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Redox state of quinone affects sensitivity of Acanthamoeba castellanii mitochondrial uncoupling protein to purine nucleotides

Aleksandra Swida, Andrzej Woyda-Ploszczyca, Wieslawa Jarmuszkiewicz

INTRODUCTION

Acanthamoeba castellanii is a free-living amoeba found in soil, marine, and freshwater environments and an important predator of bacteria. A. castellanii is also an opportunistic pathogen of clinical interest, responsible for several distinct human diseases. Under axenic non-pathogenic conditions, A. castellanii has been used frequently as a model organism to study mitochondrial energy-dissipating systems, such as a cyanide-resistant alternative oxidase [START_REF] Jarmuszkiewicz | Immunological identification of the alternative oxidase of Acanthamoeba castellanii mitochondria[END_REF][START_REF] Jarmuszkiewicz | Electron partitioning between the two branching quinol-oxidizing pathways in Acanthamoeba castellanii mitochondria during steady-state state 3 respiration[END_REF], an ATP-sensitive potassium channel [START_REF] Kicinska | ATP-sensitive potassium channel in mitochondria 15[END_REF], and an uncoupling protein (AcUCP) [4][START_REF] Jarmuszkiewicz | The effect of growth at low temperature on the activity and expression of the uncoupling protein in Acanthamoeba castellanii mitochondria[END_REF][START_REF] Czarna | Activation of alternative oxidase and uncoupling protein lowers hydrogen peroxide formation in amoeba Acanthamoeba castellanii mitochondria[END_REF][START_REF] Jarmuszkiewicz | In phosphorylating Acanthamoeba castellanii mitochondria the sensitivity of uncoupling protein activity to GTP depends on the redox state of quinone[END_REF][START_REF] Swida | Fatty acid efficiency profile in uncoupling of Acanthamoeba castellanii mitochondria[END_REF].

Uncoupling proteins (UCPs) catalyze a proton conductance that dissipates an H + electrochemical gradient (∆µH + ) built up by the mitochondrial respiratory chain in animal, plant and some fungal and protist mitochondria [for review see Refs. [START_REF] Ricquier | The uncoupling protein homologues: UCP1, UCP2, UCP3, StUCP and AtUCP[END_REF][START_REF] Sluse | Uncoupling proteins outside the animal and plant kingdoms: functional and evolutionary aspects[END_REF][START_REF] Sluse | Mitochondrial UCPs: new insights into regulation and impact[END_REF][START_REF] Vercesi | Plant uncoupling mitochondrial proteins[END_REF][13][START_REF] Cannon | Uncoupling proteins: a role in protection against reactive oxygen species--or not?[END_REF][START_REF] Echtay | Mitochondrial uncoupling proteins--what is their physiological role? Free Rad[END_REF]. Uncoupling proteins have been proposed to fulfill a physiological function through a ∆µH + dissipation by a free fatty acid (FFA)-activated purine nucleotide (PN)-inhibited H + cycling process driven by membrane potential (∆Ψ) and pH (both constituting ∆µH + ).

In unicellular organisms, as well as in non-thermogenic plant and animal tissues, the physiological role of this energy-dissipating system has not yet been established. Recent discussions imply that UCPs (with the exception of thermogenic UCP1 of mammalian brown adipose tissue) may play a central role in the limitation of the production of mitochondrial reactive oxygen species and in the maintenance of the cell energy metabolism balance related to the regulation of ATP production as well as control of the NADH/NAD + ratio [START_REF] Ricquier | The uncoupling protein homologues: UCP1, UCP2, UCP3, StUCP and AtUCP[END_REF][START_REF] Sluse | Uncoupling proteins outside the animal and plant kingdoms: functional and evolutionary aspects[END_REF][START_REF] Sluse | Mitochondrial UCPs: new insights into regulation and impact[END_REF][START_REF] Vercesi | Plant uncoupling mitochondrial proteins[END_REF][13][START_REF] Cannon | Uncoupling proteins: a role in protection against reactive oxygen species--or not?[END_REF][START_REF] Echtay | Mitochondrial uncoupling proteins--what is their physiological role? Free Rad[END_REF].

