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MATERIALSAND METHODS

“Theisolationofmitochondria
Mitochondriawereisolated fiom Iver of cultmal Spagae-Dawley rts (-200 bodyweight)bya

conventionalifteenilcenifgaion eocedur,Animalswere killedbydecapitation, Liverwasexcisedand
weighedandcooled in 40 ml ofisolation medium (210 mM manitl 10 mM sucrose, Sm HEPES-KOH Gi
7.4), 1mMEGTA, Cooledliverwasmincedwithscissorsandwashed vice with20mlof solaton medium, then
itedwiththesamemediumand homogenized for 1minwithamotor-drivenPoter homogenizer(Teflon pestle
gas beaker), Thetissue ©medium ratio was 1:8 (gm).Thehomogentewasferedthrough gauze and
centrifugedfor 10min x 700g, # = 4° C,andthemitochondrialpelletwasrecoveredfromthesupernatantby

centrifugation at 10,00 ¢ x 10min.Theplewas reuspendad in 10 ml of washing medium 210 mMmansitl,
10mMsucrose,mMHEPES-KOH,pH7.4)supplemented withbovineserumalbumin(BSA, 1mg xml"). The
suspensionofmitoshondiawasdied10 35mlwith the sammediumwithout BSA,andcetifged at 10000
x 10min.Thefinalmitochondrialpelletwasresuspendedinwashingmedium10 a proteinconcentration of 70-80

‘mg xmI"andstoredonice.

Measurements.
Mitochondrial membrane potential (A¥) was estimated from TPP" ion distribution measured with a

TPP.seletive lectrode onsructed according to Kamo ota, 197. Mitochondia membrane poteaial was
calculatedasdescribedelsewhere (Rotenberg, 1984 ).

Therate of genconsumptionbymitochondriawas messurodwith ahand-madeClark ypeoxygen
letrode.

Both themitochondrialmembrane potential an therespiration stewere recorded simultaneously sing
‘multichannelincubation chamberequippedwith a magneticstirrer.Thevolumeofthechamberwas 1.8ml. All

experiments were performedatroom temperature (25° C).TheTPP® -sensitive electrodewas calibratedby
‘sequential additionsofknownamountsof TPP*CIbeforetheadditionofmitochondria(sceFig.1).Therespiration
‘rateswerecalculatedassumingtheinitialoxygenconcentrationtobeequal 0240 WM.

The mitochondrialmembranepotentials wereslightly (~15%)underestimatedandtheoxygen

‘consumptionrateswereoverestimatedbecausenocorrectionwasmadeforlowerTPP"bindingconstants andfor

lowerequilibriumconcentrationofdissolvedoxygeninthe highionicstrengthmedium usedinourexperiments.

his is ulysisactrybecausethe values aeuse compare theeffects ofifr compoundsunder he same
conditionsrather than fo energetic calcltins.

Protein concenratonwas determinedbythe Bradford asa. Bovineserumalbuminwasused353
standard

Additions.PFcompoundswere dissolvedinabsolute thanol (fo exceptfor PF143 whichwsdisalved
indeionised water).Preliminary study revealedtha allPFcompoundsarevery hydrophobicand tend to
prcipiate in ou incubationmedium.Du oti, a st of ition wasmadeforeachPFcompound 10 bainan
amayofconcentrations startingfrom 100uMdownto6.25iM.Dilutions weremadebyadding avolumeof
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absoluteethanol {0.2volumeofPFcompoundstock solution. PFcompoundswereadded tomitochondriaas 1.8 ul
volumeofa solutionofdesirable inital PF concentration.Thisapproach allowedustoobtainsatisfactory
reproducible results.

‘Reagents. Mannitol was from Aldrich, sucrose UraPure from ICN, allotherreagents were from Sigma.
Bovineserumalbuminwasessentially fayacidfre.

