhailhelegen(lwasnotwrillenbyBasll()himself，

Ｍｙｐｏｉｍ，ｈ〔)wevel．，ｌｉｅｓｓ()mewllereelsP・Iwoul〔l

likeioelaboraleonmyopinionl.r(〕ｍｔｈｅｍacr()s(･()I〕ｉｃａｎｄ

ｍｉ〔''､osCopicviewl〕ｏ'ｎｔｓｏｆＢａｓｌｌｏｍｅｎｔＩｏｎｅ(ｌａｌｌｈｅ

ｌ)egilmingofthisal1icle・Ｉｎｓｈ(),､Ｌ})Otl1thedisI)ulanislbr

one〔orowan〔lthosefol･ａＨｏ〔１ｋ〔)l､(,1.0ｗｓａｒｅｂｕｌａｍ()blike

aflo〔,ｋｏｆｃｒｏｗｓ．

Ａ7･“ｍｊｙａＳα(ｊｏ"iilﾉ１０ｋＣｌﾘazL/l"Iαﾉ'０９“0α

（Asurg'ngsea…/Reaぐhil'ｇｏｖｅｒＳａ〔loIsle/The

Galaxy）

AAG6o"ｏｙａＷバ皿ｏＳｈｉｉ７．oﾙiiAoj()ﾉSsz"'‘

（DaWnLwilight/WhitenessoIawhilefish/ａｎｉｎch

long）

糸
”戯Ｉ

狩客。

愚

篭

ＢｏｔｈｌｈｅＭｉｌｋｙＷａｙｏ{.ｌｈｅ（:(〕ｓｍ１ｃｓ〔'ａｌｅｉｉ１ｌｈｅ

ｆ()ｒｍｅ１･andthelil1yicefshofthelallerｓｈｏｗ.t()|h(ﾕeyesof

Bash()1,．avelingalongthe〔ooasi，lhPstateihat‘･ＰＷＩ･yihing

intheunlverseisself-conle,１１．．．ＳｅＰｎｉｎｌｌ１ｅｌ〕haseof

elel･nity･ｔｈｅｙａ１･ｅ（)ｎｅａｎｄｌｈＰｓａｍｅ，Basho，wl1osaw

mulliIu〔ｌｅｉｎｓ()lilu(|P，andsolilu(leinmullilu(|G･ｗａｓａ

〔lail･voyanthaving｝)()ｌｈｏ(､ella1･ａｎ(’（)mmaiealeyFs･Ｈｅ

(Ievel(〕I)edaslaieol､poeti〔,mil1〔lwI1ereinfoull1eRsand

l〕ur1ly，ｓｕｃｌ１ａｓＰｘ〔・remenis，siar愚andnowGrs･ａ,･ｅａｌｌ

ｃ()ｍｌ〕atil)ｌｅｔｏｅａ〔‘ｈ(〕the,｡．Whall1eIellbyinIuiii()ｎａｔＩｈｅ

ｃ(〕,.ｅｏｆｔｈｉｓｕｎｃ()nvenlionalscenewiIha（lock（)１，(‘awing

(､r(〕ｗｓｍｉｇｌ１ｔｌ〕ｅｔｈｅｓ〔〕u､〔l()ｆｓ(〕Iilu(leさasolilu(ｌｅｌ()｝)elblt

mamultitudeafiel-Ihema1meI-()1.Ｂａu(lelaire．

Ｎ()ｗｌｅｔｕｓｅｘａｍｉ１１ｅｌｈｅｍａｉｎｉｓｓｕｅ，Firsl，ｌｅｌｕｓ

ｆ〔〕log(ぅｉａｌ〕oulIl1eiSsLIeofwhethel･ｔｈｅｓＣｍｌｌｗｉｉｈｕｌｅｇｅｎｄ

ｗａｓ(lil･ectlywrilLenbyBasho・Then･ｌｅｔｕｓｆｏ〔‘ｕｓ()ｎｈｏｗ

ｈｉｓｉｍａｇｉｎｇｐｒ()〔､ess(levelope〔lwhel1hehappene(ｌＩｏｓｅｅａ

ｓ〔･enewithalloぐｋｏｆｃｒｏｗｓｌｉｋｅｄｅｔａｉｌＡ．（１）Ｈｉｓ

､'ucros(･Cl〕'〔､eyeswouldviewllleellilreiyｏｆ〔lelailA．（２）

Ｈｅｔｈｅｎｗｏｕｌｄｍ()ｖｅｈｉｓｖｉｅｗｐ()ｍｌＩｏ〔letailBal'(’'１(〕tice

solilarycrowsonwiiheredb1･anclles(ｉｎfour(･ir(､le烏)．（３）

じ

☆BenoitMandelbrot

(1924-)：American
mathematicianbomin

Polandandraisedin

Pariswhoiswell

knownforhis‘‘Fractal

theory.'，

*BashoMatsuo(1644‐

1694):Japanesepoet
whoestabIishedanew

styIeof“haiku',ｐｏｅｍｓ
(HaikuisaJapanese

seventeen-syllable

poem)．

☆Sanzosh/：Abookby
DohoHattorion

Basho，shaikus

publishedinl776・

SoichiFu｢uta：

BomintheUSAin

l927，Ｇ｢aduatedfrom

theDepartmentof
Literature，Matsumoto

JI-miorCollege,Ｊａｐａｎ，

andtheDepa｢ｔｍｅｎｔｏｆ
Ａ｢t,ＵＣＬＡ･Ｈｉｓｓｅｌｆ露

seIectedcoIlectionof

EnglishPoems，
Monte灼ﾉｵｒｏＴｈｅｈＩａｗｋ

Ⅳoｓｅｗａｓｎｏminated

forihePulitzerPrizein

l989．Currently，

AdjunctProfessorof
Literature,Ｓｔ,Andrews

CoIlege，ＮＣ・HeIives
inNewYork．

Thel1hiseyeshyintuiti()ｎＷ()uldconve1oge()ｎｌｈｅｓｏｌｉｔａｒｙ

ｌｍａｇｅｏ「ａ〔‘,．()wperching()ｎｌｈｅｈｉｇｈｅｒ})ranch，ｚｏｏｍｕｐ

ａｎ(lslol)ailhe(letailC．（Tl'ereaderswilln()ｗｓｅｅｈ()ｗ

〔:losedelailCislolheconvenlional“wilhere(１１〕,．a､ｃｈａｎ(Ｉ

ａｗｍｔｅ１･〔or()ｗ,，、Thelh1oeelegendswritten｝)ｙＢａｓｈｏａ､〔l

lllelegen(ljoinilywritienl)yBashoandKyorokuall}〕elol1g

i()'１，isgroup.）WhileBashowasstar1ngallhesolitarv

,lIlageoIl},『（,,()ｗ〔１，esse(ｌｉＩ，ｌ〕la(yk，ｈｉｓｍｉ〔!r〔)scoplceyes

w〔)ｕｌｄｌ)eginI()ｗ(),.k・Ａｌ()nglheconi()Lu･ｌｉｎｅ〔)l､theｃｒｏｗ，

hisPyeswoul〔lr()latedizzily,ａｎ〔leventuallyBashoan〔llhe

l)lackp(〕ｉｌ１Ｉｗ()ul〔ｌｍｅｌｇｅｌ()gGiher、finallyenteringthe

(lelightl､ｕｌｌ〕ｆ１，･ｔｏｆｆｒａ〔‘talliz皿ｉｏｎ，Ｔｈｅｍｌｎｕｔｅｒｔｈｅｙ

ｌ)e(､ｏｍｅ,ｌｈｅｖａｇｕｅ１･ａｎ(’（)}〕ｓＣｕＩ･ｅ１･'1,ｅｃ()ｎｌｏｕｒｌｉｎｅｓ

ｌ)ecome・Ｉｌｗ()ul(lexpan(ｌｉｏｌ)e(‘ｏｍｅａ〔:()asllineinfinitely

sil･ei〔‘hingfal･')PV(〕､｡．Ｂash()eventuallywoul〔lseehimsell

lravelingal〔)ngihecoasIline・Man〔lelI〕'･ｏｌｗ()uldappear

an〔ltotlerI(）Basho、TheywouldhappGniomeeteach

()the'･ona(lLme.Man(lell)'､(〕lwouldspeakIoBasllo.