In mitochondria of the amoeboid protozoan A. castellanii, the action of AcUCP has been shown to mediate FFA-activated, PN-inhibited H + re-uptake driven by ∆µH + that in state 3 respiration can divert energy from oxidative phosphorylation [4]. The fatty acid efficiency profile in uncoupling of A. castellanii mitochondria has been described [START_REF] Swida | Fatty acid efficiency profile in uncoupling of Acanthamoeba castellanii mitochondria[END_REF]. It has been also shown that a cold treatment of amoeba culture increases AcUCP activity and protein level, indicating that UCP could be a cold response protein in unicellulars [START_REF] Jarmuszkiewicz | The effect of growth at low temperature on the activity and expression of the uncoupling protein in Acanthamoeba castellanii mitochondria[END_REF]. Moreover, we have shown that UCP may play a role in decreasing reactive oxygen species production in unicellular organisms, such as amoeba A. castellanii [START_REF] Czarna | Activation of alternative oxidase and uncoupling protein lowers hydrogen peroxide formation in amoeba Acanthamoeba castellanii mitochondria[END_REF].

As UCPs are specialized proteins for ∆µH + dissipation, their activity must be finely regulated. For a long time, an inhibition of H + conductance by PN has been considered as a diagnostic of UCP activity.

However, for UCP1 homologues conflicting results have been obtained with isolated respiring mitochondria, where the FFA-induced H + conductance has been shown to be differently sensitive to PN under non-phoshorylating conditions. Insensitivity to PN has been observed for UCPs of amoeboid eukaryotes (A. castellanii and D. discoideum), plant UCPs and UCP2 (UCP ubiquitous in mammalian tissues) as well as UCP3 (UCP predominantly specific for skeletal muscle) in mitochondria respiring in non-phosphorylating conditions in the absence of superoxide [4, [START_REF] Jarmuszkiewicz | Linoleic acid-induced activity of plant uncoupling mitochondrial protein in purified tomato fruit mitochondria during resting, phosphorylating, and progressively uncoupled respiration[END_REF][START_REF] Jarmuszkiewicz | Uncoupling protein and alternative oxidase of Dictyostelium discoideum: occurrence, properties and protein expression during vegetative life and starvation-induced early development[END_REF][START_REF] Jarmuszkiewicz | Redox state of endogenous coenzyme Q modulates the inhibition of linoleic acid-induced uncoupling by guanosine triphosphate in isolated skeletal muscle mitochondria[END_REF][START_REF] Hourton-Cabassa | Alteration of plant mitochondrial proton conductance by free fatty acids. Uncoupling protein involvement[END_REF][START_REF] Considine | Superoxide stimulates a proton leak in potato mitochondria that is related to the activity of uncoupling protein[END_REF][START_REF] Echtay | Superoxide activates mitochondrial uncoupling proteins[END_REF]. On the other hand, under these conditions inhibition by PN has been observed for UCP in isolated mitochondria of C. parapsilosis [START_REF] Jarmuszkiewicz | First evidence and characterization of an uncoupling protein in fungi kingdom: CpUCP of Candida parapsilosis[END_REF] and potato tuber [START_REF] Vercesi | PUMPing plants[END_REF]. In the case of mammalian UCPs, quinone (Q) has been shown to be an obligatory cofactor for their action [START_REF] Echtay | Coenzyme Q is an obligatory cofactor for uncoupling protein function[END_REF][START_REF] Echtay | Uncoupling proteins 2 and 3 are highly active H(+) transporters and highly nucleotide sensitive when activated by coenzyme Q (ubiquinone)[END_REF]. Furthermore, during non-phosphorylating respiration, stimulation by superoxide has been shown to be necessary to reveal sensitivity to PN in isolated kidney and skeletal muscle mitochondria [START_REF] Echtay | Superoxide activates mitochondrial uncoupling proteins[END_REF][START_REF] Echtay | Superoxide activates mitochondrial uncoupling protein 2 from the matrix side. Studies using targeted antioxidants[END_REF][START_REF] Tablot | Production of endogenous matrix superoxide from mitochondrial