3
€04152



KBW 21498
RESULTSANDDISCUSSION

1. The effects of PF compounds on oxidative phosphorylation in rat liver mitochondria

Becausethis invitrostudywasaimedtorevealthepotentialinvivotoxicpropertiesof asetof

compounds, a buferedhigh icsrenghpotassiumchloride medium resembling cellarcytoplasmmilieuwas
«chosen. Bythesamereason,glutamateplusmalatewereusedasmitochondrialrespiratorysubstrates. The

oxidation of glutamate plus malate involves the most vulnerable obligatory complex for hydrophobic

compounds,Complex Iofmitochondrial respiratory chain,aswell as allotherrespiratoryenzymes.Wealso
developed aspecial assay procedure. 1. allows obtainingdetailed dataontheeffects of 3 compoundon
mitochondrialenergetics.Theprocedurealso allows o compar in auniversalwayth efficiency of various
‘compoundsaffectingtheenergy production inmitochondria

Fig 1 explains TT
hedesign of in or SRE
desof experimen | per N\A reson“The picure shows typical | |b eosmacomcaess» ERTS

Gan obained by | | Tp [2 rgSnwr
simultancous recording of ! sna
mitochondrial respiration op Sain tae
and AY. The first addition ] — ' osaeraees eore.

we 6042avo To
otnvpinacstsmen | {7 [1 EI,pp fo oe RRSincreas in respiration ate Pl \
ofmitochondria whichwas Pol i IX
‘paralleledby adropin AY. Tet | |

wo ©310
no indcmes that ! /
mitochondria teed s0- i oo
called metabolic State 3, ol of ba\that is they phosphonate Ti
ADP for the expense of Dol am
respiratorysubstrates. his

“The valuesofrespiration raeduring(Va) andafer phosphorylation (Vi wereusedtocalculaterespiratory
‘controlindex (RCI)equal 10theratioof Voto Vr. Theamountofoxygen consumedbymitochondriaduring
phosphorylationwasusedto calculateADP:Oratio.

Afrthe phosphorylationof ADPwascompleted,therte ofrespiration decreased and AY in
mitochondriaspontaneouslyrestoredindicating theonsetof State4. The addion of acompound (PFI2M in
Fig.)tomitochondeiawas followedbythesecondaddition ofADP,and second RCI (RClcompound)and
ADP.O (ADP:0-<ompound) ros were calculated.AflertheonsetofsecondState 4,an uncouplerwsaddedat
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8concentration thatsimulate therespirationofmitochondria 0the maximal leveldetermined by the activityof

respiratory chain.
“Tis relativelysimp approachallows to estimateseveral essentialproperties of compoundin relation to

‘theenergeticsofmitochondria.Bytheanalysis ofdataobtainedin suchassay,itispossible toshowif a compound

(@inhibitsorsimulstes the respiratory chain;
(b)inhibitstheentryofsubstratesintomitochondria;

(c) specifically inhibits the enzymesofthe oxidative phosphorylation system;

(d)uncouplesthe oxidationandphosphorylationinmitochondria.

Theaproschdesribod abovewasspplied all PF compounds Fig 2 showsth typical ordfo PFI.
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Fig.2. The effectofPF10ontherespiration rateand A¥ofratlivermitochondria.oe eater of bets ot so oo orn ewPMsPFI0,625 ADF,100 46DNF, 40M.

PF10 inrelativelyhigh concentrationstimulatestherespirationanddecreases A inState 4 whereashas

noinfluenceundermetabolicState 3. ItaffectedneitherState 3respirationratenorADP:Oratio(Table1.)
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“Table 2. Theefct ofPFI0H on the respiration ratesof ra iver mitochondria under various
metabolicsate.

“Theexperimenial conditionsand aditons,asin Fig. Abbreviations,ceTable1
“Thedt of experimentsaeprsenedsmeanvalues £ SE.

