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StudiesonHigh-PerfOrmanceLiquidChromatographywith 
ElectrochemicalDetectionThepH-Dependencyof 

EnzymicSmfationofCatecholEstrogens1） 

KAzuTAKESHIMADA,MAsAMIHARA,andTosHIoNAMBARA＊ 

Pﾉlarmace""αzﾉI)ｍｉｍ［e，ＴＭＯﾉｍＵｍﾉersjZ〕ﾉ，

Ao6CIyama,SEMZi980JZZPα〃

（ReceivedJunel5,1984） 

ｍｖｉ〃osulfationofcatecholestrogenswithguineapigandratliverhomogenateshasbeen
investigatedbymeansofhigh-perfbnnancehquidchromatographywithelectrochemicaldetection 
Whenincubatedinaneutralmedium(ｐＨ7.4)withtheliverlO50009supernatantfbrtihedｗｉｔｈ3'‐ 
phosphoadenosine-5'一phosphosulfnte，Z-hydroxyestroneand4-hydroxyestroneweretransfbrmed
principallyintothe2‐and4-sulfates，respectively・The3-sulfntewasfbrmed，anddecreasing
amountsofthe2とand4-sulfateswereobtained,asthepHoftheincubationmediumwasdecreased

ThepHelIbctondirectiveglucuronidationwasalsoexaminedwithcatecholestrogens・Theproduct
ratiooftheisomericringAglucuronidesfbrmedwasnotafIbctedbythepHoftheincubation 
medium・

Keywords-high-pcrfbrmanceliquidchromatography；electrochemicaldetection；catechol 
estroge､;guineapigliver;ratliver;positionalisomerratio;pH-dependentsullation 

Inapreviouspaper,2)ｗｅｒｅｐｏｒｔｅｄａｓｔｕｄｙｏｆｔｈｅｍｖｊ"ometabolicconjugationof 
catecholestrogens，Z-hydroxyestroneand4-hydroxyestronebymeansofhigh-perfbrmance 
liquidchromatography(ＨPLC)withelectrochemicaldetection(ECD).Glucuronidationof 
thetwocatecholswiththeratandhumanliverl5009supernatantsinthepresenceofuridine‐ 
５'‐phosphoglucuronicacidprovidedtｈｅ２‐and4-glucuronides，respectivelylncontrast， 
incubationofcatecholestrogenswiththeguineapigliverl5009supernatantyieldedboth 
isomericringAmonoglucuronides・Thesesubstratesunderwentsulfationwiththeratliver
cytosolfiPactionfbrtifiedwith3'一phosphoadenosine-5'一phosphosu]ｈｅ(PAPS),providingthe
2-and4-sulfates・Thisinvestigation,however,hasnotyetbeenextendedtootherspecies・

Recently,themultiplicityofarylsulfbtransfbrasewassuggestedandpurificationofthe 
enzymewasundertakenbyseveralgroups､3￣5）SpeciesdifY1erencemaybeobservedinthe 
sulfationofcatecholestrogens，andhencethepropertiesoftheenzymeinvolvedareof 
interest・Inthisstudy,wehaveattemptedtoclarifythenatureofi"yjtrosulfationofcatechol
estrogensbyguineapigliverincomparisonwiththatbyratliver． 

MaterialsandMethods 

ChemicalsandReagents-Allcatecholestrogens,6）ＰAPS，ａｎｄ３',5'‐diphosphoadenosine（PAP)7）were 
preparedintheselaboratories,OtherchemicalsandreagentsusedwereofanalyticalgradeBufIbrsolutionsof0.1M 
phosPhate(ｐＨ4.9,5.9,7.0,7.4,80,ａｎｄ9.1)ａｎｄ0.1MTris-HCl(ｐＨ7.4)wereusedfbrincubationstudies､ThepHs 
ofotherphosphatebufYerswereadljustedwithH3PO4orNaOHAtraceamountofascorbicacidwasaddedtothe 
incubationmedium(ｐＨ＞9.1）topreventoxidativedecompositionofcatecholestrogens・Theresultsofincubation
studieswereindependentofthekindofbuffersolutionsandthepresenceofascorbicacid 