｡､Ｅｖｅｎｉｆｙ(〕１，１，．avelfar}〕Py()､〔ｌ－ｖ〔〕uwoul〔１（)nlyseethP

in(inite､零Bash〔)woul〔lre烏Ｉ)0,〔Ｌ､鱈IaminahurrV…we

筒１１(〕uldwrile(low'’ｉｈｅｏｌ〕je(‘lswegrasI)e〔Ilhroughllle

illuminaii()'１Ｃｌ､ｉｎsight｝)eI()rGtheydisappearhomour

lmage..，(Sαﾉ画ｏＷ*）Man〔lel}〕rolwoul(lsav.．‘ｌ〔lｏｎ()ｌ

Ｌｍ〔lerstan(ｌａｌａｌｌ，Ｂｙｌｈｅｗａｙ・ｌｅｔｍｅａｓｋａｌ〕oulihｅissue

()１.ｌｈｅｃ１,()ｗ，ｉｓｉｉｏｎｅｃｒｏｗ(〕ｒｓＰｖｅｎｃ１･ＣＷＳ?“Ｂ型]ｏ１１”ﾉ〔ノ

respond,､‘Ｅwlylhingil1theulllverseissBⅢ-(､()nlenLOne

'烏Seven､ａｎ(lseven1sone…'．

(Translaiedfron1BiioﾉijsZo'γ,No.３）

Ｅ
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"Science
フツ

０１〕era

け

１

蝿
誕
．練 ､

良

Whatisa“ScienceOpera"？

|tisaninnovativewayofpresentin9Science,ｃｒｅａｔｅｄｂｙｔｈｅＢＲＨ，

●

''１”