PF10H

[rons|

wees
[oroJronsor|

RClpn : RCL %

"ADP-Ogr): ADP:0,%| 88.4 £25

“ThecompoundsPF143andPF9Sexertedsmallstimulatoryeffecton milochondrial respirationbothin
State and. FOSalo lightlyincreased RCI, ast sshown in Table 4.However, PF143inducedsmal decrease
inthe AYofmitochondria(Fig).The“increase”inAYinducedbyPF9S (Fig 5)wasnotrelate tothe membrane
potentialofmitochondriabecause itwasobservedalso in the absenceofmitochondria. Thus, PF9S apparently

interfereswiththeTPP" -selectiveelectrode,whichrenders impossiblethemeasurementof A'¥ bythismethod.

“Theothereffects of thesecompoundsonmilochondialintegrityaredescribedater in hisreport.
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Fig4. Theeffct of PFI143on therespiration raeandA¥ofat Iver mitochondria
“Th composiionofincution medi and othr conditions, o 3 Fig.1. Addons PFI,

100 ADE,10004DNP, 60

04158
9



IN Tr

vo
be [Ne \
u IN oe

UN (©a0
= \ |

bi fe

h=mm. }
Ww i . \

=

Wi
aAntor

€¢04159
0



—_—
is 1m i frebnimye

‘Theexperimentalconditionsandadditions,asinFig4. Abbreviations,seeTable 1.Ermm—"—
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setaarumr
‘mitochondriain a way,whichistypicalfor aprotonophoricuncouplerlike2,4-dinitrophenol, or FCCP.rereedesrmsAAh
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riner STAEr
'PF95inmitochondria, duetothefactthatthecompoundexerted astrongeffectonTPP-clectrode,bothintheCosa sh rTSHESaaANA
concentration,PF143waswithouteffecton A'¥ ofmitochondria.Thisalsocouldbeexplainedby afluidizationofes
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"Table.Theeffct of P1204onth respiration res of rat vermitochon undervarious
metabolicsate:

"Th experimental conditions andaditions,a in Fig 1. Abbreviations,seeTale1Thedu of xpress resid ooves S55

I
EE

[Je

RClgp) : RCL % 60.1136

ADP:Ogrr):ADP:0, % | 85.6 £4.6

Lowconcentrations of PFI0affctd nethermitochondrial respirationnor &¥. Higher concentrations
slightly stimulatedresting respiration,andinduced asmalldecreasein A'¥.

“The substances, whichaeabl oincreasethe conductivity ofthe innermitochondrial membrane,could
beexpected1 uncoupleaida phosphoniation.Theuncoupling can be observed as 8doses in RCTandlor
inADP.Oratoinduced by compound. However, thdees inintactnessofmilochondia occuring ue 0
agin ofisolated organelles, heterogeneityofmitochondria, andotherfcors decrease the reproducibility of
experiments,Ourssayprocedure explsined aboveallowsus to eliminatemostofthsefactors,Twoaiions of
ADP to mitochon,frst in th ascncsandthscondinthe eensof acompoundundesyprovidan
internal stand thusallowingto compare the effetsof ifleent compounds almostindependently on he
varitonsin itochondsal preparations. Fi 6 compare ths eectsofPF compoundsonmitochondrialaxidaive
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Kew 248phosphonyation The effits expressed a pcent changes in RCI and ADP inducedby iffrntPF
compounds
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Fig. ThecfcofPFcompoundson thficiencyofoidtv phosphorylation of
ot vermiochoni

“Thecomposition of incubation mediumandther conditions a nF. For
concentrationsof PF compounds,scTabes 1.6.

hedata show in Fig arinagodsgrcmeat withthe fect ofPFcompounds on resing respistion
ofmitochondriaandonthe AY. Thesedaafuther claythe modesofaction ofPF compoundsonthe
mitochondrial ccrgetc, Fig shows tat low concentrations of P12L, PFIZM, and PFIOH dees bh he
RCIandADP:0ratios inmiochondeia Theaction ofthesecompounds on oxidativephosphorylation rescmbes

that ofcasical uncapierslikeFCCPordiniophenal. PE143and PFS,aswell as ethanol,increasedRCT
whereastheywere practicallywithouteffec on ADP.O ratoin mitochon.This does notcontradict our

suggestion tht these compoundsness the icityofmitochondrial membrane thus acivatingthenzymesof
vespimory cin.Thedecreas in RClinducedbyPFI0 i the ascncs of he effec on ADP.O alo suggestsUt
PFI0can crease theprotonlek (whichis believed tobeabsentor insignificantin Sse 3).

