g ® o

Ace. o & B o) B2 C o swneer Do o & 000 X1

tagged: 7 & @ 8 |55555 g w9t F O 5§ 923

G S K g 08 I3 g o K £ 0.8+ ]

SRS 2 £zz== go o < 5 OFE

kba “TTiTiGlA SoelSt2s2% “ - KDa_ -+ - +-+GLA & | E%%

u 2 BLLEeL B 0 20 30 40 > 5% %

250 ' " oo § 044 THEE G Intensity (norm.) 250(~ o0 3 0.4 T ‘Q -Iq)1

= + - TM-( = Q

:(3)8 .'...' ] E 0.2 o 02 SNAP-TM-GFP 180 - ..'. ° % o3
70|+ 5 1 g 70~ £ 0-27
gg Z 004{__230kDay 9278 mh got g’g E 200

T T T T 1 w - LU o e e B S m—

25 75 80 85 90 95 100 Ny, - 25 12 13 14 15 16 17

. . . 10 20 30 40
15 Retention time (min) Intensity (norm.) 151= Elution Volume (mL)

hTMEMG3A hTMEM63B OSCA1.2624 112

2 £
£ £
3 )
, l " i

- hTMEM63A

- 30 M Gd** J&

50 100 150 200
Pressure (-mmHg)

5
S € 30000
S«
23
o \q’; 20000
0 1\ I H‘l\‘ © b
WPW\ E5
i % © 10000
M f \U! ! Ah =
A Mn
< '% WW W' 0
(e}
200 ms K
§§</
{\\ O
H hTMEM63A hTMEM63B | 0 ] -50 mmHg — Vim (mV)
Total Surface Total Surface c- o 80 0 4 P 9 0
X X x 4 <
N = 3 53 o1- <
EBhES =33
kDa =8 = 8 kba = 8 =8 02- — 2 2s | 5
250 250
133pS
130 ) -
130 c-
100/ '... 100, ...- GFP o1- [
70 70 <
55 55 02— Q. —
| — | - B-actin 2 140 K‘130 Na g
35 35| 02s --15 =
J K 130kDa 106 kDa v R
8104 || 17052 GFP- & & &
BT Inserted loop g o3 tagged: ‘?'\{'L & (5@
? 0.8 2 2 %C) «@ &@ «@
OSCA1.2 329 TRWABAVC-—————m—=——mm—m - AQTOQTRNPTQW ~ §qg] ZE <SS
mTMEM63A 355 EKSMATYILKDFNACKCQGLRCKGEPQPSSYSRELCVSKW Soal & 2 kDa PO
mTMEM63B 368 NETITATIILKDFNVCKCQGCTCRGEPRASSCSEALHISNW R 02 250 o
mTMEM63C 347 DARTVRRIYDDYKYIHC-----— GRHPKQSSVTTIVKNYHW § ’ 130 ' .' ‘.' ®
dTMEM63 353 TVQEAQNI-——————————————————— VTHFTPGTYRQW 2 001 9317 min 10012 !
75 80 85 90 95 100 55
Retention time (min)
mTMEME3A mTMEM63B dTMEM63 o M 604 ° 401 + + +
£ | € | € < a0d - 304 533
3 3 3 iy PR g |222
: o ; " / % . a mOmm
£ 204" <2015 =
I ﬁ E 8¢
1 -
0 1 1 1 0
\'es o)
5 B ¢
,\@%’@‘o & 0 50 100 150 200 O N
<& Pressure (-mmHg) N




Figure S1. Biochemical and electrophysiological analyses of TMEM63 and OSCA1.2 proteins,
related to Figures 1, 4 and 5.

(A) Representative western blot of HEK293T cell lysate with overexpression of GFP-tagged OSCA1.2,
hTMEMG63A or \TMEMG63B. The cell lysate was treated with or without 10 mM GLA.

(B) Representative FSEC traces of HEK293T cell lysate containing expression of C-terminal GFP-tagged
hTMEMG63C or indicated co-expression. Retention time corresponding to a potential homo- or hetero-
dimer (around 230 kDa without GFP) is marked.

(C) Intensity distribution before (red) and after (gray) photobleaching for control proteins with a
monomeric transmembrane (TM) domain, and either one or two GFP tags fused to their intracellular C-
termini. The control proteins also contain an N-terminal SNAP tag.

