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AN INVESTIGATION OF THE EFFECTS OF FLUOROCARBONS ON LIVER
FATTY ACED-BINDING PROTEIN.

ABSTRACT

The objectiveof thisstudywas to investigatethehypothesisthatcertainFluorocarbons
(FCs)bindliverfattyacid-bindingprotein(L-FABP) and displaceendogenous fattyacids
(FAs)as an initialeventleadingto peroxisomeproliferation.The goalsof thestudywere
to assesstheeffectof FCs on L-FABP fiinctionasevaluatedby theabflityof the
fluorescentFA analogue 11 -(5-dimethylaminonapthalenesulphonyl)-undecanoicacid
(DALTDA) to b'mdto L-FABP isolatedfrom ratsand guineapigstreatedand not treated
withFC I invivo;and to assessthepotencyofFC 1,FC2, FC3 and FC4 forbindingto L-

FABP.
Resultsshow a decreasedmaximum bindingcapacityofL-FABP from FC I treatedrats
withoutan increaseinKd. The most potentL-FABP binderwas FC 1,followedby FC4
and (withequalIC5os)FC3 and FC2. ResultsforguineapigL-FABP samples were
inconclusive.Thismay be becauseguineapig sampleswere onlypartiallypurified;thus
resultingina highdegree ofinterferencefrom remainingcellulardebrisand a lower

concentrationof L-FABP, asa proportionoftotalprotein,as compared to ratsamples.

INTRODUCTION

STUDY OBJEC'RIVES

This studywas designedtoinvestigatethehypothesisthatcertainfluorocarbons(FCs)

bindto liverfattyacid-bindingprotein(L-FABP) and displaceendogenous fattyacids

(FAs) as an initialeventleadingto peroxisomeproliferation.To examine thishypothesis,

thekineticsofFA and FC bindingto L-FABP were investigatedwithan in vitrobinding

assayusingthefluorescentFA analogueII-(5-dimethylaminonapthalenesulphonyl)-

undecanoicacid(DAUDA). FC I and FC2, known peroxisomeproliferators,and FC3 and

FC4, suspectperoxisome proliferators,were examined. Wyeth- 14,643(WY), a well

known peroxisome proliferator,was used as thepositivecontroland methanol asthe

negativecontrol.Oleicacid,aFA known to bindto L-FABP with a veryhigh affinity,was

usedto measure themaximum L-FABP binding.(FigureI -structures).L-FABP from



male rats(consideredtobe strongrespondersto peroxisomeproliferators)and male

guineapigs(consideredto be weak or non-respondersto peroxisomeproliferators)

(Svoboda,Grady and Azamoff, 1967;Orton elal.,1984;Lake and Gray, 1985;Elcombe

and NEtchell,1986),treatedor nottreatedwith FC Iin vivo,were examined.

The goalsofthestudywere as follows:

1)to assesstheeffectofFCs on L-FABP function,asevaluatedby theabilityof DAUDA

to bindto L-FABP isolatedfrom ratsand guineapigs;and

2) toassessthepotency of thevariousFCs forbindingto L-FABP.

The firstgoalwas accompifishedasfollows:

a.L-FABP from ratsand guineapigs,treatedand nottreatedwith

FC 1,was isolated;

b.themaximum bindingcapacityor receptornumber (Bmax) of each

L-FABP sampleand thedissociationconstantoraffinity(Kd) of DAUDA

foreach L-FABP sample were calculated;and

c.theconcentrationofoleicacidwhich inhibited50% of specific

DALTDA bindingto isolatedL-FABP samples,theoleicacidIC5oforeach

sample,was measured.

The secondgoal was achievedby calculatingthe IC50of each FC forthe bindingof

DALTDA totheisolatedcontrolratL-FABP sample.
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FIGURE I - STRUCTURFS.
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BACKGROUND

LivER FAT7TAciD-BiNDiNG PRoTEiN

The exact role of L-FABP, a member of the intracellularlipid-bindingprotein (ILBP)

family,isunclear(Bass, Kaikaus and Ockner, 1993). Itisfound predominately in the

liver,although itisalso presentinthe small intestinaland colonic enterocytes,gastric

brush border,and enteroendocrine ceus (Bass, 1985; Bass, 1988; Sweetser, Heuckeroth

and Gordon, 1987; Vincent and MuDer-Eberhard, 1985; Chan elal.,1985; Gordon elal.,

1982; Sorof and Custer, 1987). Accepted functionsof L-FABP includebinding and

transportingFAs within the cell,regulatinghpid metabolism, and protectingthe cellby

maintainingthe concentration of freefattyacids(FFAS) below toxiclevels(Bass etal.,

1993). L-FABP isunique to the ILBP family inthatithas a largerbinding cavity

(Thompson et al.,1997); broader figandspecificity(bindsmultiplehydrophobic

compounds such as heme, certaineicosanoids,bilirubin,thyroxine,steroids,specific

carcinogens and peroxisome profiferatorsas well as FAs) (Kaikaus, Bass and Ockner,

1990; Ockner etal.,1972; Rolf elal.,1995; Thumser, Voysey and Wdtor@ 1994; Khan

and Sorof, 1990; Lev@ Gatmaitan and Area, 1969); and the abilityto bind two molecules

per proteinwhile other iLBPs bind only one (Thompson elal.,1997).

The crystalstructureof ratL-FABP (Thompson etal, 1997) revealstwo short antiparallel

a-heficespositionedover one end of an II-strandedantiparaliel0-barrel.This differsfi7om

other iLBPs, which are 10-stranded,but does not signfficantlyalterthe conformation of

the protein.A cavityisformed withinthe 0-b=el thatservesas an internalizedligand
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bindingsitewithpolarand nonpolarresiduesand bound water.Inadditiontoa normal

gap between thetwo P-strands,L-FABP has a second gap formed by missinghydrogen

bonds. The functionofthisgap isunknown, butthemissinghydrogenbonds increasethe

rangeof motion inL-FABP compared to otheriLBPs.Thislocalizedconformational

flexibilitymay contributetothebroad figandspecificityexhibitedby L-FABP.

Two L-FABP bindingsitesexist,and interactallostericaUy.Crystalstructuresofthe

proteinpreparedwith oleicacidhave characterizedtheprimarybindingsiteby an

internalizedcarboxylateand a U-shaped hydrocarbon chain.Fattyacidsbound inthe

primarybindingsiteinteractwith Arg,22,a conservedresidueinalliLBPs; and are

surroundedby proteinatoms,structuralwater and nearbyatoms ofthesecond bound FA.

The oleicacidintheprimarybindingsiteisinvolvedinhydrogenbond interactionsatthe

124
carboxylgroup with Ser9,Arg'22and Ser

.
The secondarybindingsiteischaracterized

by havingthecarboxylateof thesecondoleicacidnearthesurface,and the hydrocarbon

tailinsertedtoward thecenterofthemoleculeand between theU-shaped hydrocarbon

chainintheprimarybindingsite.The carboxylateatthissiteissolvent-accessible,butstill

involvedina network of hydrogen bonds withresiduesformingtheentranceto the

primarybindingcavity.The two ligandsareinphysicalcontactand itisbelievedthatthey

influenceeach othersrelativeaffinities.Structuraldatasuggestthesecond sitemay not

existuntdtheprimary siteisfffled,orthatthepriorpresenceof aFA intheprimarysite

may be requiredforanythinglargerthata C 14FA to bindthesecondarysite(Thompson el

al.,1997).

5



FLuoRocARBoNs

Fluorocarbons(FCs)arecompoundsstructurallyanalogoustohydrocarbonswiththe

hydrogens replacedwith fluon'nes.The FCs under investigationresemblelong chainFAs,

having a hydrophobic tailand a polarhead group. The tailsof FCs are more rigidin

structurethan the tailsof FAs, however, and thus the conformational flexibilityof FCs is

more restrictedthanthatofFAs (Zisman,1964). FCs have uniquechemicaland physical

propertiessuch as beingveryheatstable,inertand chemicallyand electricallynonreactive

(Bryce, 1964; Bankes, 1970; George and Anderson, 1986; Gfflfland, 1992; Clark et al.,

1973). Such characteristics make them ideal for use in many consumer products and

industrialprocedures (Bryce, 1964).FCs are components of products includinghousehold

cleaners,leathertreatments,insecticidesand fire-extinguishingfoams; used as surfactants

inthe aqueous polymerization of fluorinatedmonomers; and used inindustrialprocesses

such as insulating,cooling,wetting,and corrosion inhibition(Bryce, 1964; Bankes, 1970-1

George and Anderson, 1986; CTUWand, 1992; Clark etal.,1973). Despite the usefulnessof

these chemicals,some are known to cause mitochondrial inmbition,cholestasis,

peroxisome proliferationand tumor formation in rodents (GilWand and Mandel, 1996;

Langely, 1990; Ikeda et al.,1985 -1Pastoor et al.,1987; Harrisionelal.,1988; AbdeHatif et

al.,199 1).

