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The effect of inhibitors of the ATP synthase, the adcnylate carrier and adenylatc kinasc on the respiratory rate. stcad.,,-statc 
membrane potential and mitochondrial ATP levels have been investigated in potato and pca leaf mitochondria. Under 
ADP-limitcd conditions, it was found that the addition of oligomycin, aurovcrtin or clrapcptin incrca,,cd the membrane Ix~tcntial 
and decreased the respiratory rate, implying that ATP synthesis was occurring prior to inhibition. Molybdale. NEM or vanadatc 
had no effect on the ATP synthesised, suggesting that ADP-regeneration required for conlinucd phosphorylation v.as not duc to 
contaminating ATPases or pho~phatases. ATP levels were significantly reduced by carboxyatracty',osidc (CAT) and increased by 
P~,PLdi(adenosine-5') pentaphosphate (Ap.~A). The respiratory, rate could be stimulated by the addition of AMP and the 
stimulated rate was sensitive to oligomycin and aurm, ertin. Preincubation ~ith CAT or ApsA abolished AMP stimulation of 
NADH oxidation. It is suggested that respiration can sustain a limited but significant net formation of AI-P. cvcn in the ab.',cncc 
of any added ADP. A model involving the combined activities of the adenylatc carrier, adcnylate kinasc and the ATP synthase is 
proposed to account for the ATP synthesised under these condition,;. Furthermore. it is sugge.~ted that the cycling of 
mitochondrial ADP and ATP via this model may represent a major regulatory ir2uencc on the activity of mitochondrial 
respiration under conditions of ADP-limitation - a condition likely to reflect the in ,,i,m situation in plant cells. 

I n t r o d u c t i o n  

The reactions of the tricarboxylic acid cycle, the 
respiratory chain and the ATP synthase are all inter- 
connected within the mitochondrial matrix and require 
the co-ordinated control of all of these processes for 
continued metabolism. The requirements of these dif- 
ferent processes are met by the assorted activities of 
the various carriers, enzymes and exchange devices 
present in the mitochondrial system [1]. During respi- 
ration, substrates are oxidised and a protonmotive force 

Abbreviations: Ap~ A, P I. p.Ldi( adenosine-5' } pc m aphosphal e: CAT, 
carboxyatractyloside, FCCP, carbon~l ~.3anide p-trifluorometho~ 
~'phenylhydrazone: NEM, N-ethy~maleimidc. TPMP'. meth.~ltriph- 
enylphosphonium, pml, protonmotive force. 

Correspondence: A.L. Moore. Biochemistr2, Department. Univervt,, 
of Sussex. Falmer. Brighton. BN1 t~OG. UK. 

(pmf) is generated across the inner mitochondrial 
membrane. The pmf is used as the driving force for the 
different carriers and exchangers as well as for the 
synthesis of ATP [2]. 

The use of the pmf b~,' the ATP syntha~  during 
ATP synthesis induces an increase in the rate of respi- 
ration - a phenomenon known as "respiratory control' 
(3]. The activity o! the TCA es'clc will thus depend 
partly on the rate of oxidation of substratcs by the 
respirator)' chain (for co-factor regeneration) and partly 
on the availabilitT of ADP to the ATP synthase com- 
plex. If there were absolute or very tight coupling 
between all these activitie.,,, then the production of 
TCA intermediates for cellular metabolic requirements 
would be wholly dependent on the cellular require- 
ment for ATP and hence on the availability of ADP to 
the synthase, in plants, these two requirements for 
intermediates and ATP are not neces.,,arily balanced. 
since the supply of carbon for synthetic pur~'~es, un- 
der certain conditions, may be more important than 
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thc supply of ATP and henct: it is likely that there is a 
mechanism(s) which will allo~ ,l relaxation of coupling 
between these metabolic events. 

Plant mitochondria display rapid rates ol sub.',tratc 
oxidation whcn in staic 4 or stale substralc twhich is 
defined as the respirator, rate prior to addition of any 
ADP) in comparison to their mammalian countcrpart 
[4,5]. Thcse rapid rcspiralory rcsponscs havc bccn vari- 
ously attributed to the activity of arl endogenous 
lq*/K ~ antiportcr and/or to thc cngagcmcnt of non- 
phosphorylativc pathways such as the alternative path- 
way and/or the rotcnonc-inscnsitivc bypass [6]. Using 
cyanidc-scnsitivc potato mitochondria it has been 
shown that at high membrane potentials there is an 
increase in thc ionic conductancc of thc mcmbranc 
compared to conductance at tow membrane potcntials 
and that the ATP synthasc is active during the genera- 
tion of thc membrane potential [7]. evcn under ADP- 
limitcd conditions. It was therefore of some impor- 
tance to investigate the activity of the synthase during 
the steady state and to assess its role in facilitating 
rapid respiratory ratcs in the abscncc of added ADP. 

