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Q%mchmm~isknoimtoaMhewi~phc@mlipids (1,2) a&there 

isevidencethatitdlsoexistsinthemitochcndridlrespiratarycfiain 

in close relaticmship with ghospholipids (2,3). 

Thisstdyis cxmermdwithstslactwdltransitianscccurringin 

the m-+xqholipid caqlexwhen the valencyof~a~ 5 

is changed. 

Thefluonsscentpr&e,8-anilino-llraphthalenesulfonicacid (AM) 

hasaquantunyieldamlamsximm missicmwavelmgththataresensitive 

to the polarity of its enhmment (4). Ithasbeenusedtommiixx 

chanpa 0fthesW ofthecytmhr~~-phcepholipidanplex, 

reflecting a polarity change at the ANS binding site. 

MhhodsandMaterials. Fhmrescenceintensityand fluorescence spectra 

weremeasurfXlinaHitachiFerkin-Elmzrspectmfluamneter. Qto&mne 

2, type III,was&tained franBoehringer. Thephos~olipidswerepre- 

paredacmrdhgtoFleischeretal. (5)1nicrodiqxxsedinaqumsbuffer -- 

as described by Fleischer and ICI.- (6). synuleticdipahitoyllecithhl 

wascbtained franCalbioch~. ANS (fran K and K) was recxystallized 

twice franhot aqueous soluticms 0fitsMg salt. All other reagents 

wwe analytical grade. zheexcitaticnwavelength for fluorescencewas 

340 mthatis anisobesticpintinthecytochr~~s~. 
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Fk2exilts. ValeIlcy~andANschanges. Theadditionofthe -- 

W-c-cardiolipin cmplexto a solutim 0fANS inwater 

resultedinafluarescence exdmcamt (lo-20 fold) and in a shift 

of the nmximm enissicm wavelength of ANS fran 520 rrm to 470 mn. 

!Ihereductimof cyWhmne~abtainedbyadditionof5mas- 

ax-bate and 50 p&l TMPD (or by as&ate alone) indti a 25% increase 

in fluorescence at 470 nm and app roximately a 5 mblue shiftof the 

peak.(Fig. 1). Thepresenceofallthe@mspholipids used inadditim 

toczdiolipin, suchas syntheticornaturallecithin,@osphatidylethano- 

lapnine, ormiw ial*os*lipids (5) result& insimilarchanges 

inthezNSfluorescencethatoccurred upcmrf3hcticmofcytochrane~. 

Ck-dy slightchanges of thequantunyieldand of the maxhunmission 

wavelength~infact&served. 
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Figure 1. Fl~escencegnissicmspectraofANS~tiacytochrcmec- 
~~~pidocrrglex,inthsecoridizedandin~reduced'~. 
T¶E intxbatim nxxliun ccnsistd of 0.275 Mmannitol, 0.025 M sucrose, 
0.02 M %As-HcZ, @-I 7.4, 105 @I Cardiolipin, 27 PM CyWhrcn= 5. !JW 
excit&i~wavKl~gUIwas 340 nm. 

stoi~aetxybetweenghcxpholipidandcyW&raec. Intieabsenceof 

added~~lipidJittleasnoeffect~ANSflwescencewasseen~ 

c!yk&mm ~l-edLlcticm. (1?theotherhard,inthepxesenceofphosph~ 

lipid the increaseinAE3sfluarescence wasp3mpo-tithe-t 

ofghosphol.ipiduptoafixedvaluevJhere saturaticnwas &tain&L 
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Figure 2. !dm titratim of various phospholipids on the flLmrescence 
cban+softheANS~c+cspho~ptiafnplexwonr~m. 
rmewt 
anrxm& ofphospholipidpresentis indicated in&e figure. Rfzducticm 
ofcytochrcme~wasabtainedbyadditicnof5rrMas~~. 501.N 
TMPDwealsopresent. 

In Fig. 2 the phcepholipid cmcentzatims areplottedversus the 

fluorescence enhamzmtofANstichresultsfmnredu&ionofcytm- 

chramcinthe presenceofphospholipid. Thehalfmaximaleffectof 

catdiolipin is dtained at a cmcentration of 30 vM, while lecithin and 

atatal@ms@olipid extract franmitochcmdriahavehalfmmimuneffects 

at 70 and 200 $I respectively. Atsaturatioplthemolarratics ofcyim- 

chraw~phos~olipid present are 4:lfor cardiolipin, 5:lforlecithin 

and 1O:l for total mi&xMndrial phospholipid. 

Inthepr- ofexcesslecithin (notshwn) thechangeofANS 

flLlorescenceupcnredtionof~ ~wasfolmdlineEclypropor- 

ticmltothecTytdmm~ caxentratimupto24 @Iqtodxams 

Discussion. 

BindingofANSticqlx&mwc. TbebiMingofANStoeitherferri- 

orferro-cytochrrmecissmall,asjudgedbythe maxkmmenissicm 

wa~lengthoftheflwrescenceand~ IackofflucrrescenceerJhance- 

mt. ~theotherhand,bindingtoahi~lypoLarsitecouldnot 

bedistinguishedby~singthese~~~sfrcmthelackofbinding. 

L 
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ANSbindingtithecym3mm cinthepresence of#ce@olipidis 

apparentfrcmbothabl~shiftfrcm520mnto470~andfrcmthe 

imxease inquantunyield. 

~bulkFhasediel~icccolstantmeasuredbythepsakskift 

of ANS flmxescence to470nmcorreqondstoavalueofakout25and 

thexmrecorrect Z value (7) according to Turner ad Brand (8) is of 

about 85. It is, of course, very difficult without making sane as- 

s~~to~iderthesevdluesthecorrectedD~Zes~~of 

theANSmicrcenvirormntinti~lex,butitis insteadverysafe 

tocancl~ethatthepolarityoftheANssitesinthe~~isl~ 

thantheen~ tofANSinwater,andtherefmethattheoarcplex 

hasregi~towhichANS,butnatwater,~~acceas. 

L3tn&uralchangesintbeferri-toferrocytocfvanectransitim. 

Whilenodxm~ 0fANS flumescence aredxervable in thetransitim 

of ferri- to f ~ane~intheabsenceoflipids,&angesin 

~fluorescancecharacteristi~ofbo~ANSduringsuchatransition 

inthepresenceof#ms&ol.ipids areclearly&served. Inpi3rcclllar 

thechangeinhmxsndthe increase inqumtunyieldof ANSparallel 

toreductionof cyk&rcm~areanindicaticmthatsaneoftheANS 

bindingsitesbecanerrweshieldedfranwaterinthereducledthanin 

the~zedfarmordlternatively,thatwaterattheANSbindingsite 

beccmesnnrestructuredintherd&state. Inparkicularitczmbe 

speculateathat~changyesin~relativehydraplabicityofthe 

