Supporting M aterial
Materialsand Methods
EAATS5 expression

Molecular biology, transient expression of EAAT5 HEK293 cells, and electrophysiological
recordings of EAATS currents were performed as diesd in detail (1). Briefly, AcCGFP-N-
terminal-coupled EAATS5 or wildtype EAATS5 expressingells were either used for
electrophysiological, colocalization or L-[?H]-garhate uptake studies. Fixed cells (4%
paraformaldehyde in 10 mM PBS, pH 7.4) were lab&gt 5pg/ml TRICT conjugated Wheat
Germ Agglutinin @gma-Aldrich Deisenhofen, Germany) for 30 min. at room tempeeaaind
colocalisation analysis was performed using Wrigell Imaging Facility ImageJ plugin (2). For
immunoblot analysis, aliquots of SDS extracts (i) per lane) were subjected to SDS/9%
polyacrylamide gel electrophoresis and immunobibtieith EAAT5-specific antibodies (1
ug/ml; BIOTREND Chemikalien GmbH, Koln, Germany). oihylated molecular weight
markers (Cell Signaling Technology, Frankfurt am iéMaGermany) were labeled with
Streptavidin conjugated HRP (Sigma-Aldrich). Prnogeiwere visualized using ECL (GE
Healthcare, Minchen, Germany)]. L-[3H]-glutamatdalge of membrane vesicle preparations
from EAATS transfected cells was measured usinGilbof L-[*H]-glutamic acid (29 Ci/mmol,
GE Healthcare) supplemented witlu¥ unlabelled L-glutamate at a protein concentratdA0

ug (for details: (3)). Experiments were performedtriplicate and all values reported are the
mean = SD of at least three independent obsenstion

Whole-cell Current Recording

Glutamate-induced currents were measured in the leadedl current-recording
configuration as described with an HEKA series 7ldrer, under voltage-clamp conditions.
The resistance of the recording electrode was 23 e series resistanceg,R—6MQ. SCN
was used in the intracellular or extracellular sohs because it enhances glutamate transporter—
induced currents (4). To determine the anion ctireduced by SCNoutflow, the intracellular
and extracellular solutions contained 140 mM KS@NnM MgCh, 10 mM EGTA, 10 mM
HEPES (pH 7.3), and 140 mM NaCl, 2 mM MgC2 mM CaC4, 10 mM HEPES (pH 7.3),
respectively. For the measurements of anion curneloiced by anion inflow, external NaCl was
substituted by NaSCN and the pipette solution éoathKCl. The voltage dependent recordings
were done with a fast voltage jump protocol (seeesponding figures for protocol details). In
the homoexchange mode experiments the KSCN inrtracellular solution was replaced by
140mM NaSCN and 10mM glutamate (saturating conag&otr) was also added to the
intracellular solution.

At steady state, Rwas not compensated because of the small whdlewaeénts. In the
voltage jump protocol, K compensation of 60-80% was used to acceleratecdpacitive
charging of the membrane in response to the fagp jim voltage.



Modeling

We used two simplified transport models to expliie experimental data (see Scheme
1). The first model is a model that contains theo#lite minimum of steps to account for the
time and voltage dependent behavior in the aniorentiin the forward transport mode. The
model only contains a slow and voltage dependewersible Na binding step to the empty
transporter (absence of glutamate), a fast, rdMergiutamate binding step, and a slow, voltage
dependent and irreversible step that completedrémsport cycle (Scheme 1A). Models with
Na’ binding being the only slow step fail to reprodtice experimental data, since they will lead
to rapid depletion of anion-conducting states aftatamate binding and, thus, a large overshoot
component of the anion current in response to ragidamate application. Overshoot
components have not been observed experimentdlherefore, an additional slow step must
exist in the transport cycle, which is most likelgsociated with the Néglutamate translocation
process. In the model in scheme 1A, this slow gepmped into the overall recycling step
connecting states T and NTG. The model predicdabk of effect of glutamate concentration
on the relaxation rate of the slow phase of aniament activation. Assuming that glutamate
binding is in fast pre-equilibrium, the slow reléioa rate can be expressed as follows:

k,K, +k,[GIU]
K, +[Glu]

kobs = kl[Na+] + (eq Sl)

Here,k; andk, are the rate constant for sodium association/diagon, k; is the rate
constant for recycling of the transporter bindings andKy is the dissociation constant of
glutamate form its binding site. If the equatisndominated by the rate const&giNa'], then
kons becomes independent of glutamate concentratiofoussl experimentally (Fig. 3D). While
this very simplistic model already explains the exmental data very well, it cannot account for
the kinetics in the homoexchange mode. Therefeeeextended the model, including additional
steps, as shown in Scheme 1B.

The extended model includes the following additloreversible steps: A sodium
binding step after glutamate binds and the tramsioc reaction from an outward facing
configuration to an inward facing configuration &cacterized by andk:). We also modeled
the step from the N'G (inside) to T'(inside), which is related to titracellular substrate/ion
dissociation steps and is characterized by the catestantsk and k, and the reverse
translocation reaction, from T’ into T, charactedzbyk,. We assumed this last step to be quasi-
irreversible, since we have a high intracellulatagsium concentration and an extracellulaf [K
= 0, which drives the reaction into the state T. &&® modeled the transport in exchange mode
by settingki=0.