(D) Left, coomassie-blue staining of purified OSCA1.2, human TMEM63A and TMEMG63B with a C-
terminal GFP-tag after SDS-PAGE. Proteins were treated with or without 10 mM GLA; Right,
representative SEC traces of indicated purified proteins. The UV absorbance is normalized to the peak
amplitude for a better comparison.

(E) Left, representative stretch-activated current traces from TMEMG63A-expressing HEK293T cells in the
absence or presence of 30 uM Gd3" in the pipette solution; Right, quantification of I, at various negative
pressures in the absence (N = 7) or presence of Gd** (N = 7). **p<0.001. Two-way ANOVA analysis.

(F) Representative stretch-activated current traces with prolonged application of negative pressures (1 s).
(G) Left, representative traces of stretch-activated currents in HEK293T cells with overexpression of
hTMEMG63A, OSCA1.2 or mouse Piezol; Right, quantification of the maximal area under the current
traces, which represents the number of conducted charges.

(H) Biotinylation assay detecting both the total expression and cell surface expression of \TMEM63A WT
and E571K mutant (Left) or hTMEM63B WT and D584K mutant (Right) in HEK293T cells.

() Left, representative trace of single-channel recordings of OSCA1.2 reconstituted in liposomes. The
voltage was held at -50 mV. Closed (C) and open (O) states are indicated; Right, current-voltage
relationship of stretch-activated single-channel currents. The calculated single-channel conductance is
shown.

(J) Sequence alignment of the region within IL2 that mediates dimerization of OSCA1.2. Residues that
directly mediate OSCA1.2 dimerization are highlighted in red. The inserted loop in TMEM63s is indicated
by the red line.

(K) Representative FSEC traces (Left) or western blot (Right) of HEK293T cell lysate with overexpression
of GFP-tagged mouse TMEMG63A (mTMEM63A), TMEM63B (mTMEMG63B) or Drosophila
melanogaster TMEM63 (dTMEMG63). Cell lysates were treated without (-) or with (+) 10 mM GLA.

(L) Representative traces of stretch-activated currents (-80 mV) from HEK293T cells with overexpression
of mMTMEMG63A, mTMEMG63B or d_TMEMG63.

(M) Quantification of I, (Leff) and P, (Right) from each individual patches; Middle, averaged pressure-
response current curves fitted with a Boltzmann equation (nMTMEMG63A, N = 8§; mTMEMG63B, N = §;
dTMEMBS63, N = 8).
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Figure S2. Purification and reconstruction of human TMEMG63A, related to Figure 2.

(A) Left, representative SEC trace of purified human TMEMG63A protein in LMNG/CHS, treated
with 3C protease to cleave GFP. The peak fractions corresponding to hTMEMG63A and GFP are
indicated; Right, SDS-PAGE gel staining of ATMEMG63A and GFP peak fractions.

(B) SDS-PAGE gel staining of hTMEMG63A peak fraction treated without or with PNGase F.
Glycosylated and deglycosylated hTMEMG63A are indicated.

(C) Left, SEC trace of hTMEMG63A reconstituted in lipid nanodiscs with MSP2N2; Right, SEC
trace of hTMEMG63A nanodisc peak fraction collected from the /leff panel.

(D) SDS-PAGE gel staining of peak fractions of hTMEMG63 A nanodiscs and empty nanodiscs.

(E and F) Representative cryo-EM raw image (E) and 2D-class averages (F) of hTMEMG63A in
nanodiscs.

(G) Cryo-EM data processing flowchart for nanodisc-embedded hTMEMG63A density map.

(H) Angular distribution of reconstructed particles in the final map of hTMEMG63A.

(D) FSC plots of unmasked and masked maps.

(J) Final reconstruction map colored by local resolution.
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Figure S3. Purification and reconstruction of human TMEMG63B, related to Figure 2.

(A) SEC trace of purified human TMEMG63B protein in LMNG/CHS. GFP was cleaved by 3C
protease treatment. The hTMEMG63B peak fraction was examined by SDS-PAGE.

(B) SDS-PAGE gel staining of purified hTMEM63B and OSCA1.2-GFP treated without or with
PNGase F. Glycosylated and deglycosylated hTMEM®63B are indicated.

(C) Left, SEC trace of hTMEMG63B reconstituted in lipid nanodiscs with MSP2N2; Right, SEC
trace of hTMEMG63B nanodisc peak fraction collected from the /eft panel.