In this current study wc havc uscd a TPMP~-sensi - 
tivc electrode to monitor the cffccts of inhibitors of thc 
ATP synthase componcnts (F, and F t) upon the respi- 
ratory rate and membrane potential of purified potato 
and pea leaf mitochondria under ADP-limited condi- 
tions (state-substrate). It was found that the addition of 
oligomycin, aurovertin or cfrapeptin increased the 
steady-state membrane potential and decreased the 
:espiratory rate, implying that ATP synthesis was oc- 
curring prior to inhibition. When levels of ATP were 
measured in the mitochondrial suspensions before, 
during and after energisation it was tound that, al- 
though ATP was synthesised undcr state-substrate con- 
ditions, it did not accumulate within the mitochondrial 
matrix. Since ADP was not addcd to the suspensions it 
must therefore be assumed that mitochondria contain 
an ATP hydrolytic activity which is capable of regener- 
ating the ADP required for the synthesis of ATP under 
these conditions. Thc nature of the rcnewable source 
of ADP required for continucd respiration and ATP 
synthesis in the steady state was therefore investigated. 
it was found, using inhibitor trcalments, that the mito- 
chondrial suspensions did not contain any contaminat- 
ing F-, P- or V-type ATPases or phosphatases. Investi- 
gation into the possible rote of the adenylate carrier 
and adenylate kinase in this process revealed that. 
during ATP synthesis, under state-subs(rate conditions, 
ATP was exl~,rted to the intermembranc space (vi, ~he 
adcnylatc carrier) wherc it was hydrolysed by the ac- 
tion of adenylate kinase and ADP re-imported into the 
mitochondrial matrix in exchange for ATP. 

it is proposed that this cycling of mitochondriai 
ADP and ATP. involving the combined activities of the 
adcnylatc carrier and the mitochondrial adenylate ki- 

nasc. represents a major regulatory influence on the 
activity of mitochondriai rcspiration under conditions 
of ADP limitation. 

Materials and Methods 

Frcsh potato tubers (Solanum tuberosum L.) were 
obtained from the local market and stored at 4°C. Pea 
(Pisum satit'um L., cv Fcltham First) seedlings were 
grown in trays of soil for 12-14 d. TPMP bromide was 
from Aldrich (Gillingham, Dorset, UK). Efrapeptin 
and aurovertin B were kind gifts from Professor R.B. 
Becchey (University of Wales, Aberystwyth, UK). Lu- 
ciferin and luciferase were from LKB (Wallac, 
Sweden.). All other chemicals, including cabox3'atract- 
yloside and Ap~A, were from Sigma (Poole, Dorset, 
UK). 

Potato tuber and pea leaf mitochondria were iso- 
lated and purified on continuous Percoll gradients as 
previously described [7,8]. Reactions were carried out 
at room temperature in a 2 ml reaction medium which 
contained 0.3 M mannitol, l0 mM KH2PO 4, 1 mM 
MgCi,, 10 mM KCI and l0 mM Mops (pH 7.4) in a 
specially constructed cell housing a Rank oxygen elec- 
trode, a TPMP+-sensitive electrode and a magnetic 
stirrer. 

Mitochondrial membrane potentials were continu- 
ously monitored with a TPMP+-electrode as previously 
described [7]. The electrode was calibrated at the start 
of each experiment by successive additionf of TPMP + 
to a final concentration of 2.5 ~M and membrane 
potentials were calculated using the Nernst equation 
using a matrix volume of 1.4 p.l/mg protein [9]. Cor- 
rections for binding of TPMP ~ to mitochondria and as 
a result of substrate addition were made as previously 
explained [7]. Due to the presence of a H+/K + an- 
tiporter in plant mitochondria [6], the contribution of 
thc pH component of the pmf is negligible and this was 
further ensured by thc cempositien of the reaction 
medium such that ,3p = Atb [6]. 