ＩToleammoreaboutit,ｐｌｅａｓｅｒｅａｄｏｎ！
弓

シ
ギ
印

字
》
■
■

～

、、

ＷＭ:蝋概淵識MW噸,縦
(lirecLorofBRHappeal｡e(Ｉｏｎｔｈｅｓｔａｇｅ,ｗｅa,､inganAgnes

BT-shirtfeaturinga(ｌｅｓｉｇｎｏｆａｎｅｗＬＡｎｉｍａｇｅｏＩａｎｅｗｌ

ｗａsprQjectedonloalargeamorphous,Gaudi-slyleohject

onthestage、Thenewlpossessestheamazingabilityof

regene1oation目ｉｆｔｈｅｌｅｎｓｉｓｒｅｍｏｖｅｄｆｉ｡oｍｌｈｅｅｙａａｎｅｗ

ｌｅｎｓ（oanbefbrme〔ｌｈｏｍｌｈｅｐｉｇｍｅｎｌｃｅｌｌｓ〔)ftheretina，

Trans〔lifl,erentiationwaslhethemeofOka(la，ｓｗｏｒｋａｓａ

〔levelopmentalbiologist・Ｈｅｉｓａｌｓｏａｎｅ１１ｉｈｕｓｉａｓｔｉｃｌｏｖｅｒ

ofmL1sic，withapariicularlydeepattacllmenIforHaydn．

Ａ〔‘ｕｒｉｏｕｓｃｏｍ})ｉｎａｉｉｏｎｏｆａｓｃｉｅｎｌｉｆｉｃｓｔｏ１･yofthe

regeneraiingpowel･oIihenewlandlhemusicoIHaydn、

TllusihecurtainsroseonlheBRH，sfil･sltperlblmanceofa

"scienceope1･a.，，

ＴｈｅｄａｔｅｗａｓＡＩ〕'･ｉｌ５，l995andLhelocalionwas

TakatsukiModemTheal1．e・TakatsukiCily，OsakaPref・

Ｔｈｉｓｄａｙｗａｓｔｏｌ〕ecomeamemorableonelbl･ｔｌ１ｅＢＲＨ、

Thetheatrewith500seatswasalmosthlll，ａｎｄｌｈｅｏｐｅｒａ

ｌ)egansmootl,lywilhOkada，sattention-hol〔lingnarrative

ol､tllel1isloryofregeneration，Duringlheintel,ludesofthis

[i'･stpart，ｔｌ１ｅｄａ１１ｃｅｓ〔)fvariouscreatureswereskillfillly

perIb】ｍｅｄｌ〕ydancer,HeidiS,Duming・Parilconcluded

wiLhHaydn，ｓＤｒｕｍ－ＲolL

Aftertlleiniem1ission曹thespotlightshilie〔１ｔ(〕Keiko

NakamuI，a’1ｈｅ〔lepulydirectorofBRH,wh〔）reciteda

l)i〔)historyversiono[Pejeram〔此ｈｅＷｂ〃：Thiswell-known

stol･ｙｂｙＳ,Prokofievwasnewlyadapte〔ltotelllhesioIyoI

evoluljon"withtl1eroleofPetersubstitute（１）)ｙＴｉｍｅシｔｈｅ

ｗｏlfreplaced｝〕ｙａ（linosauI，ａｎ〔ｌｔｌ１ｅｇｒａｎ(Ifatherby

Dal，win・Thestoryl〕eganwith,"FivehLm(lredmillion

yearshadpasse〔Isincethecreation〔)ftheeallh・Time

awakened．…”Bacleria，Darwin，ａｎ(ｌｔｌ'ｅ（Iin(〕saurwe1･e

representedl〕yflutes，]〕asso()n，ａｎｄｈｏ,．ns，respeclively，

Ｔｉｍｅｉｓｐｌａｙｅｄ}〕ｙａｓｔｌ･ingensem}〕le・Thisnewversionof

Pcjerα"‘Z/ｚｅＷｂ〃receivedmuchapl〕lauseandwas

j〕,｡ａｉｓｅｄａｓａ鑑veⅣuni〔Iuean〔lsplendi(lsto1･ｙｏｌ､evolution.，，

Theconceptofaも‘scienceopera，，wilslil.stconceived

hyKazuyukiM(〕gi・lheformerchierofil'ｅＳＩＣＰ(the

Del)a11mentcfScien(､eCommlmicationan〔lPⅨxluclion)djvision．

T(〕getherwithKeikoNakamm･ａ－ｈｅｒｅｍｏ〔leledihestoIyof

PeieI｡α"。〃ｌｅＷｏゲintoaveryartisti〔oinierpreIa[iｏｎｏｌ

言塞漣

、
』

乞昌

別ｮ

『
■

Ⅱ
Ｊ
ｒ
や
皇

震雲号豊

evoluiion・Wagne1･Ｃｌ･eaiedtheconcepiol･‘‘mulsicdrama，，

asanewgenl･eLl1aILm,tesmus1can(ldrama,Ｗｉｔｈ

"scienceope1･a,”Mogisoughttounilesclencewithart・

Ｈｉｓｉｄｅａｗａｓｔｏ“reinstateinspiration”inscience，ashe

believesthat“Sciencewillmeeiwithreieclionwhenitis

l,.ansmittedaspul･eknowledge・Scien〔､ｅｓｌ１()uldstartwith

inspiration，asdoesmusic9art,literatu1，e,，，

Ｔｈｅl〕erlbrma11ceofthe‘sscienceopeIa今ﾂwasrealized

lhl,oLlghthecoopeIativeeffbrtofallthestaffofBRH・With

alimite〔ｌｂｕ〔lget,lhecapa]〕lemembe'･softheSICP

(livisionefficientlycarriedoutthemanylasksrequired，

('１.omnegotiationsforstagesettlngｓａｎ〔Ｉ〔‘oordinaiing

arIa1,gemeniswithlheKyotoSymphonyOrcllestra(un〔ler

thel〕atonofcon(lu〔･imMichiVoshilnoue)toevendramat,〔、

，
１
１
伽
血

輔
艇 蝋

聖（ ノ

瞭
騨

覇§騨勢．

、

１
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１，６.HeidiDuming

performshercreative
dances、

2．KeikoNakamuras

narrationofPereｒａｎｄｒｈｅ

Ｗｂ/fagainstabackground

projectionofDarwin．

3．Thestagesetting

desi9nedbyJunkoMada、

4．KyotoSymphony
Orchestra．Ｃomments

frommanymemberswere

that“withthenewstory，
themusIcsounds

differer1t,'’

5．TokindoOkada

discussesHaydn,smusIc，
7．Thefinale･Fromthe

left,JunkoMada，

conductorMichiyoshi
lnoue,Okada,Nakamura

andHeidiDuming．

(4,7:during｢eheaIsal）
Photo:YoshikiGeka
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、

、

presenlailonandslagemanagemeni・

TheBRHreceivedaspecialawal･(ｌｉＩ１ｌ９９５，ａｔthe

"Toky()Creati()'’GrandAwaI･〔1s”ｓｌ〕()ns(),．e〔11〕ｙｉｌ１ｅＴｏｋｙｏ

Ｆａｓｌ１ｉｏｎＡｓ農ociation・Ｔｈｅ，､ecogniti()ｌ１ｗａｓｇｌｖｅｎｆｏＩ

‘もbi()hisl(),．y､爵.'１，econceptcreaie(１１)yKeikoNakamu1･a-

andlbl･ＢＲＨ亀ｓａｌ)ilitytomcorporalelheell､o'･ｔｓｏｌ､itsｔｗｏ

〔livisions，lal〕(〕ratoryreseaIchan〔lSICP，loattamsucha

successl､ulprogram・Ｔｈｅpro(lu〔!【i()、（)1.1his“science

opel･a”ｎｏ〔lou}〕lcontributedsignil･icanLlyIowardsthe

acquisiIi()ｎｏｆｉｈｅａｗａｒｄ・Ｔｈｅl〕erlb1･mancewastelecast

natlonwi〔ｌｅｌ)ｙＮＨＫｓａＩｅｌｌｉｌｅｌ〕roa(lcastlng〔)nApril

29-I995．
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OurDepartments

Ｂ懇
BiohistoryResearchHaIl

Takatsuki

齢輔殿

TheBiohistory
ResearchHallis

IocatedinTakatsuki

citybetweenOsaka

andKyoto、lttakes

onlyl5to20minutes

bytrainfromeitherof
thesetwocities・The

BRHiswithineasy
reachoftheKansal

lntemationalAi｢port・
Situatedonl1320
尼

squaremete｢s,the

BRHoccuplesa

spacIousfour-story

building,housingan
exhibitionhalland

galleryIaIecturehaII，
researchIaboratories

andotherfaciIities・

Theexhibitionhalland

galleryareopentothe

publicfivedaysaweek

throughouttheyear．

ｄｒｊﾉ雄吻

ｒ~-1heBiohisioryResearchHallhaslhreedepartmenls．

___theDepaltmenlofLaboratolyResearchtl1eDepal･imenl

ofS〔‘ienceCommunicationan〔lPro(lu〔｡tion(SICP)ａｎ(lthe

Del〕a'･Lmentofa(Iministration．

Intheologanizationand〔､a,．ｒｙｍｇ〔)ｕｔｏｆｏｕｌ･ａ〔,livilies・

weparti〔?ularlyemphasizetheimpol･tanceofcollal〕orati()n

amongstafImemhers・Our･掌Lab(〕,．aiorytou1･sare
ﾂｦ

o1ganize〔ljoil1Il)'1)yihedeparLmel1l〔〕ILal〕oratoIyResearcl’

a']〔ｌＳＩＣＰ・Lal〕oral(〕,､vresea１℃hstall'participateinlhe

〔le息igningofexhi]〕iii()ns-andmeml〕ersoI1heSICPjoi''i'’

wilhlaboratoⅣscienlislsfo1-semma1･san〔l〔liscussI〔〕ns．
J・日

,miI'､鯛

蜜《’
患〆ｒ

御
面
醗

Ｆ
Ｂ
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LaboratorvTouratBRH

ＡｌＢＲＨ,weorganize‘‘lal〕”toursseveraliimesayear･

Ourlaborato1yresearchstaffguidevisiiorsthrougl1

Iheirlabo,｡atorlesandexplainthepurposeoftheir

researchandthemetho〔ｌｓｌ)ywl1icl1theyconducitheir

experlments．

1989．…．.……KeikoNakamuraproposedtheconceptof"biohistory・'’

1992．…･…･…ThefirstissueofthejoumalB/oh/Sｵoﾉywaspublished,andamulti-methodpresentationwasheldinTokyo、

1993…･･…･…TheexhibitionhaIlwasopenedtothepublicinNovember、

1994…………Aspecialexhibition/nsects/ｈＡｍｂｅに7~7meCajDsu/ｅｓ伽、的ePasropened、

1995…………Thefirst‘‘ScienceOpera''wasperformedinTakatsuki,OsakaAspecialexhibition7heCe/AMororPmｵe/nsandCyroskeﾉeｵons

opened、

1996.．……･…NewfindingsofDNAanalysisweredisplayedintheHallofEvolution・

TheBRHbecameaffiliatedwiththeGraduateSchoolofOsakaUniversityandhasstartedtoacceptstudentsfromtheUniversity，

1997.．………･"ScienceonMusic"wasperformedinTokyoinMarch，

AspeciaIexhibition7~heF7owerB/oh店ｵoﾉyopensinApril．

鱗
一

Abriefhisto『ｙｃｆｔｈｅＢＲ偶

■ｂ弓
壷一

睡蓉

&

慰
醗
。

1．‘IRibsformfromthis「egion,脚explains

Aoyamainhisdiscussionaboutthe

developmentofachickenembryo、

2,3.IIHowbeautifultheyare1I1Looking

atchickenembryosinwhichthebones

havebeenspecificallystainedblue、

4."ＴｈｅｓｅａｒｅｔｈｅａＩｇａｅｌａｍｕｓｉｎｇｉｎ

ｍｙｅｘperiments.”Yasukolshimaru

explainsinf｢ontofherlaboratory･She
wasapostdocinOhama,slaboratory
fortwoyearsandisnowatthe