Permadi etal.(1993) suggest chain lengthof FC s influencesthe severityof effect,finding

the greatestsignificanceexhibitedby Cg compounds followed closelyby Clo compounds,

and increasinglylesssevere consequences exhibitedwith shorterchained molecules. The

work of Fellerand Intrasuksri(1993) agreed with thatof Permadi elal.(1993),and added
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thata carboxylicfunctionwas importantforthe stimulationof peroxisome prioliferation.

Similarresultswere reportedby Kennedy etal.(1998),who analyzedFCs ranging in

lengthfrom 4-9 carbons forthe effectof structureon toxicity.They found Cg FCs to

produce effectsata 10-foldlower dose than C6 FCs, and shortchainedFCs to be theleast

toxic.Although the effectsseen inrodentshave not been seen inhumans, the potentialfor

cumulativeand long-termhuman toxicityresultingfrom continuousexposure to low

concentrationsofFCs isofconcern (Gillilandand MandeL 1996; Gilliland,1992).

PEROXTSOMES & PEROYaSOMEPROLIFER,4 TION

According to Small (1993),peroxisomes (alsocalledmicrobodies or,inplants,

glyoxysomes) are singlemembrane-limited cytoplasmicorganeflespresentinmost

eukaryoticcefls.The major functionof pero)dsomes isthe 0-oxidationof FAs and FA

derivatives(Mannaerts and Van Veldhoveri,1993).Pero)dsomes containno DNA, rather,

theirproteinsare synthesizedon freepolyribosomesinthecellcytosoland imported into

pre-exist'mgperox3somes post-transiationally.Itisbelievedthatnew peroxisomes form by

fissionfrom existingperoxisomes.

Pero)dsomes have been shown toproliferatefollowingexposure to a diverseclassof

chemicalsreferredto asperoxisome proliferators(Green,Issemann and Tugwood, 1993).

The mechanism by which thisoccursisunclear.Peroxisome profiferationisthought to be

mediated by peroxisome proliferatoractivatedreceptors(PPARs), nuclearhormone

receptorswhich,upon bindingligand,recognizespecificDNA sequence motifslocated

upstream oftheperoxisome profiferatortargetgenes (peroxisomeproliferatorresponse
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elements(PPREs)), and activatespecificgene transcription(Issemanand Green, 1990;

Dryer etal.,1993). Due to thediversityof peroxisome proliferatorsshown to activate

PPAR (Green elaL, 1993),speculationexistsover a directmodulationof PPAR by

peroxisome proliferators,and an indirectmechanism issuggested. Inadditionto chemical

and xenobloticperoxisome proliferators,naturalfactorssuch asa highfatdiet,starvation

and diabetes(Flatmarketal.,1988;Ishiietal.,1980; Ishi@Horie and Suga, 1980; Horie,

Fukumori and Suga, 1991; Gottlicher,Widmark and Gustafsson,1992) have been shown

to cause peroxisome profiferation.This correlationbetween peroxisome proliferationand

FA metabolism suggeststhatPPAR servesan importantroleinEpidhomeostasis (Vanden

Heuval, 1996). Itisprobable,thus,thatPPAR activationrepresentsa physiological

responseto a biologicalstimulus,likelya factorinvolvedinFA metabolism (Green etal.,

1993). Possiblestimuli/PPAR figandsincludesteroids,FAs and derivativesof FA

metabolism,and cholesterolmetabolites(Green elal.,1993). Targetgenes includethose

foracyl-CoA oxidase (Tugwood etal,1992;Fellerand Intrasuksri,1993),L-FABP

(Issemanetal.,1992) and P450 FVAI genes (Green etal.,1993).

Significantinterestsurrounds theissueof peroxisome proliferationbecause some

peroxisome proliferatorshave been shown to cause hepatocellularcarcinomas in

laboratoryrodents(Moody elal,1991-Vanden Heuval, 1996).The mechanism by which

peroxisome proliferatorscause cancer inrodentsisunknown. They areclassifiedasa

novel classofepigenicchemicalcarcinogen(Vanden Heuvel, 1996),arenomnutagenic in

the Ames assay and do not appearto bind DNA (Conway etal.,1989; Cohen and Grasso,

1981;Reddy and Lalwani, 1983, Stott,1988; Reddy and Rao, 1989; Lake etal.,1990).
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Multiplemechanisms have been proposed to explainperoxisomeproliferator-inducedliver

tumor forinatiomincludingoxidativestress(Reddy and Rao, 1989),enhanced cell

replication(Marsman elal.,1988)and promotion of spontaneouslyformed lesions

(Schulte-HermannetaL, 1989).Green elaL (1993) propose pero)dsomeproliferatorsare

@lcompletecarcinogens"which exhibita combinationofinitiation(oxidativeradical

production)and promotion(livermitogenesis),possiblyleadingto sustainedDNA

repbcationdepending on the compound and dose.Doubt about a causalrelationship

between peroxisome proliferationand carcinogenesisinrodentsexists,however, and the

relevanceto human healthisunclear(Tuckerand Orton, 1993).

Mammalian speciesdifferintheirresponseto peroxisome proliferators(Lake and Gray,

1985;Rodricksand TurnbulL 1987).Ratsareconsideredstrongresponders,and guinea

pigsand nonhuman primateslow tonon-responders(Svoboda etal.,1967;Orton etal.,

1984-1Lake and Gray, 1985;Elcombe and NEtchefl,1986). Sfightto no increasein

peroxisomeswere found inhuman patientstreatedwithcolfibrate(Hanefeld,Kemmer and

Kadner, 1983)and fenofibrate(Blumcke elal.,1983),drugsused inthetreatmentof

hypercholesterolemiaand known pero)dsome proliferatorsinrodents.Many hypothesize

thatifa causalrelationshipdoes existbetween peroxisomeproliferationand

hepatocarcinogenesis,itisspecificto rodentsand nota riskto man (Tucker and Orton,

1993).

Otherwefldocumented effectsofperoxisomeprofiferatorsinrodentsincludeinhibitionof

mitochondria0-oxidation(Elcombe and Mitchell,1986-1Eacho and Foxworthy, 1988;
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Foxworthy and Eacho, 1988-1Lock, Mitchelland Elcombe, 1989-1Wallace,1998),

inductionofperoxisomal0-oxidationand co-o)ddationintheER (Reddy and Lalwani,

1983,Hawkins elal.,1987),inductionof L-FABP expression(Bass,Manning and

Ockner, 1985;Das, Gourisankarand Mukhedea, 1989-1FleischneretaL, 1975),

cholestasis(Elcombe and Mitchell,1986;Foxworthy and Eacho, 1988;Lock elal.,1989-1

Van Rafelghem etal.,1988)and hepatomegaly(Moody etal.,1991).

FA rryA ciD CA TABoLism iN THE HEPA TocyTE

Free fattyacids(FFAs),formed by thebreakdown oftriacylglycerolsstoredinadipocytes,

arecarriedinthebloodby serum albuminand transportedintohepatocytesby what is

thoughttobe a plasma membrane bound fattyacid-bindingprotein(FABPpm) (Stremmel,

Strohmeyerand Berk, 1986;Stremmeletal.,1985). Once inthecell,FFAs arepickedup

by L-FABP and,under routineconditions,themajorityaretransportedto the

nutochondriaforP-oxidation,a processby which FAs aredegradedto acetyl-CoA by the

sequentialremoval of two carbonsegments(Moran and Scrimgeour,1994).NEtochondfial

0-oxidationiscoupled to thegenerationof highenergyphosphatebonds viaoxidative

phosphorylation,and resultsinthesynthesisof ATP and ketonebodies.In orderto gain

entryintothemitochondfia,FA must firstbe convertedto acyl-CoA estersby acyl-CoA

synthetases,FA specificenzymes locatedinthenu'tochondfialoutermembrane (Singh,

Derwas and Poulos,1987).The rateofFA entryintothemitochondriaisregulatedby

camitineacyl-transferaseI,a secondenzyme locatedintheoutermembrane ofthe

rnitochondfia,which convertsacyl-CoAesterstoacylcamitines(Murthy and Pande,

1987).Once insidethernitochondria,acylcamitinesareconvertedback to by acyl-CoA
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estersby camitineacyltransferase11,and degraded by mitochondrial0-oxidationtoacetyl-