" ¢04164



Kew24m
2. The mechanisms of the effectsof PF compounds on mitochondrial energetic.

nthe previous sectionwehave shown haPFcompoundsaftthemitochondrialenergetics nat east 3
different ways. Some compounds, such as PFI2L, PFI2M, and PFIOHwereshown to decrease the degree of
coupling of ATP production to oxidation of respiratory substats. Other compounds (PF143, PF9S) were
suggested0affect the fidiyofmitochondrialmembrane,andPF10 aparently excrcdaneffetonthe proton
Gonleknbernt theneemitochondeial membre. Wenestmadeansept investiga the mechanisms

involvedintheeffectsofPFcompound onmitochondria.
“Tostudy theaction of PF compoundson thecondctvtyofmitochondrial membrane,we took advantage

of simultaneous measurementsofrespiration and membrane potential changes. Various concentatons of PF
compoundswereadd tomitochondria andrespiration atesand AYchanges wer recorded.Foracomparison,
thesame experimentswereperformedwith aclassical uncouplr -protonophors2,4-diniropbenl. A typical
‘recordof changesinrespirationandA'¥inducedbytheadditionof 2,4-DNPisshownonFig3.

To NP
be ~~i ~_

“L NP

E 4DNP

\ og1:0

/ 4]
£
€] , 1 min,

Fig The afcofvrtous 24-DNP concentrations onthe rte of oxygen consumption
and inrt ver mitchondoi

Tncuaion mei (ue Fi. 1 vasspect with 2snl olgomyin. All other condiins
wereinFig1. Theconcnof 24disoephenl(NP)veress following.5,i,10Ab.30040 tay
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PFI0 (Fig5) slightly stimulates the respiration with a correspondent decrease in AY at relatively high

concentration,howeverfurtherincreasesinconcernfiscompound produce nofereffet Icoeltcs
Well with ourproposal that FIOincreasesthe proton ea in ioehonsial membranes Thelak ismembrane
potentialdependentinsuch awaythatslightdecreasesin AYcansignificantlysuppressthe leak(NichollsDG,

1974).

Mito ™~ oe
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Fig. Th fic ofPF10 onthe resiron and 4%.conswes Fi.EchadenoFIOvas62.504
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Kaw 248PFI43 (Fig) in th conenirnion range 100-400 uM was prcially without eft on (h respon
raeofmitochondria. However, a it clery sen in Fig, the first addon of 100 uM PFI&3 duced a ow

decrease in AY ofmiachonsa wich coninue 1deci,bengapparently not alfeied byfurtheradiosof
BFL. Intheprevious section wepropose hat siscompoundafects the iyofmitochondial membrane
Duetothisit canbeexpectedthat PF143mightactas adetergentathigherconcentrations.‘Whenhigher
concenzations (1 to 1 mM) of the compoundwereadded to mitochondria,weindeed observed 8 transient
mulation of respiration followedbyinion of oxygen consumpon, which was seni t2,6 DNP (daa
not shown.
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Figs. The efectoPF143an therespiration and 4%."AllodorswerssnFi.3.FahshinofFHI43ws 160M, he dion of NP
was40 uM.
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PFIOH (Fig. at concentrations higher then 25 4M srongly inhibited the respiration of mitochondria.