HPLC---HPLCwasperfbrｍｅｄｏｎａＴｏｙｏＳｏｄａ８０３ＡｌｉquidchromatographequippedwithanEC8 
electrochemicaldetector(ToyoSodaCo.,Tokyo).Theappliedpotentialwassetat＋O9Vvs.Ａg/AgClrefbrence 
electrodeATSKgelODS-120T(S似、)column(25ｃｍｘ０４ｃｍｉ...)(ToyoSodaCo.)wasemployedataflowrateof
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lml/ｍin・Thedetectionlimit(S/N＝Zat2nAfilllscale)waslngfbrcatecholestrogenringAmonosulfate
EnzymePreparation-ABeckmanL5-65ultracentrifUgewasusedlbrthepreparationofsubcellularfractions・

Hartleystrainmaleguineapigsweighing400-500gweremstedovernightbefbresacrifice、Freshliverwas
homogenizedinice-coldO25MsucrosesolutionwithaTeflon-glasshomogenizertoprovideafinalconcentrationof 
20％(w/v)ThehomogenatewascentrifUgedfbrl5minat600x9,andthesupernatantwascentrifUgedsuccessively 
at8000x9fbrlOmin,ａｔｌ５０００ｘ９ｆｂｒｌＯｍｉｎ,ａｎｄａｔｌＯ５０００×９fbr60mmtoprovidcthemitochondria,lysosome 
andmicrosomefractions,respectively・Inasimilarfashion,theheshliverhomogenate(20％solutioninO25M
sucrose)frommaleWistarrats(200-3009)wasfractionated,andthesubcellularfiPactionswereusedfbrincubation 
studies,ProteinwasdeterminedbythemethoｄｏｆＬｏｗｒｙαα/､8)usingbovineserumalbuminasareference， 

AssayProcedurefOrEnzymcSulfation-rhestandardassaymedium(4ｍl)containedsubstrate(l75nmolin 
O1mlofMcOH),ＰAPS(350nmolinlmloflmMTris-HClbuHer(ｐＨ8.7)),enzymepreparation(lmloflO5000j 
supernatant:７mgprotein）ａｎｄ1.9mlofOlMTris-HC1buflbr（ｐＨ7.4)containingO､1mMdithiothreitoLAfter 
preincubationlbr5minthemixturewasincubatedunderaerobicconditionsat37(Cfbrl20minAlteradditionofp‐ 
dimethylaminobenzoicacidasaninternalstandard(1s),theincubationmixturewasdeproteinizedbyheatingit,and 
centrifilgedThesupernatantwasseparatedandpercolatedthroughanAmberliteXAD-4column(l5cmx1cmi.｡.)． 
Thecolumnwaswashedwithwater(１０ｍl),andthedesirediractionwaselutedｗｉｔｈＭｅＯＨ(5ｍl),evaporateddown 
/〃wzc"oandthensubjectedtoHPLC/ECDusing0.5％NH4H2PO4(ｐＨ3.0)-tetrahydrofilran-acetonitrile(16:２:３
ａｎｄｌ６:３:２１br4-hydroxyestrogensand2-hydroxyestrogens,respectively)asthemobilephase9)Acalibrationgraph 
wasconstructedbyplottingtheratioofthepeakheightofcatecholestrogensulfatetothatoflSagainsttheamount 
ofthesulfate;alinearresponsewasobtainedintherangeofO5-4’9/mL 

SulfUricAcidTransferbetweenCatechomstrogens-Theassaymedium（3ｍl)containedcatecholestrogen 
monosulfate(100nmolinO1mlofHzO),catecholestrogen(l00nmolinO,lmlofMeOH),ＰＡＰ(200nmolinlmlof 
lmMTris-HClbuffer(ｐＨ8.7)),enzymepreparation(0.5mloflO50009supernatant:３mgprotein)and1.3mlofO1M 
phosphatebuffbr(ｐＨ5.0).Themixturewasincubatedandprocessedinthesamemannerasdescribedabove 