complex I leads to activation of uncoupling protein 3[END_REF][START_REF] Talbot | Superoxide activates a GDP-sensitive proton conductance in skeletal muscle mitochondria from king penguin (Aptenodytes patagonicus)[END_REF] as well as in plant mitochondria [START_REF] Considine | Superoxide stimulates a proton leak in potato mitochondria that is related to the activity of uncoupling protein[END_REF]. However, in the reconstituted system with heterogously expressed mammalian UCPs, no superoxide activation has been required to demonstrate the FFA-activated PN-sensitive H + translocation and Q has no significant activating effect nor any effect on the inhibition by PN [START_REF] Jaburek | Reconstitution of recombinant uncoupling proteins: UCP1, -2, and -3 have similar affinities for ATP and are unaffected by coenzyme Q10[END_REF]30]. Moreover, taking into account the apparent affinity of reconstituted UCPs for purine nucleotides [START_REF] Echtay | Uncoupling proteins 2 and 3 are highly active H(+) transporters and highly nucleotide sensitive when activated by coenzyme Q (ubiquinone)[END_REF]30] and the concentration of nucleotides in vivo (2-15 mM, depending on material), UCPs should be almost fully inhibited under in vivo conditions, even in the presence of FFA, unless a regulatory factor or mechanism could modulate (lower) the inhibition by PN [START_REF] Sluse | Mitochondrial UCPs: new insights into regulation and impact[END_REF]. Recently, it has been proposed that the membranous Q redox state could be a metabolic sensor that modulates the PN inhibition of FFA-activated UCPs as observed in isolated skeletal muscle, potato tuber and A. castellanii mitochondria respiring in phosphorylating conditions in the absence of endogenous superoxide production [START_REF] Jarmuszkiewicz | Redox state of endogenous coenzyme Q modulates the inhibition of linoleic acid-induced uncoupling by guanosine triphosphate in isolated skeletal muscle mitochondria[END_REF][START_REF] Jarmuszkiewicz | In phosphorylating Acanthamoeba castellanii mitochondria the sensitivity of uncoupling protein activity to GTP depends on the redox state of quinone[END_REF]31]. Therefore, the question arises as to whether the same regulation takes place in the quite different mitochondrial metabolic state, i.e., under nonphosphorylating conditions thereby at higher ∆Ψ and redox state of Q (and other respiratory chain components) compared to The mitochondrial membrane electrical potential (∆Ψ) was measured using a tetraphenylphosphonium (TPP + )-specific electrode according to Kamo et al. [32]. The TPP + -electrode was calibrated with four sequential additions (0.4, 0.4, 0.8, and 1.6 µM) of TPP + . After each run, 0.5 mM FCCP was added to release TPP + for base-line correction. For calculation of the ∆Ψ value, the matrix volume of amoeba mitochondria was assumed to be 2.0 µl × mg -1 protein. Calculation assumes that TPP + distribution between mitochondria and medium followed the nernst equation. Corrections were made for the binding of TPP + to mitochondrial membranes. Values of ∆Ψ are presented in mV.

Proton leak measurements

The proton conductance response to its driving force can be expressed as the relationship between the oxygen consumption rate and ∆Ψ (flux-force relationship) when varying the potential by titration with respiratory chain inhibitors. Respiration rate and ∆Ψ were measured simultaneously using electrodes sensitive to oxygen and TPP + . Proton leak rates can be calculated from respiration rates by multiplying by a H + /O ratio of 6. Mitochondria (0.36 mg of protein/ml) were incubated in a standard incubation medium were almost the same, indicating that maximal electron flux through the respiratory chain was reached at 66-68% of Q redox state. Moreover, similar values of Q reduction level were observed in A. castellanii mitochondria oxidizing succinate under phosphorylating conditions [START_REF] Jarmuszkiewicz | In phosphorylating Acanthamoeba castellanii mitochondria the sensitivity of uncoupling protein activity to GTP depends on the redox state of quinone[END_REF].