These experimentswere repeatedwith a low ionicstrength mediumandwith theuseofanoher respiratory
substrate, succinate. Unde these conditions, 25-50 4M PFIOH also inhibited the respiration. This indicates hat

the it of inhibition i locatedin theregionofubiquinane:cytochrome ¢ reductase, which typical foartifical
uncouplrsortinhibitscytochrome¢oxidase. However, i wasnoted that th adlion of uM cytochrome¢(0
mitochondria inhibitedbyPFIOH partiallyrestoredtherespiration(Fig).Itiswellknownthatinhigh onic
strength medium, swelling ofmitochondria inducesthereleaseofcytochrome¢and he inibiion of respiration.

A

Mio ON
\. PFIOH

NT

UN | PFI0H

/ N= PFIOH

Jz \ \

| \ |
i 8vo

| \|
| \,
| 3

#] tm

Mio |

Fig. Theect of PF10Konthe respiration and A.
AlcondifionsveresinFg..Theaddins of PPIOH were 6.25, 625, 15kM (2 uM otal).
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Kew24%“Thispoinstoapossibiltytha the apparent nitionofrespiration byPFIOFisdue to tiscompound
inducing the Ca™ dependent permeability transitionofmitochondrial inner membrane, or so-calledpore opening.

“Tiswouldresults in highamplitude sweling of mitochondria andinlosofcytochromec. To clarifytheeffet,
weinvestigated theaction of PF10Hon mitochondriausing diffrent rspirstorysubstraisand thelow ionic
—P

Mito
“\_ PFIOH“ |

~~

\ DNP

~~.) one
of Te8 ~~.
2 - N\

1 min \, N

Fig. The efectoPFI on the respirationof rat vrmitochondria.
Alonionsas in Fi. Addons.PIGF, 53304 DN 40AE Cot 6,5kM.

strenght incubation mediumwhichisknowntodecrease theprobability of poreopening.
In these experiments, we use the incubation medium containing 210 mM mannitol, 10 mM sucrose,

SmMHEPES-Tris,pH 7.4, and 2 mM MgClwit orwithout2.4mM EGTA (indicated in Figure Legends) to
chelatetheresidualCa™.

Gitamteandmalatewere usedasrepisory substratesintheexperimentshownon Fig, which
impli thattheinhibition of esiraton byPFI0Hisnotce to i inhibiting thesucinatedehydrogenase.Indeed,
‘therewasnoinhibitionofrespirationevenwhentheconcentration ofPFI0Hwas 100 uM (Fig.9). However, 50

4M PFIOH caused a srong progressive inhibitionofthe succinat-supporte respirtionofmitochondiia and
completelydischarged theAY if rotenone wasexcludedfrom theincubation medium (Fig10).Thisis typicalfora
protonophorous coupe, the inition explainedbyth accumulationofoxalosceic acid (a strong ilibitor of
‘succinate dehydrogenase)inthemitochondial matrix.
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Fig 9.Theeffect of PFI0Hon the respirationand4%ofat lve mitochondriarespiring onsuccinate.
“The incubation mediumcontained 210 mM mannitol, 10mMsucrose,SM HEPES-Tris,

PH 7.4, 2 mM MgCl, 2.4 mM EGTA, 5mMsuccinate,2 ug/mloligomycine,and 2 uM
rotenone.Theconcenaton of mitochondriawas | mgm. Additions: PFIOH, 50,0.
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Fig0. The inhibitionofrespiration and the decrease in AYinduced by PFIOH in theabsenceof tenon.
“Th incubation modi andothrconditions wesasinFig foexept tha rlenenewasmit Addons: PFIGH, 5004, DAP, 40400.

“These experimentsallowust uleout the possibilty tha PFIOH inhibits Compl Iofmitchondeil
respiratorychain.Hoveres, thecytochrome ¢ -reversibleinhibition of respiration mayasooccurdi tothe
displacement of cytochrome from the mitochondrial membrane (scetyl-ammonium lke eect the negative

charge crecningbyamphiphilic posiivelychargedcompound)or ue to competi inhibitionofcytochrome
binding (0 teminal oxidase (a pollysine lke lec). To urherclarity is,wetook achariageof aclassical
reducing non-enzymatic ysiem ascorbate + TMPD to reduce mitochondrial cytochrome . This system is very

sensitiv 0anychangesincytochrome ¢ bindingandr interaction withcytochrome oxidase.Fig 11showsthat
50mMPFIOHdecreases theAYandsimulatesthe respiration ofmitochondriaoxidisingascorbate, Theris10
sponancous inibilonofrespiration(a itwoudbeobserveifPFIOH interes with cytochrome ¢binding)

