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Supplementary Figure 1: Structural determination of afTMEM16 in C18 lipids in the presence of Ca?*. A: Size
exclusion profile of afTMEM16 reconstituted into nanodiscs containing MSP1E3 scaffold protein and C18 lipids in the
presence of Ca®’. 1 indicates the main peak and 2 the empty nanodiscs. B: representative micrograph. C: representative 2D
classes of afTMEM16/nanodisc complex. D: Angular distribution of final C2 (top) and C1 (bottom) reconstructions. E:
Image processing workflow including symmetry expansion and classification to identify monomer class with well-defined
lipids used for building. F-G: FSC plots for dimeric afTMEM 16/nanodisc complex. Final masked reconstruction colored by
local resolution calculated using the Relion implementation. (F) and monomer class with resolved lipids (G). FSC is
between the two half maps to determine the resolution of the reconstruction evaluated at 0.143 cutoff. FSCsum, FSCwork,
and FSCfree are model validations evaluated at 0.5 cutoff (see methods). H: Architecture of the nanodisc surrounding
afTMEM16. The final reconstruction was filtered to 7 A. The nanodisc density is shown in purple and the protein is shown
in grey.
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Supplementary Figure 2: Ligand densities associated with afTMEM16 in the C18/Ca** structure. A: Mesh of modeled
lipids in the afTMEM16 C18/Ca** structure. Lipids are shown in blue (outer leaflet) and yellow (inner leaflet) with mesh
from the unsharpened map in red with 6=5.5. B: Water molecules coordinating the two Ca®" ions. Mesh from the final map
is shown in red at 6=8. For clarity, E445 and G441 are not shown. C: Structure-based sequence alignment of TM 10 showing
the conservation of the dimer interface salt bridge. The alignment was generated using PROMALS3D (Pei and Grishin,
2014). D-E: Coordination of lipids associated with the dimer interface at the outer (D) and inner (E) leaflets. Lipids are
shown as blue (outer leaflet) or yellow (inner leaflet) sticks and colored in CPK. afTMEM 16 monomers are in gray and
cyan. Coordinating side chains are shown as green sticks and colored by CPK. F-G: View of pathway lipids and their tails
intercalated with interhelical cavities. afTMEM16 is shown as surface and lipids are shown in spheres colored as in D-E.
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Supplementary Figure 3: Representative traces of scrambling experiments of WT and mutant afTMEM16. A:
Schematic of the in vitro scramblase assay. Liposomes are reconstituted with NBD-labeled phospholipids (orange) that
distribute equally in the two leaflets. Addition of extraliposomal sodium dithionite reduces the NBD fluorophore (black),
causing 50% fluorescence loss in protein-free vesicles (top panel). When a scramblase is present (bottom panel), all NBD-
phospholipids become exposed to dithionite, resulting in complete loss of fluorescence. B-P: Representative time course of
scrambling experiments of wildtype (B) and of indicated afTMEM16 mutants implicated in lipid coordination outside the
permeation pathway (C-E), or located in the extracellular vestibule or central constriction (F-P). * denotes addition of
sodium dithionite. Traces: protein-free (green), afTMEM16 proteoliposomes +0.5 mM Ca** (red) or 0 Ca*" (black), fits to
Eq. 1 (dashed cyan).
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Supplementary Figure 4: Lipid bilayer characterization by atomic force microscopy and functional modulation of
afTMEMI16 by bilayer thickness. (A) Pixel height histogram of (70% 20:1 PC/30% 20:1 PG) membranes based on AFM
topography images (inset). The mica level is set to 0.0 nm and the height difference to the distribution of pixel heights from
the membrane patched is measured Ah=3.7+0.2 nm (Peak £ FWHH of the value distribution). (B) The mechanical
properties (Young’s modulus and breakthrough force) of the membrane characterized in a force-distance curve. The
Young’s modulus is derived by fitting the approaching part of force-distance curve with Hertz model (red curve). The break
force is characterized by a ~3 nm cantilever relaxation at ~3.5nN force (in this case). C: Time course of protein-free
liposomes formed from 14:1 lipids alone. D-I: time course of scrambling by afTMEMI16 in C14 lipids (D), C16 lipids (E),
C18 lipids (F), C20 lipdis (G), 70% C22 lipids (H) and C22 lipids (I). * denotes addition of sodium dithionite. Traces:
protein-free (green), afTMEM 16 proteoliposomes +0.5 mM Ca** (red) or 0 Ca** (black), fits to Eq. 1 (dashed cyan). Panel
F and I are alternate repeats of results from a previous study {Falzone, 2019 #2993}.
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Supplementary Figure 5: Structural determination of af TMEM16 in C22 lipids in MSP1E3 and MSP2N2 nanodiscs
in 0.5 mM Ca?". A: Size exclusion profile of af TMEM 16 reconstituted into nanodiscs containing MSP1E3 scaffold protein
and C22 lipids in 0.5 mM Ca?". 1 indicates void peak, 2 the main peak and 3 empty nanodiscs. B: representative micrograph.
C: representative 2D classes of afTMEM16/nanodisc complex. D: Angular distribution of final C2 (top) and C1 (bottom)
reconstructions. E: Image processing workflow including signal subtraction of the nanodisc desity to apply two-fold
symmetry. Final masked reconstruction colored by local resolution calculated using the Relion implementation.. F: FSC
plots for af TMEM 16/nanodisc complex. FSC is between the two half maps to determine the resolution of the reconstruction.
