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Oleicacid,like IW,stimulates the oxidatim ofe-ketcglutarete and 

pyruvatebyrabbit livermitochcndria,andatthe same tims accelerates the 

formationofphosphoenolpyruvate franthese substrates. Thenetproducticn 

ofmalate,citrate andacetoacetate similarly depends CKI the concentrationof 

uncoupler. __--_____------- - - -- 
Mudge et aL(1954) demcnstrated that cNp** stimulated the formatia of -- 

PEP franc-ketoglutarateby rabbit livermitochondria. PEPprcductionwas 

ckpendent0ncNp concentrati~ although the responsewas polyphasic underthe 

amditions employed Wxnbury and Mudge, 1954). 'These observations have been 

repeatedandextendedinrecentyearstith livermitochx~driaisolatedfr~n 

guinea pig (Nodlie and Lardy, 19631, rat (Scholte and Tager, 19651, and rab- 

bit (Garble and Mazur, 1965). Scholte and Tager (1965) qhasized that the 

requirementforpi during the oxidation ofu-ketoglutarate orglutanate in the 

presence ofI!Wwas dwtothe formaticnofPEP,aprocesstich depletedmito- 

chondria Of eI&gemXXs Pi. 

Itiswellestablishedthatunsaturatedlcng-chain fatty acids function 

efficiently as uncouplereofrsspir~ory &air+linked&dativephosphoWlation. 

* Supportedby grants HE84219 and HE06308 frwn the United States Public Health 
Service, 626139 from the Anrerican Heart Association, P178 and IH46H frcsn the 
~~can~rSociety,~da~tfrrmEliLilly and-, 

** Abbreviations: INP, 2,4-dinitqdlenol; PEP, phosphoen&wrwate. 
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Severallabor&ox?ies have shown thatoleicacidcan uncouple respiretim and 

stimulateATPeseactivity @ressman~dLm$,1956; I.&ningerandRzmzrt, 

1959; and Borst et a&1962). Although the oxidation of oleic acid itself 

by ratlivermitochmdriais partially mcoqled,thepmcess is self-sustair+ 

ingifconcentMticPlsofo~cacidare~~ed~charefessthan.OSlunoles 

permg of mito&ontial protein (msi ett,,1967; van den Bergh, 1966). 

Thepresents~was~~~~todete~~~~fattyacidscould 

stimulatetheformationofPEPfranv~~substratesbyisolated~~rmit~ 

chmdria. Itwas foundthatoleicacid,like INP,greatlyenhancedthegenera- 

tionof PEP frme-ketoglutarate Apyruvate in&bit livermitochonfia. 

Since PEP is a key intermediate in gluconeogenesis (Utter et al,,1964; Krebs, -- 
1964),andsincenetglucosef~~~besignalledbyperfusing fatty 

acids through liver tissue Gtrudc et al,1966; Teuffel et al,,1967), it is -- 
postulatedthatthis effectofunsatumtedfatty acids inisolatedlivermito- 

chcndriamay play a supporting role in glwmeogwmis***. 

MElXOE6: Rabbit livermito&cMriawerepreparedas &scribedby@ers and 

Slater (1957). Inc&ations were carried out at 30° in Waxburg vessels having 

6-8 ml capacity. The st~~incubati~mediuncMtained5O~KU,25~ 

'Iris-HCl (pH 7.41, 5 UN @Cl2 in a fin&. volume of 1.0 ml. Reactimwere 

startedby the additionofmitochcmdriaandtexminatedby the additicmof 0.1 

ml 2 M HC104. After removing the precipitated pmtein, the s@.es were ma- 

~zedwith~andassayedspe~~anetr fmpyruvate andFEP,as 

described by timberg and Pricer (1951). Pymvate was estim&ed by the addition 

oflactatedehydrogeneee(f~ofWruvickinase),andPEPbytfLesubsequent 

additionofcrystaUinepyrwickinase. ~toacetatewasmasmdspecmqhow- 

*** Elevatedfree fattyacidlevels oftheor&rofO.l-1.0 wm.les/grmnof 
liver~isw+$eobse~dinxets during starvatiy (Y.Yugat-$,pers+ 