~~~~treflect~~inthestrucstureofthepratein 

during the transition fran oxidized to reduced. The role of lipid 

~beinthiscaseto~~~thepassibilityforANStointer~ 

witntheh~~icr~~ofthecytochmrne~moleniles. Ekrtit 

canalsobespeculat&thatthes tructuxaltnnsiticmsoftheccmplex 

maybedifferentfrunti~atof the free qtockam g, and that these 

transitionsarerecordedbyANS. Inthiscasetheconformationdl 
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Stoichiamtriesbetweencyto&mwc and lipids. ale pr* iJlteraction 

ofphcepholipidmicmdkpersicnsinwaterwiti f=yb&nm cis electro- 

static in nature. Thenu&erof&o5@olipidmkculeswhi&canbs 

associated with cybdmmecare4 forcazdiolipin (contains twophos- 

ghczus ataw), 8 forphcs~tidylinositol,about80 for&os&atidyl 

ethanolanineandgreaterUlsrn500farlecithin.Cytochranechasa~ 

excessof8positivechargesperrmleculeatpH8. Thusinteraction 

withcardiolipinandphosFhatidylinositolare stoichiaretric in terms 

0fchargeneutralizati~;lecithina zwiizterion&jnes to anegligible 

extent with c!mdlmE 2 (9,101. Ck~theotherhand,thetransitimin 

M?Sfll.KJr~ upmK??ductialof cyto&mw~ismaximalwhen4czuAio- 

lip~,5leciulin,andlOwtalmito&c&rmlipidmleculesareadded. 

Th.ismaysuggestatleastimhypatheses: a) only the firstsitesocc@edby 

phospholipidarenecessaIyforseeingtheANsrespcnse: or,b) thatthe 

effectof#xqholipidinthis caseisdifferentinnatureandinvolves an 

0therQpsofbindingontoother~:ateinsites. Wsfavorthelatterin- 

terpr&tim. 

Inccnclu&&n,widencethats~alchangesoccurduringthe 

transiticmferri-tof em3q&Araw~inaqtodwaw~l..ipid 

aznplex has been presented. me system described Cal be ConsWd 

amodelsystenofprotein-lipidinteracticr,inwfLichthereactivity 

ofthesingle catpcxmtsisdifferentfranthereactivityofthe 

CXXIpleX. Itcanalsobeconsideredasystmthatiscloserinits 

characteristics to the qtochmw~initsnaturalemtirament. In 

thi~case~a~inthes~~ofthe~l~d~~redcPrtransiti~ 

mayplayan~troleinthemecfianismofelectmn~~and 

alsoofelmqy czcmematiminmi~ia. 
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