FSCsum, FSCwork, and FSCfree are model validations (see Methods). G: Architecture of the nanodisc surrounding
afTMEM 6. The final reconstruction was filtered to 7 A. The nanodisc density is shown in pink and the protein is shown
in grey. H: Size exclusion profile of af TMEM 16 reconstituted into nanodiscs containing MSP2N2 scaffold protein and C22
lipids in the presence of Ca®'. 1 refers to the void peak, 2 refers to the main peak and 3 refers to empty nanodiscs. I:
representative micrograph. J: representative 2D classes of afTMEM16/nanodisc complex. K: Angular distribution of final
C2 (top) and C1 (bottom) reconstructions. L: FSC plots for afTMEM 16/nanodisc complex. FSC is between the two half
maps to determine the resolution of the reconstruction evaluated at 0.143 cutoff. FSCsum, FSCwork, and FSCfree are model
validations evaluated at 0.5 cutoff (see Methods). M: Final masked reconstruction colored by local resolution calculated
using the Relion implementation. N: Architecture of the nanodisc surrounding atfTMEM16. The final reconstruction was
filtered to 7 A. The nanodisc density is shown in pink and the protein is shown in grey.
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Supplementary Figure 6: Lipid densities associated with afTMEM16 in the C22/Ca*" structures. A-B: Lipid densities
associated with Ca*-bound afTEMEM 16 in final unsharpened map from MSP1E3 nanodiscs (A) or from local resolution-
filtered map of MSP2N2 nanodiscs (B). Upper and inner leaflet lipids are respectively shown as blue or yellow sticks. All
lipids are labeled according to the naming in the C18/Ca?" structure (Fig. 1). Density is shown in red at 6=5.5.
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Supplementary Figure 7: Structural determination of afTMEM16 in C18 lipids in MSP1E3 nanodiscs in 0 Ca>*. A: Size
exclusion profile of afTMEM16 reconstituted into nanodiscs containing MSP1E3 scaffold protein and C18 lipids in the
. 1 indicates the main peak and 2 the empty nanodiscs peak. B: Representative micrograph. C: Representative
2D classes of afTMEM16/nanodisc complex. D: Angular distribution of final C2 (top) and C1 (bottom) reconstructions. E:
Image processing workflow. Final masked reconstruction colored by local resolution calculated using the Relion
implementation. F: FSC plots for afTMEM16/nanodisc complex. FSC is between the two half maps to determine the
resolution of the reconstruction. FSCsum, FSCwork, and FSCfree are model validations (see methods). G: Architecture of
the nanodisc surrounding afTMEM16. The final reconstruction was filtered to 7 A. The nanodisc density is shown in purple
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Supplementary Figure 8: Structural determination of afTMEM16 in C14 lipids in MSP1E3 nanodiscs in 0 Ca*. A:
Size exclusion profile of afTMEM16 reconstituted into nanodiscs containing MSP1E3 scaffold protein and C14 lipids in 0
Ca*". 1 indicates void peak, 2 the main peak and 3 empty nanodiscs peak. B: Representative micrograph. C: Representative
2D classes of afTMEM16/nanodisc complex. D: Angular distribution of final C2 (top) and C1 (bottom) reconstructions. E:
Image processing workflow. Final masked reconstruction colored by local resolution calculated using the Relion
implementation. F: FSC plots for afTMEM16/nanodisc complex. FSC is between the two half maps to determine the
resolution of the reconstruction. FSCsum, FSCwork, and FSCfree are model validations (see methods). G: Architecture of
the nanodisc surrounding afTMEM 6. The final reconstruction was filtered to 7 A. The nanodisc density is shown in green
and the protein is shown in grey.
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Supplementary Figure 9: Representative traces of scrambling experiments of afTMEM16 D511A/E514A in
membranes of different thickness. A-C: Time course of scrambling by afTMEM16 D511A/E514A in C14 lipids (A), C18
lipids (B), C22 lipids (C). * denotes addition of sodium dithionite. Traces: protein-free (green), af TMEM 16 proteoliposomes
+0.5 mM Ca*" (red) or 0 Ca?* (black), fits to Eq. 1 (dashed cyan).
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Supplementary Figure 10: Structural determination of afTMEM16 D511A/ES514A in C14 lipids in MSP1E3
nanodiscs in 0.5 mM Ca?". A: Size exclusion profile of afTMEM 16 D511A/E514A reconstituted into nanodiscs containing
MSP1E3 scaffold protein and C14 lipids in the presence of 0.5 mM Ca*". 1 indicates the void peak, 2 the main peak and 3
empty nanodiscs peak. B: Representative micrograph. C: Representative 2D classes of afTMEM 16/nanodisc complex. D:
Angular distribution of final C2 (top) and C1 (bottom) reconstructions. E: Image processing workflow. Final masked
reconstruction colored by local resolution calculated using the Relion implementation. F: FSC plots for
afTMEM16/nanodisc complex. FSC is between the two half maps to determine the resolution of the reconstruction.
FSCsum, FSCwork, and FSCfree are model validations (see methods). G: Architecture of the nanodisc surrounding
afTMEM16. The final reconstruction was filtered to 7 A. The nanodisc density is shown in green and the protein is shown

in grey.
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Supplementary Figure 11: Lipid densities associated with afTMEMT16 in the apo structures. A-C: Lipid densities from
the final maps associated with WT afTEMEM 16 in MSP1E3 nanodiscs formed from C18/0 Ca*" (A), C14/0 Ca*" (B) and
D511A/E514A afTMEM16 in C14/+Ca*"(c). Upper and inner leaflet lipids are respectively shown as blue or yellow sticks.
Lipids are labeled according to the naming in the C18/Ca*" structure. D10 is resolved only in the WT C14/ 0Ca*" and
D511A/E514A afTMEM16 in C14/+Ca®" Density is shown in red at 6=>5.



