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Covance Studies

The attached report summarizes the results from the assessment of
‘mitochondrial bioenergetics of hepatic mitochondria isolated from rats treated for 3
weeks with one of 4 doses (plus control) of dietary FC10. What is obvious from the
data is the ability to detect dramatic differences among the 13 animals tested.
However, attempts to group animals according to degree of effect failed to correlate
with the exposure dose. Further inquiry revealed that all animals were euthanized
with ca., 50 mg/kg pentobarbital, which we subsequently demonstrated to have
profound effects on inhibiting pyruvate oxidation at complex I of the mitochondrial
electron transport chain. We attribute our inability to establish a dose-response
correlation to this effect of pentobarbital. Subsequent attempts to eliminate this
confounding effect from the analyses were unsuccessful. However, we remain
convinced of the importance of collecting data describing mitochondrial deficits in

tissues from exposed animals and in our ability to detect such effects with sufficient
sensitivity. Rather than relying on the isolation of high integrity, intact
‘mitochondria for measuring coupled bioenergetic properties, we suggest measuring
glycolytic and tricarboxylic metabolites in frozen tissues in order to derive a profile
of intermediary metabolism for each exposed animal. From the relative
concentrations of the individual metabolites (eg. the oxoglutarate-to-pyruvate or
succinate-to-fumarate ratios), we can estimate relative degrees of metabolic
dysfunction in exposed animals‘. Rather than requiring one of us to be present on-
site at the time of sacrifice, we can perform such analyses on tissues that are collected
in liquid nitrogen and kept frozen for shipping to our laboratory. This is
considerably more convenient for all parties involved and we are anxious to discuss
potential opportunities to continue to contribute to the in vivo monitoring studies.

Colson, C. andKlapper,MH.(1979. Sequeninl mesurnensofglyco nd wiasbonylic ac yee
metabolic in single sample aliquot. Al. Biochem. 97, 394399.
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PROBE DESCRIPTIONS

‘Theintroduction.
‘The rationaleofthe following experiments was to determine as many “independent” characteristics of

‘energeticsofmitochondriaasit i possiblefrom asingleprobeandhavingtime limitations.Duetothis, thespecific
‘experimental procedure andconditionswere designed.Thepyruvate supportedrespiration andthe membrane
‘potential weremeasuredin asimpleslightlyhypotonic incubation media.Othercompounds,suchasADP,Ca™,and
‘succinate,wereadded tomitochondriaatsaturatingconcentrationsandatdifferenttimesbut a least 2minafterthe
‘mitochondriawereintroduced10thepyruvate~containing medium. No inhibitorsof oxidative phosphorylation,the:

respiratorychain,Ca™ transport,or uncouplers wereused.Also, no attempts weretaken oreduce theconcentration
offreefattyacidsco-isolatedwithmitochondriaorgeneratedduringincubation.

‘Thelogico theexperimentaldesignwas to measurein a singleprobethemost vulnerable characteristicsof
‘mitochondria, suchaspyruvate-supportedrespiration andoxidative phosphorylation,andthe most “insensitive”,
easilyreproducibleparameterssuchas succinate-supported respiration and Ca™transport.Undersuchlimitations,
thereismopossibility toobtaintheprecise characteristicsfor anyoftheparameters.However,thecombinatory
‘analysisofalthemeasuredparametersallowstoestimate,at firstapproximation,theenergetics ofmitochondria, and
‘makesomeconclusionsaboutthe invivoconditions, n a tissue,where the mitochondriawere isolatedfrom.

‘Theinterpretation ofanyinvitro data, andespecialythebackward deductionof invivoconditionsin a
tissuefrom thedataobtainedwithisolatedmitochondria,isalways akindof “mightbe" guessing.Itisrather
temptingtothinginterms like“badmitochondria”, say,iftheycan notoxidize asubstratefastenough,or “good
mitochondria”,iftheyexerted anRCImorethen20. Wewouldpreferanothermodeofthinking, namely that
‘mitochondriaaregood whenthe energeticscharacteristicstheyexertfitthecellular demands.Andtheparticular
valuesformitochondrial energeticsusually depend on theparticularexperimentalconditions.Duetothis,itsemsto
be necessarytoremind shortlythepeculiaritiesofmitochondrial biochemistry underlying the experimental
‘conditionswehavechosen.