Mitochondria (0.5-1 mg protein) were incubated in 
thc electrode cell with TPMP'  and energised either by 
the addition of 5 mM succinate or 1 mM NADH. 
Where appropriate, inhibitors were added either be- 
fore energisation (in the case of ApsA and CAT) or 
during the steady state (in the cases of aurovertin, 
efrapeptin and oligomycin) as shown in the figures. 

ATP levels in the reaction media were determined 
using thc sensitive luciferin technique in an LKB 1250 
Luminometer as previously described [7]. Briefly, mito- 
chondri."- (05-1 mg protein) were incubated in a reac- 
tion medium and a sample was taken for ATP determi- 
nation (typical endogenous ATP content was 0.45-0.6 
nmol/mg protein). Succinate was added and a further 
sample was taken after 6 rain (approx. 0.8-1.1 nmol 
ATP/mg protein). When the effect of vanadate, 



molybdate or NEM was investigated, the inhibitor was 
added to the reaction mixture and a sample taken, 
followed by the addition of succinatc (after I rain of 
incubation with inhibitor) and a further s~mplc was 
taken after 6 min. Appropriate blanks containing 
reagents, but not mitochondria, were performed for 
each sample. 

Protein concentrations were determined as in Lowry, 
etai .  [10] using BSA as standard. 

Results 

Fig. I illustrates the respiratory state we have termed 
state-substrate (to distinguish it from state 4,',. In the 
absence of any added ADP, the addition of a sub~trate 
to potato mitochondria, results in a rapid rate of respi- 
ration. Note that in the case of succinate the respira- 
tory rate is not, initially, linear, since succinate 
dehydrogenase normally requires ATP or ubiquinol to 
activate the enzyme complex [11]. The addition of ADP 
results in a stimulation of respirato~ activity and, of 
particular interest, in a decrease in the respiratory rate 
following exhaustion of the ADP. Similar decreases in 
the state-substrate rate to that observed trader true 
state 4 conditions can be elicited either by the addition 
of 250 p,M ATP or 2 /zg  oligomycin/mg protein (Fig. 
1A). It is apparent from Fig. 1 that state-substratt: is 
not substrate (or tissue) specific since comparable de- 
creases in the overall oxygen uptake rates can be 
observed when exogenous NADH is used as a sub- 
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strafe (Fig. IB). Such difference,,: in rate, either as a 
result of the phosphorylation of ADP or due t~ the 
addition of ATP or oligomycin, have been attributed to 
the mitochondrial ATP synthasc acting as an ion-influx 
channel [7]. This is because statc-substratc conditions 
favour the relcasc of the inhibitor protein IF~ from its 
inhibitory site on the F~-ATP synthasc, facilitating in- 
creascd proton conductance [12]. True statc 4 condi- 
tions fawmr the rebinding of IF~ to F~ and hence 
prevent the ATP synthase acting as a dissipative mute 
for proton re-entry [12]. Oligomycin is presumed to 
inhibit thc respiratory rate as a result of binding to F, 
[13,14]. An alternative possibility for such decreases in 
respiratory rates could be as a consequence of an 
increased ATP content within the mitochondrial ma- 
trix. Such conditions have also been dcmonstratcd to 
favour the rebinding of the inhibitor protcin [12]. 

In an attempt to determine whether the ATP syn- 
thase was acting merely as a dissipative route without 
concomitant synthesis of ATE the effects of inhibitors 
of the ATP synthase complex upon the steady state 
membrane potential generated in the absence of ex- 
ogenous ADP were investigated lFig. 2). Encrgisalion 
with succinatc gcneratcd a membrane potential of i,',;9 
mV which incrca,~ed to 2(1t mV upon subsequent addi- 
tion of oligomycin [Fig. 2a]. Similar results were ob- 
sen ed when either efrapeptin and aurovertin, both of 
which spccificailv inhibit the F~-ATP synthase [131, 
replaced oligomycin (Figs. 2a and bl. Thus. in eve~' 
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case. the addition of an A'IP synth:t,,c inhibit~r r~:sulls 
in an increase in the ~teadv+>tatc membr;tne potential 
in the a.hscncc of added ADP. Fig. 2 al,,o dcmonstr¢~tcs 
that w'hcn oligomycin was :~ddcd t¢~ n~itochondria oxi- 
dising succinatc in the presence o! an F~-ATP synthasc 
inhibitor such as ctrapcptin or ~uroverlin. it resulted 
in a further increase in the steady-st,no membrane 
potential. Such results strongly suggest th:tl, befi~rc the 
addition of the inhihitors, there was an influx of prt~- 
tons through ihc synthasc. This inllux may hc a passive 
flow htll is far more likely t~ dri~c the synthesis of 
ATI'. In support of this idea. wc haxc prcvjou.,,ly 
demonstrated thai broth ~tatc-.~tmstratc and state 4 can 
sustain a limited but significant net formation of ATP, 
even in the absence of any added ADP [7]. Since ATP 
is ,;~nthcsiscd during the Mcady-slat¢ without being 
acct~muIatcd, i~ must be hydrolyscd to rcgcncra~¢ the 
AI)P required ior the synthesis of the ATP. 

