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Materials and Methods
Preparation of the transporter structures 
The missing loop (residues 345-350) in monomer A of the OF open arginine-bound structure of AdiC (PDB ID: 3OB6) [1] was constructed with MODELLER [2], using the loop in monomer B as template. The missing loop (residues 181-191) of the occluded arginine-bound structure of AdiC (PDB ID: 3L1L) [3] was built with MODELLER [2], taking the loop in monomer A of the OF open arginine-bound structure  structure (PDB ID: 3OB6) as template. The missing loops (residues 184-186 and 469-472 in monomer A and 184-185, 398-402, and 478-474 in monomer B) of the more complete of the two available GadC IF open structures (PDB ID: 4DIJ [4]) were modeled either using the loops of the other monomer as template or ab initio with MODELLER [2]. All structures were oriented according to the OMP database [5] and hydrogen atom positions were added using the CHARMM GUI web interface [6]. For the structures determined for variant proteins, the mutated residues were substituted for the corresponding wild-type residue using the Mutate module of VMD [7].
The protonation probabilities of all titratable groups in all AdiC crystal structures were computed using the program MEAD/GMCT [8]. According to these predictions obtained at pH 5, all ionizable groups including Glu208, located near the binding site, were set at their standard protonation states in AdiC. Standard protonation states were also used for all titratable groups in GadC.
Molecular dynamics simulation details and protocols
All MD simulations were carried out on dimers of the transporters because of their physiological relevance and/or of the existence of a crystallographic dimeric assembly [1,9,10,4,11]. They were performed in the isothermal-isobaric ensembles at 300 K with the program NAMD2.9 [12]. The CHARMM27 force field [13,14] with CMAP corrections [15] was used to describe protein, water and ion atoms. A united atom force field described the lipids [16]. Long-range electrostatic interactions were calculated using the particle-mesh Ewald method [17]. A smoothing function was applied to truncate short-range electrostatic interactions. The Verlet-I/r-RESPA multiple time-step propagator [18] was used to integrate the equation of motion with a time step of 2 and 4 fs for short- and long-range forces, respectively. All bonds involving hydrogen atoms were constrained using the Rattle algorithm [19]. In all systems the KCl concentration was set at 0.1 M and the net positive charge was neutralized by addition of chloride ions. In total, each molecular system comprised ~110000 atoms, including about 360 lipid and 24000 water molecules. The box size was about 120×100×100 Å3.
[bookmark: _GoBack]Simulations of AdiC and GadC crystal structures 
Classical MD simulations were carried out, using the following crystal structures: AdiC in the OF open substrate-bound state (with and without its arginine ligand), AdiC in the occluded substrate-bound state, and GadC in the IF open state, with or without its C-terminal plug (S1B Fig, S3 Table).
The OF open substrate-free AdiC molecular system was built starting from the dimer of the OF open arginine-bound N101A mutant structure (PDB ID: 3OB6) [1], after removal of the arginine substrate. The dimer was inserted into a hydrated 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine lipid bilayer with the help of the CHARMM-GUI web server (http:/www.charmm-gui.org) [6]. The system was equilibrated for 35 ns with the fixed protein to remove possible clashes between the protein and its environment without altering the protein structure. The pre-equilibrated solvated bilayer was used to insert the other crystal structures generating the initial molecular systems (see below). The structure was further equilibrated for 20 ns with only the protein backbone fixed to relax the side chain atoms. Lastly, an unrestrained equilibration was performed for 20 ns. After equilibration, the Mutate module of VMD [53] was used to substitute Ala101 for Asn, the residue at this position in the wild-type transporter. The system was equilibrated for another 5 ns and a 10-ns production trajectory was generated. A similar protocol was applied to this OF open crystal structure in the presence of its bound arginine substrate. 
The initial configuration of the occluded AdiC state was obtained by embedding the generated dimeric assembly of the occluded crystal structure (PDB ID: 3L1L) [3] in the pre-equilibrated bilayer-water system generated for the OF open configuration. Prior to protein equilibration, the Mutate module of VMD [7] was used to substitute Ala22 and Trp123, respectively, for the corresponding wild-type residues Asn and Leu. The system was equilibrated following the same protocol as for the OF open AdiC configuration. A 10-ns MD production run was generated.
Simulation was performed with the more complete of the two available GadC IF open structures (PDB ID: 4DIJ). The crystallographic GadC dimer was inserted into the pre-equilibrated bilayer-water system (see above). Another simulation was carried out, using GadC without its C-plug spanning residues 470 to 502. The groove left empty upon removal of this part was carefully hydrated. Both GadC systems were equilibrated as for the other AdiC systems. 20-ns production simulations were generated.
Conventional MD simulations were also carried out starting from the final configuration of the tMDs performed in step 3b (Fig. 2A; S4 Table). After removal of the arginine substrate and solvation by water molecules, the system was equilibrated for 5 ns with the protein kept fixed. This was followed by a 10-ns production run. 
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