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Supplementary Fig. 1. Sequence comparisons of the a7nAChR TMD+ICD construct used for
NMR with the original sequence. The residues highlighted in the orange color were introduced
to the NMR construct to improve the protein solubility and stability'. Residues L.209-V472 were
used in structure calculations. The sequence alignment was obtained using Clustal Omega 1.2.4 at
Uniprot (https://www.uniprot.org/align/).
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Supplementary Fig. 2. The pentameric a7nAChR TMD+ICD used for NMR structural studies.
(a) 15% SDS PAGE gel showing molecular weight markers (lane 1 in kilodaltons) and purified
TMD+ICD (lane 2). Protein quality was assessed for each purification. The identity of the
monomer band was confirmed to be the TMD+ICD by MS/MS after tryptic digestion at the UPCI
Cancer Biomarkers Facility. (b) Size exclusion chromatogram was collected using a Superdex 200
10/300 Increase GL column equilibrated with a buffer containing 10 mM sodium acetate at pH 4.8,
100 mM NaCl, and 0.05% LDAO. The injection point at 0 ml is shown by a vertical pink line. The
elution peak at 12.6 ml is consistent with the TMD+ICD pentamer molecular weight. (¢) The
TMD+ICD construct used for NMR forms pentamers that show a typical non-adjacent/adjacent
distance ratio (~1.6)?> in DEER ESR? experiments. Data were collected from the TMD+ICD C219
(red) in LDAO micelles and full-length a7nAChR C435 (black) in liposomes. Both constructs
formed pentamers. (d) PNU-120596 and TQS, positive allosteric modulators (PAMs) of
a7nAChR, are known to bind the TMD. In surface plasmon resonance (SPR) measurements, each
of the PAMs shows similar binding affinity to the TMD+ICD (black: Kp=1.0+0.2 uM for PNU-
120596; 8.2+2.2 uM for TQS) and the full-length a7nAChR (red: Kp= 1.1£0.1 uM for PNU-
120596; 7.8+£3.2 uM for TQS), suggesting that the TMD+ICD retains the structural integrity of
the full length a7nAChR. Both the full-length a7nAChR and TMD+ICD were solubilized in
0.05% LDAO. Note that the measured binding affinities are close to previously reported ECs,
values (0.2 + 0.06 uM for PNU-120596% 6.2 + 0.6 uM for TQS?) measured in different types of
cells. (e) The intracellular scaffold protein PICK1 PDZ domain binds the TMD+ICD (black: Kp=
4.2+0.6 uM in DDM; Kp=4.0+0.2 uM in LDAO) and the full length a7nAChR (red: Kp=3.3+0.2
uM in DDM; Kp=3.1+0.2 pM or in LDAO) with similar affinities in SPR measurements. 0.05%
LDAO or 0.05% DDM makes no significant difference to the binding results. For SPR
measurements in d and e, data are presented as mean values +/- SD, n=3 independent experiments.
Source data are provided as a Source Data file.
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Supplementary Fig. 3. Comparison of different membrane mimetics and temperatures on the
quality of "H-'>N TROSY-HSQC NMR spectra of a7nAChR TMD+ICD. Overlay of the NMR
spectra acquired in LDAO micelles (red) and asolectin lipid nanodiscs (blue) at (a) 25°C, (b) 35°C,
and (c) 45°C. A greater number of NMR peaks were observed for samples prepared in LDAO
micelles than those prepared in nanodiscs at three different temperatures. Also, there is a clear
trend of increasing in number of observed residues when the data collection temperatures raised
from 25°C to 45°C. For clarity, residues were selectively labeled for different scenarios: residues
shown in both micelles and nanodiscs (such as G382, T393 and many others in loop L), residues
shown only in micelles at all tested temperatures (such as G366, E474), and residues shown only
in micelles and only at 45°C (such as those residues labeled in bold in ¢ that belong to long helices
in the TMD or ICD). (d) A representative '"H->'N TROSY-HSQC NMR spectrum of a7nAChR
TMD+ICD in LDAO micelles collected at 45°C, where NMR peaks from residues in different
domains are color coded: black-the TMD; red- the ICD; green- the overlapped peaks from the ICD
with the TMD. Note that the TMD residues have generally weaker intensity except those at the n-
terminus and c-terminus. The chemical shift values have been deposited in the Biological Magnetic
Resonance Data Bank (BMRB), accession number 30939.


https://bmrb.io/data_library/summary/?bmrbId=30939
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Supplementary Fig. 4. Overview of iterative structure determination procedures. (a) Input
experimental restraints for structure determinations of the a7nAChR ICD or TMD+ICD. In
addition to various NMR restraints (see representative data in Supplementary Figs 5-9) and EPR
DEER distance restraints (see representative data in Supplementary Fig 10), the first run of
calculations (round 1) in Rosetta also used two template structures, 5-HT; receptors (PDBID:
6BEI1 and 4PIR)%7 that were available at the time when the project began. (b) Iterative folding
calculations with RosettaCM?. Folding of the ICD (used residues 1291 — C449) converged after 6
rounds and the TMD+ICD structures (residues 1.209-V472) converged after 16 rounds (see
Supplementary Fig. 4e and 4f next page). (¢) TMD+ ICD structure refinement began with Rosetta
FastRelax®!1%!! that consists of cycles of packing and all-atom minimization and were performed
using Open Science Grid'>!*. The top 50 total-score-ranked structures were selected for discrete
MD simulations in Chiron'* to minimize steric clashes, and were followed by geometry
optimization using Phenix'> (version 1.19). (d) Structure evaluation and validation with Q-
factor'®!"-18 (analogous to the crystallographic R-factor) as defined by