‘Themost vulnerable functionsofmitochondriaare pyruvate ~ supportedrespirationand oxidative
‘phosphorylation. The oxidationofpyruvatebylivermitochondriadepends ontheavailabiltyofCoASH inthe
‘mitochondrialmatrix,ontheoverallactivityoftheTCAcycle, andon theactivityofrespiratorychain (especially, on
theComplexIactivity). Inaddition 10these, maximalrates ofpyruvateoxidationusually require thepresenceof
catalytic amountsof malateinthe incubation medium (tostimulatethe completetumoverofTCA cycle). Also,itis
‘underallostericcontrolbyof naturally occurringendogenouscompounds,suchasfreefatyacids,acetyl-CoA,and
ATPinhibitingthe pyruvatedehydrogenaseactivity. Therespirationrate ofpyrvate-supportedmitochondria
‘phosphorylating ADPdependsonallthe mentioned parametersplusthe activitiesofoxidative phosphorylation
system (Pi transporter, ADP/ATP-translocase,and ATP-synthase). Theselatterare also can be negatively regulated
byfreelongchainfaryacidsandlong-chainacyl-CoA.

‘The oxidationofsuccinate snotsovulnerable.ThesensitivityofsuccinatedehydrogenaseandComplexIII
10freefattyacidsismuchlessthen thatofpyruvatedehydrogenaseandComplex1.Practically, underany“regular”
‘experimental conditionstherateofsuccinate-supportedrespirationi limitedonlybytransmembraneelectrochemical
Pprowh gradient.Theonlyknowstrong endogenousinhibitorofsuccinate dehydrogenaseis oxaloacetic acid.
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‘However,intheabsenceofmalateandthepresenceofsufficientamountsofpyruvatein theincubation medium,the.
accumulation ofoxaloacetatecouldnotbe Pexpecied.

‘Therespirationratethatcanbeobservedduring Ca2+uptakeispracticallyinsensitive toanyendogenous.
‘compounds,whichmaybeco-isolatedwithmitochondria.Providingthatphosphateconcentration issufficient,the
respiration rateduringCa2+transportcanbeconsideredasthemaximal possiblerateof oxidationof arespiratory
substratebytherespiratorychain.Itislimited mainlybytheactivity of aCa2+transportingsystem,whichis
kinetically faster, thenanyothertransportsysteminmitochondria, including thetransportofthe majorityof
respiratory substrates, andmuchfasterthenADPtransport.However,when a NAD ~ dependentsubstrateisused,the
‘respirationmaybecomeinhibiteddue tofastopeningof aCa2+-inducedporeintheinnermitochondrialmembrane,
andsubsequentreleaseanddilutionofmitochondrialNAD. Forsuccinate-supportedrespiration,thesameevent
‘wouldprovidethe fastestrespirationratebecausethesuccinate dehydrogenaseis a FAD-dependentenzyme,and
‘poreopening completelydischargethetransmembrane protongradient.

2duetokineticlimitationtoTCAcyclearisingfrom overreductionofNADandfast removalofoxaloacetycacidstimulatedby pyruvate-derivedacetyl-CoA.
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MATERIALSANDMETHODS

The stationof mitochondria.
Mitochondriawere slated from Iver ess (-1.5 gwetweight of adult maleandfemaleratsby a

conventional differential cenriugation procedure. Livrpices vere cole in 20 ml of soon medium (210 mb
manic,10mMsucrose, SMHEPES-KOH(H7.9), |mM EGTA, Cooled isewasminced withsorsand
washedonewith 207m of lation medium, thendied wihthesmemediumandhomogenized or 45 secwith
a motorivenPoses homogenizer(Teflonpel,gas beaker nd laced o ice. The tise tmediumratiowas
approimately 1:20 (gm).Thisprocurewasapplied sequential to 8 verspecimens, The tim interval betwen