Thesedat futher provethaPFI0Hdossno iii th respiratorycha ers.
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Fig 11. The ofcofPFI0Hon the respirationand 43ofrat Iver mitochondria respiringonascorbate+ HPD.
"The incubation mei canine 210 mM mannitol, 10 mM sucrose, Smt HEPES-Trs,PH 7,2mMMgCl 2.4 mMEGTA. 5mMascorbate, 1004MTPD,2pg/ml

Olgomycin and 2 M rotenone. The consentofmitochondria vas | myn Addsions:PFO.S00.

“The effects ofPFcompounds werefurtherstudi inexperiments simed 10reveal th action of these
compounds on mitochondrial inegiy. For tis, we investigated the effectofhigh concentrationsofPFIZL,
PFI2M, PF10, PFS, PF143,andPF10H onthe swellingofmitochondiaundervarious conditions.The following
atshow that thecompoundsinduc theswellingand disrupion of mitochondriabydiferent mechanisms.

“Theswellingofmitochondria was measuredinhighandlowionic siengih medium with or without
respiratorysubstrates andbothinth presenceofinth absenceof Ca?chelator EGTA.Fig12show,ha the
patiemsofPFI0H induced swelling were diffrent under differnt condition. In the presence of EGTA (Fig 12,
uppercurve)o succinate(datanotshown) PFIOHwas lessefficient than in the absence ofthese substances. The
efficiencyof PFIOHwas independentonthe inc strength ofthe incubsion medium (daanot shown) Is clearly
sn als, tha the presence of EGTA in the incubation medium significantly suppressed the high-ampliuce

» €04173
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‘swellinginducedby 25uM PFI0H,andchangedits kinetics.This indicatesthathighconcentrations ofPFI10H,

Which were shownoiiherespiation of mitochondriacaninduc Ca2+ pendent pre pening heier
‘mitochondrialmembrane. Itis well knownthattheopening of such aporeresultsinuncoupling,swelling and

eventualdisupionofmitachondeia.

8 fan
ol, rns
if :

FRO 1} PFIOH1 er] ik wit SR

. ;
0 2 a © 8 1

Time, min
Fig 12. Theefictof FIO on thesvelingofmitochondria

ncubaion medium wes 4in Fig 1 or €xtpt(ht ghia andmalate were excluded. Uppercurve, the incubationmodu was suppemeniad with 1mM EGTA.Miochondeal proteinwas 1 7g x
‘mi. Each additionofPFI0Hwas 25 uM.

Incontrast to the actionof PFLOH, theswelling ofmitochondria inducedby high concentrationsofPF143
asnot affectedby the presenceof EGTAorrespiatoysubstses.Hoveve,th fectofPFLE3wasstrongly
ependentonthedoncstrengthof theincubation medium.Fg13 shows,tatin alow potassiummedium,

Concenirationsof F143 a igh as about 4 m wer without effecto he swelingof tochondra
For a comprison, the effect ofthe strong nonionic detergent Tron X-100 an rat vr mitochon i

shown(Fi 13.In  potasium chloridemedium,PFL43 appeared bea srongdeergendwiththe efficiencyof
about 1 relive to thtofTron.

Al ther PF compounds (PFI0, PFIZL, PFIZM, and PFS) were without elit on the swelling of
mitochondria.