CoA (McGarry and Foster,1980;Bieber,1988).Acetyl-CoA isshuttledintothecytosol

by thecitratetransportsystemforcholesteroland lipidsynthesis(Stryer,1994).The key

factorregulatingtherateofmitochondrial0-o3ddationistheamount ofFA enteringthe

rrutochondriawhich,as statedabove,iscontrouedby camitineacyl-transferase1. The

activityof camitineacyl-transferaseIiscontrouedby theabundance ofmalonyl-CoA, the

firstconunittedintermediateinFA synthesis(McGarry and Foster,1980).According to

Bass elal.(1993),under conditionsofincreasedFA biosynthesis,malonyl-CoA

productionisincreased.Malonyl-CoA isproduced from acetyl-CoAina reaction

catalyzedby acetyl-CoA carboxylase,an enzyme controfiedby reversiblephosphorylation

respondingtohormone signalsand thepresenceof fattyacyl-CoA (Moran and

Scrimgeour,1994).When fattyacyl-CoA levelsarelow,acetyl-CoAcarboxylaseactivity

ishigh.Thisenhancestheconversionofacetyl-CoAto malonyl-CoA. When malonyl-

CoA isplentiful,theactivityofcamitine-acyltransferaseIislimited.This causestherate

ofrnitochondrial0-oxidationtodecrease;FFAs to accumulate;acyl-CoA productionand

hence cholesterolsynthesisto slow;and the ratesof alternateroutesofFA catabolism,

peroxisomal0-oxidationand a)-oxidationintheendoplasrr@creticulum(ER),to increase

(Lock etal.,1989).

Pero)dsomal0-oxidationisnorma4 responsibleforcatabolizingmost,ifnot all,ofthe

verylongchainfattyacidsbroughtintothehepatocyte(Singhelal.,1981;Singhetal,

1984;Lazo etal.,1990;Jakobsand Wanders, 1991).Thissystemisalsocapableof

oxidizingmedium and longchainFAs and previouslyactivatedCoA estersof medium and
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longchaindicarboxylicacids.Under normal conditions,however,mitochondrial0-

oxidationisthedominantrouteof catabolismforsuch substrates(Singhetal.,1987).

Peroxisomal0-o)ddationproceedsthroughsimilarstepsas does rr@tochondrial0-

oxidation,however, importantdifferencesexist.First,theenzymes used ineach process

aredifferentproteins(Hashimoto,1987).Secondly,peroxisomal0-oxidationdoes not

degrade FAs to theirtwo carbonfragmentsas does rnitochondn'al0-oxidation;rather,

pero)dsomal0-o)ddationstopsaftera few cycles,onlyshorteningthecarbon chain

(Lazarow, 1978;Thomas etal.,1980).Thirdly,peroxisomal0-oxidationisnot coupled

toan electrontransportchainand oxidativephosphorylationasismitochondrial

oxidation(Lq7a ow and de Duve, 1976;N4annaertsetal.,1979). Thus,while

rrutochondrialP-oxidationproducesATP and ketonebodies,peroxisomal0-o)ddation

produceshydrogen peroxideand heat.The rateof pero)dsomal0-oxidationisthoughtto

be controlledby substratesupply,specificallytheactivityof acyl-CoA oxidase,which

reducesmolecularoxygen to hydrogenperoxideinthefirststepofperoxisonial

oxidation(Mannaertsetal.,1979;Myazawa etal.,1983).Like substratesfor

mitochondrial0-oxidation,substratesforpero)dsomal0-oxidationmust be esterifiedto

theiracyl-CoA derivatives;however,peroxisomalP-oxidationisnotdependent on

camitineacyltransferase1,asisn-@tochondrialP-oxidation(Mannaertsand Van

Veldhoven,1993).

co-OxidafionintheER, a P450 rvalmediatedprocess,isresponsibleforconverting

monocarboxylicacidsto dicarboxylicacids.DicarboxylicacidsareactivatedintheER by
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dicarboxylyi-CoAsynthetase,an enzyme absentinrm'tochondriaand peroxisomes. CoA

estersof dicarboxylicacidsarealmostentirelydependenton mitochondrial0-o)ddationfor

catabolism(Suzukietal.,1989). The ER alsooxidizesbfleacidintermediatesand isable

to esterifyverylong chainfattyacids(Singhand Poulos,1988;Lazo etal.,1990). A

prerequisiteof esterificationisactivationofFAs to theirCoA derivatives(Mannaertsand

Van Veldhoven, 1993). co-OxidationintheER isenhancedincasesofFA overload(eg

uncontrofleddiabetes)or inhibitionofmitochondrial0-o)ddafion(Mortensenand

Gregersen,1981;Golden and Kean, 1984;Mortensen,1986;Vianey-Liaud etal.,1987);

and likeperoxisonial0-oxidation,a)-oxidationisnot dependenton camitineacyl

transferaseI(Mannaertsand Van Veldhoven,1993).

HypoTHFsis

As statedabove,exposure toFCs leadsto mitochondrialinhibition,cholestasis,

pero)Usome proliferatior@and tumor formation*inrodents.Three oftheseendpoints-

mitochondrialinhibition,cholestasisand pero)dsomeproliferation- aredirectlylinkedto

FA metabolism.This studywas designedto testthehypothesisthatan initialstepinFC-

inducedpero)dsomeproliferationisdisplacementof FAs from L-FABP by FCs. This

hypothesisissupportedby thefactthatL-FABP hasbeen shown to bindnongenotoxic

peroxisomeprofiferators,includingcertainFCs, in vitro(Vanden Heuvel, 1996;Issemann

etal.,1992),with relativestrengthsofbindingthatparalleltheirabilityto elicit

peroxisome proliferation(Brandesetal.,1990;Kanda elal.,1990;Cannon and Eacho,

1991).Accordingto thetheoryunderquestion,upon displacementofFAs from L-FABP,

theintraceuularlevelsof fattyacyl-CoA would decrease.Thiswould increasetheactivity
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ofacetyl-CoA carboxylaseand enhance the conversionofacetyl-CoA tomalonyl-CoA.

An increaseinthe levelofmalonyl-CoA would represstheactivityof camitine

acyltransferase1,and inhibitmitochondrial0-oxidation.(0-oxidationinthe ER would be

enhanced,increasingthe productionofdicarboxylicacids.PPARs would be activated,by

thebindingofFAs or metabolicintermediatessuch asdicarboxyhc acids,and specificgene

transcriptionof acyl-CoA oxidase,L-FABP and P450 IVAI would be induced.A positive

relationshipbetween the amount ofL-FABP and therateof peroxisomal 0-o)ddafionhas

been found (Appelkvistand DaUner, 1980),and the levelof acyl-CoA o)ddase isthought

to determinetherateofperomisomalP-o)ddafion(Mannaerts etal.,1979;Nbyazawa etaL,

1983).Thus, increasedtranscriptionofacyl-CoA o)ddaseand L-FABP would increase

ratesof peroxisomal 0-o)ddationand elicitperoxisome prohferation.InducfionofP45c@vA,

genes would furtherincreasetherateofe)-o)ddationintheER. Cholesterolsynthesis

would eventuallycease inresponseto rnitochondrialinhibitionand lackof acetyl-CoA

production,and decreasedesterificationby theER due to decreasedacyl-CoA. This

would leadtocholestasis.The mechanisms by which carcinogenesiscould be induced or

promoted willnot be discussed.
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MATERIALS AND METHODS

MATERIALS

Wyeth-14,643 (WY) was obtainedfrom ChemSyn ScienceLaboratories,Lexena, KS; FCs

were providedby 3M SpecialityChenu'calsDivision,St.Paul,MN; OptifluorLSC-

cocktailwas obtainedftom thePackard InstrumentCompany, Meriden, CT, ANUCON

YM-5 membrane was purchasedfrom Amicon Corporation,Lexington,MA; BCA Protein

Assay was obtainedfrom PierceCherificalCompany, Rockford, IL;and II-(S-

Dimethylaminonapthalenesulphonyl)-undecanoicacid(DAUDA) was purchased from

MolecularProbes,Eugene, OR. AJIotherchemicalswere obtainedfrom VWR Scientific,

West Chester,PA.

ANP@uLs A" TREATMENT

Male ratsand guinea pigs,6-8 weeks of age,weighing between 150 and 250 grams were

purchasedfi7omCharlesRiver Labs, Wilmingtor@ NiA. Following an adaptationperiod of

one week afterarrivalat3K animalswere weighed, ear-taggedand exposed. The

treatmentgroups consistedofthefollowing:

1.Guinea Pig VehicleControl-Tween 80, 2% (n = 4);

2.Rat VehicleControl-Tween 80,2% (n = 4);

3.Guinea Pig FC I - FC I inTween 80, 2% (n= 4);and,

4.Rat FC I -FC I inTween 80, 2% (n = 4).