‘homogenizingofthefirstand thelastliverpiecesdidnotexceed(') 9min.Thehomogenateswere simultaneously
‘centrifugedfor 10min x700g. £ = 4°C,andmitochondrialpelletswere recoveredbycentrifugationat10,000 g x
10min.Thepelswere resuspended in 2mlofwashingmedium(210mM mamta, 10 mMsucrose, SM
HEPES-KOH,pH7.4).Thesuspensionsofmitochondriawere dilutedto 35 mlwiththesamemedium,and

cenviugeda 10000 gx 10min.Theinal mitshondialpelts wereeispended in washingmedium(0aprotein
‘concentrationof80-120 mg xmi"andstoredonice.Theisolationproceduretookexactly 1 hour.

This isolation occur wasrepeated or the second sof ive peimens.Theprocessingofthe fsst
(samples 1-8)wascompleted a ~ 10:35AM an the procesin ofthesecondst (samples 9 16)wasstaredat
12:35AMandcompletedwii | hows Themeasurementswersarod t 200PM.

Measurements
Miochondsalmembranepoentl (8%)was estimste from TPP" ionsdisoation measured witha FP"

selectivelito.Mitochondrial membeanepenalvascleiadescribed cscwbere.
Therate ofaxygenconsumption by mitochondria wasmeasure witha hand-made Clk ypeoxygen

corde
Boththmitochondria membrane poinialanthe rspirtion aewere corded simulncously using a

‘multichannelincubationchamberequippedwith amagneticstirrer.Thevolume ofthechamberwas 1.8ml. All
‘experiments wereperformedat room temperature (22° C). The TPP sensitive electrode was calibrated by

sequential additionsofknownaoutofTPP'CI-belorethe additionofmifocbondtia (se Fig 1).The respiration
aeswere calculated assumingteil oxygenconcen o becad10240KM.

Theincubation medium containing210mMmanic, 10mMsucrose, SibHEPESKOH, pi 76,4mb
KPO,and 10mMpyrovate wasws in allexperiments.Thesame volumesofmitohondsial suspension (00)
wereadded,regardless of the proteinconcentrations.

ProteinconcentrationsweredeterminedaftertheexperimentbytheBradfordassay. Bovine serumalbumin
—

Addons,Whermeron.teadditionswere a following:§mMsuccinic, 200kMADP, and264i
aa,

©thismodificationoftheconversions isoltionprocedurecanbeexpected todecrease he qualityofmitochondria. AccordingtoourCE 0 rs mgt 39S ipan
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Theresults

“Table 1showstherelationofsamplelabelingusdinthe following extoth abel of liverspecimens.
Table 1. The sample labels:

pFTFT¢ Tr
ill ral belm Vm m Som ftv [mon

lf Tun Tz 13 [4 [15 |Ems |G |own omy|on,
f Lf 1 Cm wf jf

“Thesampiswere measuredinthe following imesequence:3 4 ~5 6 ~8~12-13 ~ 11 - 14-2
~1-7-1s
Anaverage timespent forcach probewas bout12min,withapproximately 5mininterval betweenprobes, All
‘measurements werecompletedwithin Bours. Table 2showsthvaluesof he respirationrateabtainedinthe
presenceofvariousadditions.

‘Table2. The respiration parameters measured.
Forthe incubationmediumandothrconditions, sceMaterials&Methods.Forthsequenceof additions,seeProbeDescripionschapter. Dataar expressedinnmolO /min/mgofprotcin.Vp,the rate ofpyruvate —

supportedrespiration;Vy,the ateofrespiration producedbyADPadliion (5.3); Venthereof respiration
uring Ca uptake; Voce,succinate supported esration inthepresenceofpyravatendi the absenceof otheradditions (unlesssatedotherwise);C40, th ratoofCa” transported (molotheamountofoxygenconsumed(umol); ADPIO,the aioofADPphosphorylated (uml) totheamountofoxygenconsumed (nmol.
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NCI lI ll cl dl ad
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NR ~not resolved see robeDescriptionchapter)pyruvate supported respiration*- th respiration ratewasmeasured nthepresenceofthe excess of Ca2+, which induced the openingofpore,0itshouldbeconsidered a themaximalrateofsuccinateoxidation
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‘mV. Theincreaseinrespirationandinthe A%¥ wasbiphasic, indicating incompletephosphorylationof ADPto the