(D) SDS-PAGE gel staining of the hTMEM63B nanodisc peak fraction.

(E and F) Representative cryo-EM raw image (E) and 2D-class averages (F) of hTMEMG63B in
LMNG/CHS.

(G) Cryo-EM data processing flowchart for the map of hTMEM63B in LMNG/CHS.

(H) Angular distribution of reconstructed particles in the final map of hTMEMG63B.

(D) FSC plots of unmasked and masked maps.

(J) Final reconstruction map colored by local resolution.
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Figure S4. Cryo-EM density and fit with models of TMEMG63s, related to Figure 2.
(A and B) Selected regions of cryo-EM map of TMEMG63A in nanodiscs (A) and TMEM63B in
LMNG (B) superimposed with the atomic models.
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Figure SS. Structural comparisons and ion permeation pore analysis, related to Figures 3.
(A) Comparison of TMDs. Upper, side view of ribbon structures of human TMEM63A, human
TMEMG63B, Arabidopsis thaliana OSCA1.2 (PDB: 6MGV), mouse TMEM16A (PDB: 50YQG)
and C. elegans TMCI bound with TMIE and CALM-1 (PDB: 7USX). Middle, side-view of
ribbon structures of TMD isolated from TMEMG63A, TMEM63B, OSCA1.2, TMEMI16A and
TMC-1. The TMO in TMEM63A, TMEM63B and OSCA1.2 and TMIE is highlighted in red.
Lower, top view of the TMD with the location of putative ion permeation pore indicated.

(B) Structural comparisons of the pore domain among TMEM63A, TMEM63B and OSCA1.2
(PDB: 6MGV). The noticeable differences in TM4 and TM6 were highlighted.

(C and D) Effects of NTD on the ion permeation pore profile in TMEM63A and TMEMG63B.
Left, ribbon structures of TMEMG63A (C) and TMEMG63B (D) without the NTD (S30-V45 in
TMEMG63A; P19-L36 in TMEMG63B). The calculated pore profile is shown as green dots. Pore
lining TMs are colored in magenta; Right, pore radii of TMEMG63A (C) and TMEM63B (D) with
(+NTD) and without NTD (-NTD) against distance along the pore.

(E) All-atom MD simulation setup for TMEM63B in a POPC membrane (Simla). Protein is
shown in surface representation. Chloride and potassium ions are in dark green and pink,
respectively. Lipid phosphates are white spheres and water is in transparent blue surface.

(F) Highlight of TMEM63B NTD, removed in some simulations.

(G) Two predicted conformations for IL1.

(H) Experimentally derived (Cryo) and AlphaFold2 predicted (AF2) conformations of
extracellular regions of TM3-TM4 and TM5-TM6. Other helices (e.g., TM0, TM9, TM10) have
matching conformations.
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Figure S8. Protein sequence alignment of TMEMG63 proteins and OSCA1.2, related to
Figures 2 and 7.

Multiple sequence alignment was performed using ClustalW for human TMEM63A (UniProt
Accession #: 094886), TMEM63B (Q5T3F8), TMEM63C (Q9P1W3) and Arabidopsis thaliana
OSCAI1.2 (Q5XEZS). Secondary elements of human TMEMG63A based on cryo-EM model is
shown on the top, with the same color code as in Figure 2C. Unresolved regions in the cryo-EM
model are indicated with dashed line. Two putative N-linked glycosylation sites (N38 and N450)
in hTMEMG63A are indicated with yellow triangles. The n-helix in TMS and TM6 is labeled with
a black oval.



0.6

0.4

ENTIVOSOyeoNINLY —

LO+ZU ZIVOSO oSN

0.2

Normalized fluorescence

00 9.1267nlnin§ i
75 80 85 9.0 95 100
Retention time (min)

OSCA1.2 concatemer
> Ny

7

B % C Total Surface
%, @% OSCA1.2;,,  OSCA1.24,, T
%, %, GLA DSS 38 23
% %% — el NN dao
K IIx XX
[GN©] [ONGNS]
[N ) nwnw
00 000
kD
250
130 Be- B (cp
100 —
70| 55 e |B-actin