» ¢04174
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Fig 13. The effectofPF143 on the swellingofmitochondria.
“High ionicstrengthmediumwasasinFig 4, lower curve.Themannitol~containingmediumwas210

‘mMmannitol, 10mMsucrose, 4mMKH;PO,, 10mM MOPS,pH 7.4.Mitochondrial wereaddedat 1 mg x
mi’.
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Fig-1. EctofPROM"an he re fiction and membraneptioft ver ccd
Medium composition and other conditions were as in Fig.l. Red curve, the

respiration of mitochondria; blue curve, the changes in membrane potential. Additions:
TPP or "*",
02, 0.2, 04, 0.8, and 0.2 uM TPP'CI' (2 uM, total); Mito, 1 mg/ml rat liver
‘mitochondria, ADP, 200 uM ADP; PF95M, 0.5 uM "PF9SM"; DNP, 40 uM 24-
dinitrophenol.
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3. Conclusions

This study revels hatPFcompoundsaff varios ase of itochondril energetics. Someof
compounds, lke PFIZL, PFI2M, PFIOH, a reaively low conenraions decrease the degre of coupling of
respintorysubsti oxidation toATPproduction. Themolecularmechani ofthe action fPEL and PFIZM
‘compounds apparently involves the shuttlingofprotons across inner mitochondrial membrane, although further

experimentsareneeded. The mechanismofactionofPF10H apparently involves the non-specific changes in the

permeabilityoftheinnermitochondrialmembrane.Mostprobably, thiscompoundcanchangethemicrodomain

Structureofmitochondrial lipid membranes (by inducing lipid clusteringorby changinglipidphase state from a
ilayero hexagonal),The effects of F143 nd PFS ae small btsigan,Thesecompoundsslighlyincrease
he stvityofenzymes of oxidativephosphorylation and responchain, hemosrboblemechanismbeing
he Nuidision of theincrmitochondrialmembrane. Itmightbeexpectedtht hecumulationofsuch

compoundsin suecoldelsi suedamage. The data andwithPF10 are the most eres from
oenergec.pin of view. Ifouiferpetaon i come andticompoundfrases testy ofthe
athway() of proton lea in michondeal membrane, i may be a vey eel fel fo study flowlores
relaonshipofvariousenergy-dependentpussin tochondei,
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Supplement 1.

Effects of“PFISM” and “Sal” on mitochondrial energetics.

All the conditions, procedures, and the logicsofexperiments were as described in
“Materials and Methods”.

Being added at relatively low concentrations, “PFOSM” stimulates the rate of
respiration and decreases membrane potential in rat liver mitochondria (Fig.S-1). Other
compound, “Sal”, exerts the same effects but at much higher concentration (Fig. 5-2).
Both these compounds decrease RCI and ADP:O ratioofmitochondria (Fig.-3).

For these experiments, the unequal concentrations of “PFOSM” and “Sal” were
chosen which approximately double (that means the increase by 100 %) the State 4
respiration rate of mitochondria (see Fig.S-1 and FigS-2). An average RCI in these
experiments was about 4.16 (416 % increase in respiration rate under addition of ADP) so
100 % increase induced by “PFISM” or “Sal” could not mask the State 4 - State 3 — State
4 transition and RCI and ADP:O estimation. At these concentrations, both “PF9SM” and
“Sal” decreased RCI (by ~ 40% and ~ 30%, respectively, comparing to abs. ethanol
control incubation) and ADP:O ratio (by ~ 12 % and ~ 10 %, respectively, comparing to
ethanol control incubation). Thus, both these compounds are uncouplers of oxidative
phosphorylation, although of different efficiency, “PE9SM” being about four hundred
times more strong, then “Sal”.

These experiments were repeated with the use of low ionic strenght medium (225
mM mannitol, 5 mM Hepes (pH 7.4), 4 mM KH;PO, 5 mM glutamate, and 5 mM
malate). With the use of this medium, qualitatively the same results were obtained,
however the concentrations doubling the respiration were 1 uM for “PFOSM”, and 400
1M for “Sal” (data not shown)

Inorderto reveal the putative mechanismof uncoupling, we compared the effects
of different concentrations of “PFOSM” and “Sal” on mitochondrial respiration and
‘membrane potential with these ofa “classical” uncoupler 2,4-dinitrophenol. The changes
in respiration rate and in membrane potential were recorded simultaneously. A typical
record example is shown by Fig. 5-4.
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Fig.S-2. Effect of "Sal" on the rate of respiration and membrane potential of rat liver
mitochondria.

