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In mammalian cells MonoCarboxylate Transporters (MCTs) require association with an ancillary protein to enable plasma membrane expression of the active transporter. Basigin is the preferred binding partner for MCT1, MCT3 and MCT4 and embigin for MCT2. In rat and rabbit erythrocytes MCT1 is associated with embigin and basigin respectively, but its sensitivity to inhibition by AR-C155858 was found to be identical. Using RT-PCR we have shown that Xenopus laevis oocytes contain endogenous basigin but not embigin. Co-expression of exogenous embigin was without effect on either the expression of MCT1 or its inhibition by AR-C155858. By contrast, expression of active MCT2 at the plasma membrane of oocytes was significantly enhanced by co-expression of exogenous embigin. This additional transport activity was insensitive to inhibition by AR-C155858 unlike that by MCT2 expressed with endogenous basigin that was potently inhibited by AR-C155858. Chimeras and C-terminal truncations of MCT1 and MCT2 were also expressed in oocytes in the presence and absence of exogenous embigin. L-lactate K m values for these constructs were determined and revealed that the transmembrane (TM) domains of an MCT, most probably TMs7-12, but not the C-terminus, are the major determinants of L-lactate affinity whilst the associated ancillary protein has little or no effect. Inhibitor titrations of lactate transport by these constructs indicated that embigin modulates MCT2 sensitivity to AR-C155858 through interactions with both the intracellular C-terminus and TMs 3 and 6 of MCT2. The C-terminus of MCT2 was found to be essential for its expression with endogenous basigin.

INTRODUCTION

The transport of L-lactate across the plasma membrane of mammalian cells is catalysed by protonlinked monocarboxylate transporters of which four isoforms have been characterised; MCT1, MCT2, MCT3 and MCT4 [START_REF] Bröer | Characterization of the monocarboxylate transporter 1 expressed in Xenopus laevis oocytes by changes in cytosolic pH[END_REF][START_REF] Bröer | Characterization of the high-affinity monocarboxylate transporter MCT2 in Xenopus laevis oocytes[END_REF][START_REF] Grollman | Determination of transport kinetics of chick MCT3 monocarboxylate transporter from retinal pigment epithelium by expression in genetically modified yeast[END_REF][START_REF] Dimmer | The low-affinity monocarboxylate transporter MCT4 is adapted to the export of lactate in highly glycolytic cells[END_REF][START_REF] Manning Fox | Characterisation of human monocarboxylate transporter 4 substantiates its role in lactic acid efflux from skeletal muscle[END_REF]. These transporters are encoded by separate genes and belong to the monocarboxylate transporter (MCT) family (SLC16) that contains fourteen members in humans and mice [START_REF] Halestrap | The SLC16 gene family -from monocarboxylate transporters (MCTs) to aromatic amino acid transporters and beyond[END_REF]. MCT1 is widely expressed and is important for the uptake of lactic acid by heart and red skeletal muscle where it acts as a major respiratory fuel, and for gluconeogenesis in the liver and kidney of some species [START_REF] Kim-Garcia | Molecular characterization of a membrane transporter for lactate, pyruvate, and other monocarboxylates -implications for the Cori Cycle[END_REF][START_REF] Mccullagh | Role of the lactate transporter (MCT1) in skeletal muscles[END_REF][START_REF] Jackson | Cloning of the monocarboxylate transporter isoform MCT2 from rat testis provides evidence that expression in tissues is species-specific and may involve post-transcriptional regulation[END_REF][START_REF] Halestrap | Lactate transport in heart in relation to myocardial ischemia[END_REF][START_REF] Halestrap | The proton-linked monocarboxylate transporter (MCT) family: structure, function and regulation[END_REF]. MCT2 is a higher affinity transporter [START_REF] Bröer | Characterization of the high-affinity monocarboxylate transporter MCT2 in Xenopus laevis oocytes[END_REF] and may facilitate the uptake of lactic acid for gluconeogenesis in the liver and kidney where it is the dominant MCT isoform in some, but not all, species [START_REF] Halestrap | The SLC16 gene family -from monocarboxylate transporters (MCTs) to aromatic amino acid transporters and beyond[END_REF][START_REF] Jackson | Cloning of the monocarboxylate transporter isoform MCT2 from rat testis provides evidence that expression in tissues is species-specific and may involve post-transcriptional regulation[END_REF][START_REF] Garcia | cDNA cloning of MCT2, a second monocarboxylate transporter expressed in different cells than MCT1[END_REF]. MCT2 is also expressed in neurons, especially at the post-synaptic density, where it may facilitate the uptake of lactic acid, produced by glycolysis in astrocytes, for oxidation as a respiratory fuel [START_REF] Pierre | Monocarboxylate transporters in the central nervous system: distribution, regulation and function[END_REF]14]. The expression MCT3 is limited to the basal membrane of the retinal pigment epithelium and choroid plexus epithelia [15,16], whilst MCT4 is primarily expressed in highly glycolytic cells such as white muscle fibres, where it is used to facilitate lactic acid efflux from the tissue [17,[START_REF] Juel | Lactate transport in skeletal muscle -role and regulation of the monocarboxylate transporter[END_REF], and is up-regulated in other cells under hypoxic conditions [START_REF] Ullah | The plasma membrane lactate transporter MCT4, but not MCT1, is up-regulated by hypoxia through a HIF-1 alpha-dependent mechanism[END_REF].