AssayProcedurefDrEnzymicGlucuronidation-ThemicrosomefiPactionofguineapigliverhomogenatewas 
usedfbrenzymicglucuronidation､Theenzymicactivitywasmeasuredaccordingtotheproceduredescribeｄｉｎｔｈｅ 
ｐｒｅviouspaper､2） 

ResultsandDiscussion 

lnitially，catecholestrogenmonosulfatesfbrmedbyincubationwereunequivocally 
characterizedbymeansofHPLC/ECDThepeakarearatiooftheisomericmonosulfateson 
thechromatogramwasnotchanged,evenwhenacetonitrile-0.5％ammoniumdihydrogen‐ 
ｐｈosphate（l:3）wasusedasthemobilephaseReductionofthel7-ketonewithsodium 
borohydrideunderice-coolingprovidedthecorrespondingl7β-hydroxylcompoundUpon 
usualsolvolysis，catecholestrogensulfatesdisappearedonthechromatogram・Known
amountsofcatecholestrogenmonosulfateswereaddedtothestandardincubationmixturｅ 

TABLELRecoveryofCatecholEstrogenMonosulftLtesAdded 
tothelncubationMixtureq） 

Addedamount 

Compound 
4似g/ｍｌl似g/、

0.810(81.0±4.0)ｂ 
0.777(77.7±3.7） 

0.741（74.1±29） 

0.861（86.1±3.7） 

0.956(95.6±4.0） 

0.940(94.0±4.3） 

0.944(944±4.0） 

0.853(85.3±4.0） 

0.840(84.0±4.0） 

３４７６(86.9±3.9） 

3.500(87.5±2.0） 
2-Hydroxyestrone2-sulfate 
2-Hydroxyestrone3-sulfate 
2-Hydroxyestradiol2-sulflate 

2-Hydroxyestradiol3-sulfate 
4-Hydroxyestrone3-sulhlte 

4-Hydroxyestrone4-sulfate 
4-Hydroxyestradiol3-sulfate 
4-Hydroxyestradiol4-sulfate 

p-Dimethylaminobenzoicacid(1s） 

３３６４(84.1±3.0） 

3.616(90.4±2.1） 

Resultsaregiveninug/mLBothguineapigandratliversupematantswereused 
Figuresinparenthesesrepresentthemeanrecovery±ＳＤ.(%).〃三7．
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TABLEⅡ肋附/roFormationofCatecholEstrogenMonosullates

fiPom2-and4-HydroxyestronesbyGuineaPigLiverα） 

4-Hydroxyestrone Z-Hydroxyestrone 

3-Sulfate ３－Sulfate 

（pmol/mgprotein/ｍin） 

4-Sulfate 2-Sulfate 

100 306 7０ 2150 

α）Figuresrepresentthemeanvaluesobtainedinduplicateexperimentsunderthestandard 
assayconditions(incubationtime,10ｍｍ)． 
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Fig.２．ＥＩＩｅｃｔｏｆｐＨｏｎｔｈｅＦｏｒｍａｔｉｏｎｏｆ 
ｌｓｏｍｅｒｉcMonosulfatesfromCatecholEstro‐ 

gensbyRatLiver 

Thesubstratesandｐｒｏｄｕｃｔｓｗｅｒｅｔｈｅｓａｍｅａｓｉｎ 

Ｆｉ9．１． 

Fig.１．EIIｅｃｔｏｆｐＨｏｎｔｈｅＦｏｒｍａｔｉｏｎｏｆ 
ＩｓｏｍｅｒｉcMonosuMntesfiPomCatecholEstro‐ 

gensbyGuineaPigLiver 

Substrate：ａ）Z-hydroxyestrone；ｂ）４－hydroxy‐ 
estrone・

Product：ａ）○－○，２－hydroxyestrone2-sulfate； 
△－△，２－hydroxyestrone3-sulfate；ｂ）○－○，４‐ 
hydroxyestrone4-sulfnte；△－△，４－hydroxyestrone 
３－sullate、Eachpointrepresentsthemeanvaluｅｏｂ‐
tainedinduplicateexperiments． 

containingthedenaturedenzyme，andtheirrecoveryrateswereestimatedEachcatechol 

estrogenmonosulfate(spikedattwolevels,LOand40〃g/ml)wasrecoveredatarateofmore
than74％(Tablel)． 