‘momentoftheadditionofsuccinate.Onlysteady-state valuesfor A'¥andrespirationareshown. RCIforens
decreaseinAY10149mV.Thesemitochondriaconsumed 360nmol Ca2+/mgofprotein,theporewasnotobserved.ee

arem———"
pa

oe ertto ioeCE 7iSA APTCm sa sttoestyeeret me?mes
os

he it i ct AP, Ci, To chen ime 9aTeeaemta ar
transport,pyruvatedehydrogenase,orComplex1.Therestofrespiratorychainand/orsuccinatedehydrogenaseA A A AP
inducingcompoundlikefreelong-chainfattyacids.Thedecreasein Ca/O(Table 1)isprobablyduetouncoupling.eeTr

Probe4.

he on tt eeTo ent i byprali erseeeeom
(Ca2+requiredfor poreopeningbearnoinformationinthis case (theproteinconcentration,whichwasmeasuredeT Sreeo
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Toescof ons vis ADP, 1,Cdsic Th chemi vere iin of
143 mVbypyruvate oxidation.The addition ofADPtransientlystimulatedtherespirationanddecreasedthe AYto

115 mV,the RCIwas2.7. Themeasurementofthe AWrevealedanunusualpattern,afterthecompletionofADP

photon the 5 csste ig le,teto freAD adn perlarisio). The
responseofrespirationonthe Ca2+additionwasunusuallyslowerthentheresponse onADP(see Table 2). Thepore:

‘was openedby243nmolCa2+/mgof protein. Succinate-supportedrespirationwasrecordedafterthepore opening,
50itreflectsthemaximalactivity ofsuccinatedehydrogenase +therestofrespiratorychain,anditisinthenormal

ne
Inerprstons: The mii wer cole be rein vith bh sb as 1

puttte,Hover, herons on a2 avs 4 gh nits lion he Ce
ring sn.Auldrtoan ic ilsof CoHin

chilma ct eeomoon cs ition.
Probe6.

The eneof sonsva ADP, cits, Ct. The mcdiad oe OY of 122 mVby
pycxoADP ht imeerp.Toepe kin,Ca dion vee he

einPre, or ceeat15 e/gprin tphrGmrns)
Ioeprttons:Ths mon vere mpl, so hepexin ibid Te dia

providminsfer by hesees fnPo 4(rinCo nig)
Probe7.

Tecofston ve ADP, cin,C2, Ct, Ce. Teerm wrsly iPres 1.2
Te frrv tt as14m,£0 sinte pont pionve 167.Ca send

poe heeg06465 lm of ein ore).
[ry
Probe 8.

Th nysci as edcs hs chon sp ob ble sia OYbh wil
pyruvateandwithsuccinate. Succinate-supportedrespirationwaspartiallyinhibited. It shouldbenotedalso,thatthe

58ofmoons om i erpin ate me, he nin onion of chsfn
suspensionwas75mg/mlandthatinprobewas 1.25mg/ml

Interpretations: for a regularrat livermitochondria, 1.25mg/ml concentrationin probeis more then

icin ase he iochondsi fncton To michond weeRBISry omePose1
Thesureof ton aADP,C24, ci.Tos mich ere ie ii he 8 of 16

byprevia.The atin ofADP shy i veriiid:rpion, u tofCi
vit fc Hover, tnofC2ddcptdoegston, de ivagati

tiontt seeo rs mia repinin
Interpretations:Theabsenceofthestimulationofpyruvateoxidation by the Ca2+ additionisprobably due

ot pinofpr osnosictinTestC2 elyigh ks en 150 Caemgof
rin sinres
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