Medium composition and other conditions were as in Fig. 1. Red curve, the respiration of
‘mitochondria; blue curve, the changes in membrane potential. Additions: TPP” or "*",
0.2,0.2, 0.4, 0.8,and 0.2 uMTPPCI (2uM,total);Mito, | mg/mlratlivermitochondria; ADP, 200 uMADP, Sa 200 kM Sa; NP, 400 24diepeel.

, €04179



KBW 4124198

%

: 0 A 3

RCI ratios ~~ ADP:O ratios

Fig S-3. Effects of low concentrations of "PFISM" and "Sal" on the degree of coupling
and efficiencyof oxidative phosphorylation in rat liver mitochondria

Respiratory control indexes (RCI) and ADP:O ratios before and after addition of
"PF95M" or "Sal" to mitochondrial suspension were measured as described in "Materials
and Methods" (see Fig.S-1, Fig.S-2). Each column represents averaged data from 4
experiments and error bars show S.E. See text for further explanations.
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Fig 5-4. Typical record of changes in respiration rate and membrane potential of
‘mitochondria induced by sequential additionsof "PFOSM"

Medium composition and other conditions were as in Fig.l. Red curve, the

respiration of mitochondria; blue curve, the changes in membrane potential. Additions:

TPP" or "*", 0.2, 0.2, 0.4, 0.8, and 0.2 jM TPP"CT (2 uM, total); Mito, 1 mg/ml rat liver
‘mitochondria; PF9SM, 0.5, 1, 1, 1, 2, and 2 uM (7.5 uM total) "PFOSM".
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The values of membrane potential and the rates of respiration were calculated as
described in “Material and Methods”. Fig.S-5 shows the effectofdifferent concentrations
ofall three compounds (“PF9SM”, “Sal”, and dinitrophenol) on mitochondrial respiration
and Fig. $-6 show the changes in membrane potential plotted against changes in

JOR
8

£ 100

x
-5 0

x
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g “ , 0 DNP,uM
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| wl *Sal,iM x100

0 5 2) % El
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Fig.S-5. The increase in respiration rate of rat liver mitochondria induced by “PFISM”,
“Sal”, and 2,4-dinitrophenol (DNP).

All the conditions were as in Fig.S-4. Note that the concentration of “Sal” is
expressedas uMx 100 (10°M).

respiration. Fig-5 shows the different uncoupling efficiency of the compounds,
“PE9SM” and “Sal” being the most and the less potent then “classical” dinitrophenol,
respectively. Fig5-6 shows that all these compounds at applied concentrations do not
inhibit the respiratory chainofmitochondria.

€04182

6



Kew 42498

2 ww - 0 DNP

150 # PFO5M

gE . * Sal
5

130 .

£.€ 3

E s

* 1 2 3 oe 50 0 T0990 1 110 10

respirationrate,nmolOp xmin" x mgprotein”!

Fig S-6. Changes in membrane potential of mitochondria plotted against changes in

respiration rate induced by different concentrations of “PFOSM™, “Sal”, and 2-4-
dinitrophenol (DNP).

Conclusion.

Our experiments revealed that the compound named “PFOSM” is a very potent

uncoupler of oxidative phosporylation in liver mitochondria. The uncoupling efficiency

ofthis compound is comparable with that of CCCP, oneofpotent “classical” uncouplers.

Another compound, “Sal”, also appeared to be an uncoupler, although of relatively low

efficiency. The relationship between changes in membrane potential and increase in the

rate of respiration of mitochondria allows us to propose the increase in proton

permeability of inner mitochondrial membrane as the mechanism of uncoupling action of

these compounds. Further experiments are needed to elucidate the mechanism of the

uncoupling at the molecular level
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