Alltreatmentswere adniinisteredby intraperitoneal(ip)injection.The vehiclecontrol

groups were dosed at5ml / kg body weight 2% Tween 80. The FC I groups were dosed at
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5 n-d/kg body weight with a suspensionof 32 mM FC I inTween-80, 2% (86 mg FC I

kg body weight) - Allanimalswere housed individuallyincontrolledenvironments and

observed formortalityand clinicalsignsoftoxicityduringthefirstfour hours afterdosing,

at24 hours,and dailythereafterforthedurationofthe study.Animals were sacrificed

with C02 12 days afterdosing.Body weights and selectedorgan weights (liver,kidneys,

testes)were recorded atnecropsy.Organ tissuesand body fluidswere storedfrozenat-

70'C forbiochemical analysisorin I0*/obuff@redformaldehyde forsubsequent

histologicalanalysis.Selectedfiverswere perfusedwith and storedingluteraldehydefor

fiiturehistologicalanalysisby fightmicroscopy.

PURMCATION OF L-FABP

Proteinpurificationwas performed attheUniversityof San Francisco,CA (UCSF) Liver

Research Center. Three frozenlivers(ratFC 1,guineapig vehiclecontrol,and guinea pig

FC 1)were shipped indry icefrom 3M to UCSF. These liversand one freshliver,from a

non-treatedrat(control)sacrificedatUCSF, were purified.

Frozen livers(approximatelyIOg each)were thawed and weighed. The freshliver

(approximatelyIOg) was isolatedand perfusedwith isotonicsaline.Each liverwas

homogenized 300/o(w/v) inice-coldIOmM potassiumphosphate buffer,pH 7.4,using a

Teflon-glassPotter-Elvehjemtissuehomogenizer. The homogenates were centrifugedfor

20 minutes at 10,000g ina SorvallsuperspeedRC2-B centrifugemaintainedat40C. The

supernatantswere removed and subsequentlycentrifugedforone hour at3840,000 rpm

(4'C) ina Beckman L7 Ultracentrifuge.The resultingsupernatant(cytosol)was labeled

with 0.5gCi
of I_14C oleatetotracetheL-FABP duringpurification,

16



P,urificationstepswere performed ina cold room at40C. The cytosolwas loaded on a

Sephadex G50 M column (5x 60 cm) equdibratedwith IOmM potassium phosphate

buffer,pH 7.4. Proteinwas elutedfrom thecolumn ata flow rateofapproximately1.4

ml/minute.One hundred fractionswere collected(approximately14.5mi/fraction).

OptifluorLSC-cockt" (5 n-d)was added to a 20gl aliquotofeach fractionand a Packard

Tn*-carb4530 scintillationcounterwas used to assessL-FABP activity.Fractionswith L-

FABP activitywere pooled and concentratedto approximately5ml usinga vacuum filter

apparatusfittedwith an ANUCON YM-5 membrane. Guinea pigsamples (controland

FC I treated)were concentratedand frozenatthispoint.Rat samples (controland FC I

treated)were furtherpurifiedasfollows.

The concentratedsolutionwas loaded on a Sephadex G50 (fine)gelfiltrationcolumn (2.5

x 45 cm) equilibratedwith IOmM potassium phosphate buffer,pH 7.4. The flow ratewas

approximately0.9 mi/n@nute. Sixtyfractionswere collectedata volume of

3.48mi/fraction.The fractionscontainingL-FABP activitywere pooled and concentrated

to approximately 5n-@.The concentratedcytosolwas dialyzedovernightat4'C against

30mM Tris-HCL pH 9,using a SpectraporeMembrane MWCO 3,500. The sample was

then appliedto a DEAE-ceflulose column (Whatman DE-52, 1.25x 15cm or 2.5 x 15cm)

previouslyequilibratedwith 30mM Tris-HCI,pH 9,(degassed).The column was eluted

with30mM Tris-HCL pH 9,(degassed)followedby a lineargradientofNaCl (0-0.2W in

30mM Tris-HCL pH 9. The flowratewas approximatlyIml/minute.Twenty fractions,

7.8 mi each,were couected.
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Homogeneity of thefinalratcontroland ratFC I fractionswas assessedusingsodium

dodecylsulfate/polyacrylamide-gelelectrophoresis(SDS PAGE) analysis,and confirmed

by theappearanceof a dominantproteinband atmolecularweight (MW) 14,000 Daltons

(Da.)(Figure4). Proteinconcentrationofallsampleswas determinedusingthe

bicinchonicacid(BCA) proteinassayby PiercewithBSA as thestandard(Table1).

None of thesamples were defipidated.

FiGuRE 3 - SDS PAGE ANALYSIS OF FRACNONS FOLLOWING PURIFICANON OF L-FAB

FROM RAT LRVER CYTOSOL.

Marker M, valuesareshown.

RAT CONTROL L-FABP

AK
-as

-57

-36

-18

RAT FCIL-FABP

44

-57

-34

-14
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TABLE I - P'ROTF-TNCONCENTRATION-
Proteinconcentrationwas determinedusing the BCA proteinassaywith BSA asthe

standard.Values are a mean ± standarddeviationof 2 trials.

FRACTIONS
-1-L)I'ALPKO itiN

CONCENTRATION (gg/ml)

PURI_FIED

Rat Control
123.1± 13.7

Rat FC 1
308.8± 1.4

PAR 77ALL Y PURIFIED

GuineaPigVehicleControl 1755.7± 10.1

Guinea Pig FC 1 1021.0 ± 129.7

FLUORESCENCE MEASURENENTS

Fluorescencemeasurements were based on thework ofWilkinson and Wilton (1986).AU

assayswere carriedout atroom temperatureusing a slitwith of 5mn ina SPEX 1681

0.22m spectrometer,SPEX Industries,Incorporated.A stocksolutionof DALTDA,

0.1mM, was prepared by slowlyadding 50mM potassium phosphate (KH2PO4) buffer,pH

7.2,to ImM DAUDA inmethanol. AU furtherdilutionsofDAUDA were in50mm

KH2PO4, pH 7.4. AU dilutionsofL-FABP samples were in50mM KH2PO4, pH 7.4. AR

FCs, WY and oleicacidwere dissolvedinmethanol. AU measurements were made after

bindinghad reached equilibrium.

FLUORESCENCE CHARA CTERIZA TION

Emission and Excit Ltion laxima and AverageMaximum FluorescenceIntensiiy

The maximum emission and excitationwavelengths (nm) and averagemaximum

fluorescenceintensity(FI)(cpm) were determinedforI;LM DAUDA bindingto each L-
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FABP sample.L-FABP, from originalundilutedstock,was added to 2n@ IgM DALJDA in

aliquotsof 1.6-114@il(dependingon theconcentratonof protein)untilno furtherchange

inemissionor excitationwavelengthor Fl was detected.The rangeof protein

concentrationsanalyzedforeach L-FABP sample was 0.1gM-3 gM. Excitationscans,

from 250-400nm usingan emissionwavelength of 500nm, and emissionscans,from 350-

600mn upon excitationat350nm, were performed witheach addition.Fl (Em. 500nm,

Ex.,350run)was measured followingeachadditionofL-FABP. Curves of FI versus

concentrationof L-FABP, representingan average± standarddeviationof 3 trials,were

constructedforeach L-FABP sample. The threehighestFl valuesforeach curvewere

averagedto determinetheaveragemaximum FI forDALTDA bindingto each sample.

SpecificDALTDA Binding

TotalbindingofDAUDA (0-8pM) toeachL-FABP samplewas determinedby adding2-

20pl aliquotsof 0.1mM DALTDA to2ml IgM L-FABP. IncreasedFl (Em. 500nm, Ex.,

35Onm) due to the bindingofDALTDA toproteinwas measured.Nonspecificbindingwas

assessedby saturatingL-FABP bindingsiteswith oleicacidand performingthe same

titration.Afiquots,2-20pl,of 0.1mM DAUDA were added to a 2mi solutionof I4M L-

FABP and IOOGI oleicacid.SpecificbindingofDAUDA toeach L-FABP sample was

determinedby subtractingnonspecificbindingfrom totalbinding.

ANAL Ysis OF THE EFFECT OF FCs OF L-FABP

CalculationofD A Binding ConstanALTD Is

Kd and Bmax valueswere detemiinedforeach protein.Specificbindingwas transformed

tounitsofbound DAUDA (gM) by dividingthespecificFI(cpm) by themaximum Flper
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IPM DAUDA (cpm) foreach L-FABP sample. Computer assistednonlinearregression

(GraFitVersion 3,ErithacusSoftwareLimited)was used toconstructcurvesof specific

bound DAUDA versusfreeDAUDA representingan averageof 3-6 trials.The following

equationwas used,Bound = ([L]x Bmax)/(Kd + [L]).