RockefelIerUniversity,ＵＳＡ、

5.TheDirector,Ｄ｢･Okada,welcomes
visito『ｓｔｏｔｈｅＢＲＨ．

(Photo:YoshikiGeka）
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MechanismsofPattem

FormationandMorphogenesis
inaButteIHyWing
AkihlroYoshida
Ph.Ｄ､SeniorResearcher

ErikoTakayama
PredoctoralFellow

MayumiMotoyama
ResearchAssistant

Ｐａｔｔｅｒｎｓａｎｄｆｏｒｍｓｏｆｍｕｌｔｉｃｅｌｌｕｌａｒｏｒｇａｎｌｓｍｓａｒｅ

ｃｒｅａｔｅｄｖｉａｃｅＩｌｄifferentiation，changesincellshape，cell

movement，andcelldeathinbothtemporallyandspatiaIly

definedmanners・Alepidopteranwingisagoodmodelfor

studiesonpattemformationandmorphogenesissinceitisa

siｍｐｌｅｔｗｏ－ｄｉｍｅｎｓｌｏｎａｌｓｙｓｔｅｍ，ｃｏｎｓｉｓｔｉｎｇｏｆａｆｌａｔ

ｍｏｎｏｌａｙｅｒｏｆｅｐｉｄｅｒｍａｌｃｅｌｌｓ，Usingawlngofacabbage

butterfly，Ｐ/er/ｓノapae，wearestudyingthefollowingthree

subjects：

1）Scalearrangementformation・Scales,eachofwhichare

differentiatedfromasingleepidermalcell，arearrangedina

regularmannerintheadultwing，Thiscellulararrangement

deveiopsfromthehomogenouscellpopulatiｏｎｉｎｔｈｅｐｕｐａ

ｔｈｒｏｕｇｈｃｅｌｌｄｉｆｆｅｒｅｎtiation，ｃｅｌｌｓｈａｐｅｃｈａｎｇｅ，ａｎｄｃｅｌｌ

ｒｅａｒｒａｎｇｅｍｅｎｔ、Ｗｅａｒｅａｎａｌｙｚｉｎｇｔｈｅｕｎｄｅｒｌｙｉｎｇ

ｍｅｃhanismsinvolvedinthisprocess，bothexperimentally

andtheoretically．

2）Degenerationofthemarginalarea､Theoutlineofthe

adultwing(whichgivesthebutterflyitsbeautifuldistinctive

shape)isformedbydegenerationalongthemarginofthe

earlypupalwing，involvingextensiveceildeath・Ｔｈｉｓcell

deathsharessomecommoncharacteristicswithapoptosisin

vertebrates、Concomitantly，amorphologicalchangetakes

placeintheregionofdifferentiation、Ｗｅａ｢estudyingthe

possibilitythatthechangeoccurringinthedifferentiation

reglonmayresultinefficientdegenerationalongthewing

marｇｉｎｊｉｎｏｔｈｅｒｗｏｒｄｓ，ｔｏｔａｌｃｏｏｐｅｒａｔｉｏｎｉｎｔｈｅｗｈｏｌｅ

Ｑ｢ganlsmmayoccurduringthepartialdegeneration．

驚憾，

Acabbagebutterfly，

Ｐ/e妬個pae．

ＧＭb"/〃 ＡｐｒｉＩ１９９７

3）Colorpattemformation,ThecolorpattemoftheP/e応

wingisbasicallycomposedofblackandwhitescales；the

formersynthesizesablackpigment,melanin,whilethelatter

producesawhitepigmentlpterine･Ｗｅａｒｅｓｔｕｄｙｉｎｇｔｈｅ

ｄｅｖｅｌｏｐｍｅｎｔａｌｍｅｃｈａｎｉｓｍｏｆｔｈｉｓｓｉｍｐｌｅｃｏｌｏｒｐａｔｔｅｍ，

focusinginparticular，ｏｎthecellularresponseswhichare

elicitedbytheadministrationoflocalperturbationsinthe

pupalwing．

Kodama,Ｒ,,Yoshida,AandMitsui,Ｔ,(1995）

Programmedcelldeathatthepe｢ipheryofthepupalwingoi

thebutterfly,Ｐ/e応喧Pae，ＲＯＵＸ'ｓＡﾉ℃h,Dev.Ｂ/o/’’204:４．１８‐

4２６．

Ｙｏｓｈｉｄａ，Ａ､，Ｍｏｔｏｙａｍａ，Ｍ､，Ｋｏｓａｋｕ，Ａ・ａｎｄＭｉｙａｍｏｔｏ，

K・(1996).Nanoprotuberancearrayinthetransparentwingof

ahawkmoth1Cephonodesh咋s､Zbo/､Ｓｃ/､１３:525-526.

Takayama，EandYoshida,Ａ、

ＣｏｌｏｒｐａｔｔｅｍｆｏｒｍａｔｉｏｎｏｎｔｈｅｗｌｎｇｏfthebutterflyP/er/ｓ

値ｐａｅｌ･Cauteryinducedalte｢ationofscalecoloranddeIay

ofarｒａｎｇｅｍｅｎｔｆｏｒｍａｔｉｏｎ･Ｄｅｖｅ/ｏｐ．Ｇrow的＆Ｄ/fferin

press．

Ablackspotinthe

P/e"ｓｗｉｎｇ・Thecolor

patternIscomposedof
blackandwhitescales・

ScaIespresent

anteroposteriorrows

arrangedperiodicailyin

theproximodistal

directionIlrrespective
ofthecolorpattem．
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、里一
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蕊 鍾 q、