In order to determine the apparent valences agsdordth the individual transport steps,
we took into account the overall charge moved dutime transport cycle, according to the
known stoichiometry for the other EAAT subtypes,ieshhwas assumed as +2, therefore we set
Ziotar = 2. Our data show no evidence for any differeaickiometry for EAATS from the other
transporter subtypes, so this assumption is véld.assumed the glutamate binding step to be
electroneutral, based on the experimental dataladokaifor the other glutamate transporter
subtypes. We assumed all the other steps, excephtitacellular step characterized by the rate
constantk; andk, to be electrogenic, with the respective valerod#ained after optimization of
the program to better describe our experimentad.dete valence used for the modeling of the
translocation step wag, z 0.6, which is in agreement with a relatively wealtage dependence
of this step found experimentally for the other nbens of this family of transporters. The values
used in the simulations are displayed in Scheme 1.

The main anion conducting states are,GNoutside facing conformation), and L@
(inside facing conformation), with some contributisom the state TN. The reason behind this
assumption is that TX& is the main conducting state for the other trarsps of this family.
Our experimental data fits well with postulatingbb@N,G and T'NG as main anion conducting
states. The experimentally measured anion cuwastconsidered to be directly proportional to
the sum: (1TN+5TAG+7T'N,G).

To determine the voltage dependence of the ratstaots (in this example for the
forward translocation step) we used the followingation:

ke(Vin) = k:(0)exp % (eq.S2)

In this case t refers to the translocation stemftbe outward facing configuration to the inward
facing configuration (see Scheme 1). We useddheessquation for all the voltage dependent
stepsF is the Faraday constafitthe temperaturdy the gas constant.

The voltage dependence of the anion current waslleédd using the Goldman-Hodgkin-Katz
equation (5-6):

_ PscnF?Vim ([SCN™1;—=[SCN~]oexp(=VmF/RT))

Iy = RT (eq. S3)

1—exp (-V;F/RT)

Pscn is the channel permeability aid R andV have the usual meaning.

Thekinetic parameters were varied manually, untilgmeulated results agreed with the
experimental curves obtained (Figs. 3B and 4A).
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Figure S1. (A) Sodium concentration dependence of EAATS amorrents when sodium binds
to the empty transporter. The data were recordegkamange conditions with 10mM glutamate
and 140 mM NaSCN applied intracellularly. The ursfpesodium current from non transfected
HEK?293 cells was subtracted. The data were fittetthé¢ Hill equation with a = 229 £ 37 mM
and n = 1.6 = 0.2 (B) Sodium concentration depeceesf sodium binding to the glutamate-
loaded transporter. The data were recorded in fahwanditions with 140 mM KSCN applied to
the inside of the cell, K= 76 £ 38 mM.
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Figure S2. Voltage jump—induced current relaxations in EAAWRh SCN outside (NaSCN) in

the applied solutions. (A) Top trace, voltage juprptocol used to measure the current traces
shown in B. The protocol starts at 0OmV and haswpjto-90 mV then goes to +60mV and then
to OmV as depicted in the figure. The purpose efittitial jump is to increase the amplitude of
the observed currents. (B) Typical signals obtaitedugh subtraction of current traces recorded
as indicated at the bottom of each picture: (Isfiptraction of the traces with glutamate from the
traces recorded in the presence of TBOA, (centdpjraction of the traces in the absence of
glutamate (extracelullar 140mM sodium tiocyanatieitsan, see methods) from the traces with
TBOA,; (right) subtraction of the traces in the mnese of glutamate (sodium solution as in
center) from the traces in the absence of glutam@id Voltage dependence of | initial (black)
and ks (steady state, red) (I initial not observed fa glutamate-TBOA case as can be seen in
(B)) currents for each of the plots. The currents @ormalized to the observed steady state
current at +60 mV, for each of the conditions. ®tars denote significance. The glutamate
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concentration was 60uM (close to the, Kalue) and the TBOA concentration was 100uM
(saturating). (D) Voltage dependence of the additioelaxation component of the anion current,
due to a slow relaxation to a new steady state different open probability, tau values for the
voltage induced increase in conductance (relaxptooa new steady state, wiBCN' outside in
the extracellular solution. In the case of GlutamBBOA, when SCN was applied
extracellularly, it was not possible to determihe tau value for the more positive voltages due
to the fact that there seems to be no relaxati@anrtew steady state.
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Figure S3. Comparison of the voltage dependence of the aaditirelaxation component of the
anion current (due to a slow relaxation to a nexady state with different open probability) at
-60mV, in forward transport mode (red) and in exggamode (green). The component of the
relaxation to a new steady state is much small¢hencase of exchange conditions, where the

sodium binding site is saturated (green bar in A& @reen trace in B). The voltage protocol is in
C.
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Figure SA. Comparison of the observed and simulated aniorectidecay, when glutamate was
rapidly removed from EAACL1. The concentration aftgimate is 100M. The experiments were
performed using a fast perfusion system (SF-77Brnéfalnstrument Corporation, Hamden,
CT), allowing for fast solution changes with a gtepmechanism (solution exchange time for
open pipette recording was 5 ms).
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