All members of the MCT family are predicted to have 12 transmembrane α helices with a large loop between TMs 6 and 7 that faces the intracellular side of the membrane as do the C-and Ntermini. For most MCT isoforms the N-terminus is relatively short whilst the C-terminus and TM6/7 loop are quite long and show little sequence identity between isoforms [START_REF] Halestrap | The SLC16 gene family -from monocarboxylate transporters (MCTs) to aromatic amino acid transporters and beyond[END_REF][START_REF] Halestrap | The proton-linked monocarboxylate transporter (MCT) family: structure, function and regulation[END_REF]. For MCT1 the proposed structure has been confirmed by proteolytic cleavage and labelling studies, as well as molecular modelling [START_REF] Poole | Studies of the membrane topology of the rat erythrocyte H+/lactate cotransporter (MCT1)[END_REF][START_REF] Manoharan | The role of charged residues in the transmembrane helices of monocarboxylate transporter 1 and its ancillary protein basigin in determining plasma membrane expression and catalytic activity[END_REF][START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF][START_REF] Wilson | Studies on the DIDS binding site of monocarboxylate transporter 1 suggest a homology model of the open conformation and a plausible translocation cycle[END_REF]. An ancillary protein, either basigin or embigin, is required for MCTs1-4 to be properly expressed at the plasma membrane [START_REF] Manoharan | The role of charged residues in the transmembrane helices of monocarboxylate transporter 1 and its ancillary protein basigin in determining plasma membrane expression and catalytic activity[END_REF][START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF][START_REF] Wilson | Studies on the DIDS binding site of monocarboxylate transporter 1 suggest a homology model of the open conformation and a plausible translocation cycle[END_REF][START_REF] Poole | Interaction of the erythrocyte lactate transporter (monocarboxylate transporter 1) with an integral 70-kDa membrane glycoprotein of the immunoglobulin superfamily[END_REF]. Embigin and basigin are single transmembrane glycoproteins with two or three extracellular immunoglobulin domains [START_REF] Nabeshima | Emmprin (Basigin/CD147): Matrix metalloproteinase modulator and multifunctional cell recognition molecule that plays a critical role in cancer progression[END_REF][START_REF] Guenette | Embigin, a developmentally expressed member of the immunoglobulin super family, is also expressed during refression of prostate and mammary gland[END_REF][START_REF] Muramatsu | Basigin (CD147): a multifunctional transmembrane protein involved in reproduction, neural function, inflammation and tumor invasion[END_REF][START_REF] Iacono | CD147 immunoglobulin superfamily receptor function and role in pathology[END_REF] and the continued interaction between the MCT and its ancillary protein is essential to maintain transporter activity [START_REF] Manoharan | The role of charged residues in the transmembrane helices of monocarboxylate transporter 1 and its ancillary protein basigin in determining plasma membrane expression and catalytic activity[END_REF][START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF]. Basigin is the normal binding partner for MCT1, MCT3 and MCT4 [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF][START_REF] Kirk | CD147 is tightly associated with lactate transporters MCT1 and MCT4 and facilitates their cell surface expression[END_REF][START_REF] Zhao | Expression and distribution of lactate/monocarboxylate transporter isoforms in pancreatic islets and the exocrine pancreas[END_REF][START_REF] Wilson | Fluorescence resonance energy transfer studies on the interaction between the lactate transporter MCT1 and CD147 provide information on the topology and stoichiometry of the complex in situ[END_REF][START_REF] Philp | Loss of MCT1, MCT3, and MCT4 expression in the retinal pigment epithelium and neural retina of the 5A11/basigin-null mouse[END_REF][START_REF] Deora | Mechanisms regulating tissue-specific polarity of monocarboxylate transporters and their chaperone CD147 in kidney and retinal epithelia[END_REF][START_REF] Gallagher | Monocarboxylate transporter 4 regulates maturation and trafficking of CD147 to the plasma membrane in the metastatic breast cancer cell line MDA-MB-231[END_REF], although MCT1 may be expressed with embigin in some tissues such as rat erythrocytes [START_REF] Poole | Interaction of the erythrocyte lactate transporter (monocarboxylate transporter 1) with an integral 70-kDa membrane glycoprotein of the immunoglobulin superfamily[END_REF]. By contrast, MCT2 prefers embigin as its binding partner [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF].

In order to elucidate the importance of each MCT isoform in particular metabolic pathways and disease states, it would be highly desirable to develop isoform-specific inhibitors. Recently, a new class of specific and extremely high affinity inhibitors of MCT1 have been discovered by AstraZeneca [START_REF] Murray | Monocarboxylate transporter MCT1 is a target for immunosuppression[END_REF][START_REF] Guile | Potent blockers of the monocarboxylate transporter MCT1: Novel immunomodulatory compounds[END_REF][START_REF] Ekberg | The specific monocarboxylate transporter-1 (MCT-1) inhibitor, AR-C117977, induces donorspecific suppression, reducing acute and chronic allograft rejection in the rat[END_REF]. We have confirmed the ability of one of these inhibitors, AR-C155858, to inhibit MCT1 in rat erythrocytes with a K i value of about 2 nM and demonstrated similar high affinity inhibition of both MCT1 and MCT2 when they are expressed in Xenopus laevis oocytes. By contrast MCT4 was not inhibited and by studying MCT1/4 chimeric transporters we were able to A c c e p t e d M a n u s c r i p t locate the inhibitor binding site to TMs 7-10 of the C-terminal half of MCT1 [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. In studies directed towards establishing the relationship between the structure and function of MCT2 we found that co-expressing MCT2 with embigin in Xenopus laevis oocytes significantly increased plasma membrane expression and activity of the transporter. However, when we investigated the inhibition of MCT2 activity by AR-C155858 under these conditions we found a major reduction in inhibitor sensitivity. Here we report the results of these studies and provide evidence for an interaction of embigin with both the C-terminus and TM3 and TM6 of MCT2, but not MCT1, that plays an important role in mediating this reduced inhibitor sensitivity.

