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Computational Study of the Asc-1 Transporter (SLC7A10) Insights into the first steps of the transport mechanism

The alanine-serine-cysteine transporter Asc-1 regulates the synaptic availability of D-serine and glycine (the two co-agonists of the NMDA receptor) and is regarded as an important drug target. To shuttle the substrate from the extracellular space to the cytoplasm, this transporter undergoes multiple distinct conformational states. In this work, homology modeling, substrate docking and molecular dynamics simulations were carried out to learn more about the transition between the "outward-open" and "outward-open occluded" states.

We identified a transition state involving the highly-conserved unwound TM6 region in which the Phe243 flips close to the D-serine substrate. This feature and those of other key residues are proposed to control the binding site and substrate translocation. Competitive inhibitors ACPP, LuAE00527 and their binding modes at the substrate binding site corroborated the key role played by Phe243 of TM6. For ACPP and LuAE00527, strong hydrophobic interactions with this residue hinder its mobility and prevent the uptake and the efflux of substrates. Overall, we propose a molecular basis for the inhibition of substrate translocation of the Asc-1 transporter that should be valuable for rational drug design.

Introduction

The population nowadays is globally aging, and around 9% of the population is over 65 years old with an expected value of 16% by 2050 which means that more people every year are diagnosed with an age related neurological disorder. This drives the scientific research to find new compounds, as the number of patients will increase over the next years.

However not all neurological disorders are age related and some disorders may affect people under 30 years old, like Schizophrenia. In fact, more than 0.5% of the global population is concerned by this disease and the symptoms are usually associated with social exclusion and shorter life expectancy. Therefore, the question arises as to how can we provide a way to treat the schizophrenia symptoms in order to improve the patients' life?

One of the solutions recently found is to analyze the motion and structure of Asc1, that is, the Alanine Serine Cysteine transporter in order to be able to regulate it. Thus, one of the solutions to reduce symptoms of schizophrenia would be to regulate this alanine-serine-cysteine transporter. This transmembrane protein has high affinity for neutral amino acids, such as l-serine, l-alanine, l-cysteine and especially glycine and D-serine (Fig. 1) which are positive allosteric modulators of the N-methyl-d-aspartate (NMDA) subtype of glutamate receptors. Indeed, NMDA receptors hypofunction was shown to be associated with Schizophrenia symptoms. Moreover, a direct activation with small therapeutic molecules of this receptor can generate strong side effects. This is why, an indirect control of its activation through a regulation of the efflux of D-Serine by the Asc-1 transporter would be a better option.

However, up to now, no structure has been solved, neither by X-ray nor cryo electron microscopy for Asc-1.

The transport Mechanism of Asc-1 : Simulations and Results

The transport mechanism of Asc-1 can be described roughly through three main states as shown in Figure 2 As I mentioned before, no structures are available for Asc1 transporter. Indeed, membrane proteins are well known to be extremely difficult to solved by X-Ray. But hopefully, we found structures of other transporters that are quite similar in terms of amino acid sequence identity with our transporter.

One is the bacterial transporter, AdiC, in the Outward-Open state, with approximatly 20% sequence identity

The other is LAT1, a human large amino-acid transporter, in the Inward-Open state, with almost 50% sequence identity.

By using a homology modelling MODELLER which is integrated in BIOVIA Discovery Studio software, we were able to generate models from the template structures of Asc-1 in OO state and IO state respectively.

Then we docked several compounds into these models, including D-Serine, Glycine and two competitive inhibitors (ACPP and LuAE00527) (Fig. 3). These docking studies allowed us to well define the binding site and the key interactions involved between the protein and the ligands or the competitive inhibitors.

The results of the docking study showed good interactions between D-Serine and the central helices, TM1 and TM6. In the case of the inhibitors (ACPP and LuAE00527), it showed that they were blocking any potential rotation of the side chain of F243, located on TM6 (Fig. 3).

This was in good agreement with an inhibition effect by preventing any potential conformation changes. To know more about the Asc-1 transport mechanism in the presence of D-serine, we tried to perform more realistic simulations in the presence of explicite solvent. Indeed, we built an explicit membrane around our models with water and ions on each side. So, from those full explicit systems we ran molecular dynamics simulations. The results show that during the simulations, the F243 side chain flipped from the "out" conformation, to the "in" conformation only after only 30 ns of simulation with D-serine stuck within the binding site pocket. In order to have a better insight of the event we monitored the torsion angle of the first bond of the side chain, which allows its rotation (Fig. 5). It appeared clear that the F243 side chain has two preferential states, controlling the accessibility of the binding pocket. We also followed the bending angle of the TM6 and noticed that it was strongly correlated with the state of the F243. It appears that the end of TM6 shifted more than 8 Å with the flip of the F243, which initiates the opening of the inward side of the Asc-1 transporter.

In conclusion, during this study we were able to determine the first steps of the transport mechanism of the Asc-1 transporter. However, we couldn't simulate the complete transport of D-Serine in that time scale. Also, we propose a molecular basis for the inhibition of substrate translocation of the Asc-1 transporter that should be valuable for rational drug design.

Asc-1 Transporter (SLC7A10): homology models and molecular dynamics insights into the first steps of the transport mechanism. Mikou, A.; Cabaye, A.; Goupil, A.; Bertrand, H. O.; Mothet, J. P.; Acher, F. C. Sci Rep 2020, 10 (1), 3731.

Fig. 1 :

 1 Fig. 1 : Afinity of Asc-1 transmembrane protein for neutral amino acids, such as l-serine, l-alanine, lcysteine and especially glycine and D-serine.

  (see reference Mikou at al. 2020). An Outward-Open (OO) state which allows the ligand binding from the extracellular part, The second state is an Occluded (O) conformation of the transporter, and the third state is described by an Inward-Open (IO) conformation which prepare the release of the ligand in the intracellular part.
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 2 Fig. 2 : The three different conformations of Asc-1 during the transport of amino acids (in red).
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 3 Fig. 3: The interactions between D-Serine and the central helices, TM1(yellow), and TM6 (pink) of The Asc-1 transporter and the blocking of the side chain of F243 (TM6) by both inhibitors ACPP and LuAE00527.
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 4 Fig. 4: The flipping of the side chain of F243 (TM6) during the Molecular Dynamic simulations
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 5 Fig. 5: The variation of the torsion angle of the first bond of the F243 side chain of TM6, which allows its rotation and therefore the bending of this helix.