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Supplementary Figure 1 | Consensus mutagenesis, functional characterization and protein
biochemistry of URAT1cs.

a, Mapping of all the mutations of the consensus construct (URAT 1¢s) relative to the hURAT
sequence. b, Gel filtration profiles of purified hURAT1 (yellow) and URAT 1cs (green). c,
Background-corrected uptake of 10 uM ['*C]-urate (45 Ci/mol) over time for hURAT1 (left y-
axis) and URAT 1cs (right y-axis) at 37°C by transiently transfected HEK293T cells, in biological
duplicates. d, Surface expression western blot from transiently transfected HEK293T cells
showing much greater surface expression of URAT 1cs relative to hURATT. e-g, ICso

determination through background-corrected normalized uptake of 10 uM ['*C]-urate (45

Ci/mol) by HEK293T cells transiently expressing hURAT1 (10 min at 37°C) or URAT 1cs (30 or
60 min at 37°C) for benzbromarone (e), lesinurad (f) and TD-3 (g). The best-fit ICso values are
given and data are represented as means + SEM, n = 3 biological replicates.



38

39

40
41

42

URAT1cs
no ligand added
18,880Movies

Motion Correction
CTF Estimation
Select good micrographs
CTF resolution <4 A

Template-based picking
Topaz picking
2D classification
6.08 M particles
Ab-initio triEllcate runs
Combine & remove duplicate
R N "

d

URAT1cs

Benzbromarone
24,488 Movies

Motion Correction
CTF Estimation
Select good micrographs
CTF resolution <4 A

Template-based picking
Topaz picking
2D classification
5.5M particles

M

Ab-initio triplicate runs
Combine & remove duplicate

4 iterations ‘

Re-extract particles bin2
————————
initio triplicate runs
Combine & remove duplicate
Resolution gradient

6 iterations
Re-extract particles unbin

———!
Ab-initio triplicate runs
Combine & remove duplicate
Resolution gradient

26 iterations

NU-Refinement
3.33A, 527k particles

Transfer to RELION
Bayesian polishing

Transfer to cryoSPARC
NU-Refinement
Local refinement

R 1 gradient

4 iterations
Re-extract particles bin2

Ab-initio triplicate runs
Combine & remove duplicate
Resolution gradient

4 iterations ‘

Re-extract particles unbin

Ab-initio triklicate runs

Combine & remove duplicate
Resolution gradient

39 iterations ‘

NU-Refinement
3.29A, 220k particles

Transfer to RELION
Bayesian polishing

\/

Transfer to
cryoSPARC
NU Refinement

Local Refinement
2.68A, 527k particles

Local Refinement
3.00A, 220k particles

URAT1cs

Lesinurad
13,746 Movies

Motion Correction
CTF estimation
Select good micrographs
CTF resolution <4 A

Template-based picking
Topaz Picking
2D classification
5.04M particles

—¥

Ab-initio triplicate runs
Combine & remove duplicate
Resolution gradient

4 iterations ‘

Re-extract particles bin2

Ab-initio triplicate runs
Combine & remove i

URAT1cs
TD-3
19,122 Movies

Motion Correction
CTF Estimation
Select good micrographs
CTF resolution <4 A

Template-based picking
Topaz picking
2D classification
1.65 M particles

Ab-initio trklicate runs

Combine & remove duplicate
Resolution gradient

3 iterations ‘

Re-extract particles bin2

Ab-initio triplicate runs
Combine & remove duplicate

Resolution gradi

7 iterations ‘

Re-extract particles unbin

Ab-initio tritlica(a runs

Combine & remove duplicate
Resolution gradient

21 iterations ‘

NU-Refinement
3.3A, 512k particles

Transfer to RELION
Bayesian polishing

Transfer to cryoSPARC
NU-Refinement
Local CTF Refinement

Local Refinement
2.85A, 512k particles

N

4 Iteralions*

Re-extract particles unbin

Heterogenous refinement
Resolution gradient

Heterogenous refinement
Resolution gradient
(2 more rounds)

M

NU refinement
2.82A 505k particles

Transfer to RELION
Bayesian polishing

Transfer to cryoSPARC
Local refinement

Local Refinement
2.55A, 505k particles

Supplementary Figure 2 | Cryo-EM data processing workflow.