. ~highervalueshavebeencbtamedfollwmgadnm- 
Em ofgluregon oranti4nsulins~torat.s (J. a,per~cndL 
axmnmication). Assuning ayieldoflox oftitochcmdrialpmteinper 
gm of liwar, the intrshepatic fatty acid levels comespcnd to 0.01-0.1 
moles of free fat@? acidper= ofmitochcndridlprotein. 
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n&ricallyusing D(-hMydrxqWt&c dehydrogenase. Malate*funaratewas 

esthatedbymeasuring the appearance oflWfiinthepresenceofexcess a~etyl- 

CM,malic dehydrcgenase, f ~e,andcitratesynthase. Citratewasmeasured 

with citrate lyase (E.C. 4.1.3.6) and malic de?@rogenase &uber and Moellering, 

1966). Proteinwas determinedby l&e Biuretmethcd. Nucleotides andenzymes 

we~~dfrrmtheS~ChemicalCo.,St.~s,Missauri. qmrvicacidwas 

ptified as described previously UWis, 1967). 

RESULTS: Oxygen uptake ~dp~i~ofPEPbymit~driain~epresenceof 

ao-ketoglutarate a??z dependent cnthe cczxentr&i~ofaddedINPoroleate (Table 

I). At conosntraticns of oleate in excess of .OS mles per n\g of mitochon~al 

TABLE1 

TheEffectofCNPandOleate~theOxidaticarofo-ketoglutaMte andonpEp 
SynthesisbyRabbitLiverMitochcntia 

J Lolea J 
hi? 

-A 0 +A PEP 
h!N) (11 .atans) hlrKd.es) 

0 1.0 0.06 

0.1 12.0 3.51 

1.0 12.1 3.57 

0.1 3.0 0.21 

0.2 5.5 0.76 

0.4 8.8 1.69 

0.8 8.3 1.54 

l%e st- hcubatitn? mixture included 2 dl potassi~ phosphate (pH 7.41, 9.5 
nlg.mit~dlpratein,1OmM~ketoglutarrzte,pl~ DiPoroleate as indicated, 
inafinalvoluneof1.0ml. Incubationtime: 33min. 

proteinbothrespizW&nandPEPfonnationwe~pxgressi\relydiminished. Sim- 

ilarresultswereobtainedwithglutemate andcimte as subs-es. Pahitate 

andstearatewexemuch less effective thanoleate instimulating PEPprcduCtiCXL 

In con-t to earlier experhnts (Stanbuzy andMudge, 1954; Nardlie and 

Larx@,1963) pyruvate alcrne canprovide farpEp formation (Table II and Figu~el). 
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TABLE II 

The Effect of CNP and Oleate on Pyruvate Oxidation and PEP Fommticm 

LWJ A0 xrR!dr 
E?cp. 1 (uM) (u atans) (umles) 

0 1.8 0.32 

10 8.2 1.28 

20 13.0 1.66 

Exp.2 Exp.2 

40 40 5.6 5.6 0.12 0.12 

Coleatel Coleatel -A 0 -A 0 +A PEP +A PEP 
(uMM) (uMM) (u atans) (u atans) (luTd.esl (luTd.esl 

0 0 2.8 2.8 0.47 0.47 

200 6.9 0.68 

300 10.0 1.32 

500 12.5 1.04 

1000 3.9 0.08 

'13e standardincubaticmmixture included2 mMpotassiunphosphate,5.0 umles 
sodiun pyzuvate, and other additicns as indicated. In the experiments cit$d 
and7.5mg ofmitohondrhlpmteinwere added,respect.i~ly. v 

ii2 
, 

the incubationtimeswere 44 and48min. 