In order to determine ~vhcthcr the source(s) of 
rcnewablc-ADP i~ ~ilhin or outside the mitoch~ndriai 
m~.tri:: d,,:r,n,~ ~h~: . . . .  -,,c~tu~'~-:,t,ttc. the role of ti~c adcn.,,- 
late carrier was in~csligalcd. This c:trricr cataly.~es an 
clcctro~cnic c.xchangc of AI)P for A I T  across the 
inner mitochondri,~l mcmhranc [15.1f~] and is specifi- 
cally inhibited h~ (('A I') [i 7]. If the renewable ~ource(s) 
of ADP is in the matrix then inhibition of the carrier 
should not haxc any effect on either ATP synthesis ~r 
the levels of ATP. The effect of CAT ~n the level of 

ATP in the mitochondria[ suspension was determined 
once a .~tcad~ state had been achieved following ener- 
gisation. A c,~mparison of Figs. 3a and 3b reveals that 
the level of ATP m the presence of CAT was 1t)~; of 
that obscr~,cd in its absence. The decrease in ATP 
content of the mitochondrial suspension in the pres- 
ence of ( 'AT is accompanied by an increased steady- 
state membrane potential (results not shown). The 
hubsuquenl addition of olig¢~mycin under these condi- 
lions had emly a minimal effect on the established 
potential. In other words, the membrane potential gen- 
cr,~ted in the presence o~ CAT was higher than in its 
absence and was not significantly increased by 
oligomycin. These finding strongly suggest that the 
ADP-rcgenerating system(s) was not located in the 
mitochondrial matrix. 

It is possible that the ADP regenerated in our 
experimental system resulted from ATP hydrolytic ac- 
tivity associated with contaminating ATPascs, even 
though highly purified mitochondria were used in these 
investigations. There are several possible sources of 
contaminating ATPascs, such as those associated with 
the plasma and '~.acuolar membranes in addition to 
non-specific acid phosphatascs, all ~f which can con- 
sumc ATP and thus generate ADP. in an attempt '~o 
determine whether at~y of these were responsible for 
generating the ADP outside of the mitochondrion we 
investigated the effect of inhibitors of these various 
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content ~a~ analy~d a', mdicaled in Materials anti Methods. Rc,uhs 
are expre,~scd as r~ of the ATP content in the ~amplc incubated ~ith 
suhstrale alone { I(IO~'~ = 0.85-!  nmol ATP) and repr~senl mean, 7 

S.D. flom four independent measuremenh, 

ATP-consuming reactions [18-20] on the ATP content 
of the mitochondrial suspension during s~atc-sub~trate 
oxidation. 

Mitochondria were suspended in the presence tsep- 
arately) of each of the inhibilors and ATP levels were 
determined both before and after cnergisation ,~ith 
succinate (see Fig. 4L "['he amounts ot ATP s~ .,thcsised 
in the presence of 1 mM molybdate and lIl~t uXl 
vanadate were similar to those in the conlh,l lacking 
the inhibitor, it was therefore possible to climinale 
contamination by acid phosphata,e,, and ,,acuolar 
ATPase~ as being responsible for the regeneration of 
ADP. By contrast, treatment vdth NEM produced a 
small reduction in the amount of ATP synthesized. 
Although this result is suggestive of contamination by a 
plasma membrane ATPase [20]. a similar decrease in 
the ATP content would also have been expected ~ith 
the vanadate treatment [18]. NEM is. however, rela- 
tively unspecific and is known to also ha,~e an in- 
hibitory effect on the adenylatc and phosphate carrier,, 
[21,22] and it is therefore quite conceivable that the 
effect observed in Fig. 4 is related to this latter in- 
hibitor!,' action rather than to inhibition o t a  plasma 
membrane ATPa~. These resulls suggest that ADP i,, 
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tl~)t r e g e n e r a t e d  by the  a t r i u m s  ~q an~ c , ~ n l a m i n a l i n g  

A ' l ' l ) - l lydr ( f ly t  ic acl~viI~c,,. 