CalculationofOleic Acid ICio@s

The concentrationof oleicacidwhich inhibits50% of specificDAUDA binding,theIC5o,

was calculatedforeach combination of oleicacidand L-FABP sample. Cuvettes

contained2ml lpM L-FABP and IpM DAUDA. Oleicacid,lmM in 10% methanol,was

added in0.4-20 @Llaliquots.FI (cpm) (Em. 500run,Ex. 350nm) due tothe bindingof

DAUDA toproteinfollowingeach additionwas measured. Curves ofpercentinhibition

of specificDAUDA bindingversusoleicacidconcentration,representingan average ±

standarddeviationof 3-6 wWs correctedfortheeffectofmethanol,were constructed.

ANALYSIS OF THE P07ENCYOF VApiousFCSFORBiNDiNGToL-FABP

Compr,titiveBinding ExMriments -CalculationofIC5o:-s

Cuvettescontained2 ml IpM ratcontrolL-FABP and IpM DAUDA. Ligands,ImM

(FCs and )&rYin 100% methanol,and methanol in50mM KH2PO4. pH 7.2),were added in

0.4-200 aliquots.Fl (cpm) (Em. 500nm, Ex. 350nrn)due thebindingof DAUDA to

proteinfollowingeach additionwas measured. Curves ofpercentinhibitionof specific

DAUDA binding versuscompetitorconcentration,repmsenting an average ± standard

deviationof 3-6 trialscorrectedfortheeffectofmethanol were constructed.The

concentrationof each competitorwhich inhibited50% of specificDAUDA binding,the

IC5o,was calculated.
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RESULTS & DISCUSSION

FI,UOR&SCENCE MEASUREMENTS

FLUORESCENCE CHARACTERIZATION

EmissionandExcitation-Ma&iM.UM

The emissionand excitationspectraofeach proteinbindingDAUDA was analyzedto

determinetheoptimalconditionsforthestudy.The maximum emissionand excitation

wavelengthsforaU proteinswere approximately500 and 350runrespectively(Table2).

Values forguineapigL-FABP samples were slightlyhigherthanthoseforratsamples.

This differenceislikelybecauseguineapigsamples were onlypartiallypurified;thus,more

cellulardebrisremainedtopotentiauyinterferewithDAUDA binding,and lessL-FABP as

a proportionoftotalproteinwas present.A "blueshift"inbothemissionand excitation

wavelengthoccurredupon theadditionofeach L-FABP sample toDAUDA. Excitation

wavelengthshiftedfrom approximately330 to340nm (Figure4),and emissionwavelength

shiftedfrom approximately550 to500nm (Figure5).Thisshiftingofwavelengthis

characteristicofDAUDA bindingtoa nonpolarsiteon L-FABP (Wilidnsonand Wilton,

1986).AccordingtoThumser etal.(1994a),DAUDA onlybindsone of thetwo oleate-

bindingsitesof L-FABP. Due tothestringentconformationalrequirementsof primary

sitebinding(internalizedcarboxylate/polargroup and a U-shaped

hydrocarbon/hydrophobicchain),DAUDA most likelybindsthesecondarysite.Similar

shiftingof fluorescencewavelengthand emissionand excitationmaxima were found by

Wilkinsonand Wilton (1986)andThumser, Vosey and Wilton (1996).
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TABLE 2-ENflssioNAND ExcITATION MAXIMA.

Fluorescenceemissionmaxima (run)were measured upon excitationat350nm. Excitation
maxima (run)were measured usingan emissionwavelengthof500nm. L-FABP was added

to IW DALTDA untilno finiherchange inemissionor excitationwavelengthwas
detected.Each value isan average± standarddeviationof 3 trials.

SAWLE ENUSSION EXCITATION

MAXRvfUM (nin) MAXWUMina)

DALTDA only 551.33 ± 1.53 331.00 ± 1.00

Rat ControlL-FABP 502.67 ± 4.62 344.33 ± 2.08

Rat FC IL-FABP 502.33 ± 4.04 339.67 ± 6.66

Guinea PigVehicleControlL-FABP 511.00 ± 7.81 340.67 ± 5.13

Guinea PigFC I L-FABP 511.00 ± 7.81 333.67 ± 1.15

FIGURE 4 - ExcrrATION MA)M,,4A.

Fluorescenceexcitationmaxima (run)were measured usingan emissionwavelength of
500tun.L-FABP was added to2nilIgM DALTDA untd no furtherchange inexcitation
wavelengthwas detected.Each curveisrepresentativeof 3 trials(IgM DAUDA, 3gM L-
FABP). KEY: a = Guinea Pig FCI L-FABP; b = Guinea Pig VehicleContirolL-FABP; c Rat FCI L-

FABP-, d Rat ControlL-FABP.

d
c

b

a

Wavokwigth (mn)

360 3iO 4m
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FIGURF, 5 - ENUSSION MAXIMA.
(m) weremeasuredupon excitationat350run.L-FABPFluorescenceemissionmaxima

was added to2tW IgM DAUDA untilno furtherchange inemissionwavelength was

detected.Each curve is representative of 3 trials.
KEY: a - 0 DAUDA. 0 L-FABP, 5omM KH2PO,; b = IgM DAUDA, 0 L-FABP-,c = IpM DAUDA.

0.IgM L-FABP; d = lpM DAUDA, 0.5pM L-FABP,,c IgM DALIDA. IgM L-FABP: f IgM

DAUDA, 3pM L-FABP.

RAT CONTROL L-FABP RAT FC I L-FABP

f f

e

d d

c c

b b

a a

4n

GungEA PIG V ONTROL L-FABP GUNEA PiG C IL-FABP

f
f

e

d

d
c

c

b
b

a
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Average Maximum Fluorescence Intensity

The average maximum Fl (cpm) of Igm DALTDA bindingto L-FABP from FC I treated

and non-treatedanimals didnot substantlaflydiffer.The average maximum Fl was

approximately850,000 cpm forratL-FABP samples,and 660,000 cpm forguinea pigL-

FABP samples (Table3).Maximum Fl was reached foflowingthe additionof IPM rat

controlL-FABP, 2.5gM ratFC I L-FABP, 2.5gM guineapigvehiclecontrolL-FABP and

2gM guineapigFC IL-FABP (Figure6).The lower the affinityof receptorforprobe,the

highertheconcentrationofreceptorneeded forbinding,and viceversa(Matthews, 1993).

Thus, thesedata suggestthatthe ratFC I L-FABP sample had a decreased affuiityfor

DAUDA ascompared to theratcontrolL-FABP sample,and thattheguinea pigFC I

sample had an increasedaffinityforDALTDA ascompared to theguinea pig vehicle

controlL-FABP sample. The average maximum FI forguineapig samples was 77.6%

lower thanthatforratsamples. This may be due tothe impurityofthe guinea pig samples

resultingina high degree of interferenceinDAUDA bindingand a lower concentrationof

L-FABP as a proportionoftotalprotein.

TABLE 3 -MAXMUM Fl OF IMM DAUDA.

Cuvettescontaining2 rniIVM DAUDA were titratedwith ratand guineapig L-FABP

samples (0.1mM) to determinethemaximum FI of Igm DALTDA bindingto each sample.

Three trialsper proteinwere performed. Values arethe average± standarddeviationof

the3 highestaverage Fl valuesper protein.

L-FABP SANTLE MANIMUM Fl(cpm)

Rat Control 848,093 ±13,639

Rat FC 1 852,438 ± 24,776

Guinea Pig Vehicle Control 655,348 ± 63,812

Guinea Pig FC 1 669,632 ± 33,619
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Fic,uRE6- AvEgAGEMAXD4umFloF ILI DAUDA.Flvs[L-FAB-EL

Cuvettescontaining2 ml IpM DAUDA were LitratedwithratandguineapigL-FABP

samples(0.1mM) todeterminethemaximum Flof Ipm DALTDA bindingtoeachsample.

Fl,due tothebindingofDAUDA toprotein,was measuredaftereachaddition.Each

curveisan averageof 3 trials.

900000-

800000 ----------------------- --------

700000 -@ ------------- ---- ------ . . t

600000 ------------- .. ... ... .......