0= \/Zi(rexp(i)—rwzc(i))z

Zirexp OF ’

where r.y, is the experimental restraint distance and r.,. is the distance observed in the calculated
structure. Q-factors were calculated separately for restraints from NMR PRE (QRE, ) and EPR
DEER (QPEER), In addition, ~10% of the PRE restraints were randomly selected to be excluded
from the structure calculations for validation purposes. Q-factors for these restraints (Q"RE..) were



https://www.rcsb.org/structure/6BE1
https://www.rcsb.org/structure/4PIR

calculated based on these restraints. Structures were also evaluated by the MolProbity scores, and
other parameters as reported in Supplementary Table 2.
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Supplementary Fig. 4. (Continuation from the previous page) Evolution of structural
convergence in iterative Rosetta calculations. (e) Evolution of ICD structural convergence. (left)
Backbone RMSD values of 1000 structures were calculated for each round with respect to the best
scoring structure in the final round (r6). Total score includes Rosetta energy and experimental
restraint score. (right) Coao RMSF values were calculated for the 100 top-scored structures in each
cycle. (f) Evolution of TMD+ICD structural convergence. (left) Backbone RMSD values of 1000
structures vs. their total scores and (right) Cao RMSF values of the 100 top-scored TMD+ICD
structures in each round vs. individual residues were calculated. For clarity, only representative
rounds (as marked) are shown. Source data are provided as a Source Data file.



Representative experimental restraints used in structure determination (Supplementary Fig. 5 - Fig.
10)
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Supplementary Fig. 5. NMR secondary structure determination. (a) Ca chemical shift index
determined by the difference (Adc,) between the observed Ca chemical shift and that of the
corresponding amino acid in a random coil conformation. Ad¢, values greater than zero are
indicative of helical structure and smaller than zero are indicative of 3-strand!®. Chemical shifts
were used for generating 3- and 9-residues fragments using CS-Rosetta® and for secondary
structure determinations using TALOS+?'. (b) Order parameters (S?) derived from Ca, Cf3, CO, N,
and HN chemical shifts for each residue using TALOS+?!. S? is a general measure of flexibility (1
=rigid). TMD and ICD residues are shown in gold and green, respectively. Four TM helices, MA
and MX helices, and additional short a-helices (hl, h3) and 3-10 helix (h2) are marked with
horizontal bars. Source data are provided as a Source data file.
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Supplementary Fig. 6. Residual Dipole Couplings (RDCs) revealed by 'H-*N in-phase/anti-
phase (IPAP) TROSY NMR experiments. Representative zoom-in regions from 'H-N IPAP
spectra of a7nAChR TMD+ICD with a single cysteine C317 that used lanthanide Tm?3* ions
chelated to thiol-reactive N-[S-(2-pyridylthio)cysteaminyl]-EDTA?>23, Pairs of in-phase (blue) and
anti-phase (red) 'H-'>N IPAP TROSY peaks (after correcting the coupling constant in 'H
dimension) display the splitting in the SN dimension that contains 'Jxy (94 Hz)** and RDC.
Residues in the left spectrum show almost zero RDC, but residues G369 and G366 in the right
spectrum show |[RDC|=Z 2. The spectra were collected at 35°C on a Bruker 900 MHz Avance
spectrometer. RDC provides angular information relative to an external magnetic field, which is
useful in determining the relative orientation of chemical bonds in a protein, regardless of spatial
separation®. A total of 363 RDC values for the 'H-'>N backbone amide bonds were obtained from
three different single-cysteine a7nAChR TMD+ICD constructs (C219, C317, and C427).
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Supplementary Fig. 7. Representative intra-subunit NOEs for calculation and validation of
oa7nAChR TMD+ICD tertiary structures. Representative strip plots from a 3D '3C-edited
NOESY spectrum of the a7nAChR TMD+ICD (200 ms mixing time) that demonstrate long-range
NOEs in (a) the TMD (red) and (b) the ICD (blue) between residues labeled in bold on the top and
inside each strip plot. A total of 22 long-range TMD NOEs were used in the TMD+ICD structure
calculations. Long-range ICD NOEs were used in structure validations.
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Supplementary Fig. 8. Intra-subunit PREs for tertiary a7nAChR TMD+ICD structure
determination. Representative 'H-S'N TROSY-HSQC PRE NMR spectra of single-cysteine
a7nAChR TMD+ICD construct labeled with the paramagnetic MTSL at residues (a) S350C and
(b) L415C in a paramagnetic state (red) and a diamagnetic state (blue) induced by the reducing
agent ascorbic acid. Labeled residues show significant PREs, as reflected in their profound
decrease of cross-peak intensities in the paramagnetic state. The intensity change provides the
basis for quantifying distance restraints for structure determinations. The transverse relaxation rate
(R,) is dependent on the inverse sixth power of the distance (1/R®) between the unpaired electron
from an MTSL label and an observed proton?*?7282°_(¢) and (d) as well as (e)-(m) on the next page
show quantified changes of normalized PRE (I/I) based on their corresponding NMR spectra as
those shown in (a) and (b). A red arrow in each plot and a red sphere in each adjacent monomer
structure highlight locations of individual paramagnetic MTSL-labeling residues, which include
(c) S350C, (d) L415C, (e) V311C, (f) C317, (g) C335, (h) C442, (i) S358C, (j) C375, (k) C390,
(1) C427, and (m) C435. I and I, represent NMR cross-peak intensities in the paramagnetic and
diamagnetic states, respectively. Error bars represent the NMR measurement uncertainties derived
from signal to noise of individual cross peaks (details in next page). Two horizontal dash lines at
I/I, = 0 and I/1, = 1 mark the theoretical range of PRE effects (O — maximum PRE and 1 — no PRE).
Residues severely overlapped with other residues in the NMR spectra are excluded from the plots.
Source data are provided as a Source data file. (Continue in the next page)
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Supplementary Fig. 8. (Continuation from the previous page) (e)-(m) show the quantified
changes of normalized PRE NMR intensity based on the corresponding NMR spectra as shown in
(a) and (b). The location of the selected MTSL-labeling residue is highlighted by a red sphere in a
monomer structure for clarity. Error bars in (c) —(m) represent uncertainties derived from signal to
noise of individual cross peaks for each independent experiment using the equation:

