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For mammalians, L-glutamate is a non-essential amino acid that is involved 
in numerous metabolic pathways, where it often plays the role of precursor 
for the synthesis of nucleic acids and amino acids 2–4. In the synaptic cleft, 
the maintenance of correct homeostatic concentrations of glutamate is 
crucial, as low or excessive stimulation of the glutamate-activated 
neuroreceptors lead to excitotoxicity. Therefore, glutamate concentration in 
the synaptic cleft is tightly regulated by a family of secondary active 
transporters called excitatory amino acid transporters (EAAT1-5) that are 
able to symport three Na+ ions and one H+ and counter-transport one K+ ion 
5, with uncoupled chloride conductance. In Chapter 1 I introduce the 
importance of these proteins for the metabolism of glutamate, their role in 
the brain, the pathological conditions associated with their malfunction and 
the hypothesis about the functioning of the chloride channel. 
EAATs are able to accomplish this through an alternating access mechanism 
called “one gate elevator movement” 6. From a large number of structural 
and biochemical studies, we have a quite detailed (yet still incomplete) 
picture of all the conformations that these proteins undergo. Each of the 
three monomers is divided into a scaffold domain that anchors the protein 
into the membrane and creates contacts with the other monomers, and the 
mobile transport domain. The elevator movement is accomplished by the 
latter as it exposes the binding site on one side of the membrane (in the 
outward-facing conformation – OFS) binds three Na+ and one amino acid, 
slides along the scaffold domain and releases the substrates in the cytosolic 
side (in the inward-facing conformation – IFS). From a structural point of 
view, this sequence of events was obtained from structures in the apo as well 
as in the holo state of the EAATs’ archaeal homologues and L-aspartate 
transporters, GltPh and GltTk and of the mammalian neutral amino acid 
exchanger, ASCT2 7–10, which belongs to the same family of solute carrier 1 
transporters. Some recent studies have highlighted how the kinetic 
mechanism and the exact sequence of events might be more complicated 
and include other states that have not yet been captured 11–17. During the 
initial steps of binding, the Na+ ions entering the binding pocket from the 
bulk most likely follow a series of transient bindings with other amino acid 
residues before reaching their final states 18–20. This was revealed by 
combination of atomistic-scale MD simulations including  the application of 
Markov state model on the apo and holo structures of GltTk and functional 
studies (Chapter 2).  We identified the highly conserved serines string 
(Ser279-281) as the residues that are the most likely to interact with Na+ ions 
during the partitioning to their binding sites. As evidenced by the 
simulations both in absence and presence of L-Asp, among this string, 
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residue Ser280 is the most crucial for the correct delivery of the Na+ ions to 
their final state. The corroboration of these results obtained in silico came 
from the in vitro analysis of the effect of the single-point mutation of these 
residues with the hydrophobic alanine. While the transport rates of all the 
analyzed mutants changed dramatically with the substitutions, only 
Ser280Ala was unable to bind L-Asp during the isothermal titration 
calorimetry experiment at the normally saturating concentrations of Na+. 
Using higher concentrations of Na+, a weak binding of this mutant to L-Asp 
was detected corroborating the previously proposed idea that the sequence 
of binding events might differ depending on the external conditions (i.e. 
temperature and salt concentration) 17,18.  
Recent structural works that implemented the use of nanodiscs to capture 
the different states of the elevator transport mechanism 10,21, had also the 
limitation of encircling the membrane protein in a very tight environment 
(surrounded by the belt protein MSP2N2) which might influence the 
movement of each protomer. In Chapter 3 I present the attempts of creating 
larger nanodiscs for structural purposes using three different approaches: 
two by extracting the protein directly from the membranes with the 
diisobutylene/maleic acid copolymer, called DIBMA, and one by changing 
the reconstitution ratios of the protein with the protein belt MSP2N2 and 
the lipids. Apart from obtaining larger nanodiscs, we aimed to obtain a 
higher resolution with cryo-EM. The important prerequisites for the best 
achievable resolution apart from a microscope itself, are the purity and the 
homogeneity of the sample. The direct extraction of the protein from the 
membrane vesicles with DIBMA had different drawbacks such as the impurity 
of the sample even after IMAC purification and the large heterogeneity in 
size distribution. On the other hand, the use of the copolymer on 
proteoliposomes reconstituted at different protein:lipid ratios gave more 
promising results at the dynamic-light scattering (DLS) analysis. Finally, the 
reconstitution of the protein with MSP2N2 at higher concentrations of lipids 
increased the size of the nanodiscs of around 5 nm (from 11 to ~17 nm) as 
shown by both SEC and DLS experiments.  
During the transport cycle, an aqueous channel between the scaffold and 
the transport domain forms and it allows the thermodynamically uncoupled 
anionic flux. This state is called the chloride-conductive state (ClCS) and 
structurally it has been reconstructed via a mutated version of GltPh 21. In 
Chapter 4 I present the characterization of the chloride channel in GltTk using 
solid-supported membrane electrophysiology (SSM). I report the protocol 
that gave the best signal-to-noise ratio, with the tweaked paramaters such 
as: LPR of 75, 5 mg/ml concentration of proteoliposomes, use of phosphate 
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buffer over the chloride buffer. This also allowed determination of kinetic 
parameters such as Na+-dependence of both L-Asp and NaSCN transport 
and confirmed the order of permeability seen in other glutamate 
transporters 23. This same electrophysiological method was used in Chapter 
5 to study the implications of the single point mutation of the only proline 
present in TM 5 to arginine, that in humans is responsible for the 
neurological disorder called episodic ataxia 6 24. Considering the ratio 
between NaSCN over L-Asp induced current, we deduce that despite the 
mutant is able to transport the L-Asp at a much lower rate than the wild type, 
it presents a similar anion conductance. Because the functional 
consequences resembled the ones observed for the mammalian 
homologues, we used GltTk as a model to study also the structural 
implications of the mutation and have further insights on the 
pathomechanism of episodic ataxia 6. Embedding the protein in nanodiscs 
and solving the structure using cryo-EM, we surprisingly observed no major 
structural re-arrangement of the protein but the density of a phospholipid 
close to the arginine, which suggests an interaction that could either 
broaden the chloride channel during the ion flux or to keep it longer in the 
ion-conductance state. This is consistent with the hypothesis that the 
opening of the channel happens as a lateral movement of the transport 
domain 25. 
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