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Abstmct

UDP-glucuronosyltransferases(UＧＩも,ＥＣ2.4.1.17)areafamilyofmembrane-bound

cnzylncsthatareinvolvedinphasellofdrugmetabolism・HulnanUGI1sareclassifiedintotwo

subfamilics,ＵＧＴ１ａｎｄＵＧＴ２,basedonsimilaritiesbetweentheiraminoacidsequencesand

geneorganizationIbdate,１９ｈｕｍａｎUGTisofOrInshavebeenidentified・Inthisthesis,first，

protein-proteininteractionsbetweenUGTsandtheireffectsonenzymaticactivitieswerc

investigated・Thennalstabilityassaylimmunoprccipitation,andnative-PAGEanalysisrevealed

theprotein-proteininteractionsbetweenUGT1A1,UGT1A4UGT1A6,andUGT1A9､Kinetic

analysisshowedthatkineticparameterswerechangedbythecoexpressionofothcrisofOrms、

Second,thecauseofthediscrepanciesoftheinhibitoryeffectsonglucuronidationsbetween

humanlivermicrosomesandrecombinantsystemswaselucidated・Itwasclarificdthatthe

substratcswithhighJ'inaxﾉKinvalues(>200"L/min/mg)showedpromincntinllibitorycffects

towardtheglucuronidationinhumanlivermicrosolnescomparedtothosewhenusing

recombinantenzymes・Third,insilicotcchniqueswereusedtoinvestigatethecauseofthennal

stabilityofUGT1A9protem・Itwasdemonstratedthatl3aminoacidresidues,whichare

uniquetoUGT1A9,wouldcollectivelyplayanimportantroleinthestabilizationofthe

UGT1A9confOnnationThesefindingsobtainedinthisstudycouldprovideinfOmationon

UGILUGTinteractionsandstructuralfeaturesofUGTprotein

Dissertationabstmct

UDP-glucuronosyltransferases(UGT1s,ＥＣ2.4.1.17)areafamilyofmembrane-bound

enzymcsthatareinvolvedinphaseIIofdrugmetabolism・TheycatalyzethefOnnationof

glucuronidesbythetransferofglucuronicacidfromacofactoruridine5I-diphosphoglucuronic

acid(UDPGA)tohydroxyl,carboxyLoraminegroupsofendogenousandcxogenous
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substrates・HumanUGTbareclassifiedintotwosubfamilics,ＵＧＴ１ａｎｄＵＧＴＺ,basedon

sinlilariticsbetweentheiraminoacidsequcncesandgeneOrganization・Ｉｂｄａｔｅ,１９ｈｕｍａｎUGT

isofOnnshavebeenidentified､ＵＧ低havebeenreportedtofOrmhomo-orhetero-oligomers，

butthefimctionalsignificanceoftheoligomerizationislargelyunknown・Inthisstudylfirst，

doubleexpressionsystemswereestablishedandkineticanalyseswereperfOnnedtoinvcstigate

whetherhetero-oligomerizationsaffCcttheenzymaticactivityofUGIBSecond,thecauseof

thediscrepanciesbetweentheinhibitoryeffectsonglucuronidationinhumanlivermicrosomes

andrecombmantUGT1swasdetennined・Third,thecauseofthethermallystablcpropertyof

UGT1A9wasinvestigatedusingj〃ｓｊＪｉｃｏａｎｄｊ〃ｖｊ〃techniques．

EffectsofproteiルproteininteractionsoflmmanUG耐ontheenzymaticactivities

AnulnberofstudiessuggestedthatmammalianUGmfOnnoligomers・However,whetheror

nothumanUGIMOrmhomo‐andhctero-oligomersremainstobcdetermined・Inaddition，

effectsoftheoligomerizationsonUGTactivitieshadnotbeencleared,Inthisstudy>the

protein-proteininteractionsｂｅｔｗｅｃｎＵＧｍｓａｎｄｉｔｓｅｆｆｅｃｔｓｏｎＵＧＴａctivitieswereinvestigated、

TbconfinnthefOrlnationsofhetero-oligolnersofUGI1s,thennalstabilityassayうdetergent

resistanceassayliInmunoprccipitation,andnative-PAGEwerecarriedoutusingdouble

expressionsystemsinHEK293cells・Theseexperimentsclearlydemonstratedthe

heteけoligomerizationsofUGT1A1/UGT１Ｍ(native-EAGE),UGT1A1/UGT1A9(thcnnal

stabilityassayanddetergentresistanceassay),UGT1A4/UGT1A9(thennalstabilityassayand