Inhibitory effect of GDP on FFA-induced proton leak when the Q redox state is decreased in A. castellanii mitochondria

As previously reported [4,5], the FFA-induced AcUCP-sustained state 4 respiration was not inhibited (or weakly) by the addition of PN (Figure 2A). Since in A. castellanii mitochondria it has been shown that FFA-induced uncoupling during phosphorylating respiration can be inhibited by PN when endogenous Q is sufficiently oxidized [START_REF] Jarmuszkiewicz | In phosphorylating Acanthamoeba castellanii mitochondria the sensitivity of uncoupling protein activity to GTP depends on the redox state of quinone[END_REF], we investigated the effect of 1 mM GDP on the LA-induced uncoupling when the rate of the Q-reducing pathway is decreased in nonphosphorylating conditions. In the presence of malonate, when the rate of succinate oxidation and the corresponding Q redox state were decreased by around 60%, the full inhibition of the LA-induced H + leak was observed (Figure 2B). The inhibitory effect of GDP was revealed by inhibition of respiratory rate as well as restoration of ∆Ψ and Q redox state to values observed before LA addition. Thus, our determinations of the Q reduction level in mitochondria respiring in nonphosphorylating conditions show for the first time that activation of UCP activity leads to a GDP-sensitive decrease in the Q redox state. This conclusion can be extended to other PN, since the same results were obtained with 1 mM ATP or GTP (not shown). In the following experiments, GDP has been used to study the inhibitory effect on FFA-induced proton leak.

To establish a flux-force relationship to which a direct access is given by the simultaneous measurement of oxygen consumption and ∆Ψ, after energization of mitochondria with respiratory substrate (succinate or external NADH), the potential was titrated by the addition of a given concentration of inhibitors (malonate, myxothiazol or cyanide). In order to avoid possible errors due to non-steady-state conditions (when sequential addition of inhibitors is applied) as well as to assess the Q redox state for a [START_REF] Echtay | Superoxide activates mitochondrial uncoupling proteins[END_REF][START_REF] Talbot | Superoxide activates a GDP-sensitive proton conductance in skeletal muscle mitochondria from king penguin (Aptenodytes patagonicus)[END_REF] and plant mitochondria [START_REF] Hourton-Cabassa | Alteration of plant mitochondrial proton conductance by free fatty acids. Uncoupling protein involvement[END_REF][START_REF] Considine | Superoxide stimulates a proton leak in potato mitochondria that is related to the activity of uncoupling protein[END_REF].

Figure 3A shows that when the rate of the Q-reducing pathway was progressively decreased during succinate oxidation (with increasing concentration of malonate), in the presence of LA, the proton conductance was greater than in the controls, in LA-concentration dependent manner. This is demonstrated by the upward displacement of the H + leak curves: the mitochondria required a higher respiration rate to maintain any given ∆Ψ when incubated with LA. Below approximately 155 mV, the increase in H + conductance was diminished and then fully inhibited by addition of GDP. The relationship between respiratory rate and the Q reduction level (Qr/Qt) (Figure 3B) revealed the inhibitory effect of GDP on LA-induced AcUCP-sustained respiration for Q redox state below 50%. The full inhibitory effect was reached at approximately 40% of Q reduction level, when points obtained in the presence of LA and GDP reached the control curve. The respiratory rate versus the Q reduction level gave a single relationship for the all sets of experimental conditions (Figure 3C). This single relationship, showing that the Q reduction level declined linearly from 92 to 20%, clearly demonstrates that LA and/or GDP do not affect the activity of the cytochrome pathway during substrate oxidation titration in nonphosphorylating conditions (independently of respiratory substrate, see also Figure 5C).