&
&
"9'{l~ Q(’Q}Q)
kba < P
250
—
130
100 4-
70+
55
2]
5997 oscat2
z 40 Open
[0}
2 30
O 1=3.520.3 ms
G 20
[}
-§ 10
=z 0
0 10 20 30 40
Dwell time (ms)
172
5 %07 oscat.24,,
g Open
§ 40 P
(@] 7=1.8£0.2 ms
G
5 20
o)
§
=z 0
0 10 20 30 40
Dwell time (ms)
2 60
§ 5070scAt 2.0 10
©
§40— SC
(@] T7=0.940.07 ms
‘G
5 20
Q
g
z 0+

0 10 20 30 40
Dwell time (ms)

55

&

1.0q4 OSCA1.2WT
E531K
-1 Concatemer

o o o
T e

Normalized fluorescence
o
N
1

0.0

T T T T 1
75 80 85 9.0 95 100
Retention time (min)

—_— Hook domain
IL2H2 IL2H3
OSCAl.2 264 LKYARNNSQRIM—-—-—-—- VKLGFLGLWGQ--KVDAIEHYI

hTMEM63A 288 NLQVKTGOQRTLINPKPCGQFCCCEVLGC-EWEDAISYYT
hTMEM63B 300 NLQSKENVPTMINPKPCGHLCCCVVRGC-EQVEAIEYYT
hTMEM63C 281 AKAKKTG-KVMIRIHPCARLCEFCKCWTCFKEVDAEQYYS

OSCA1.2 hTMEMG3A hTMEMG63B
NQ272-K287 AL298-W317 AM310-Q329

3 % <oaf
8 g 3 =©d
= IR o2Eg
100 ms 8§ E % E g
O3 ¢« - <4
409 30+ 200
7 150
309 g :
T < T 207 E 100
2 200+ g g E .
- i - = 104
100 104 .
~ ~ )
®© < m
[v2} [32}
0+ O+—T—T—T1— 0 — T T 1 pk % < % g g
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 SRLgug
Pressure (-mmHg) Pressure (-mmHg) Pressure (-mmHg) B C-ZE2




Figure S9. Characterization of engineered OSCA1.2, TMEM63A and TMEMG63B channels,
related to Figures 5 and 6.

(A and B) Representative FSEC traces (A) and western blot (B) of HEK293T cell lysate with
overexpression of GFP-tagged constructs, as indicated. hTMEMGO63A gca;s 10 IL2 of
hTMEMG63A were replaced with OSCA1.2 IL2; hTMEMG63A gca12 1oicn both IL2 and C-
terminus of hTMEMG63 A were replaced with those of OSCA1.2. Cell lysates were treated without
(-) or with (+) 10 mM GLA.

(C) Representative western blots of GFP-tagged OSCA1.25,,, overexpressed in HEK293T cells.
Left, cell lysates were treated with GLA as in Figure 5F; Right, intact cells were treated with DSS
as in Figure 1D.

(D) Biotinylation assay detecting both the total expression and cell surface expression in
HEK?293T cells overexpressing GFP-tagged OSCA1.2, OSCA1.2,,,, and OSCA1.2¢;, 10-

(E) Upper, diagram showing the design of OSCA1.2 concatemer. ES31K mutant (purple, the
mutation site is indicated with a star) and WT (black) protomers are connected via a single
transmembrane helix of glycophorin A (red); Lower, representative western blot (Left) and FSEC
traces (Right) of HEK293T cell lysates with overexpression of GFP-tagged OSCA1.2 WT,
E531K mutant or the concatemer.

(F) Representative traces of stretch-activated single-channel currents recorded at -80 mV. The
closed (C) and open (O) states, and amplitude of unitary currents are indicated.

(G) Dwell time histograms for the fully open state of OSCA1.2 and OSCA1.2,,,, and the
assumed sub-conductance state of OSCA1.24; 5 115

(H) Upper, sequence alignment of the hook domain; Middle, representative traces of stretch-
activated currents (-80 mV) from HEK293T cells with overexpression of Hook-deleted OSCA1.2
(AQ272-K287), hTMEMG63A (AL298-W317) or hATMEMG63B (AM310-Q329), and quantification
of I, Lower, averaged pressure-response current curves fitted with a Boltzmann equation
(OSCA1.2 AQ272-K287, N = 6; hTMEMG63A AL298-W317, N = 7; hTMEM63B AM310-Q329,
N =7) and quantification of Py, from each individual patches.
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Figure S10. Predicted contacts between the IL2 domain and helices TM6b and ILH4,
related to Figure 6.

