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Figure S1 Multiple sequence alignment of the LeuT-folds of NIS, vSGLT (PDB code 3DH4), Mhp1 (PDB code
4D1B), LeuT (PDB code 2A65), BetP (PDB code 4DQJ), dDAT (PDB code 4XPA), AdiC (PDB code 3L1L).

The color coding is as follows: magenta (Na2 binding site), , green (substrate binding

Si9Moreen highlight (intracellular gate)l = 00 o

, yellow highlights with question marks (missing residues in crystal structure, affects numbering).



Figure S2 Overlap of three different LeuT-fold models of NIS: green (based on vSGLT and Mhp1 crystal
structures), cyan (based on LeuT, AdiC, dDAT, and BetP structures), and magenta (mixed structure based on all
6 templates). Transmembrane domains 10 and 11 which include the extracellular gate are highlighted.
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Figure S3 Cumulative contact frequencies for Nal, Na2, I and CIO4 ions with NIS residues evaluated from
MD trajectories within a distance cutoff of 5A. As example, the Na2 contact frequency map contains
information from all MD trajectories since all systems subjected to MD simulations feature a Na2 ion. The
lodide map has contributions from the MD simulations which contained iodide (i.e. systems with and without
water present in the binding cavity in the beginning of the MD simulations and with 1:1 Na*:I" and 2:1 Na*:I’
ion binding stoichiometries). Individual contact frequency maps can be found in Fig.S4.



Contact frequency, %

hNIS_INa_IDA_Na2
hNIS_1Na_IDA_water_Na2
hNIS_2Na_IDA_Na2
hNIS_2Na_IDA_water_Na2
hNIS_1Na_PERC_Na2
hNIS_1Na_PERC_water_Na2
hNIS_2Na_PERC_Na2

hNIS_2Na_PERC_water_Na2

N I T S |

73 J I AN T T N Y Y N ) N Y O |
| | hNIS_2Na_IDA_Nal r
| hNIS_2Na_IDA_water_Nal
hNIS_2Na_PERC_Nal 80
60 | hNIS_2Na_PERC_water_Nal
607
40 —
20+
' ] e e e e B
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
-IU{w||||l|||||l||||x\||||J||||[1|x|||1|w\ NS I N U I Y O I SO i P e
| hNIS_INa_PERC
" [T hNIS_INa_IDA gol- | | hNIS_INa_water PERC
60~ | | hNIS_INa_water_IDA | hNIS_2Na_PERC
hNIS_2Na_IDA | hNIS_2Na_water_PERC
| hNIS_2Na_water_IDA
50+

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

IJ J111) L
TTPT TP T T T T T rrrd

|

|
TTTTT 7T

e

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

Protein Residue

Figure S4 Contact frequencies for Nal, Na2, I" (IDA), and ClO4 (PERC) evaluated from different groups of
MD trajectories (from NIS models with and without water in the binding cavity at MD onset, with 1:1 and 2:1
Na*:anion binding stoichiometry).
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Figure S5 (Left) Anion density map evaluated from 13 MD simulations of the I" bound NIS, at 2:1 Na*:I" binding
stoichiometry and without water at the MD simulations onset. (Right) Anion density map evaluated from 13 MD
simulations of the CIOs bound NIS, at 1:1 Na*:ClO4 binding stoichiometry and without water at the MD

simulations onset.



Figure S6 Representative figures of the S1 and S2 binding patterns of ClO4™ (purple and red spheres) in NIS,
consistent with the contact frequency maps in Figures S3 and S4, the ClO4 density map in Figure S5 and the
residues listed in Table S2. The residues are color coded: green for residues involved in both S1 and S2, dark blue
for residues unique to S1, and cyan for residues unique to S2.



Figure S7 Putative allosteric binding site for I (purple sphere) extracted from the I density map in Fig.S5.



Figure S8 Formation of D191-K185 salt bridge upon Na* and I exit from NIS: (left) Na2 and |- are still
present; (right) all ions have exited NIS.