To establish if the effect of PN on LA-induced activity of AcUCP is observed for the same range of respiratory rate, ∆Ψ and Q reduction level, independently of applied substrate, external NADH was used as a respiratory substrate. Similarly to succinate oxidation (Figure 2), the LA-induced AcUCP-sustained state 4 respiration with saturating NADH concentration (0.5 mM) was not inhibited by the addition of GDP (Figure 4A). However, when the Q reduction level was decreased (approximately by 70%) by a lower NADH concentration (0.005 mM), the inhibitory effect of GDP was revealed by inhibition of the No inhibitory effect of GDP on FFA-induced proton leak when the Q redox state is increased in A.

castellanii mitochondria

The above experiments indicate that in A. castellanii mitochondria under nonphosphorylating conditions, sensitivity to PN of the FFA-induced AcUCP-sustained uncoupling is dependent on membranous Q redox state. To exclude the role of respiratory rate and ∆Ψ, we varied (progressively decreased) them with inhibitors of the QH 2 -oxidizing pathway (myxothiazol or cyanide) leading to an increase in the Q reduction level. Figure 6 shows an example experiment in which the respiratory rate, ∆Ψ and Q redox state were measured for nonphosphorylating succinate oxidation with a given concentration of myxothiazol (5.8 µM), when the effect of PN on the LA-induced mitochondrial uncoupling was studied.

In the presence of myxothiazol, when the respiratory rate was decreased (by approximately 50%) and the corresponding Q redox state was increased (by 10%), no inhibition of the LA-induced H + leak by 1 mM GDP was observed. This results from the absence of GDP effect on respiratory rate, ∆Ψ and Q redox state in the presence of LA. The force-flux relationship established in the presence of 1.2 µM LA to activate AcUCP and in the presence or absence of 1 mM GDP indicates that the nucleotide does not inhibit the LA-induced H + conductance when the Q reduction level was gradually increased (Figure 7A). Although titration of succinate oxidation with cyanide or myxothiazol comprised the respiratory rate and ∆Ψ ranges at which GDP-sensitivity was observed for Q-reducing pathway titration (with malonate, Figures 3A,5A), no inhibitory effect of GDP was revealed under these conditions. However, the respiratory rate versus the Q reduction level relationship is clearly out of the Q redox state range where sensitivity to PN is revealed under state 4 conditions (Figure 7B). These results clearly indicate that the progressive inhibition of the LA-induced H + leak in the presence of GDP cannot be attributed to changes in the ∆Ψ. The lack of any inhibitory effect of GDP observed when decrease in state 4 respiration was accompanied by an increase in the Q reduction level proves that the inhibition by PN can be revealed only for a low Q redox state. Thus, we can conclude that in A. castellanii mitochondria the inhibitory effect of GDP on the LA-induced AcUCP-mediated uncoupling during nonphosphorylating respiration depends on the membranous Q in rat skeletal muscle mitochondria [START_REF] Jarmuszkiewicz | Redox state of endogenous coenzyme Q modulates the inhibition of linoleic acid-induced uncoupling by guanosine triphosphate in isolated skeletal muscle mitochondria[END_REF] and below 25% in potato tuber mitochondria [31]. Moreover, the regulation of the PN-sensitivity of FFA-induced UCP activity by Q redox state could explain why, in some mitochondria, no or weak inhibition by PN has been observed in nonphosphorylating (state 4) respiration, thereby when the Q reduction level could be high. Therefore, this phenomenon could account for the insensitivity to PN of FFA-induced uncoupling observed for UCPs of amoeboid eukaryotes (A.