EXPERIMENTAL

Materials

All reagents were obtained from Sigma (Poole, UK) unless otherwise stated and most antibodies were obtained from the sources cited in [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. Rabbit polyclonal antibodies to the C-terminus of rat embigin were raised in house as described previously [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF] and the HA-antibody was purchased from Covance (Cambridge Bioscience, Cambridge, UK). Restriction enzymes were obtained from Roche Applied Science (Roche Diagnostics Ltd., Burgess Hill, West Sussex UK). Rat and rabbit blood were purchased from Harlan SeraLabs (Loughborough, UK). Xenopus laevis toads were obtained from Xenopus Express (Haute-Loire, France) and oocytes harvested as described previously [START_REF] Manoharan | The role of charged residues in the transmembrane helices of monocarboxylate transporter 1 and its ancillary protein basigin in determining plasma membrane expression and catalytic activity[END_REF]. L-[ 14 C]-Lactate was obtained from GE healthcare (Little Chalfont, UK). AR-C155858 was obtained from AstraZeneca and made up as a 10 mM stock in DMSO.

Methods

Detection of basigin and embigin in Xenopus oocytes by RT-PCR

A BLAST search of the EST database with the protein sequence for rat basigin and embigin identified a full length mRNA sequence for Xenopus laevis basigin (BC099064.1) and a partial mRNA sequence (853bp) that was highly homologous to embigin (EB645817). Whilst the former was common in the EST database the embigin sequence gave only 3 hits (thymus cDNA library). These sequences were used to design primers (see Supplementary Table 1) for PCR detection of embigin and basigin in Xenopus laevis oocytes using Xenopus thymus tissue as a positive control.

RNA was extracted from the oocytes and thymus using TRIZOL ® Reagent (Invitrogen) using the manufacturer's protocol. cDNA was synthesised with Expand Reverse Transcriptase (Roche) and used in PCR reactions. Thermocycling was performed using the following parameters: 1 min at 95°C, 1 min at 55°C and 1 min at 72°C for 5 cycles, 1 min at 95°C, 1 min at 50°C and 1 min at 72°C for 30 cycles. PCR products were analysed by agarose gel electrophoresis. 

Generation of MCT chimeras and truncations of rat MCT1 and MCT2

Chimeras of MCT1 and MCT2 were created in which the N-and C-terminal halves either side of the TM6/7 loop (MCT2/1 and MCT1/2) or just the C-terminal tails (MCT1/2c and MCT2/1c) were swapped. The rationale and methodology used was the same as that described previously [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. The MCT1/2 and MCT2/1 loop chimeras were produced based upon a stretch of nucleotide sequence similarity near the end of the 6-7 large intracellular loop consisting of residues (P/K)(K/R)(G/L)(E/S)K(L/V)S (MCT1/MCT2). Similarly the MCT1/2c and MCT2/1c C-terminal chimeras were based on a conserved YRL sequence one residue downstream of the end of TM12 for both MCT1 and MCT2. Sequences for all primers used are given in Supplementary Table 1 and were designed to be between 15 and 30 bases in length. The C-terminal truncation of MCT1 (MCT1trnc) was produced as described previously [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. For C-terminal truncation of MCT2, PCR was used to produce MCT2 lacking the sequence C-terminal of the end of TM12, just as was performed when making the MCT2/1c chimera, but the product was ligated into the pGEM-T easy vector system (Promega). From here it was extracted by EcoRI digestion and ligated into EcoRI linearised oocyte pGHJ vector with a stop codon within the plasmid sequence downstream of MCT2trnc. Since the MCT2 antibodies were raised against the C-terminus, in order to monitor plasma membrane expression of MCT2trnc, an HA-tag (a short peptide sequence -YPYDVPDYA) was added to the N-terminus of MCT2. This was performed by insertion of the MCT2trnc construct into a linearised pcDNA3 vector (Invitrogen) previously modified by Dr. Harry Mellor of this Department to include the HA-tag upstream of the inserted DNA ( HA-pcDNA3) whilst maintaining the reading frame between HA-tag and MCT sequence. Subsequently, the HA-MCT2trnc construct was extracted from the pcDNA3 vector using PCR with the primers given in Supplementary Table 1.

These contained XbaI restriction enzyme sites both upstream and downstream of the HA-MCT2trnc cDNA, enabling insertion of the HA-tagged construct into the appropriately linearised pGHJ vector.

Confirmation that all the desired changes had been correctly engineered was provided by sequencing (The Sequencing Service, Dundee).

Measurement of MCT1 activity in erythrocytes

L-lactate transport into rat and rabbit erythrocytes was measured by monitoring the change in extracellular pH with a pH sensitive electrode as described previously [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF][START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. The erythrocytes (5% haematocrit) were pre-incubated for 1 hour at room temperature with or without AR-C155858 at the required concentration prior to assaying transport of L-lactate ( A c c e p t e d M a n u s c r i p t