Data processing workflow for no ligand added URAT 1cs, BBR-URAT 1cs, LESU-URAT 1cs, and

TD-3-URAT 1cs datasets, respectively.
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Supplementary Figure 3 | Cryo-EM data validation.

a, Final cryo-EM reconstructions. b, Fourier-shell correlation for the final reconstruction,
generated from cryoSPARC. ¢, projection orientation distribution map for the final reconstruction,
generated from cryoSPARC. d, Map-to-model correlation plots. e, Local Resolution plots. f, cryo-
EM maps for secondary structure segments. From left to right are cryo-EM data validations for
URATI1cs, BBR-URAT 1¢s, LESU-URAT I¢s, and TD-3-URAT 1¢s datasets, respectively.
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Supplementary Figure 4 | Endogenous cryo-EM peaks in URAT 1¢s central binding pocket.

a, b, The appearance of unknown cryo-EM peaks in URAT 1 cs reconstruction without extra ligand
added. c-e, the map of URAT1cs overlayed with BBR-URAT1cs, LESU-URAT1cs, or TD-3-

URAT 1cs coordinates.
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Supplementary Figure 5 | Sequence conservation of URAT1 binding pocket.

Consurf analysis’! of sequence conservation for URAT1 mapped onto the no inhibitor added
structure. The degree of sequence conservation as indicated by the gradient key.
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Supplementary Figure 6 | Surface expression of URAT1 and mutants

Microscope images showing bright field, fluorescence and overlay images for the mutants tested
in this study. All variants show expression except for Y152A. WT = hURATT.
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BBR-URAT1__
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Supplementary Figure 7 | Structural features of BBR.

a, Overlay of BBR molecule in BBR-URAT 1¢s with BBR molecules in PDB 7ACU (1
molecule), 8K4H (1 molecule), 8112 (2 molecules) and 7D6J (4 molecules). BBR conformation
in BBR-URAT I¢s is similar with 6 out of 8 occurrences. b, Resonant charge distribution of BBR
at physiological pH, adapted from*.
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Supplementary Figure 8 | Binding pocket of urate-bound URAT1, adopted from PDB
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Supplementary Figure 9 | Molecular dynamics for URAT1

Replicate sets of 1 ps simulations for either charged (anionic, —1) or neutral forms of BBR (a,
d), LESU (b, e) and TD-3 (¢, f). g-i, frequency distribution of RMSD values across all five
replicates for charged (left) and neutral (right) forms for BBR (g), LESU (h) and TD-3 (i).
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Supplementary Figure 10 | lesinurad model validation and structural comparison

a, Lesinurad binding pose comparison and validation. Lesinurad binding poses from this study
(pose 1) compared to that reported by Dai & Lee (pose 2)** as modeled into cryo-EM densities
from our work and Dai & Lee. The pose from this study not only visually fits better into either
map, but also exhibits a higher map-to-model correlation coefficient (Map-Model CC) in either
map. MD simulations were conducted of lesinurad in pose 1 or pose 2 in models from this work
(PDB 9DKB) or from Dai & Lee (PDB 9B1H). The ligand RMSD values from five replicates of
1 ps simulations each are shown in the histograms, along with distribution mean and standard
deviation. The pose 1 (this work) exhibits superior stability when docked into either model,
having a lower mean RMSD and narrower spread. The pose and map from Wu, C., et al.®! are
also shown for comparison, but its suboptimal cryo-EM density precludes similar analyses. b,
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Overlay of central binding pocket of lesinurad-bound URAT1 structures of 9JDZ3! (salmon),
9B1H? (green) and 9DKB (this study, marine), showing the similarity of transporter
conformation (Ca RMSD < 1A). Dotted circle indicates central cavity region.
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101  Supplemental Figure 11 | Sequence alignment of URAT1cs, human, mouse and rat URAT1

102  (SLC22A12). Sequence alignment performed using MAFFT*S,
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105  Source data for Supplementary Figure 1d.
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107  The uncropped blots used in Supplementary Figure 1d. Box indicates cropped region.