detergentresistanceassay),andUGrlA6/UGT1A9(thcnnalstabilityassay;dctergent

rcsistanceassay，andilnmunoprecipitation).A1thougllhetero-oligomerizationsof

UGT1A1/UGT1A6andUGTLAWUGT1A6wcrenotdetectcd,itisconsideredthatthose

isofOnnsalsointeractwitheacllotherbecauseUGT1Amemberssharehigllalninoacid

sequencesimilarity・KineticparametersfOrUGT1A1,ＵＧＴ１Ａ４,ＵＧＴ１Ａ６,and

UGT1A9-catalyzedglucuronidationswereaffectedbyotherUGTisofOnnsJnconclusionlit

wasfOundthatUGT1A1,ＵＧＴ１Ａ４,ＵＧＴ１Ａ６,andUGT1A9interacteacllotheEresultingina

changcofthekineticsoftheenzymaticactivitics・Thercsultsinthisstudysuggestthedifficulty

ofquantitativepredictionsofglucuronidationactivitiesaswellasthecontributionofeachUGT

isofOrmtotheactivitiesinhumanlivermicrosonles''2)．

ＰｍｄⅢｔｉｎｈｉｂｉｔｉｏｎｏｆＵＧＴｅｎｚｙｍｅｓｂｙＵＤＰｏＭblscatestheinhibitoIyeffectsofUGT

substrates

SubstantialprogresshasbeenmadeinidentifyingtypicalsubstratesfOrindividualUGT

isofOnns・A1thoughUGTsdisplaybroadandoverlappingsubstratespecificities,ｓｏｍｅ

compoundsarespecificfCrcertainUGTisofOnnsSuchsubstratescanbeusedasspccific

inhibitorstoidentifytheUGTisofOnn(s)contributingtothcglucuronidationofdrugs・ＨｏｗｅｖｅＬ
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previousreportshaveshownconfilsingresults,namelythat4-nitrophenolandl-naphthol，

typicalsubstratesfOrhumanUGT1A6,inllibitedUGT1A1,ＵＧＴ１Ａ４,orUGT2B7-catalyzed

glucuronidationsinhumanlivermicrosomes,butdidnotinhibittheactivitiesbyrccombinant

UGIb・Thepresentstudyfoundthatl-naphtholshowedmorepotenti血ibitionoftheUGT1A1‐

andUGT1A4-catalyzingactiviticsinhumanlivermicrosomesthanthatbyrecombmant

cnzylnes,whereasl-naphtholmorepotentlyinhibitedtheUGT1A9-catalyzingactivityby

reconlbinantenzymCsthanthatinhumanlivermicrosomcs.ＡsfOrthemechanismresponsible

fOrthisdiscrepancybetwecnhumanlivermicrosomesandrecombinantenzymes,itwasfound

thattheprominentinhｉｂｉｔｉｏｎｏｆＵＧＴ１Ａ１ａｎｄＵＧＴ１Ａ４ａｃｔｉｖｉtiescouldbcattributedtothe

inllibitoryeffectsofUDPproducedbyUGT1A6-catalyzedl-naphtholglucuronidationin

humanlivermicrosomes・Incontrast,itwasconsideredthattheUGT1A6-catalyzedl-naphthol

glucuronidationmhulnanlivermicrosomesattenuatedtheinllibitoryeffCctsofl-naphtholon

theUGT1A9activitylsincel-naphtholhasmostpotentinhibitoryeffectstowardUGT1A9

withinl-naphtho1,1-naphtholO-glucuronide,ａｎｄＵＤＥＴｈｕｓ,whenhumanliverInicrosomes

areusedasanenzymesourcefOrUGTinhibitionstudies,weshouldcarefUllyintcrpretthe

results・Moreover,itwasclarifiedthatthesubstrateswithhighPinax/Khnvalues(>200

"L/min/ing)showedprominentinhibitoryeffectstowardtheglucuronidationinhumanliver

microsomescomparedtothosewhenusingrccombinantenzymes､hconclusion,itwas

demonstratedthatUGTsubstrateswithllightumoverratesmightconfUsetheidentificationof

theUGTisofOnnresponsiblefOrtheglucuronidationofdrugs,ｗｈｅｎｓｕｃｈｃｏmpoundswere

usedasinhibitorsfOrtheactivitiesinhumanlivermicrosomes,owingtotheproductionofUDP

and/orglucuronideorreductionoftheinhibitorperse・n1isfindingisimportantfOravoiding