Buried surface area (BSA) is used to quantify the interaction between the IL2 hook and the
TM6b and IL4H region near the bottom of the pore for TMEM63B and OSCA1.2 models. Inset
image shows top view of this interaction in the TMEMG63B cryo-EM model used for simulations
(middle right). Initial BSA values were ~20 A2 for the TMEMG63B cryo-EM model, ~600 A2 for
the TMEM63B AlphaFold2 model, and ~260 A3 for OSCA1.2. Values shown for all simulations
listed in Table S2.



Table S1. Cryo-EM data collection, refinement and validation statistics , related to STAR

Methods.
TMEMG3A TMEMG3A TMEMG63B TMEMG63B
in nanodiscs in LMNG in nanodiscs in LMNG
(EMD-28153) (EMD-28154)
(PDB 8EHW) (PDB 8EHX)
Data collection/processing
Magnification 105,000 36,000 105,000 105,000
Voltage (kV) 300 200 300 300
Electron exposure (e/A2) 50.705 52.563 53.048 53.048
Defocus range (um) -1to-2 -141t0-2.5 -0.8 to -2.1 -0.8 to -2.1
Number of frames 50 50 50 50
Pixel size (A) 0.825 1.1 0.825 0.825
Micrographs (no.) 10,836 8,640
Initial particles (no.) 4 552,788 2,433,802
Final particles (no.) 198,144 64,399
Symmetry imposed C1 C1
Map resolution (A) 3.82 3.62
FSC threshold 0.143 0.143
Map sharpening B factor (A2) -198.6 -131.2
Refinement
Initial model AlphaFold 2 AlphaFold 2
Model resolution (A) 4.03 3.87
FSC threshold 0.5 0.5
Model composition
Non-hydrogen atoms 5150 5153
Protein residues 630 631
R.m.s. deviations
Bond lengths (A) 0.003 0.003
Bond angles (°) 0.769 0.648
Validation
MolProbity score 2.19 2.13
Clashscore 15.33 13.01
Poor rotamers (%) 0.18% 0
Ramachandran plot
Favored (%) 91.67% 91.33%
Allowed (%) 8.33% 8.51%
Disallowed (%) 0 0.16%




Table S2. Simulations summary for each system, related to STAR Methods.

CI1 and C2 indicate the conformation of IL1 predicted by AF2 multimer prediction and monomer
prediction, respectively.

N Length . .
Label Protein Membra | ¢ |1 | Vorage | (ng) Start | #atoms | Dimensio
ne D (mV) ns (A3)
Sim1a 0 200 _ 133 x 133
C1 Sim1a | 205,840
Sim1b -500 100 x 136
+ (100 ns)
Sim2a - 0 200 _ -2 117 | 135% 135
Sim2b -500 100 imsa ’ x 142
POPC (100 ns)
Sim3a . 0 200 _ -3 rooa7a | 135% 135
. _ Imoa ) x 138
Sim3b _ 500 100 (100 ns)
Simda 0 200 _ 133 x 133
Siméb 21 500 100 Simda | 209.954 | ", 454
m TMEM63B - (100 ns)
i Cryo .
Sim5a (Cryo) 0 200 133 x 133
Sim5b -500 100 x 136
+ (100 ns)
Sim6a - 0 200 _ -6 g sra | 135% 135
Siméb -500 100 imoa ' x 142
Soybean (100 ns)
Sim7a o 0 200 . —7 703,993 135 x 135
. _ imr/a , x 142
Sim7b _ 500 100 (100 ns)
Siméa 0 200 _ 133 x 133
c2 Simga | 204,024
Sim8b -500 100 x 136
(100 ns)
Sim9a 0 200 -
- POPC Smoa | 200,163 | 120X 13
Sim9b -500 100 100 x 135
TMEM63B - (100 ns)
Sim10a | (AlphaFold2) 0 200 - 135 x 135
X
Soybean i 209,874
Sim10b y -500 100 | Sim10a x 135
(100 ns)
+
Sim11a 0 200 -
- POPC Sim11a | 187,941 | 1392 133
Sim11b | OSCA1.2 -500 100 x 132
Monomer - (100 ns)
Sim12a | (PDB: 6MGV) Soyhean 0 200 _ -12 o res | 135135
Sim12b -500 100 'miza ’ x 132
(100 ns)
Total Simulation Time 3,600