Withsqmcptimallevels ofINPoroleate,PEP fmnationfails andacatcacetate 

production is initiated suggesting that insufficient ATP is available forccntin- 

uingoxalo~tategeneMtionfrcmpyrrnratethrough~~lase(~ 

vate:CO2 ligase (ADPI, E.C. 6.4.1.1) (Utter et al,,l964). Production of cxalc- 

acetate fmnwryvateis clearly not rmte-limiting at relatively low concentra- 

tiCplsofMcouplers,sincebothmalateandcitrate~~euslder~e~i- 

ticns (Fig. 1). 

As previously &served with system containing INP (M-e et a&,1954; 

S&olte and Tager, 1965) Pi is necessary far oleate-stimulated PEP fomaticm fm 

a-ketoglutamte, glutamate, citrate, or pyruvate. Malcmate inhibits the produo- 

tionofPEPfrwnthesesubstrates. 
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CDNP3 pM 

Stoichianetxy of metabolite accunul.ation frwn pymvate in presence of fig! 1: 
varmus concentrations of E$F. Basic medium included 2 Funoles of phosphate, 8.75 
moles ofpyruvate,10,2mg mitochmdrialprotein,andWP at the concen~tions 
indicatedin a final volume of 1.0 ml. Incubation the, 32 min. 

: pyruvate,.; 
mahteplusfunarate A ; PEP,*; and acetoacetate, A. 

total oxygen ccmsmed, A. 

DISWSION: ~thypothesesexplainingthemaMerinwhichfattyacidss~ 

late gluccmeogenesis are primari ly based on the follming considemtions: (a) B- 

oxidatimoffatty acids genemteshigh lexls ofacetyl-CoAti& in tum acti- 

vate pymvate carhxylase (Wieland and Weiss, 1963; Utter and Keech, 1963). Eh- 

hancmentof this system leads to en increased supply of omloacetate (derived 

fmnpyruvate oralamine) which is thenavailable forPEPsynthesis. (b) Acetyl- 
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CaAinhibits~vicdehydmgenase GarlandandPandle,1964). This actionwould 

presunably encourage ashunting ofpyxuvate carbontawardthe formationofoxal* 

acetate. (c) Fatty acid oxidation is acmqanied by an elevation in the amcen- 

trationofmalate unckrcetiain conditions,andanincrease inthe ratios,~ 

NAD+, lactate&yxuvate and malatekxaloacetate (Walter et+>1966). Both Walter 

et al,(1966) and Krebs (1967) have emphasized the possible importance ofmalate -- 

ingluconeogenesis,buthas acar?mnsomceandas asouxeofextmnitochontial 

reducing equivalents. On th other hand, Willimscm et aL(1967) failed to re- -- 

veal accmistentchange intheNAl.H/NAD+ ratioduetostarvationordiabetes. 

The data presented here syggest that elevated levals of free fatty acids 

inlive~**couldazSoenhancegluccneogew;isfranaertainaninoacids,~as 

wellaspyruvate,~ketcglutamte andcitmte) in adifferentmanner. Partial 

uncoupling ofoxidativephasphorylatimby fatty acidswouldinczasethexMe 

of flow of intemediates to ox&oacetate,aswell as stimlatepmductionof 

GTP through the substrate-levelphcsphcxylation coupledtothe oxidation ofa- 

ketcglutarate (Sarmdi et al,,1956). -- Whenhigherlevels ofmcoupler are 

present,PEPformatianfranWruMteisnotmaintainedsince~~~~ti~ 

ofA!i'P,perse,required for foxmation ofoxaloacetate~~ate carboq?l.ase 

becanes limiting. ~equently~e~~~i~of~~t~e~dedf~ 

PEP fomaticn andcitmte synthesis is inadequate,and~vateis diverted 

largely to acetoacetate. When livermitazhondka am partially uncoupled, at 

lmerlevels ofuncoupler,the snaplemticmaintenance of~aloacetate fmn 

pyruvateis adequate for-id fomationofPEP,andthereis very little ac- 

cunulation ofacetoaoetate. Itappearsthatmcatofthe~requimdfor 

PEPformationcanbemediatedthroughGTP. 

~le~:WewishtothankGerdavanlhi~~dS~ Bat&$ for 

theirex~llenttechnical assistance. 
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