castellanii and D. discoideum), some plant UCPs as well as mammalian UCP2 and UCP3 in mitochondria respiring in nonphosphorylating conditions in the absence of superoxide [4, [START_REF] Jarmuszkiewicz | Linoleic acid-induced activity of plant uncoupling mitochondrial protein in purified tomato fruit mitochondria during resting, phosphorylating, and progressively uncoupled respiration[END_REF][START_REF] Jarmuszkiewicz | Uncoupling protein and alternative oxidase of Dictyostelium discoideum: occurrence, properties and protein expression during vegetative life and starvation-induced early development[END_REF][START_REF] Jarmuszkiewicz | Redox state of endogenous coenzyme Q modulates the inhibition of linoleic acid-induced uncoupling by guanosine triphosphate in isolated skeletal muscle mitochondria[END_REF][START_REF] Hourton-Cabassa | Alteration of plant mitochondrial proton conductance by free fatty acids. Uncoupling protein involvement[END_REF][START_REF] Considine | Superoxide stimulates a proton leak in potato mitochondria that is related to the activity of uncoupling protein[END_REF][START_REF] Echtay | Superoxide activates mitochondrial uncoupling proteins[END_REF]. Indeed, proton conductance curves established for FFA-induced non-phosphorylating uncoupling have not revealed sensitivity to PN during titration with cyanide when Q redox state is likely increased in potato tuber mitochondria [START_REF] Hourton-Cabassa | Alteration of plant mitochondrial proton conductance by free fatty acids. Uncoupling protein involvement[END_REF][START_REF] Considine | Superoxide stimulates a proton leak in potato mitochondria that is related to the activity of uncoupling protein[END_REF]. On the other hand, as inhibition by PN has been observed for UCP in isolated mitochondria of C. parapsilosis [START_REF] Jarmuszkiewicz | First evidence and characterization of an uncoupling protein in fungi kingdom: CpUCP of Candida parapsilosis[END_REF] and some varieties of potato tubers [START_REF] Vercesi | PUMPing plants[END_REF] it seems that in some organisms (most probably dependently on tissue, physiological state, age, and variety) the Q reduction level of nonphosphorylating state could be sufficiently low to allow inhibition by nucleotides.

Studies with mammalian UCPs have revealed conflicting results concerning the possibility that Q may be an obligatory cofactor for their action. Namely, oxidized Q has been shown to activate PNsensitive FFA-dependent H + transport through reconstituted UCP1-3 [START_REF] Echtay | Coenzyme Q is an obligatory cofactor for uncoupling protein function[END_REF][START_REF] Echtay | Uncoupling proteins 2 and 3 are highly active H(+) transporters and highly nucleotide sensitive when activated by coenzyme Q (ubiquinone)[END_REF]. Therefore, it has been proposed that oxidized Q could facilitate H + conductance induced by FFA during UCP action [START_REF] Echtay | Uncoupling proteins 2 and 3 are highly active H(+) transporters and highly nucleotide sensitive when activated by coenzyme Q (ubiquinone)[END_REF]. On the other hand, other studies have shown that Q has no significant activating effect on the FFA-dependent H + translocation nor any effect on the inhibition by PN in reconstituted UCP1-3 [START_REF] Jaburek | Reconstitution of recombinant uncoupling proteins: UCP1, -2, and -3 have similar affinities for ATP and are unaffected by coenzyme Q10[END_REF]. Photoaffinity labeling of purified UCP1 with retinoic acid has indicated that Q increases binding of activator by UCP1 [37]. It must be underlined that the described regulation of UCP activity by Q redox state so far has been observed only for the FFA-induced UCP-mediated uncoupling. Indeed, from proton conductance curves established in different mitochondria, under conditions when UCPs are activated by superoxide during non-phosphorylating respiration [START_REF] Hourton-Cabassa | Alteration of plant mitochondrial proton conductance by free fatty acids. Uncoupling protein involvement[END_REF][START_REF] Considine | Superoxide stimulates a proton leak in potato mitochondria that is related to the activity of uncoupling protein[END_REF][START_REF] Echtay | Uncoupling proteins 2 and 3 are highly active H(+) transporters and highly nucleotide sensitive when activated by coenzyme Q (ubiquinone)[END_REF][START_REF] Echtay | Superoxide activates mitochondrial uncoupling protein 2 from the matrix side. Studies using targeted antioxidants[END_REF][START_REF] Tablot | Production of endogenous matrix superoxide from mitochondrial complex I leads to activation of uncoupling protein 3[END_REF]35,36], it is difficult to univocally estimate if sensitivity to PN depends on Q redox state during titrations of the Q-reducing pathway (with malonate when succinate is oxidized) and the QH 2 -oxidizing pathway (with cyanide or myxothaizol). However, this cannot be excluded since determinations of Q reduction level have not been performed in these experiments.