Table S1 In-house developed CHARMM force field parameters for perchlorate used in the reported MD

simulations.
Nonbonded parameters
Cl @)

g, electron 1.32 -0.58

Emin, kcal/mol -0.272 -0.150

Rmin/2, A 2.347 1.785

Bonded parameters

CI-O 0O-CI-O

Equilibrium value 1.483 A 109.4°

Force constant

600.0kcal/(mol x A?)

105.0 kcal/(mol x rad?)




Table S2 Comparison of the residues of the putative binding sites in NIS determined from MD simulations in the
present work and the residues of the putative binding sites in vSGLT, hSGLT1, PutP, Mhpl, and LeuT,
determined from X-ray crystallography (marked with *) or from functional mutagenesis (bold text). The analogy
between the residues from the different proteins has been made on the basis of the multiple sequence alignment
in Fig.S1 and the NIS, vSGLT, hSGLT1, PutP alignment published in Ref.!

Site | NIS VSGLT*! hSGLT1 PutP Mhp1*2 LeuT*3
Na2 | S62 S59 573 S50* 135/S31 L16
A65 AB2*! AT6 A53* A38*? G20/A19%
S66° AB3 S77 S54% 6 M39 N21
M68 165*! 179 M56* 141/M39*2 V233
Y178 | Y176 Y191 Y174 Q153/F149 N179
M184 | L182 L197 F180 M167 F194
K185 | S183 A198 L181 N168 A195/K196/K189
A186 | A184 A199 A182 V169/A171 K196/A195/A198
V187 | V185 V200 V183 V169/F170 1197
V188 | V186 1201 5184 AL71/V174 A198
T190 | T188 T203 T186 5172 T201
D1915 | D189 D2047¢ D187° V174/S172/D229 | T201/E112/E192
Q1945 | Q192 Q207 Q190° AL77 1204
Q251/P25210-
Q263° | Q268 Q295 1 S$226/H228 Y265/Y268/S267
S34912 | A360 A388 A336%3 L308 F350
G350 | A361*L 5389 A33783 A309%2 A351%3
$35312 | 53641 53928 14 53401 $312%2 T354%
T35412 | S365*! 539314 T34113 T313*%2 $355*3
Nal |S64 |61 F75 G524 F37 A19
A5 AB2*! AT76 A53* A38*? G20/A19%
S66° A63 S77 S$54% 6 M39 N21
F67 N64/F7016 N78/F751 D55/W59% 610 | A40/Q42/F46 A22/F28*3
M68 165*! 179 M56* 141/M39*2 V233
S69 566 $81/G80 S574 Q42*2 G24
Q72 QB9+ H83? L60* Q42/145*2 N27%3
Q94 S$91/S86/E88*11° | A105/N104/G100/E10214 | L82 C69 F51
Y144 | Y138/N142 Y153/K157 Y1408 W117*2 Y108/Y107
K185 | S183 A198 L181 N168 A195/K196
Al86 | A184 A199 A182 V169/A171 K196/A195/A198
D1915 | D189 D20478 D187° V174/S172/D229 | T201/E112/E192
Q1945 | Q192 Q207 Q190° AL77 1204
V195 | V193 T208 A191 L176 L205
M198 | L196 M211 M194 Y181/M182 F208
W257/N260/W264*
W25517 | 1 W289/T2878 W2445 10-11 W220*2 F253
L256 | L261 L288 G2431 V223 L257
F259/Y 265/ 268*
Y259Y7 | Y263/W264*L 16 Y290/W2918 14 Y2486 1011 S226 3
Q251/P2521%-
Q263° | Q268 Q295 1 S$226/H228 Y265/Y268/S267
L289 | L293 L320 M278 V261 E287




1202 | 1296 M323 c281 1265 E290*3

G350 | A361* $389 A337/A336" | A309*2 A351*3

T35412 | S365* S3934 T341% T313*2 $355*
F405/W406/D404*

F417 | F424/Q428*%10 F453/Q457° W405 F362 3

SL | Ae5 | Ae2* AT6 A53* A38*? G20/A19

S66° | A63 s77 55446 M39 N21

F67 N N78/F75' D554 610 A40/Q42/F46 A22/F28*3

M68 | 165* 179 M56* 141/M39*2 V23*

S69 S66 S81/G80 S574.10 Q42%2 G24

Q72 | Q69+ Hg3® L60* Q42/145*2 N27*3

Y144 | Y138/N142 Y153/K157 Y140° W117*2 Y108/Y107*?