…再－－
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Thesubcellulardistributionoftheenzymeinvolvedinthesulfntionofcatecholestrogens 
wasinvestigatedwithguineapigliver・Theenzymicactivitywasfbundtobelocalizedinthe
cytosolfractionTheLineweaver-Burkplotunderneutralconditions(ｐＨ7.4)gaveapparent 
KmvaluesoflL3and5､3脚fbr2-and4-hydroxyestrones,respectively・Incubationof2-and
4-hydroxyestroneswiththeenzymepreparationgavethe2-and4-sulfates,respectively,asthe 
mainproducttogetherwiththe3-sulfate(TableII)Ithaspreviouslybeendemonstratedthat 
theratlivercytosolfiPactioniscapableoffbrmingthe2-or4-sulfateasasoleproductfiFom 
isomericcatecholestrogens､2） 

TheeffbctofthepHoftheincubationmediumonenzymicsulfationwasthenexamined 

withguineapig］ivercytosoLTheoptimalfbrmationofthemonosulfatesfi･omisomeric 

catecholestrogenswasobservedatthreedifferentpHslnthelowerpHregion(near5.O)the 
3-sulfntewasproduced,whileintheneutralregion(ｐＨ7-8)the2-or4-sulfatewasfbrmed・
InthehigherpHregion（nearM)，however，the3-sulfatewasproducedfrom4-hy‐ 
droxyestrone(Figla,ｂ).ThisresultpromptedustoexaminetheefIbctofpHonthesulfation 

ofthetwocatecholsbyratliverlncubationofthesubStratewiththecytosolfractionfbllowed 

byanalysisoftheproductswassimilarlycarriedout､AsillustratedinFig2a,ｂ,the3-sulfate 
wasfbrmedintheloweｒｐＨｒｅｇｉｏｎｗｈｉｌｅｔｈｅ２‐or4-sulfatewasproducedintheneutralpH 

regionThefbrmationofthe3-sulfatewasnotobservedinthehigherpHregion 

Whenthesubstratewasincubatedwiththedenaturedenzymepreparationunderthe 

conditionsdescribedabove,nosulfatedproductwasfbrmed,Recently,DuffleleM/､demon‐ 
stratedthatsulfilricacidtransferbetweentwophenolswascatalyzedbyarylsulfbtrans‐ 

ｆｅｒａｓｅｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆＰＡＰ・'0）Asregardscatecholestrogens，however，noevidence
wasobtainedfbrtheoccurrenceofsulfUricacidtransfbrbetweenthephenolicgroups・

ThepH-dependencyofenzymicglucuronidationwasalsoinvestigatedfbrcatechol 
estrogensThefbrmationoftheisomericglucuronideswithlivermicrosomesfTomguinｅａｐｉｇ 

ｗａｓｕnaflbctedbypHintherangeof5.0-10.0． 

ＡｌｔｈｏｕｇｈｔｈｅｅｆｆｂｃｔｏｆｐＨｏｎｅｎｚｙｍｉｃO-methylationof2-hydroxyestrogenshas 
previouslybeendemonstrate｡,''''2)thisisthefirstreportshowingthattheproductratioofthe 
isomericmonosulfatesfbrmedfiPomthecatecholisdependentuponthepHoftheincubation 

medium・ThepH-dependentformationoftheisomericcatecholestrogenmonosulfatesmight
beduetoalterationin･themolecularspeciesofthesubstrate,multiplicityofsulfbtransfbrase， 
orconfbrmationalchangeoftheenzymeThefirstexplanationappearstobeincompatible 
withthevirtuallyindistinguishablechemistryofthetwophenolicgroupsof2-hydroxyes‐ 
trogens・'3）Noplausibleexplanationisatpresentavailablefbrthevariabilityofenzymic
sulfatiOnPurificationoftheenzymesinvolvedinsulfationisclearlyessentiaLFurtherstudies 
ontheconjugationofcatecholestrogensarebeingconductedintheselaboratories,andthe 
detailswillbereportedinthenearfilture． 
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