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            Abstract
Na+/Cl--dependent transporters terminate synaptic transmission by using electrochemical gradients to drive the uptake of neurotransmitters, including the biogenic amines, from the synapse to the cytoplasm of neurons and glia. These transporters are the targets of therapeutic and illicit compounds, and their dysfunction has been implicated in multiple diseases of the nervous system. Here we present the crystal structure of a bacterial homologue of these transporters from Aquifex aeolicus, in complex with its substrate, leucine, and two sodium ions. The protein core consists of the first ten of twelve transmembrane segments, with segments 1â€“5 related to 6â€“10 by a pseudo-two-fold axis in the membrane plane. Leucine and the sodium ions are bound within the protein core, halfway across the membrane bilayer, in an occluded site devoid of water. The leucine and ion binding sites are defined by partially unwound transmembrane helices, with main-chain atoms and helix dipoles having key roles in substrate and ion binding. The structure reveals the architecture of this important class of transporter, illuminates the determinants of substrate binding and ion selectivity, and defines the external and internal gates.
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                    Figure 1: Amino acid sequence alignment and secondary structure of LeuTAa.[image: ]


Figure 2: 
                        LeuT
                        
                        Aa
                         structure.
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Figure 3: 
                        Leucine binding site.
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Figure 4: 
                        Sodium ion binding sites.
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Figure 5: 
                        Extracellular and cytoplasmic gates.
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Figure 6: 
                        Speculative transport mechanism.
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The crystal structure of a bacterial protein related to sodium- and chloride-dependent neurotransmitter transporters has been determined. In the brain these transporters use electrochemical gradients to drive rapid uptake of neurotransmitters such as serotonin, dopamine, Î³-amino butyric acid and glycine at synapses, bringing neurotransmission to an end. The bacterial homologue, from the hyperthermophile Aquifex aeolicus, transports leucine (in the centre of the ribbon structure on the cover) across the cell membrane. Its structure reveals the binding sites for the Na+ ions and leucine, together with the â€˜gatesâ€™ that open to allow access to these sites. Knowledge of this structure is important for many aspects of drug design: these transporters are targets for antidepressants and drugs of abuse and their dysfunction is involved in neurological disorders including Parkinson's disease and epilepsy.
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