K185 | 5183 A198 L181 N168 A195/K196
F259/Y 265/Y 268*

Y259Y | Y263/W264*116 | Y290/W291°8 1 Y2480 1011 | 5226 3

N262 | N267 D294 Q251 D229 T264

Q251/P252™"

Q263° | Q268 Q295 i S226/H228 Y 265/Y268/5267

Q265 | Y269/1270/Q272 | 1297/Q299 1254 E233 S267

S35312 | 5364+ 53928 534013 $312%2 T354*3

T35412 | S365* 3934 T341%8 T313*2 5355

T35722 | S368Y S396 C3441 N318* $356

5358 | M369 1397 Q3453 N318* $356

S2 | S66° | A63 s77 55446 M39 N21

F67 N4 N78/F75' D554 610 A40/Q42/F46 A22/F28*3

S69 S66 S81/G80 S57410 Q42%2 G24

V71 | E68 G82 W59* V43/A44 G26*

Q72 | Q69* Hg3® L60* Q42/145*2 N27*3

Q94 | S91/S86/E88*L10 | A105/N104/G100/E102' | L82 C69 F51

Y144 | Y138/N142 Y153/K157 Y1408 W117+2 Y108/Y107*2

V148 | V146 D161/A160 G144 Q121*2 V109

W257/N260/W264*

W255%7 | ! W289/T287° W2445 1011 | W220*2 F253*2
F259/Y 265/Y268*

Y259Y | Y263/W264*1 16 | Y290/W291°8 1 Y2488 1011 | 5226 3

535312 | 5364 53928 5340 5312*2 T354*3

T35412 | 5365* 53934 T341%3 T313*2 5355*
F405/W406/D404*

F417 | F424/Q428*%10 F453/Q457° W405 F362 3

M420 | T431 T459 F408/W405 | 5368 V413/F414




Table S3 Duration (in ns) of the 50 ns long MD trajectories during which all ions remain bound to NIS in the 104
simulated systems, constructed as described in the Methodology section. A duration of less than 50 ns signifies
that at least one ion has exited the protein during the MD simulation. The first ion to exit is indicated in brackets.
In some systems with 2:1 Na*:substrate binding stoichiometry, when a Na2 ion exits NIS, it is replaced by the
Nal ion (also indicated in brackets). 13 anion binding sites, determined from GCMC+PB calculations were
studied. The color coding of the anion binding sites corresponds to the colors in Figure 5: green for areas of
protein involved both in S1 and S2 binding sites (labeled as S1/S2 here), dark blue for site S1, cyan for site S2.

No water in binding cavity at MD onset Water in binding cavity at MD onset
Site 1Na | 2Na 1Na | 2Na
lodide
S2(a)
S2(b)
S2(c)
S1/S2(a) 50 50 50 50
S1/S2(b) 50 18.5 (Na2) 16.5 (10D) 50
S1/S2(c) 50 50 4.5 (10D-Na pair) 50
S1/S2(d) 50 50 35.5 (I0D) 50
15 (Na2, replaced by
S1(a) 50 Nal) 50 50
S1(b) 50 25 (Nal) 12 (10D) 50
S1(c) 50 44 (Nal) 50 50
33.5 (Na2, replaced
S1(d) 50 34 (Nal) 22 (Na2) by Nal)
S1(e) 10.5 (10D) 50 20.5 (10D) 3 (Nal)
S1(f) 23.5 (I0D) 50 18 (10D) 31.5 (Nal)
Perchlorate
S2(a)
S2(b)
S2(c)
S1/S2(a) 50 50 50 45 (Nal)
S1/S2(b) 50 50 50 21.5 (Na2)
S1/S2(c) 11.5 (Na2) 50 50 50
S1/S2(d) 50 50 22 (Na2) 50
S1(a) 50 42 (Nal) 14.5 (PERC) 50
22 (Na2, replaced by
S1(b) 50 50 50 Nal)
S1(c) 50 50 50 50
S1(d) 45 (Na2) 50 50 50
S1(e) 50 50 50 50
S1(f) 50 50 50 11.5 (Nal)
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