Sinct: the rcsuhs described in i ig,,. 3 ;,u,t J '-ttggCsI 

t h a t  AI)I ) is regenerated by ~ua¢t~on(,,} h)catcd ~)utsidc 
the mttochondrial matrix and appears n~t to involve 
contaminant enzyme~ in lhe mih~chondriai .',ttspcn>i~m. 
v,.v investigated the role of advn~lal¢ kinasc in the 
ADP-regcneration reacti~m. I~ plant lis,ucs, data in 
the literalure suggest that adcnylalc kinasc i,~ h)c,dcd 
in the intermembrane space being tightl~ hound to the 
inner membrane [23] and. similar to other ,,yslems. is 
potently inhibited by Ap,A [24.25]. Mhochondria were 
incubated with I0 /aM Ap~A and samples for ATP 
determinalions were taken before and after energisa- 
tion with succinate. 11 can be .,,.ten from Fig. 3c that. in 
the pre.,,encc ~f Ap~A. l h¢  A ' ] ' P  cvmtcnl ol lhc mih> 
ch~mdrial suspcnsi(m was approximatcl~ double lhi~.l 
found in Ihc corresponding contnfl. Furthcrmorc. the 
inclusion of Ap~A re,,~l!cd in ;', q~r,=.ca g,:i;~:~a{i~m ,d 
the membrane potential, compared h~ the omtroi, but 
the final membrane ~tential  wa~. ¢~f a value similar h, 
that observed in [:ig. 2a (rc~,ults not ' ,h t~at lL thc',c 
results implicate adcn,,late kina,,c in the cxtra-ntih> 
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chondriai rcnmval process, fl~r AI)P. When the kinasc 
activity is inhibited by Ap+A, A'IP is not hydrol~sed 
extramitochondriall~ and will thus accumulz'": within 
the mitochondrial matrix (scc Fig. 3). I.urtllcr contir- 
matitm implicating a rule of adcnylatc kinasc in ~tate+ 
substratc oxidatiun is illustrated by the experiments 
depicted in Figs. 5 ~md 6. Purified pea leaf mito- 
~.hondria ~cre used in l hcsc  experiments t¢~ dcmem- 
strafe thai the rcspnnscs ~crc not li,,suc-specific. The 
addition of aliquots of AMP to mit~whondria .xidising 
NAI)H (,,ia the external tlchydrogcna,,c) r c,,tnltcd in a 
stimulation of rc.',piration which could bc inhibilcd by 
either otigornycin or aunwcrlin II the AMP i.,, being 
phosphorylatcd t- AI)P by adcnylatc kinasc, then 10ft 
/aM AMP vdll give rise IO 2(}f) #M ADP and hence 
xield a P / O  ratio characteristic of t',x'o sites of 
phosphoD'lation. II can bc .,,con from tqg. 5c that ',uch 
a rc,,ult wa,, obtained. ~.hcn mitoch,mdria wcrc prcin- 
cubatcd x,,ith i{i y. ?,,1 .,',,p+,,.\ for 5 mit; prior t,~ ~tddition 
oi  substratc. AMP did not r~.sult in any rcspiratoD: 
stimulatitm +confirming that there ++as no ADP con- 
taminatic, n of the AMP s,~lution), but respiratory con- 
trol could sti[I bc observed upon subsequent addition 
ol AI)P. suggcslir, g th:tl ,.X,p<A does not inhibit the 
rc~,pir,tto~) ,.'h:,in. Sirnilarly. prcincubation in the pres- 
ence t)f CAT ;t[so prevented AMP stimulation confirm- 
ing the involvement of the adcnylatc carrier in this 
procc',s. It is alsn ;~pparcnt from Fig. 6b that the initial 
rcspiratoD rate. in lhc presence of ('AT. is consider- 
ably lov+'er than that oh~,cncd in [rig. 5. consi.,,tenI w nh 

the observed incrcase in membrane potential caused by 
'he inclusion of this inhibitor (results not shown). 