InisinterpretationsintheidentificationofUGTisofonns3)．

肋ｓ〃ｃｏａｎｄｍｖｊＵｍ叩proachestoelⅢidatethethermalstabilityoflmmaｎＵＧＴ１Ａ９

ＨｕｍａｎＵＧＴ１Ａ９ｉｓｕｎｉｑｕｅｌｙｓｔabletoheattreatlnent,Hbunderstandtheuniqueproperty，the

thrce-dimensionalstructureofUGT1A9wasconstructedbyhomologymodelingusinga

crystalstructureofGtfAasatemplate・ThestructureofUGT1A8,whicllhasthehigllest

homologytoUGT1A9butisthennallyinstable,wasalsoconstructedasareference8These

structurescontaintwoRossmannfOld-likcdomainsintheN-terminusandC-tenninus・

Sequcncealignmentanalysisrevealedthatl3aminoacidresidues(42Ar9,91Lys,92Ala，

106町L111G1yう113町rう115Asp,152As､,l73Leu,Z19Leu,Z21His,Z2ZArg,and241G1u)are

uniquetoUGT1A9whencomparedwｉｔｈＵＧＴ１Ａ７,ＵＧＴ１Ａ８,andUGT1A10mexaminethe

roleoftheseresiduesintheconfOnnationalstabilityofUGT1A9,moleculardynamics

simulationofthestructureswascarriedoutat３１０Kand360KinaqueoussolutionfCr3・O

nanoseconds・Rootmeansquaredeviationanalysesrevealedthat42Arg,173Leu,Z19Leu，
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221His,and2Z2Argwereresponsibleforthethermalstability6Rootmeansquarefluctuation

analyscsanddynamicalcrosscorrelationmaprevealedthat911ys,９２Ala,l06rW;l11G1y）

l13Iyn15Asp,Z19Leu,221His,222Arg,and241G1uwereresponsiblefOrthethermal

stabilityjTWrmstudyusingmutantsoftheseresiduesdemonstratedthatalloftheseammo

acidsmiglltbecollectivelyinvolvedinthethermalstabilityofUGT1A9,althoughl52Asn

wouldbemostimportant,IY1us,theresultsinthisstudycouldprovidethemolecularbasisofthe

thermalstabilityofhumanUGT1A9．
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学位論文審査結果の要旨

一JmBgjLuQxLrQnQ旦刻蚊邸員塵卿e-⑩Gn-に-よ.、ｒ触媒室れゑ芝ＺＭＰＬＺ酸j官と合反応健生控に鐘は箆公

因進鐘よ‘内因性Ｑ化合物の主喪な伐Ii耀路笈めゑ･-]qQmはZLヨガ鷺Ｚｚ二_jlmを:jH髪成_して鐙.'Ｌ薬

物代謝pQ主要な臓器五迄灸１１壬蝋にはjuGnAL-IIqnA4L函_ｕＧｎＡＱ猿よZXnQn△鋤ﾐ発曳Ｌｎｌる異

本11N;究五は11鯉n塁金玉稲闘嵯おはる相互j空fH鷹薇且“_熱安定性Ｑ測定蝋_免疫雛隆篭鐙ょjQi

Natjnze二nkG週に-圭一リー豪-惣泣-とニシ!■ｒ相互能用.ＬｎＬ過二．と雲を關らZls1具した._-.菫_ら瞳.速度獅力鵬抜を

行う一息と.蚕鼻-Hqnの曇分倉壬菰闘相互炬吊は醗索掻怯に影饗蓬及ぼし～霊主云式以之蚕_芝姓豈斑２ｺ変馳

を別鳶起ニオニー≧､塗初堕五閑ら狐ニレ童』Q-第二'二，-1,血、裏蝋仁鐙1Ｋ一堂MTL≦亥-Ｈｚ胃三Ａとｕｎ

発謬見系をj驍瀦蝋と‐しｎｉｌｉ１いた場合で阻害効果漆大童瓜驫窪重原因にｎhＫmm抜上迄｡_量の結晶３－發現系

蚕は貝釣分玉穂のZ&存XIﾐ士逢烹友蚕jl壬三‐久ﾛｰＺ罠△に娃多j〈:.n分壬極溌潅在上､_阻害劃の代;i仮応Ｉ皇よ

２重生成し冒迄代jWt産物-1ｍ亙溌阻害距思を丞丈二一と型棚露効晶ZL差の厘因面通る皇とを明ら鰍二とた｡＿

第二隆,-IIGnA1M;k他nfir壬狐些比較Lmt熱j生五あゑ息と-塗見出し～典s迦CQ-厘お‐はるjＺ三島止烹Ｚ量

Zjii1極お-よα狐叉血旦に蕊は畳変異灘ZL解ﾉｶ1㎡を行jうL二と蚕1-IIGquAGLに綻曇的蟷翻姜まる_璽個｡Ｚ二

Z酸蕊基盆：協躯鮒隆耐熱催に重要な役割を墨尤L:、〕_る二と髭閉らな1二しご迄.－本1,1雪i:成果はjQpmqQjn

H欺旦研ﾉﾂi職fiL三上蚕璽襄な憶報-を長えふ今後のIJlG王研究の発展に大豊-K薑貫iikｺﾞﾗ魚ｊＭＺＺ:i塗Ｌ鱒±蟻
勃_嵯値fiこると判定した｡＿

－１０９－