Cross-sectionsofthe

pupaIwing(fromthe

top)at3days,a5

days,４days,４．５days

afterpupation．
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■昭

ThelateralviewoftheJapanesenewt,Cynopspy肺ogasreハ

characterizedbyitstypicalredbeIly．

調
子

Ourstudiesfocusonthedifferentiａｔｉｏｎｏｆｔｈｅｌｅｎｓｏｆ

ｔｈｅｖｅｒｔｅｂｒａｔｅｅｙｅ・Ｌｅｎｓｄｅｖｅｌｏｐｓｆｒｏｍｔｈｅｅｐｉｄｅｒｍａｌ

ｅｃtodermadjacenttothedevelopingretinalprimordium,the

eyecup･Classicalstudiesshowedthatle､sdevelopmentis

fundamentallydepｅｎｄｅｎｔｏｎｔｈｅｐｒｅｓｅｎｃｅｏｆａｎｅｙｅｃｕｐ、

Tｈｉｓｍｏｄｅｏｆｄｅｐｅｎdentdifferentiationwascalled“ｌｅｎｓ

ｉｎｄｕｃｔｉｏｎ，，ｂｙｔｈｅｅｙｅｃｕｐ、Ｈｏｗａｎｄｗｈａｔｉｎｔｅｒａｃｔｉｏｎｓ

ｂｅｔｗｅｅｎｔｈｅｅｍｂｒｙｏｎｉｃｒｅｇｌｏｎｓｄｅｃｉｄｅｔｈｅｄｅｖelopmental

fateofthelensepidermis？

Wehaveidentifiedanepidermaldifferentiation-specific

protein，ＥＰ３７，ａｎｄｉｔｓｇｅｎｅ，ｅｐ３７，fromthedeveloping

ectodermoftheJapanesenewt,CynOpspj/柿ogasｵeにThe

onsetofep37expressionthroughouttheentireepidermal

ectodeｒｍｗａｓｆｏｕｎｄｔｏｃｏｉｎｃｉｄｅｗｉｔｈｔｈｅｔｉｍｅｗｈｅｎｔｈｅ

ｎｅｕｒａｌｅｃｔｏｄｅｒｍｓｔａｒｔｓｔｏｄｉｆｆｅｒｅｎｔｉａｔｅ・Ourrecent

Investigations，however,demonstratethatexpressionofep37

wasinhibitedspecificallywithintheIensepidermisduringthｅ

ｔｉｍｅｏｆｌｅｎｓｄｅｖｅｌｏｐｍｅｎｔ，whileitscontinuousexpressIon

coｕｌｄｂｅｏｂｓｅｒｖｅｄｉｎｏｔｈｅｒｅｐｉｄｅｒｍａｌtissueincludingthe

regIonsoverlyingthelenstissue．

TadashiChokuTakahashi
Ph．Ｄ,SeniorResearcher

NobuhikoMizuno
PhD･PostdoctoralFelIow

HiroyukiSasakura
GraduateStudent,OsakaUniversity

Lensischaracterizedbythepresenceofhighlyspecific

proteinscalledcrystallins，ｗｈｉｃｈｃａｎｂｅｃｌａｓｓｉｆｉｅｄｉｎｔｏ

ｓｅｖｅｒaIsubfamiliessuchasa,β,γ-crystallins,etc・

lnterestingly，ｄｅｔａｉｌｅｄａｎａｌｙｓｉｓｏｆｔｈｅａｍＩｎｏａｃｉｄｓｅｑｕｅｎｃｅ

ｄｅｄｕｃｅｄｆｒｏｍｔｈｅＥＰ３７ｃＤＮＡｒｅｖｅａｌｅｄｔｈａｔＥＰ３７ｉｓ

ｅｖｏｌｕｔｉｏｎａｌｌyrelatｅｄｔｏｔｈｅｂｅｔａ/ｇａｍｍａｃ『ystallins、Ｗｅｎｏｗ

ｂｅｌｉｅｖｅｔｈａｔｔｈｅＥＰ３７ｍａｙｂｅｏｎeofthekeymoIeculesfor

studyingｔｈｅｆｕｎｄａｍｅｎｔａｌｃｕｅｓｉｎｌｅｎｓdevelopment・Ｗｈｙ

ａｎｄｈｏｗｄｏｅｓｔｈｅｌｅｎｓｅｐｉｄｅｒｍｉｓceasetoexpressEP37？

Ｈｏｗｄｉｄｃｒｙｓｔａｌｌｉｎｓｂｅｃｏｍｅｈｉｓｔｏｒｉcallyemployedas

structuralproteｉｎｓｏｆｔｈｅｌｅｎｓ？FurtherstｕｄｙｏｆＥＰ３７，not

onlyfromtheIevelofgeneexpresslonregulation，butalso

fromanevolutionalpointofview(eg､homologuestudies)will

bringushelpfulhintstobetterunderstandthesequestions．

Takabatake,Ｔ,,Takahashi,ＴＣ､andTakeshima,Ｋ､（1992）

Cloningofanepidermis-specificCynopscDNAfromneurula

library・Dev/op､Ｇｒｏｗｆｈ＆Ｄ/施脆,34,277-283.

宮
宅

Photographsofinsitu

hybridization
experiments

todemonstrateep37

expressionintheeye

regionofthe

developingnewtattail‐

budstages,showin9

thatthelenspIacode

(above)andIens
vesicle(right)donot

expressep37,while

theepidermjs,the

developmentaIsouTce

oflenstissueIstrongIy

expressesthegene．

Ｏｇａｗａ，Ｍ､，Ｔａｋａｂａｔａｋｅ，Ｔ､，Ｔａｋａｈａｓｈｉ，Ｔ，Ｃ、and

Takeshima,Ｋ､(1997）

MetamorphicchangeinEP37expressIon:membersoftheβ

γ‐crystallinsuperfamilyinnewt・Deve/opmenオＧｅｎｅｓａｎｄ

Ｅｖｏ/リオ/ｏｎ２０６，inpress．

Takahashi,Ｔ､Ｃ・andTakeshima,Ｋ・(1995）

ExpressIonoftheepidermis-specificgeneep37beforeand

aftermetaｍｏｒｐｈｏｓｉｓｏｆｔｈｅＪａｐａｎｅｓｅｎｅｗｔ，Ｃｙｎｏｐｓ

ｐｙ"hogasrer、Zbo/､Ｓｃ/,,12,333-336.



Aoyama,Ｈ,(1993）

Developmentalplasticityoftheprospectivedermomyotome

andtheprospectivesclerotomereglonofanavIansomite・

DeI/e/op･Ｇｒｏｗｆｈ＆Ｄ/絶脆35,507-519.
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FromSomitesintothe

AxialSkeleton

HirohikoAoyama
Ph,Ｄ,SeniorResearcher

KaichiroSawada
PhD,PostdoctoralFellow

NorikoKato

GraduateStudent,OsakaUniversity

YurieHirosaki
ResearchAssistant
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24-somitestage ２９－somitestage
quaiIembryochickembryo
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TheaxiaIskeletonisderivedf『omsomites，whichare