Measurement of MCT transport activity in Xenopus oocytes

cRNA was prepared and injected into Xenopus laevis oocytes as described previously [START_REF] Manoharan | The role of charged residues in the transmembrane helices of monocarboxylate transporter 1 and its ancillary protein basigin in determining plasma membrane expression and catalytic activity[END_REF][START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. For all assays 10 ng MCT cRNA ± 10 ng rat embigin cRNA in 9.2 nl water were injected, with controls receiving just water. MCT and embigin expression at the plasma membrane of oocytes was confirmed by immunofluorescence microscopy as described previously [START_REF] Manoharan | The role of charged residues in the transmembrane helices of monocarboxylate transporter 1 and its ancillary protein basigin in determining plasma membrane expression and catalytic activity[END_REF][START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. MCT kinetic assays were performed by monitoring intracellular pH with proton sensitive dye 2'-7'-bis(carboxyethyl)-5-6-carboxy-fluorescein (BCECF) or by determining the uptake of [ 14 C]-L-lactate (7.4 MBq / ml) [START_REF] Manning Fox | Characterisation of human monocarboxylate transporter 4 substantiates its role in lactic acid efflux from skeletal muscle[END_REF][START_REF] Manoharan | The role of charged residues in the transmembrane helices of monocarboxylate transporter 1 and its ancillary protein basigin in determining plasma membrane expression and catalytic activity[END_REF][START_REF] Wilson | Studies on the DIDS binding site of monocarboxylate transporter 1 suggest a homology model of the open conformation and a plausible translocation cycle[END_REF][START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. The uptake buffer contained 75 mM NaCl, 2 mM KCl, 0.82 mM MgCl 2 , 1 mM CaCl 2 , 20 mM Tris/HEPES at pH 7.4. AR-C155858 inhibitor titrations were performed at pH 6 with oocytes preincubated for 45 minutes in uptake buffer (75 mM NaCl, 2 mM KCl, 0.82 mM MgCl 2 , 1 mM CaCl 2 , 20 mM MES; at pH 6) containing the required concentration of AR-C155858 prior to measuring the uptake of [ 14 C]-L-lactate (0.5 mM) as described previously [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. Unless stated otherwise, uptake was determined over 2.5 minutes for all MCT constructs except for MCT2trnc ± embigin and MCT2/1 ± embigin where 5 and 10 minutes were used respectively,. We determined that these conditions represented the longest period over which uptake was linear with time (data not shown).

RESULTS

Embigin enhances MCT2 expression in Xenopus oocytes

We have shown previously that MCT2 usually associates with embigin rather than basigin [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF]. If Xenopus oocytes express endogenous basigin, but not embigin, this might explain the poor expression of exogenous MCT2 relative to MCT1 [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. In order to determine whether or not this was the case we performed RT-PCR analysis of mRNA extracted from Xenopus oocytes using primers designed against Xenopus basigin and embigin as described in the Experimental Section. Data are reported in Figure 1A. As anticipated a strong signal was found for basigin but not embigin. As a positive control we were able to detect embigin using mRNA from Xenopus thymus in agreement with the presence of embigin in a Xenopus thymus cDNA library (Acc. No. EB645817). Since we do not have suitable antibodies to detect endogenous Xenopus embigin or basigin we were unable to confirm these data at the protein level. However, using Western blotting of a crude membrane fraction (Fig. 1B) and confocal microscopy of sections of Xenopus oocytes (Fig. 1C) we were able to confirm that when oocytes were co-injected with cRNA for rat embigin and MCT2, the plasma membrane expression of MCT2 was increased relative to the MCT2 expressed in the absence of embigin. Coincident with this, the co-expression of embigin reduced amount of MCT2 located in a compartment beneath the plasma membrane in the absence of embigin (Fig. 1C) and increased the rate of L-lactate transport into the oocytes (Fig. 2). By contrast, embigin A c c e p t e d M a n u s c r i p t failed to enhance the plasma membrane expression of MCT1 (Fig. 1B,C) and produced no increase in the rate of lactate transport (Fig. 2). The modest expression of MCT2 in the absence of embigin is likely to reflect its association with endogenous Xenopus basigin or a currently unidentified ancillary protein. In Figure 1D we confirm this by demonstrating that when this endogenous basigin was knocked down by microinjecting an antisense cDNA against basigin, expression of MCT2 was greatly reduced. This was associated with rates of lactate transport little higher than in uninjected controls. Scrambled antisense cDNA was without effect on either MCT2 expression or lactate transport.

Embigin reduced the sensitivity of MCT2 but not MCT1 to inhibition by AR-C155858

In Figure 2 we show that co-expression of embigin with MCT1 had no effect on the high sensitivity of this isoform to inhibition by AR-C155858. However, the situation with MCT2 was more complex. In the absence of embigin, the first addition of the inhibitor (10 nM) reduced the rate of transport by about 20 pmoles per min per oocyte which represented a 70% inhibition of transport.

With further inhibitor additions there was a progressive inhibition that reached nearly 100% at 100 nM AR-C155858 as described previously [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. In the presence of embigin the absolute reduction in transport rate by 10 nM AR-C155858 was again about 20 pmoles per min per egg but further additions of AR-C155858 gave little additional inhibition. Indeed, the difference between the rate of lactate uptake in the presence and absence of embigin remained almost constant at about 40 pmol per min per oocyte concentrations as the AR-C155858 concentration was increased from 10 nM to 100 nM. Thus about 50% of transport mediated by MCT2 co-expressed with embigin appears to be resistant to inhibition by ACR-C155858. It would seem probable that this inhibitor-insensitive transport represents the activity of MCT2 that is associated embigin while remaining 50 % that is inhibitor sensitive represents transport mediated by MCT2 associated with endogenous basigin. No such inhibitor-insensitive transport was observed when MCT1 was co-expressed with embigin.

Although it is quite possible that the MCT1 continues to utilise endogenous basigin rather than embigin under these conditions, we have shown previously that in rat erythrocytes, where MCT1 is naturally expressed in association with embigin, AR-C155858 still inhibits lactate transport potently with a K i value of 2.3 nM [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. However, to confirm that MCT1 sensitivity to AR-C155858 is unaffected by its choice of ancillary protein we compared inhibitor titrations of lactate transport into rabbit erythrocytes, where MCT1 is naturally expressed in association with basigin [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF], with those of rat erythrocytes where embigin acts as the ancillary protein. The data are shown in Figure 3.