Discussion 

In the present paper we have investigated the na- 
ture of state-substrate oxidation in plant mitochondria. 
A characteristic feature of plant mitochondria is that 
they display a rapid state 4 respiratory rate. in eompar- 
iron t<~ their mammalian counterpart, and furthermore 
arc typified by the intial rate of respiration (prior to 
the addition of ADP) being faster than true state 4 (a 
condition we have termed state-substrate)[4.5]. Rapid 
respiratory rates under state 4 conditions, which are 
accompanied by the generation of high membrane po- 
tentials, have been attributed to the presence of an 
cndogcvous K ' / H  ÷ antiporter [6] and/or  a high 
mcmbrm,c ionic conductance [7]. Although the nature 
,ff the conductance pathway is unclear, a possible route 
for H +-rc-cntr3' could be via the ATP synthase+ either 
resulting in the synlhesis of ATP or as a result of 
slippage without any net synthesis [26]. The results 
presented in this report, along with previous direct 
measurements on ATP formation [7], are however 
clearly consistent with a limited but significant amount 
of ATP being synthcsiscd during the steady state, even 
in the absence of exogenous ADP. This notion is 
supported by the finding that inclusion of either an F, 
ur an F t inhibitor increased the membrane potential 
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and decreased the respiratory rate (Figs. 1 and 2)and 
furthermore that ATP levels were significantly reduced 
by CAT but sabstantially increased by Ap~A (Fig. 3). 
These latter results clearly implicate the involvement 
of the adenylate carrier and adenylate kinase in the 
ATP synthesis process during state-substrate oxidation. 
ATP synthesis in the absence of added ADP ix not 
restricted to isolated plant mitochondria, however. 
since similar observations have been reported tor rat 
liver mitochondria [27,28]. 

A model to account for such a system is illustrated 
in Fig. 7. In this model ATP is continuously synthesised 
in energised mitochondria, even when ADP is omitted 
from the reaction mixture. This is achieved because the 
newly synthesised ATP is exported, via the adenylate 
carrier, to the intermembranc space in exchange fi~r 
ADP entry into the matrix where it is available for 
ATP synthesis. Such a cycling prevents ATP levels 
within the matrix from rising sufficicntl~ high to cause 
IF t binding to the synthase and thereby inhibit the 
synthase. Once in the intermembrane space, the ,ewtv 
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exported ATP v~t~uh! hc avail;dflc Ior cc]lut,t[ 
mctab~,lism ~r. if dcm;lnd t~,r A l P  i ~, h~v,. {hen h~d~oI',- 
.,,is by adcnvlatc kinasc I~ rc~gC~lCralc AI)I'. th~.)~t~,. 
C(mlplcling the C y t % .  lhc ,,ourcc ()i AMI ) ,-cqui~cd )(~r 
the adcnylatc kinas¢ reaction may tic w~th ~hc a,,:lwit,, 
of acyl CoA synthctase prop~scd t~ rcqdc ~m the outer 
mitochc, ndriai mcrnbranc [29]. indeed, prclm'unar3 re- 
suits indicate that statc-substratc rc,,pirator}, ratc ~.an 
bc stimulated by :tpprox. 2(tc~ up~m ,~ddilion ol ('~A 
and. furthcrm~)rc, such ,,llmulations arc n,)t observed 
with mitoplasts (M(~rt.  A.L. and Whitch(~usc. I).(;.. 
unpublished obsc~,ations). Ohviou.,,ly. turthcr ~ork i.', 
reqdircd to substantiate these finding.,,. Nonetheless. 
Figs. 5 and 6 clearly demonstrate the in'volvemcnt of 
both AMP and adenylatc kina.,,c in the maintenance of 
state-substrate respirate~ acte,ib. A number of other 
rcacliorts which might generate AI)P (e.g. COnlaminal- 
ing F-, P- or V-type ATl'ases and nonspccific ph~spha- 
tase:i) have been shown (scc Fig. 4) to bc absent from 
the purified mitochondrial prcparati(ms u~,cd in this 
study. Equally. conditions c()nduci~t: t~) the (~pcrati~m 
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