thefirstsegmentalstruｃｔｕｒｅｓｔｏａｐｐｅａｒｄｕｒｉｎｇｖｅｒｔｅｂｒａｔｅ

development．Ｈowdoeseachsegmentalunitdevelop？How

dothesomitesregionaliydiffe｢entiatetoformvarioustypesof

vertebraeandribsalongtherostro-caudalaxis？

Oneofourprojectsconcemsthetissueinteraction

duringthemorphogenesisoftheaxialskeIeton．Ａ|thougha

somiteisdestinedtoformcertaintypesofskeletaleIements，

itrequiresinteractionswithotheｒｔｉｓｓｕｅｓｔｏｍａｎｉｆｅｓｔｉｔｓｏｗｎ

ｍｏｒｐｈｏｇｅｎｅｔｉｃａｂｉｌｉｔｙ，Ｆｏｒｅｘａｍｐｌｅ，ｉｆｓｏｍｉｔｅｓａｒｅ

ｔｅｍｐｏｒａｒｉｌｙｃｕｔｏｆｆｆrｏｍｔｈｅｉｎｆｌｕｅｎｃｅｏｆｔｈｅａｘｉａｌｔｉｓｓｕｅ，

neuraltubeandnotochord，byplacingapleceofaluminum

foilbetweenthem，ｔｈｅｐｒｏｘｉｍａｌｐａｒｔｏｆｔｈｅｒｉｂｓｔｅｎｄｓｔｏｂｅ

ｌｏｓｔ

Ｗｅａｒｅｆｕｒｔｈｅｒｓｔｕｄｙｉｎｇｔhetissueinteractionbetween

twoderivativesofthesomite，ｔｈｅｄｅｒｍｏｍｙｏｔｏｍｅａｎｄｔｈｅ

ｓｃｌｅｒｏｔｏｍｅ・Ｗｅｗｉｓｈｅｄｔｏｄｅｔｅｒｍｌｎｅｗｈｅｔｈｅｒｔｈｅ

ｓｃｌｅｒｏｔｏｍｅ，ｂｙｉｔｓｅｌｆ，ｈａｓｔｈｅａｂｉｌｉｔｙｔｏｄｉｒｅｃｔｉｔｓｏｗｎ

ｍｏｒｐｈｏｇｅｎｅｓｉｓｉｎｄｅｐｅｎｄｅｎｔｏｆａｎｙｉｎｆｌｕｅｎｃｅｆｒｏｍｔｈｅ

ｄｅｒｍｏｍｙｏｔｏｍｅ・Ｗｅａｄｄｒｅｓｓｔｈｉｓｑｕｅｓｔｉｏｎｂｙｍｅａｎｓｏｆ

ｈeterotopicaltransplantationofisolatedsclerotomeand

dermomyotomebetweenchickandquailembryos、

Anotherprojectisonthestudyofregionalizationduring

axｉａｌｓｋｅｌｅｔａｌｄｅｖｅｌｏｐｍｅｎｔａｌｏｎｇｔｈｅrostro-caudalaxis、

Labelingofcellsthroughtheinjectionofafluorescentdye

(DiI),enabledustotracetheoriginofthoｒａｃｉｃｓｏｍｉｔｅｓｂａｃｋ

ｔｏｔｈｅｓｅｇｍｅｎｔａｌｐｌａｔｅａｎｄｐｒｉｍｉｔｉｖｅｓｔｒｅａｋ・Whenwe

transplantedtheprospectivｅｔｈｏｒａｃＩｃｓｏｍｉｔｉｃｒｅｇｌｏｎｏｆｔｈｅ

Sevendaysaftertheoperation,ectopicribscomposedofquaiIceIls

canbefoundatthelumbarleveIinthechimericemblryo、This
demonstratedthatthetransplantedregionhadbeenalready
determinedtoformskeIetonpossesslngreglon-specific
morphoIogy．

ｓｅｇｍｅｎｔａｌｐｌａｔｅ，ｅｖｅｎｔｒａｎｓｐｌａｎｔｓｆｒｏｍｔｈｅｃａｕｄａｌ－ｍｏｓｔ

ｐｏｒｔｉｏｎｇａｖｅｒｌｓｅｔｏｔｈｅｔｈｏｒａｃｌｃｖｅ｢ｔｅｂｒａｅａｎｄｒｉｂｓ，

ｓｕｇｇｅｓｔｉｎｇｔｈａｔｔｈｅｐｒｅｓｏｍｉｔｉｃｍｅｓｏｄｅｒｍｌｓａｌｌ･eady

determinedtoformthoracicskeletonpriortoorwhilepasslng

throughtheprimitivestreak，

Aoyama,Ｈ,andAsamoto,Ｋ・(1988）

Ｄｅｔｅｒｍｉｎａｔｉｏｎｏｆｓｏｍｉｔｅｃｅｌｌｓ：ｉｎｄｅｐｅｎｄｅｎｃｅｏｆｃｅｌｌ

ｄｉｆｆｅｒｅｎｔｉａtionandmorphogenesis、Deve/opme砿１０４，１５‐

2８．
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Heterotopictransplantationofthoracic
somitesshowingtheirabilityto

generatethoracicskeleton．

(left)Twodayo1dchickemblyo(29‐

somitestage)inwhichthreelumbar
somiteswereremovedThreethoracic

somitesisolatedfromaquailembryo

atthe24-somitestagewereputbythe

chickenembryo･
(right)Afterthetransplantation．

ｆ
釦
周

溌
紗
幽
．

蝉
蝿
準
｛
患

淫学

綴

議蝉騨蹴灘

鱗織蕊

聯
…
雫
月
３

Ｊ
凸

閲

旧唾晶

!罫』

００，０渓『”」



(Photo）
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PhylogeneticAnalysisofan
‘‘EvolutionaryChimera’，:a
ProtozoanwhichAcquired
ChloroplasthomSymbiotic
Algae
TakeshiOhama
Ph.Ｄ､SeniorResearcher

Yulilnagaki
Ph､Ｄ･PostdoctoraIFellow

MegumiEhara
GraduateStLldent,OsakaUniversity

HidekoTanaka
Resea｢chAssistarlt
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ＭｏＩｅｃｕｌａｒｅｖｉｄｅｎｃｅｈａｓｃｌｅａｒｌｙｓｈｏwnthat