E 5ooc)oo- - - - - - - - - - - - - -- - - - - - - - - - - - - - - Ratcontrol
CL0
= 400000 - - - - - - - - - - - - - - - - - - - - - -- - - - - - 0 RatPFOS
LL

300000 ------ - --- - ---------------- GuineaRg V.Control

200000- ----------------------- Gurea PigPFOS

100000 ---------------------------

0
0 0.1 0.3 0.5 1 1.5 2 2.5 3

[L-FAEF] (W)

SpgcificDAUD Binding

Because of itswell documented high affinityfor L-FABP (Thumser eral.,1994 a,b;

Thumser and Wilton, 1994-.Thumser etal.,1996; Thumser and Wilton, 1995), oleicacid

was chosenasthedisplacingligandtodeterminenonspecificbindingofDAUDA toL-

FABP. Excessoleicacidwas addedtooccupy allL-FABP bindingsitesand preventthe

specificbindingofDAUDA toL-FABP. DAUDA was titratedintotheassayand FI,due

tononspecificbinding,was observed.Totalbindingwas determinedby performingthe

assayintheabsenceof oleicacid;specificbindingwas calculatedby subtracting

nonspecificbindingfrom toW binding.AbsoluteFlvaluesaregiveninTable4. The

breakdown oftotalbindingintopercentspecificand nonspecificbindingisshown in

Figure7.
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TAgLE4 -lLiMDAUDA RNPNG To IUM L-FABP.
TotalbindingofDAUDA toeach L-FABP sample was determinedby addingaliquotsof
0.1mM DAUDA to2ml IgM L-FABP. IncreasedFI due tothebindingof DAUDA to
proteinwas measured. Nonspecificbindingwas measured inthepresenceof lOOpM oleic
acid.SpecificbindingofDAUDA toeachL-FABP sample was determinedby subtracting
nonspecificbindingfrom totalbinding.Valuesarean average± standarddeviationof 3-6

trials(cpm).

L-FABP SAMPLE TOTAL NONSPECIFIC SPECIFIC

Rat Control 818,000 ± 124,000 78,000 ± 26,000 740,000± 124,(M

Rat FC 1 302,000± 81,000 96,000 ± 21,000 206,000 ± 81,000

Guinea PigV. Control 219,000 ± 138,000 92,000 ± 23,000 127,000 ± 138,000

Guinea Pig FC 1 162,000 ± 15,000 94,000 ± 65,000 68,000 ± 15,000
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Fic;ugE7 -DAU A BINDING.
Total bindingofDALTDA toeach L-FABP sample was determined by adding aliquotsof

0.ImM DAUDA to 2mi IpM L-FAB P.IncreasedFl due tothebinding of DAUDA to

proteinwas measured. Nonspecific bindinc,was measured inthepresenceof IOOPM oleic

acid.Specificbinding ofDAUDA toeach L-FABP sample was determined by subtracting
nonspecificbindingfrom totalbinding.Values arean averageof3-6trials.

RAT CONTROL L-FABP

Nonspecdic

10%

Spocdic

90%

RAT FC-i- L-FABP

Nonspecific

320/a

Speclic
68%

GUINEA PIG VEHICLE CONTROL
L-FABP

Nonspecific

Specdic
42*/.

58%

GUINEA PIG FCa L-FABP

specific

spec
42%

c;;@
Non

58%
ific
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Specificbindingof DALJDA toratcontrolL-FABP representedapproximately900/oof

totalbinding,whilespecificbindingofDAUDA to ratFC I L-FABP accountedforonly

68% oftotalbinding.When a figandhaslower affinityfora receptor,a largerproportion

of totalbindingisnonspecific(Matthews,1993);thus,thesedatasuggesttheratFC IL-

FABP samplehad a threefoldloweraffinityforDAUDA thantheratcontrolL-FABP

sample. Thisisconsistentwiththeresultsoftheaveragemaximum Fl analysisof therat

L-FABP samples,which alsosuggeststheaffinityof L-FABP forDALJDA was decreased

intheFC Isample.Less ofa dfferencewas seenbetween thetwo guineapigL-FABP

samples.Specificbindingof IgM DALJDA to IgM L-FABP represented58% oftotal

bindingintheguineapigvehiclecontrolL-FABP sample,and 42% oftotalbindinginthe

guineapig FC I sample.The datasuggesttheguineapigFC IL-FABP sample had lower

affir@tyforDALJDA thantheguineapigvehiclecontrolL-FABP sample. This isnot

consistentwiththeresultsoftheaveragemaximum Fl analysis,which suggesttherelative

affinityof theguineapigFC IL-FABP sample was higherthanthatfortheguineapig

vehiclecontrolL-FABP sample. Thisinconsistencymay be due tothecrudenessof the

guineapigsamplesgivingriseto a highdegreeof interferenceinthebindingof DALFDA

to L-FABP.

The overahcrudenessof theguineapigL-FABP samples,as compared to theratL-FABP

samples,isreflectedina lowerabsolutetotalDALYDA binding(cpm),a higherpercent

nonspecificbindingand a lower percentspecificbinding.
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A,VALYSIS OF THE EFFECTOF FCs ONL-FABP

CalculationofDAUDA Bindini!Constants

DAUDA bindingconstantswere calculatedforeach L-FABP sample. The purpose of this

analysiswas toassesstheeffectof FC I on thefunctionalityof L-FABP: and toconfirm

theresultsshown thus far,which suggesttheaffinityofL-FABP forDAUDA was

decreasedinFCl treatedratL-FABP samples, and thatguineapig L-FABP samples were

too impure toaccuratelyanalyze.

The maximum bindingcapacityorreceptornumber (Bmax) of each L-FABP sample and

thedissociationconstantor affinity(Kd) ofeach L-FABP sample forDAUDA were

determined using computer assistednonlinearregression(Table5 and Figure9). Specific

bindingof DAUDA toeach L-FABP sample was convertedtogM by dividingthe FI

(cpm) due tospecificDAUDA binding(Table4) by theaveragemaximum Fl (cpm) per

IWM DAUDA foreach L-FABP sample (Table3).

The Bmax ofratcontrolL-FABP was nearly14M. This agreeswith thework of Thumser

etal.(1994 a,b),Thumser and Wilton (1994) and Tbumser etal.(1996)who allfound

DAUDA tobind toone oftheoleicacidbindingsiteson L-FABP. The Bmax fortherat

FC I L-FABP sample was approximately0.35@LM, suggestingthecapacityofratFC I L-

FABP tobind DAUDA was nearlyone thirdthatof ratcontrolL-FABP. One possible

explanationforthisdecreasedcapacityisthatFC I isbound toL-FABP inthe FCl sample,

renderingfewer availablebindingsitesand allowinglessDAUDA tobind.The rigidtailof
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FC I (Zisman, 1964)and strictconformationalrequirementsforprimary sitebinding toL-

FABP (Thompson etal.,1997) suggestFC I bindingwould occur inthesecondary binding

site.Another possibleexplanationisthatthevehicle(Tween 80,2%) somehow affected

thebindingofDAUDA toL-FABP intheFC I treatedsample. This isunlikely,however,

sinceTween 80 isa mild,non-ionicdetergent,designed toallow solubilizedproteinsto

retaintheirnativestructure(Sigma, 1998);and because a low concentrationof Tween 80

used (seemethods).This does pointout,however, theimportance of includinga vehicle

controlintheexperiment.

The Kds fortheratcontrolL-FABP and ratFC I L-FABP samples were not notably

differentand were comparable totheKd of0.38 t 0.02@LM found by Thumser etal.

(1996). Thus, althoughthedataforaveragemaximum FI and percentspecificbinding

suggesta decreasedaffinityofratFCl L-FABP forDAUDA ascompared toratcontrol

L-FABP, theKd and Bmax valuessuggestthemaximum bindingcapacity/number of

bindingsitesratherthanthebindingaffinitywas affected.

The Bmax oftheguinea pigvehiclecontrolL-FABP sample was much lower than

expected,0.28l@iM ascompared toapproximately l@iM fortheratcontrolL-FABP

sample. The Kd fortheguinea pigvehiclecontrolL-FABP sample was higherthan

expected,0.48@iM ascompared toapproximately0.34M fortheratcontrolL-FABP.

One possibleexplanationforthesedifferencesinresultsisthatratL-FABP and guineapig

L-FABP aredifferenl Although thecrystalstructureofguinea pigL-FABP has not been

deduced, sequence identityforFABPs ofthesame tissuetype from differentspeciesis
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approximately82-92% (R-ichieri,Ogata and Kleinfeld,1994).One can,therefore,expect

thebindingconstantsofcontrolguineapigand ratL-FABP tobe comparable.Other

possibleexplanationsforthisdifferencearethatthevehicle(Tween 80,2%) had some

effecton theL-FABP, orthatthecrudenessof theguineapigsample caused a greatdeal

of interferencewith thebindingofDAUDA toL-FABP. As mentioned above,theaffectof

Tween 80 ispresumably minimal; thus,thecrudenessof thesample islikelytobe toblame

fortheunexpectedbindingconstants.