As described previously for rat erythrocytes [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF], the potency of inhibition is such that a linear relationship between [AR-C155858] and rate of transport is observed for both species. The extrapolation to zero rate gives an approximate estimate of the number of binding sites for the inhibitor which is similar for both rat and rabbit erythrocytes despite the two-fold higher absolute A c c e p t e d M a n u s c r i p t rate of transport seen in the rabbit erythrocytes at the same pH. When rates of transport are expressed as percentage of control (zero inhibitor) the two plots superimpose (inset) also implying that there are a similar number of binding sites with the same affinity for AR-C155858 in both species. Thus, the turnover number for MCT1 in rabbit erythrocytes must be about 2 fold higher than for rat erythrocytes under these conditions. Our data do not allow us to determine with certainty whether this reflects an effect of the ancillary protein on the k cat of MCT1 or whether it is a property of the MCT itself.

Using MCT1 / MCT2 chimeras to investigate how embigin co-expression de-sensitises MCT2 to inhibition by AR-C155858

Since potent inhibition of MCT1 by AR-C155858 is observed whether MCT1 is associated with embigin or basigin we sought to establish what regions of MCT2 are responsible for the desensitising effect of embigin. We have previously created chimeric MCTs utilising different segments of MCT1 and MCT4 in order to identify the region of MCT1 that is likely to be involved in likely binding site of MCT1 for AR-C155858 [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. These data identified the binding site to be in the C-terminal half of the molecule. Thus we adopted a similar approach with MCT1 / MCT2 chimeras. We successfully created a chimera in which the N-terminal half of MCT2 (up to the end of the intracellular loop between transmembrane helices 6 and 7) was combined with the C-terminal half of MCT1. This chimera (MCT2/1) was strongly expressed at the plasma membrane of the oocyte (Fig. 4A) and gave kinetics of L-lactate transport, determined with the BCECF method, indistinguishable from those for MCT1 (Table 1). Co-expression of embigin had no effect on the K m for L-lactate (Table 1). Nor did it have a profound effect on either the level of expression at the plasma membrane (Fig. 4A) or V max of transport (Fig 4B). Inhibition of MCT2/1 in the absence of embigin was similar to that of MCT1 (Fig. 4B) although when co-expressed with embigin the chimera appeared slightly less sensitive to the inhibitor. However if association with embigin rather than basigin decreases the k cat of MCT2/1 then this difference may merely reflect a greater expression of a less active transporter rather than a decrease in inhibitor binding affinity. We were also able to express the equivalent MCT1/MCT2 chimera at the plasma membrane of oocytes independently of embigin (Fig. 4) but these oocytes showed no increase in rates of L-lactate transport suggesting this chimera was inactive for some reason.

We next created chimeras in which just the C-terminal tail was swapped between MCT1 and MCT2 (MCT1/2c and MCT2/1c) or truncated MCT1 and MCT2 without the C-terminal tail (MCT1trn and MCT2trn). The data of Figure 5 show that all of these constructs facilitated lactate transport whether or not embigin was co-expressed with the exception of MCT2trn whose activity required embigin co-expression . As might be predicted, MCT1/2c and MCT1trn exhibited similar rates of transport to MCT1 with no stimulation of transport activity (Fig. 5A) or expression (Fig. 5B and Supplementary Fig. 1) when co-expressed with embigin. More surprising was that the MCT2/1c chimera gave significantly faster rates of lactate transport than MCT2 itself with a less pronounced effect of co-expressed embigin. However, when the C-terminal tail of MCT2 was totally removed (MCT2trn) little if any transport was observed in the absence of co-expressed embigin, whilst coexpression with embigin bought about rates approximately 60% of full length MCT2 plus embigin.

Interestingly, the absolute increase in rate of transport by MCT2trn induced by embigin was similar to that observed for full length MCT2. Expression data were consistent with these transport data. Thus MCT2trn showed no detectable expression at the oocyte plasma membrane unless co-expressed with embigin (Fig. 5B), whilst full length MCT2 showed a small expression at the plasma membrane that was enhanced by embigin as described above (Fig. 1C). It should be noted that in order to detect MCT2trn expression we attached an HA-tag to the N-terminus of MCT2 as described in the Experimental Section and used anti-Ha-tag antibodies. This was necessary because our own MCT2 antibody was raised against the C-terminus of MCT2 [START_REF] Jackson | Cloning of the monocarboxylate transporter isoform MCT2 from rat testis provides evidence that expression in tissues is species-specific and may involve post-transcriptional regulation[END_REF] which is not present in MCT2trn. The activity of all other constructs also correlated with their plasma membrane expression (see Supplementary Figure 1).

Having established the expression of the different C-terminal constructs in the presence and absence of embigin, we investigated their sensitivity to inhibition by AR-C155858. The data of Figure 6A show that MCT1trn and MCT1/2c exhibit potent inhibition by AR-C155858, similar to that observed for MCT1 itself (Fig. 2). Co-expression of embigin did not affect the sensitivity of the MCT1trn to AR-C155858, consistent with its effects on full length MCT1 (Fig. 2). However, the MCT1/2c chimera showed an altered sensitivity to inhibition by AR-C155858 when co-expressed with embigin (Fig. 6A), similar to that observed for the MCT2/1 chimera (Fig. 4). These data imply that the presence of the C-terminus of MCT2 led to expression of some of the chimera with embigin rather than endogenous basigin and that this interaction caused the observed reduction in sensitivity to AR-C155858. Desensitisation was characterised by a shallower slope of the inhibition plot compared to that for MCT1 and is distinct from the effect of embigin on the AR-C155858 inhibition profile of MCT2. In the case of MCT2 the initial profile of the inhibition plot was similar to that for MCT1 at low inhibitor concentrations but then reached a plateau phase in which little additional inhibition occurred (Fig. 2). The shallow slope of the inhibition profile of MCT1/2c in the presence of embigin could be the result of an interaction between the C-terminus of MCT2 with the Cterminus of embigin. However, an alternative explanation would be that MCT1/2c coexpressed with embigin showed a greater expression but lower k cat than when expressed with endogenous basigin. This would give the same rate of transport despite greater transporter expression, and thus a shallower inhibitor titration as observed. which the C-terminus of MCT2 was replaced with the MCT1 C-terminus (MCT2/1c). This chimera was active in the absence of co-expressed embigin and was very sensitive to AR-C155858 as predicted, but with a small inhibitor-insensitive component similar to that seen for full length MCT2.