mitochondriaandphotosyntheticplastidswereoncefree-

lｉｖｉｎｇｂａｃｔｅｒｉａｗｈｉｃｈｗｅｒｅａｃｑｕｉｒｅdsymbioticallyby

eukaryoticorganIsmsearIyintheirevolution･Ｓｕｃｈａ“whole

organlsmcapture”seemstobeafavoritetrickforacquisition

ofanewsetofprofitablefunctions，Thismethodhasbeen

used，ｎｏｔｏｎｌｙｄｕｒｉｎｇｔｈｅｖｅｒｙｅａｒｌｙｓｔａｇesofeukaryotic

evolutionjbutmanytimeseverslnce

Existenceof“EvolutionaryChimera,''protozoanwhich

containchloroplastsacquiredfromsymbioticalgae,ｈａｓｂｅｅｎ

ｓｕｇｇｅｓｔｅｄｍａｉｎｌｙｂａｓｅｄｕｐｏntheelectronmIcroscoplc

analysisofchloroplasts、Ｌｉｋｅｌａｎｄｐｌａｎｔｓ，green‐andred-

algaepossesschloroplastssurroundedbytwomembranes，

whileotheralgaehavechloroplastssurroundedbythreeor

fourmembranes、ThisobservationhaspromotedspｅｃｕＩａｔｉｏｎ

ｔｈａｔｓｏｍｅｃｈｌｏｒｏｐｌａｓｔｓｍｉｇｈｔｈａｖｅｄｅｓｃｅｎｄｅｄｆｒｏｍ

ｅｎｄｏｓｙｍｂioticalgae，

Circumstantialevidencealsoexｉｓｔｓｉｎｓｕｐｐｏｒｔｏｆｔｈｅ

ｐｏｓｓｉｂｉｌｉｔｙｔｈａｔｓｏｍｅａｌｇａｅｍａｙａｌｓｏｂｅｅｖｏｌｕｔｉｏｎary

chimeras・ForexampIe，wildtypeEug/ｅｎａｇﾉacﾉﾉﾉspossess

chIoroplastswithatripleenvelope，butstrainsthathavelost

theirphotosyntheticcapacity(easilyobtainablebyUV‐or

antibiotic-treatments)stiIlhavetheabilitytogrowefficientlyin

sugar-containingmediａ，ｅｖｅｎｉｎｔｈｅｄａｒｋ、ThisiseasiIy

understandableifwesupposeEgﾉ1ac///ｓｔｏｂｅａｎｏｒｉｇｉｎａｌｌｙ

Ｉ

-蛭

Neurospo砲

Podospora
Emerfce"ａ

〃Ce

wheat

pea

sUgaﾉbeet
mOSS

Chattone"a

Nannochﾉorop/ast
r7bonema

Meﾉosj佃

QyPtomonas

GephyrocaPsa

Vb/vox

Ch灼mydomonas

Hydrod7ctyon

Ped7astrUm

Scenedesmus

EUgﾉena

7~et崎hymena

Fungl

LａｎｄｐＩａｎｔ

Hｅｔｅｒｏｋｏｎｔａ

Chlorophyta

■■lProtoz｡｡

PhylogenetictreeconstructedbyoｎｅｏｆｍｉｔｏｃｈｏｎｄｒｉａｌｇｅｎｅｓＣＯＸノ

謝螺

R甲0γ"〃｡'"ＢＲＨ ０２９

heterotrophicorganlsm（protozoa）thathasrecently

I‘captured”chloroplasts、However,thereisyetnoconclusive

datatoprovethis、

Ｈｏｗｃａｎｗｅｒｅｖｅａｌｉｎｃｉｄｅｎｔｓｔｈａｔｈａｐｐｅｎｅｄｉｎｔｈｅ

ｐａｓｔ？Ｍolecularphylogeneticanalysesmｉｇｈｔｂｅｔｈｅｋｅｙｏ

Ｗｅｈａｖｅａｌｒｅａｄｙｏbtainedsomepreliminaryresultsｔｈｒｏｕｇｈ

ｏｕｒｃｏｍｐａｒｌｓｏｎｏｆｐｈｙＩｏｇｅｎｅｔｉｃｔｒｅｅｓｂａｓｅｄｏｎｔｈｅ

ｍｉｔｏｃｈｏｎｄｒｉａｌＣＯＸＩｇｅｎｅｗｉｔｈｔｈｏｓｅｂａｓｅｄｏｎｃｈloroplast

genes・ThemitochondrialCOXl-basedtreesuggestedthat

euglenophytesarecloselyrelatedtoprotozoa･lncontrast，

euglenophyteshavebeenshowntooccupyapositionvery

closetogreenalgaeinchloroplast-basedphylogenetictrees・

ThisdiscrepancyinthephylogenetｉｃｐｏｓｉｔｉｏｎｏｆＥ.ｇﾉacﾉﾉﾉS，

whichseemsdependentonthegenesusedinconstructing

thetrees,canbereadilyresolvedifthechloroplastgenesare

assumedtohavebeenacquiredfromgreen-algae・

Ｗｅａｒｅｉｎｔｈｅｐｒｏｃｅｓｓｏｆｃｏｎｓｔｒｕｃｔｉｎｇａｍｏｌｅｃｕｌａ『

phｙｌｏｇｅｎｅｔｉｃｔｒｅｅｂａｓｅｄｏｎｔｈｅｍｉｔｏｃｈｏｎｄｒｉａｌＣＯＸＩｇｅｎｅ

ｗｈｉｃｈｗｉｌｌｃｏｖervarlousspeciesofalgae･Ｃｏｍｐａｒｌｓｏｎｏｆ

ｔｒｅｅｓｂａｓｅｄｏｎｄｉｆｆｅｒｅｎｔｇｅｎｅｓｌｏｃａｔｅｄｉｎｃｈｒｏｍｏｓｏｍｅ，

mitochondria，ａｎｄｃｈｌｏｒｏｐｌａｓｔｗｉｌｌｈｅｌｐｉｎｕｎｃｏｖｅｒｉｎｇｈｏｗ

ｍａｎｙｏｒｇａｎｌｓｍｓｈａｖｅａｃｑｕｉｒｅｄｃｈｌｏｒｏｐｌａｓｔｓｔｈｒｏｕｇｈ

ｓｙｍｂｉｏsiswithalgae．

ｌｓｈｉｍａｒｕ，Ｙ,，Ｏｈａｍａ，Ｔ,，Kawatsu，Ｙ,，Ｎａｋａｍｕｒａ，Ｋ・and

Osawa,Ｓ(1996）

ＵＡＧｉｓａｓｅｎｓｅｃｏｄｏｎｉｎｓｅｖｅｒａｌｃｈｌｏｒｏｐｈｙｃｅａｎ

ｍｉｔｏｃｈｏｎｄｒｉａ・Ｃｕ〃enfGeneｵﾉCs,３０１２９３３．
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SyozoOsawa
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Su,Ｚ－Ｈ.，Ｏｈａｍａ,Ｔ,，Okada,Ｔ,Ｓ､，Nakamura，Ｋ，lshikawa，

RandOsawa,Ｓ・(1996）

PhyologeneticRelationshipsandEvolutionoftheJapanese

CarabinaeＧｒｏｕｎｄＢｅｅｔｌｅｓＢａｓｅｄｏｎＭｉｔｏｃｈｏｎｄｒｉａｌＮＤ５
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Ｒ,Okada,Ｔ・Ｓ.,Nakamura,Ｋ･andOsawa,Ｓ・(1996）

ParallelEvoIutioninRadiationofOhmo〆erusGround

BeetleslnferredfromMitochondrialND5GeneSequences．

L/､ＭＯ/・EVO/・’４３，６６２－６７１．

(TheresearchgroupforthephyIogeneticanalysisofglroundbeetles

hａｄｂｅｅｎｗｏｒｋｉｎｇｗｉｔｈｊｎＯｈａｍａ，ｓｇｒｏｕｐ，ｂｕｔｂｅｃａｍｅａｎ

ｉｎｄｅｐｅｎｄｅｎｔｇｒｏｕｐｆｒｏｍＡｐｒｉｌｌ９９７，Seedetailsofresearchin
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Ｏｈ１ｌｈａｖｅｎｅｖｅｒｓｅｅｎｓｏｍａｎｙｓｔｉｃkinsects1