Interestingly, addition of reduced coenzyme Q to respiring kidney mitochondria has resulted in an increase in FFA-induced GDP-sensitive proton conductance through production of superoxide [35].

Therefore, further studies should explain if regulation of sensitivity of AcUCP to PN through Q redox state could be also observed under conditions when uncoupling is activated by superoxide. So far, in A.

castellanii mitochondria there is no evidence that AcUCP activity is induced by reactive oxygen species.

Taking into account the apparent affinity of reconstituted UCPs for PN [START_REF] Echtay | Superoxide activates mitochondrial uncoupling proteins[END_REF]30] and the concentration of nucleotides in vivo (2-15 mM, depending on material), UCPs should be almost fully inhibited under in vivo conditions, even in the presence of FFA, unless a regulatory factor or process could overcome (lower) the inhibition by PN [START_REF] Cannon | Uncoupling proteins: a role in protection against reactive oxygen species--or not?[END_REF][START_REF] Jarmuszkiewicz | Redox state of endogenous coenzyme Q modulates the inhibition of linoleic acid-induced uncoupling by guanosine triphosphate in isolated skeletal muscle mitochondria[END_REF]. In the case of UCP1, it has been found that FFA do this in a kinetically simple competitive manner [39]. Moreover, studies with mitochondria isolated from yeast mutant cells lacking Q and expressing mouse UCP1 have shown that FFA-induced GDP-sensitive proton conductance by UCP1 expressed in yeast mitochondria is not dependent on the presence of Q in the mitochondrial membrane [38]. However, there is no data excluding the possibility that a highly reduced membranous Q lead to overcoming PN-inhibition of UCP1 activity in mammalian mitochondria.

The present study evidences that at least in A. castellanii mitochondria, a metabolic sensor that modulates the PN inhibition of FFA-activated UCP activity is the Q redox state. Therefore, the evidence of Q redox state-dependent sensitivity to PN of AcUCP could suggest that this phenomenon occur in UCPs throughout the whole eukaryotic world. However, it seems also probably that in A. castellanii mitochondria, like in plant and some fungal mitochondria, where a cyanide-resistant alternative oxidase is present, the mechanism of interaction between Q pool redox state and UCP activity may be a feedback to prevent the Q pool from becoming overly reduced. Such as role would not apply to mammals. Fact that in A. castellanii mitochondria, the transition of the inhibitory effect of PN on FFAinduced AcUCP-mediated uncoupling is observed for the same range of Q reduction level in two different metabolic states of mitochondria brings us nearer to elucidate one of mechanisms of UCP activity regulation in protozoan mitochondria. 
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RESULTS Fatty acid-stimulated proton leak and redox state of endogenous Q in A. castellanii mitochondria

  -state resting respiration), titration of a dehydrogenase activity was carried out. To titrate succinate oxidation an increasing concentration of malonate (up to 5 mM), a competitive inhibitor of succinate dehydrogenase, was used. Titration of NADH oxidation was performed as described previously varying

	Biochemical Journal Immediate Publication. Published on 11 Apr 2008 as manuscript BJ20080333	
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  5A and 5B show the effect of GDP on the respiration sustained by the LA-induced H + leak (AcUCP activity) when the rate of the Q-reducing pathway is gradually decreased in mitochondria oxidizing external NADH or succinate. Determinations of H + conductance curves (Figure5A), the relationships between respiratory rate as well as the ∆Ψ versus Q reduction level (Figures5B, 5C) in the presence or absence of 1.2 µM LA and/or 1 mM GDP indicate that there is no difference between the results obtained with NADH and with succinate. With gradually decreased state 4 respiratory rate, LAinduced uncoupling activity was inhibited by GDP at the ∆Ψ below 160 mV and the Q reduction level below 50%.
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