However, the presence of the MCT1 C-terminus appeared to enhance association with endogenous basigin since the stimulation of transport seen by co-expression with embigin was less for MCT2/1c than MCT2 (Fig. 5A). Nevertheless, when MCT2/1c was co-expressed with embigin the inhibitorinsensitive component of transport was greater, implying that when associated with embigin rather than endogenous basigin the MCT2/1c becomes inhibitor insensitive. Consistent with this, the majority of transport mediated by the C-terminal truncated MCT2 (MCT2trn) co-expressed with embigin, was also insensitive to inhibition by AR-C155858.

DISCUSSION

The work we have described involves the use of a variety of MCT1 / MCT2 chimeras expressed in oocytes in the presence and absence of embigin. To aid interpretation of the data, Table 1 presents L-lactate K m values for all the chimeras and truncated MCTs when expressed in the presence or absence of exogenous embigin as well as summarising the effects of embigin on MCT expression and inhibitor sensitivity. Figure 7 presents a schematic diagram that provides a tentative explanation of our data. Swapping or truncation of the C-terminal tails had no effect on the L-lactate K m values but the MCT2/1 chimera had a K m value more similar to MCT1 (4-5 mM) than MCT2 (1-2 mM). This is consistent with previous work that has implicated the C-terminal half of MCT1 and MCT4 in their substrate affinity [START_REF] Kim-Garcia | Molecular characterization of a membrane transporter for lactate, pyruvate, and other monocarboxylates -implications for the Cori Cycle[END_REF][START_REF] Manoharan | The role of charged residues in the transmembrane helices of monocarboxylate transporter 1 and its ancillary protein basigin in determining plasma membrane expression and catalytic activity[END_REF][START_REF] Wilson | Studies on the DIDS binding site of monocarboxylate transporter 1 suggest a homology model of the open conformation and a plausible translocation cycle[END_REF][START_REF] Kim | cDNA cloning of MEV, a mutant protein that facilitates cellular uptake of mevalonate, and identification of a point mutation responsible for its gain in function[END_REF][START_REF] Rahman | Helix 8 and helix 10 are involved in substrate recognition in the rat monocarboxylate transporter MCT1[END_REF]. The presence or absence of exogenous embigin had no significant effect on K m values, suggesting that the kinetic properties of an MCT are not greatly influenced by the ancillary protein with which it is associated.

MCT2 requires embigin for optimal expression in Xenopus oocytes

We have shown previously that MCT2 is active when expressed in Xenopus oocytes [START_REF] Dimmer | The low-affinity monocarboxylate transporter MCT4 is adapted to the export of lactate in highly glycolytic cells[END_REF], but that rates of lactate transport are substantially lower than for either MCT1 or MCT4 [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. In mammalian cells we have shown that MCT2 preferentially associates with embigin and that co-expression of embigin rather than basigin with MCT2 is required to obtain plasma membrane expression of MCT2 [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF]. Here we demonstrate that co-expression of embigin with MCT2 also enhances the plasma membrane expression and activity of MCT2 in Xenopus oocytes which contain endogenous basigin but not embigin (Figs. 1 and2). The expression of MCT2 in the absence of embigin is assumed to reflect an association with endogenous Xenopus basigin since knockdown of this basigin using antisense greatly reduced MCT2 expression and the associated lactate transport (Fig. 1D). It would appear that the C-terminal tail of MCT2 must enable this interaction with endogenous basigin because its removal prevented plasma membrane expression of MCT2 unless embigin was coexpressed. By contrast MCT1 without its C-terminal tail (MCT1trn) was expressed to an extent similar to both full length MCT1 and the MCT1/2c construct, and embigin was without effect on their expression. The MCT2/1c construct was also expressed in the absence of embigin, but in this case expression was enhanced when embigin was co-expressed (Fig. 5A). However, the stimulation of transport seen by co-expression with embigin was less for MCT2/1c than MCT2 implying that the presence of the MCT1 C-terminus on MCT2 enhanced its association with endogenous basigin relative to full length MCT2.

Taken together, these data suggest that the interaction of MCT2 with its ancillary protein involves two components: the primary association of the TM domain of the ancillary protein with TMs 3 and 6 of MCT2 as proposed previously [START_REF] Manoharan | The role of charged residues in the transmembrane helices of monocarboxylate transporter 1 and its ancillary protein basigin in determining plasma membrane expression and catalytic activity[END_REF][START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF][START_REF] Wilson | Fluorescence resonance energy transfer studies on the interaction between the lactate transporter MCT1 and CD147 provide information on the topology and stoichiometry of the complex in situ[END_REF] and a secondary interaction between the Cterminal tail of MCT2 and the C-terminal tail of the ancillary protein. When embigin is the ancillary protein,, the interaction with TMs 3 and 6 is sufficient to allow some expression but this is enhanced by addition of the C-terminal tail of either MCT1 or MCT2 to allow additional interactions with the C-terminus of exogenous embigin. However, the interaction of TMs 3 and 6 of MCT2 with endogenous basigin may be relatively weak compared to that of embigin and thus in the absence of embigin, the C-terminal tail of either MCT2 or MCT1 is required to enhance the interaction with endogenous basigin sufficiently to allow the plasma membrane expression of the two proteins. The C-terminal tail of MCT1 is more effective than that of MCT2 in this regard (Fig. 5A) and it may be significant that the amino acid sequences of these C-terminal tails show little sequence conservation.