As discussedpreviously,theresultsforspecificbindingofDAUDA toguineapigL-FABP

suggesttheguineapigFC IL-FABP sample had loweraffinityforDAUDA thanthe

guineapigvehiclecontrolL-FABP sample. This suggestionwas countertotheresultsfor

averagemaximum Fl,which indicatetheguineapigFC I sample had an increasedaff-inity

forDAUDA ascompared totheguineapigvehiclecontrolL-FABP sample.These

contradictorydata,when combined tocalculatea Kd and Bmax foreach guineapigL-

FABP sample,resultedina Kd fortheguineapigFC I L-FAB P sample thatwas about4.5

times thatof thevehiclecontrolsample,and a capacityof theguineapigFC 1 L-FAB P

sample thatwas about twicethatof theguineapigvehiclecontrolL-FABP sample.These

resultsareinconsistentand inconclusive,likelydue totheimpurityoftheguineapig

samples,asdiscussedabove.
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TABLE 5 -DAUDA 13INDTNG CONSTANTS@

Values are an averac

'

e ± standarddeviationof 3 trialsascalculatedby computer assisted

nonlinearregression.Bound = ([L]x Bmax)/(Kd + [LI).

L-FABP SAMPLE Bmax(jiM) Kd (g

Rat Control 0.987 ± 0.016 0.278 ± 0.020

Rat FC 1 0.345 ± 0.012 0.260 ± 0.063

Guinea Pig Vehicle Control 0.281 ± 0.043 0.480 ± 0.391

Guinea Pig FC 1 0.413 ± 0.060 2.240 ± 0.852

FiGuRE 8 - SPECERC BouND vs FREE DAUDA-
Computer assistednonlinearregressionwas used toconstructcurves of specificbound
DAUDA versusfreeDAUDA (Bound = ([L]x Bmax)/(Kd + [L])).Each curve isan

average of 3-6 trials.The reducedchisquare value foreach regressionwas as follows:rat

controlL-FABP, 3.83e-16;ratFCI L-FABP, 7.83e-16;guineapigvehiclecontrolL-

FABP, 6.12e-15;and guineapig FC 1L-FABP, 1.67e-15.
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C-alculaLionofOteicAcidIC,,O@s

An IC5owas calculatedforeachcombinationofoicicacidand L-FABP sample toassess

thefunctionalityofL-FABP from FC I-treatedand non-treatedratsand guineapigs.Oleic

acid,ImM in 10% methanol,was titraeedinto2 ml IgM L-FABP and IPM DAUDA. Fl

(cpm),duethebindingofDAUDA toprotein,was measuredfollowingeachaddition.

CurvesofpercentinhibitionofspecificDAUDA bindingversusoleicacidconcentration

were constructed(Figure9).Table6 shows thepercentinhibitionofspecificDAUDA

bindingby 24M oleicacidand theIC5ovaluesforeachL-FABP sample.As discussedin

theintroduction,oleicacidiscapableofbindingbothprimaryand secondaryL-FABP

bindingsites;and once a ligandhasbound theprimarysite,bindingtothesecondarysiteis

facilitated(Thompson etal.,1997).Thisrelativelyunconstrainedbindingof oleicacidto

L-FABP isreflectedina sharpdecreaseinFI (cpm)and an increaseinDALTDA-specific

bindinginhibitionupon theadditionofmicro-molarquantitiesofoleicacidtosolutionsof

L-FABP and DALJDA.

NinetyonepercentofspecificDAUDA bindingtoratcontrolL-FABP was inhibitedby

24M oleicacid;and theIC5oofoleicacidfortheratcontrolL-FABP sample was 0.01gM.

Thispercentinhibitionwas higherthanthatfoundby Tliumseretal.(1994b),'numser et

al.(1996)andThumser andWilton(1995),of80.5%,76% and 80% respectively,under

similarconditions.The percentinhibitionwas much lower(52%) and IC5o much higher

(0.5@LM)fortheratFC 1L-FABP sampleascompared totheratcontrolL-FABP sample.

ThissuggeststheabihtyofL-FABP from theFCI-treatedrattobindoleicacidwas

decreased.One explanationforthisdecreaseinfunctionality,isthatFC I was bound toL-
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FABP intheFC I treatedsample,renderingfewersitesavailabletobindoleicacidand

requiringmore oleicacidtoachieve50% inhibition.This agreeswiththeresultspresented

fortheanalysisofaveragemaximum Fl,specificDAUDA bindingand DAUDA binding

constantsinratL-FABP samples.

The percentinhibitionofspecificDAUDA bindingtotheguineapigvehiclecontrolL-

FABP sample upon additionof 24M oleicacidwas 93%; thatfortheguineapigFCI

sample was 63%. This issimilartotheresultsfortheratsamples;however,thecurvesof

percentinhibitionversusoleicacidconcentrationforratand guineapigsamples were very

different(Figure9).The curvesforratsampleswere hyperbolicwhilethecurvesfor

guineapigsamples were more linearand scattered.The resultingIC5ovaluesforboth

guineapigL-FABP samples were thesame, 0.24M oleicacid.The dataareambiguous,

and arelikelydue to thecrudenessoftheguineapig samples.

TABLE 6 - OLEic Acip Icio's& PERCENT INHrBrrION OF SpEcigc DAUDA BINDING,

The ICsoofoleicacidforeach L-FABP sample was calculatedby addingoleicacid,ImM
in 10% methanol,toa solutionof lpM L-FABP and IpM DAUDA. Values areIC5o'sof
oleicacidforeach L-FABP sample and percentinhibitionof specificDAUDA bindingby

2gM oleicacid.

L-FABP Sample OleicAcid IC5o(gM) % Inhibitionby 2pM oleicacid

Rat Control 0.01 91

Rat FC 1 0.5 52

Guinea Pig Vehicle Control 0.2 93

Gu'mea Pig FC 1 0.2 63
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FiGuRE 9- %.DAIJDA INHIBMON VS [OLEIC ACID] -

Oleicacid,ImM in 10% methanol, was added toa solutionof lpm L-FABP and IPM

DAUDA. Curves representan average of 3-6 trialscon-ectedfortheeffectofmethanol.

RAT L-FABP

100%

8(r/o---- ---------
0 60*/o-- -----------

-
o RatControl

-45- Ratrl_lI400/a------- -----

20% ... ... .....

0% 1 1 --! i
0.000.020.10020 1 2

[oloicacid)(W)

GUINEA PIG L-FABP

100*/.-

80*/---------------
GuineaPig

0
R 60*/----------- --- V.Control

GuineaPig
.E40-/.-------- ------ F4-7-

20% ---- ----

0.00 0.020.10 0.20 1 2
[olwc add] (IjM)

ANALYSIS OF THE POTENCY OF FCS FOR BINDING To L-FABP

Comi&titive Binding Expgriments - Calculation of ICso's

An IC5oof eachFC, WY and methanolwas calculatedforDAUDA bindingtotherat

controlL-FABP sample.Each ligandImM, in 100,clomethanol or 50mM KH2PO4, pH

- -----------------------

-------------------------

7.2)was titratedinto2ml IpM ratcontrolL-FABP and IpM DAUDA. The additionof
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competitorto L-FABP and DALTDA induceda shiftoferru'ssionwavelengthback towards

thecurveofDAUDA withno L-FABP (Figure10).ThisisindicativeofDALJDA being

displacedfrom a nonpolarbindingsiteon L-FABP, such asthesecondarybindingsite.To

varyingdegrees,similarshiftingand decreasesinFl occurredupon additionof each

competitor.Fl (cpm),due thebindingof DALJDA toprotein,was measured following

eachadditionofcompetitor;and curvesof percentinhibitionofspecificDALJDA binding

versusfigandconcentrationconstructed(Figure11).Table8 givesthepercentinhibition

of specificDALTDA bindingby IOpM competitorand theIC5ovaluesforeach competitor.

FC Iwas thestrongestinhibitorof specificDALJDA binding,with690/oinhibitionupon the

additionof IOW and an IC5oof4.9pM. FC4 was thenextstrongest,with 51% inhibition

upon theadditionof IOpM and an IC5,Dof 9.7pM. Wyeth followedFC4, with 500/o

inhibitionupon theadditionof 10@LK and an IC5oof IOW. FC3 and FC2 both inhibited

43% of specificDALJDA bindingupon theadditionof IOW and had IC5o'sgreaterthan

Io@im.