Theyare「emarkable1

Howdidtheirshapeevolve？

(Commentsbyvisitorsattheexhibitionof"Stickinsectsfrom

aroundtheworld''）

β/o〃廓‘ﾉﾌ‘Sp…〃"”･"""･""/＆”0〃 '4J"”〃"』030 AprjlT997

謡i鶴

ThenaturalworldisfulIofwonder・Itdoesnotmatter

whetheryouareaprofessorofbiologyoraslx-yearoldchild、

Ｌｏｏｋｉｎｇａｔｔｈｅｒｅｍａｒｋａｂｌｅｓｈａｐｅｓofstickinsectsorthe

beautifulpattemsofbutterflywings，eveIyoneinstantlyfeels

theintricateworkingsofnature・Todosoisinstinctive，one

doesnotneedmuchknowledgefrombiologytextbooks．

限ePorffromsにＰ

CommunicatingtheWonderof
theNaturalWbrld-FromDNA

tobutteIHies

DepartmentofScienceCommunicationand

Production(SlCP）
KeikoNakamuraPhD,Director

KaZUtOKatOPh.Ｄ,AssociateDirector

AkikoTakagistaff,EditorialDirection

ShuyaTanimotostaff,ArtDirection

MitsukoKudoMsc･Researchstaff

YaSUkONOUmiAssistant

SaChikOMitSUiShiGraduateStudent,OsakaUniversity

Ourquarterlyloumal

BjohjSfoﾉy,a32-page

fullcolorpublication、
ltisdist｢ibutedtomore

than3000readersaIｌ

ｏｖｅｒＪａｐａｎ，including

publiclibrariesand
unlversitiesandother

schools．h岳到

explainｅｄｗｈａｔｃｏｕｌｄｂｅｌｅａｍｅｄａｂｏｕｔｔｈｅｅｖｏｌｕｔｉｏｎｏｆ

Ｉｎｓｅｃｔｓａｎｄｏｔｈｅｒａｎｉｍａｌｓｆｒｏｍｔｈｅｓｅａｍｂｅｒｓｐｅｃｌｍｅｎｓ、

Finally，ｗｅｓｈｏｗｅｄｔｈｅｍｈｏｗｔｏｅｘｔｒａｃｔａｎｄａｎａｌｙｚｅＤＮＡ

ｆｒｏｍｔｈｅｉｎｓｅｃｔｓｅｍｂｅｄｄｅｄｉｎｔｈｅａｍｂｅｒｕｓｉｎｇｔｈｅＰＣＲ

ｍｅｔｈｏｄ．｜ｎｔｈｉｓｗａｙ，visitorswerenotforcedtounderstand

alltheexplanations,buttheycouldenloypartorallofthe

exhibｉｔｉｏｎｄｅｐｅｎｄｉｎｇｏｎｔｈｅｉｒｉｎｔｅｒｅｓｔｓandbackground

knowledge‘

Showingstickinsectsandgroundbeetles(currentlyon

displayattheBRH)isalsoagoodwaytointroducevisitorsto

themarvelsofthenaturalworIdlntheroomcontainingthe

eｘｈｉｂｉｔｏｆｔｈｅｅｖｏｌｕｔｉｏｎｏｆｇroundbeetIes，ｗｅｐ｢esentthe

groundbeetlesalongwiththeresultsoftheirDNAanalysis

(fromtheBRHlab)inabeautifullydisplayedsetting．

｜nourexhibitionof"TheCeIl”(Octoberl995-March

l997),weaskedtenbiologistsinthefieldsofcelland

developmentalbiologytocontributetheirphotographsof

cells、Ｗｅｅｎｌａｒｇｅｄｔｈｅｓｅｐｈｏｔｏｇｒａｐｈｓｏｎｔｏｈｕｇｅｐａｎｅｌｓ

(ｍａｎｙlarge｢thanonesquaremeter)andarrangedthemto

obtaintheatmosphereofanartexhibition、Althoughnotall

visitorsunderstoodthedetailsofthescientificcontent，ｍｏｓｔ

ｗｅｒｅＩｍｐｒｅｓｓｅｄｂｙｔｈｅｂｅａｕｔｙｏｆｔｈｅｃｅｌｌｓ・Inparticular，

manyartistsanddesignersexpressedstronginterestinthe

microscoplcworldTheydidnothavemuchknowledgeof

celIbiology,yettheywereinstantlycaptivatedbythebeauty

ofthecells・EventhosebiologistswhousecelIsaseveryday

toolsintheirstudiesweredeepIyimpressedbythebeautiful

photographs，

Ofcourse，organizingexhibitionsisonlyoneofmany

waystopresentscienceWepublishthequarterlyjournal

B/oh/sroﾉy1organizetalksbyscientistsinａｗｉｄｅｒａｎｇｅｏｆ

ｆｉｅｌｄｓ，ｐｒｏｄｕｃｅｖｉｄｅｏｓａｎｄｏｔｈｅｒａｕｄｉｏｖｉｓｕａｌｐｒｏｄｕｃｔｓａｎｄ

ｗｅｌｃｏｍｅｖｉｓｉｔｏｒｓｔｏｔｈｅＢＲＨ･Ｔｈｅ“scienceopera，'ｗａｓｏｎｅ

Howbeautifulthesegroundbeetlesare1

TheyshineIikejewels！

(lntheexhibitionroomoftheevolutionofgroundbeetles）
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Then,whynotthesameinspirationfromＤＮＡ,ｐ｢oteins

orcells？ＴｈｅｄｏｕｂｌｅｈｅｌｉｃａｌｓｔｌｕｃｔｕｒｅｏｆＤＮＡｉｓｑｕｉｔｅｗｅｌｌ

ｋｎｏｗｎｆｏｒｉｔｓｂｅａｕｔｉｆｕｌｓｔｒｕｃｔｕｒｅ、ＣｅＩｌｓｓｅｅｎｔｈｒｏｕｇｈ

ｍｌｃｒｏｓｃｏｐｅｓａreoftensobeautifulthattheyappearasworks

ofartoDevelopingembryosofanimalsneverfailtofascinate

observerswiththeirbeauty･

Ｈｏｗｃａｎｗｅｌｍｐｒｅｓｓｐｅｏｐｌｅｗｉｔｈｔｈｅｗｏｎｄｅｒｏｆｔｈｅ

ｎａｔｕｒａｌｗｏｒｌｄａｔａｌｌｌｅｖｅｌｓ，ｆ｢ｏｍｍｏｌｅｃｕｌｅｓｔｏｃｅｌｌｓｔｏ

ｏ｢ganlsms？Howcanwepresentscience,usuallythoughtof

asbeinghardtounderstand，inamannerthatcanconveyto

peopIeitstrulyenjoyablecharacter？｜tisprobablynotgood

tacticｓｔｏｔｒｙｔｏｅｘｐｌａｉｎａｌｌｔｈｅｄｅｔａｉｌｓｏｆresearch，andrisk

overwhelmingpeoplewithtoomanyfacts･Rather,weshould

choosegoodexamplestoillustratethewonderfulworkings

andstoriesoflifeprocesses・

Whenorganizingouractivities，ｗｅａｌｗａｙｓａｓｋ：Ｈｏｗ

ｃａｎｗｅｂｅｓｃｉｅｎｔｉｆｉｃ，artistic，ａｎｄａｔｔｈｅｓａｍｅtime

entertaining？Ｔｏｄｏｔｈｉｓ，ｗｅｔｒｙｔｏｃｏｍｂｉｎｅａｖａｒｉｅｔｙｏｆ

ｄｉｓｃｉｐｌｉｎｅｓｓｕｃｈａｓａｒｔ，ｍｕｓｉｃ，ｐｏｅｔ『yandliteraturewith

sclence・WebeIievethatscienceshouIdgiveｔｈｅｓａｍｅ」oy

andwonderasthesevarlousactivitiesoSo，ｂｙｃｏｍｂｉｎｉｎｇ

ｍａｎｙｏｆｔｈｅｍｔｏｇｅｔｈｅｒ，ｗｅｃａｎｃｒｅａｔｅａｎｅｗｗａｙｏｆ

ｐｒｅｓｅｎｔｉｎｇsclence、

０ｎｅｏｆｏｕｒｅｘｈｉｂｉｔｉｏｎｓａｔｔｈｅＢＲＨｆｅａｔuredfossilized

lnsectsinamber，Ｖｉｓｉｔｏｒｓｗｅｒｅｆｉｒｓｔｉｎｖｉｔｅｄｔｏｌｏｏｋａｔｔｈｅ

ｂｅａｕｔｉｆｕＩａｍｂｅｒａｎｄｅｘａｍｉｎｅｔheinsectswithin、Ｔｈｅｎｗｅ
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