Such an interaction between the C-terminal tail of MCT1 and MCT2 with their ancillary protein is consistent with previous data from this laboratory using Fluorescence Resonance Energy Transfer (FRET) between either MCT1 or MCT2 tagged on the C-terminus with yellow fluorescent protein (YFP) and basigin or embigin tagged on their C-terminus with cyan fluorescent protein (CFP).

FRET was observed when MCT1-CFP was co-expressed with basigin-YFP [START_REF] Wilson | Fluorescence resonance energy transfer studies on the interaction between the lactate transporter MCT1 and CD147 provide information on the topology and stoichiometry of the complex in situ[END_REF] and when MCT2-YFP was co-expressed with embigin-CFP [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF].

Embigin decreases the affinity of MCT2 but not MCT1 for AR-C155858

Although our data do not allow determination of absolute K i values for AR-C155858, the data of Figs. 2 and3 show that when associated with embigin the inhibitor sensitivity of MCT2 decreased relative to that of MCT2 associated with endogenous basigin. This is not without precedent since we have demonstrated previously that inhibition of MCT1-mediated lactate transport by the organomercurial reagent p-chloromercuribenzene sulphonate (pCMBS) occurs when MCT1 associates with basigin but not embigin [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF]. Unlike pCMBS, AR-C155858 binds to an intracellular site on the MCT [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF] and thus the insensitivity of MCT2 / embigin to inhibition by AR-C155858 is likely to involve an effect of the embigin on either the access to or shape of the intracellular inhibitor causes a subtle change in the shape of the intracellular binding pocket of the MCT sufficient to prevent inhibitor binding in MCT2 but not MCT1. Such an effect might also account for the lower k cat of MCT1 in rat erythrocytes, where it associates with embigin, compared with MCT1 in rabbit erythrocytes where basigin is the ancillary protein. Interestingly, the binding affinity of AR-C155858 to MCT1 and MCT2 expressed in Yeast, where there is no basigin or embigin, is also different with K d values of 4.9 and 100 nM respectively [START_REF] Ovens | AR-C155858 is a potent inhibitor of monocarboxylate transporters MCT1 and MCT2 that binds to an intracellular site involving transmembrane helices 7ΓÇô10[END_REF]. Thus it is possible that association of MCT2 with basigin enhances AR-C155858 binding whilst association with embigin has either no effect or reduces binding affinity. No such effects are apparent with MCT1.

Conclusions

In order to reconcile all the data presented here we propose the scheme presented in Figure 7. The key features of this proposal are:

1. MCT2 binds preferentially to embigin over endogenous basigin, with the binding to the latter requiring an interaction between the C-termini of both proteins that is not required by MCT1. Thus MCT1trn but not MCT2trn expresses well in the absence of co-expressed embigin.

2. MCT1 associates with embigin in the absence of basigin but prefers the latter as binding partner when both are present unless the C-terminal tail of MCT2 replaces the MCT1 Cterminus (MCT1/2c) when binding to embigin is promoted.

3. When bound to embigin, the binding affinity of AR-C155858 to MCT2, but not MCT1, is greatly reduced and this effect is independent of the presence of the C-terminal tail of MCT2.

Our data emphasise that the potency with which AR-C155858 inhibits MCT2 is dependent on the ancillary protein with which it associates. In mammalian cells embigin is the preferred endogenous binding partner of MCT2 [START_REF] Wilson | Basigin (CD147) is the target for organomercurial inhibition of monocarboxylate transporter isoforms 1 and 4 -The ancillary protein for the insensitive MCT2 is embigin (gp70)[END_REF] and thus MCT2-mediated lactate transport is likely to be considerably less sensitive to inhibition by AR-C155858 than that mediated by MCT1. This may justify the cautious use of AR-C155858 to dissect out the different roles of MCT1 (very sensitive to AR-C155858), MCT2 (less sensitive to AR-C155858) and MCT4 (insensitive to AR-C155858) in the metabolism of tissues such as the brain as has been reported by Bröer and colleagues [START_REF] Rae | Metabolic effects of blocking lactate transport in brain cortical tissue slices using an inhibitor specific to MCT1 and MCT2[END_REF]. However, the development of totally isoform-specific inhibitors of MCTs that are not influenced by the associated ancillary protein is clearly desirable.

Table 1 Summary of the L-lactate K m values and sensitivity to inhibition by AR-C155858 of MCT chimeras expressed in the presence and absence of exogenous embigin