Thumser and Wdton (1996) suggestthatligandsforL-FABP need to have both a

hydrophobicand a hydrophihcdomain. Each FC and VTY fitsthisdescriptionto varying

degrees.Due to therigidtailoftheFCs and thebulkystructureofWY, itislikelythat

bindingof each of thesecompetitorsto L-FABP occursinthesecondarybindingsiteon

L-FABP. ItisconceivablethattheFCs bindwiththeirrigidhydrophobicCF tails,

analogoustothefle)dbleCH taflofoleicacid,inthesecondarybindingsiteand thatthe

polarhead groups of FCs aresolventexposed as isthecarboxylategroup on oleicacid.
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To reasonby structure,thevaryingpotenciesofeach FC to bindingL-FABP isdifficult.

Thompson etal.(1997) suggestthatanythinglargerthana C14 moleculemay requireprior

bindingintheprimary site.As was mentioned intheintroduction,Cg and Clo FCs arethe

most potentperoxisome proliferators.Itmay be thecasethatCs and Clo moleculesbind

most readilytothesecondarybindingsiteon L-FABP, notrequiringa molecule tobe

bound intheprimarybindingsite.AU ofthe FCs examined inthepresentstudywere Cg

molecules;thus,an analysisofchainlengthcannot be undertakenatthistime. The

disparatepotenciesofbindingL-FABP between FCs do notappeartobe due to

dfferencesinpolarityand hydrogenbonding ability.For example,FC2, having a very

polarcarboxylatehead group,and capableof extensivehydrogen bonding,has a higher

IC5othanFC4, which has a lesspolarhead group and lessabilityto hydrogen bond (see

Figure1).

The bindingofVrY to thesecondarybindingsiteon L-FABP isdifficultto reason.In

placeofthehydrophobic tail,presenton FCs and ofeicacid,VN hastwo aeromaticrings.

The confonnafionalflexibilityofL-FABP may accommodate thisbulkystructure

internally,and positionthecarboxylateexternally,ina solventexposed manner ableto

participateinhydrogen bonding. Thompson etal.(1997)alsospeculatethata third

bindingsite,locatedcompletelyon theexteriorof L-FABP, may exist.OrAy thefirstfew

carbonsofa molecule bindingto sucha sitewould be bound inan organizedfashion,the

remainingportionoftheligandwould be disordered.This,althoughhighlyspeculative,

may be thesiteof WY bindingto L-FABP.
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Methanol was chosenas thenegativecontrolbecausea non-peroxisomeproliferator,

similarinstructuretotheFCs beingresearched,has notbeenidentified-Upon the

additionof IOpM methanol,21% ofspecificDAUDA bindingwas inhibited.The IC5()of

methanolwas much greaterthanIOpM. Itisreasonabletosuggestmethanoliscapableof

weakly bindingthesecondaryL-FABP bindingsite,withtheCH3 groupinternallylocated

andtheOH group exposedtotheexterioroftheprotein.The structureofmethanol

rendersitan unlikelycandidateforloopingintoa U-shapeand participatinginprimarysite

binding.
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FIGURE 10 - CHROMATO-GRAM-
DAUDA induceda shiftofen@ssionThe additionofcompetitortoL-FABP and

wavelengthbacktowardsthecurveofDALTDA withno L-FABP. Thisisindicativeof
DALTDA beingdisplacedfrom a nonpolarbindingsiteon L-FABP. To varyingdegrees,
simflarshiftingand decreasesinFloccurredupon additionofeachcompetitor.The
exampleshown isforFC2 bindingratcontrolL-FABP.
KEY: a= lpMDAUDA, IpML-FABP;b= IPMDAUDA, I L-FABP, 10liMFC2;c= IPMDAUDA,

IpM L-FABP, 1511M FC2; d = IpM DAUDA, 1pM L-FABP, 20ILM FC2; e IILM DAUDA; f 0

DAUDA, 0 L-FABP, 5()MM KH2P04.
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FiGuRE II - % HlDrriON OF S T-)A R rNnNC, "re-r -ID OR],

Each competitor, ImM, was added to l@iM L-FABP and IpM DAUDA.
easurements

of FI were made upon each addition.Curves representan average of 3-6 trialscorrected

fortheeffectof methanol.

RAT CONTROL L-FABP
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TABLE 8 - I
C29 INHEBMON OF SPE= DALTDA BZQING.

The IC5oof each competitor fortheratL-FABP sample was calculatedby adding

competitor (lmM) to IVM L-FABP and lp@A DAUDA. Values are

the IC5o'sof each competitor and % inhibitionof specificDAUDA binding by 10@LM of

each competitor.

COMPETITOR IC50 % INHEBMON

FCI 4.9 69

FC4 9.7 51

WY 10 50

FC3 >10 43

FC2 >10 43

METHANOL >10 21
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CONCLUSIONS & FUTURE DIRECTIONS

Thisstudywas designedtoinvestigatethehypothesisthatcertainFluorocarbons(FCs)

bind toliverfattyacid-bindingprotein(L-FABP) and displaceendogenous fattyacids

(FAs) asan initialeventinperoxisome proliferation.To examine thishypothesis,the

kineticsofFA and FC bindingtoL-FABP were investigatedusingDAUDA, a

fluorescentlylabeledoctanoicacidanalogue.L-FABP from male rats(consideredtobe

strongresponderstoperoxisome proliferators)and male guineapigs (consideredtobe

weak or non-responderstoperoxisome prohferators)(Svoboda etal.,1967; Orton etal.,

1984; Lake and Gray, 1985; Elcombe and Mitchell,1986) were examined.

The firstgoal was toassesstheeffectofFCs on L-FABP functionas evaluatedby the

abilityof DAUDA tobind toL-FABP isolatedfrom ratsand guinea pigstreatedand not

treatedwith FC I invivo. Resultsshow a decreasedmaximum bindingcapacityof L-

FABP from FC1-treatedratswithoutan increaseinKd. This was demonstrated by a lower

Bmax, higheroleicacidIC5oand unchanged Kd inL-FABP from ratstreatedwith FCI as

compared tosamples from controlrats.These resultsarelikelydue toFC I binding tothe

secondary bindingsiteon L-FABP; thuspreventingthebindingof DAUDA toL-FABP.

Resultsforguinea pig L-FABP samples were inconclusive.This ispresumably because

guinea pigsamples were only partiallypurified,resultingina highdegree of interference

from remaining cellulardebrisand a lower concentrationof L-FABP, as a proportionof

totalprotein,ascompared tothemore highlypurifiedratsamples.A second attemptwill

be made toanalyzethedifferenceinresponsetoFCs seen inrodentand guinea pig L-

FABP. This analysiswillbe performedon fullypurifiedL-FABP samples.
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The second goalof thestudywas toassessthepotency of thevariousFCs forbindingto

L-FABP, assuggestedby IC50 values.Resultsindicatethemost potentL-FABP binderis

FC 1,followedby FC4, WY and (withequalIC5os)FC3 and FC2. Bindingof FCs toL-

FABP likelyoccursinthesecondarybindingsite;and thevarianceinpotency islikelydue

tostructuraldifferences.

Futurework willfocuson correlatingnew datawith theresultsof thisstudy,and relating

theeffectsseen inrodentsand guineapigstotherelevancetheypose tohuman health.The

possibilityofcompletinga new setofkineticsassaysusinga probecapableofbindingboth

L-FABP bindingsiteswillbe lookedinto.This would helpcharacterizetheinteractionof

DALTDA with L-FABP and createa new setof resultsforanalysis.Human L-FABP win

be examined, and therelevancetohuman healthofFC inducedperoxisome proliferationin

rodentswillbe investigated.FCs ofdifferentchainlengthwillbe investigated,and the

effectofchainlengthon abilitytobindL-FABP analyzed.The abilityof each FC toinduce

peroxisome proliferationinrodentL-FABP willbe assessedusingthemethod of Lazarow

and de Duve (1976). An attemptwillbe made tocorrelatethiscapacitywiththerelative

potencyof each FC tobindL-FABP, as determinedinthecurrentstudy.Electro-Spray

Mass Spectrometryanalysison thesame L-FABP samples asanalyzedinthisstudyis

currentlyunderway. '[beobjectiveistoquantifyFC Ibound toL-FABP from FC Itreated

animals,correlatethiswiththedecreaseinL-FABP capacityobservedinthisstudyand

withtheabilityofFC I toinduceperoxisomeproliferationinrodents.The long rangegoal

istorefinethecorrelationbetween theamount of FC bound toL-FABP with peroxisome
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proliferation,and develop a biomarker forperoxisome proliferationbased on bound FC

levels.This blomarker would be used as a method ofscreeningFCs fortheirabilityto

induce peroxisome proliferation.
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