The K m values reported were derived either by monitoring changes in intracellular pH with BCECF or using [ 14 C]-lactate uptake (asterisk) as described in the Experimental Section. The majority of the kinetic data was obtained using the BCECF technique which was preferred over the radioactive technique since it allowed a single egg to be used for a complete Km estimation, reducing errors associated with the variable levels of expression. However, this technique could not be used for MCT2 and chimeras that were poorly expressed and have low Km values because the pH changes associated with uptake were too small to detect accurately with BCECF. Here we need to use the radioactive technique as we have done previously [START_REF] Bröer | Characterization of the high-affinity monocarboxylate transporter MCT2 in Xenopus laevis oocytes[END_REF]. Data are given ± S.E. derived from the fit of the mean data to the Michaelis Menten equation by nonlinear least squares analysis. For [ 14 C]-lactate uptake, L-lactate concentrations used were 0.2, 0.5, 1, 2, and 5 mM whilst for BCECF measurements the concentrations were 2.5, 5, 10, 20 and 50 mM. The n values given in brackets represent the number of separate eggs used at each substrate concentration. The expression at the PM is a qualitative indicator only with +++ given for good expression (as for MCT1 with or without embigin), ++ modest expression as for MCT2/1c without embigin, + poor expression as for MCT2 without embigin and -no expression as for MCT2trn without embigin. The transporter activity represents the activity in the absence of inhibitor as monitored by [ 14 C]-L-lactate (0.5 mM, pH 6) uptake with mean data given ± S.E.M. (as for Fig. 5). Initial sensitivity to AR-C155858 describes the decrease in rate between control and 10 nM AR-C155858 as a percentage control rate whilst the inhibitor insensitive component is the rate remaining at 100 nM AR-C155858 as a percentage of the control rate ± S.E.M. Inhibitor data are taken from Figs. 2, 4 and 6 and are expressed with or without (in parentheses) correction for rates of uptake in water-injected oocytes. into oocytes expressing the MCT or MCT chimera indicated, in the presence of absence of coexpressed embigin. Uptake was assayed at a time where uptake is linear with time: 2.5 minutes for all except; MCT1/2 and MCT2trn; and MCT2/1 which used 5 and 10 minutes uptake incubations respectively. Data are shown as Means ± S.E.M for the number of separate oocytes shown in Table 1. Panel B shows immunofluorescence microscopy data of the oocytes using C-terminal antibodies against MCT2 or in the case of the MCT2trnc construct against the HA-tag inserted onto the Nterminus as described under "Methods". Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.
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Figure 1 :

 1 Figure 1: The importance of embigin for MCT2 expression in oocytes. In Panel A results are presented for the expression of endogenous basigin and embigin in Xenopus laevis oocytes and thymus determined by RT-PCR as described under "Methods". In Panel B membrane preparations of oocytes expressing MCT1 or MCT2 in the presence or absence of embigin were subject to SDS-PAGE and Western blotting with MCT1 or the MCT2 antibody as indicated. Panel C shows immunofluorescence confocal microscopy on sections of the oocytes using the appropriate antibody against rat MCT1, MCT2 or embigin. For MCT2 in the absence of embigin arrows show weak plasma membrane (PM) and stronger intracellular (IC) expression. Panel D presents [ 14 C]-L-lactate mean uptake data (± S.E.M., n = 20-30) for water injected oocytes and those expressing MCT2 in the presence or absence of antisense oligonucleotide against endogenous basigin or a scramble antisense oligonucleotide. A western blot of a crude membrane preparation is shown to confirm knockdown of MCT2.

Figure 2 :

 2 Figure 2: The sensitivity of MCT2 to inhibition by AR-C155858 is decreased by co-expression of embigin. Inhibition of lactate transport activity at pH by increasing concentrations of AR-C155858 was determined using 0.5 mM [ 14 C]-L-lactate 6 as described under "Methods". Data are shown as means ± S.E.M for 27-107 separate oocytes at each inhibitor concentration.

Figure 3 :

 3 Figure 3: The sensitivity to inhibition by AR-C155858 of MCT1 associated with basigin or embigin in rabbit and rat erythrocytes respectively. The rate of transport of 10 mM L-lactate at pH 7 intorabbit or rat blood at 5 % haematocrit was monitored by extracellular pH following 1 hour preincubation with the concentration of AR-C155858. Further details are given under "Methods". The inset shows the superimposed data for both species with rates expressed as percentage control (no inhibitor). The line drawn was calculated by linear regression.

Figure 4 :

 4 Figure 4: The sensitivity of MCT1/2 and MCT2/1 chimeras to inhibition by AR-C155858. Panel A shows immunofluorescence confocal microscopy data with appropriate C-terminal antibodies of sections of oocytes expressing MCT1/2 or MCT2/1 ± exogenous embigin. In Panel B inhibition of lactate transport activity by increasing concentrations of AR-C155858 was determined using 0.5 mM [ 14 C]-L-lactate at pH 6 over 10 min. Data are shown as means ± S.E.M for 10 separate oocytes at each inhibitor concentration.

Figure 5 :

 5 Figure 5: The C-terminus of MCT2 plays a role in its association with endogenous basigin but not co-expressed embigin In Panel A data are shown for the rates of [ 14 C]-L-lactate (0.5 mM) uptake

Figure 6 :

 6 Figure 6: The sensitivity to inhibition by AR-C155858 of MCT1/MCT2 C-terminal chimeras and truncations in the presence and absence of co-expressed embigin. Inhibition of lactate transport activity by increasing concentrations of AR-C155858 was determined at pH 6 using 0.5 mM [ 14 C]-Llactate as described under "Methods". Data are shown as means ± S.E.M. (error bars) of 10-20 (Panel A) or 16-30 (Panel B) separate oocytes for each inhibitor concentration. Slight variations in the control rates from those reported in Fig. 5 are typical of those seen between different batches of oocytes and cRNA preparations. Immunofluorescence confocal microscopy of oocyte sections are presented in Supplementary Fig. 1 to confirm plasma membrane expression of the different constructs.

Figure 7 :

 7 Figure 7: Schematic of how MCT-ancillary protein interactions may affect expression and AR-C155858 binding. Interactions between the TM of the ancillary protein and TMs 3 and 6 of the MCT are shown as being either strong (thick arrows) or weak (dashed arrows) while interactions between the two C-terminal tails are shown as either moderate (thin solid arrow) or weak (dashed arrows).Inhibition by AR-C155858 is indicated by an arrow directing the inhibitor into its binding site. The loss of this inhibition is indicated by an occlusion of the AR-C155858 binding site.
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