()= |5) +(5)
I,/ Ip4\I I
where I and I, are the cross-peak intensities in the respective paramagnetic and diamagnetic states,
and Al and Al are the corresponding noise levels in the NMR spectra. Data points in (¢)-(m) are
I/I, £ A(I/Iy) of individual cross peaks in each pair of NMR spectra under paramagnetic and
diamagnetic conditions based on an established data presentation method'®. To demonstrate

reproducibility, similar results were obtained from two independent samples for the construct C317.
Source data are provided as a Source data file.
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Supplementary Fig. 9. Identification of inter-subunit PREs for quaternary structure
determination of a7nAChR TMD+ICD. Schematic presentation of NMR samples used to
differentiate inter-subunit and intra-subunit PREs. Single cysteine TMD+ICD was expressed in
two different media: #1) with uniform '“N-labeling (NMR readout) and #2) no isotope labeling
(“NMR invisible”). (a) To measure inter-subunit PREs, the TMD+ICD protein from #2 was
labeled with MTSL (purple circle) and then mixed with #1 (orange circle) in a 4:1 molar ratio.
Note that two MTSL-labeled subunits adjacent to the 'SN-labeled 7 subunit dominate the
observed PREs. The remaining two MTSL-labeled subunits are too distal to contribute to the
observed PREs. (b) To measure intra-subunit PREs, the uniformly '"N-labeled TMD+ICD form
#1 was labeled with MTSL (green circle) and mixed with the unlabeled protein from #2 (white
circles) in a 1:4 molar ratio. (¢) and (d) Representative 'H-"N TROSY-HSQC PRE NMR spectra
of a glycine region, collected at 45 °C, from samples in (a) and (b), respectively. Specifically, the
spectra resulted from single-cysteine (V311C) a7nAChR TMD+ICD samples (70 uM of "N a7)
in the presence (black) and absence (orange or green) of the reducing agent ascorbic acid (2.8 mM).
Residues showing significant inter-subunit and intra-subunit PREs are marked in bold. (e) and (f)
'H-BPN TROSY-HSQC PRE NMR spectra of the same samples used for (c) and (d), respectively,
but collected at 25 °C. All of the spectra were collected on an 18.8 tesla Bruker Avance
spectrometer. Additional representative spectra showing inter-subunit PREs for quaternary
structure determination of a7nAChR TMD+ICD are provided in next page.
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Supplementary Fig. 9. (A continuation from the previous page) Additional representative
spectra showing inter-subunit PREs for quaternary structure determination of a7nAChR
TMD+ICD. (a) Top view showing two residue-groups (magenta, violet) experiencing inter-
subunit PRE resulting from the MTSL-labeled V311C (cyan) in two adjacent subunits. (b)-(d)
Representative regions of '"H-"N TROSY-HSQC PRE NMR spectra collected at 45°C. Residues
labeled in bold demonstrate PRE due to the MTSL-labeled V311C. (e) Side view showing residues
(magenta) experiencing inter-subunit PRE resulting from the MTSL-labeled C427 in an adjacent
subunit. (f)-(h) Representative regions of 'H->'N TROSY-HSQC PRE NMR spectra collected at
45°C. Residues labeled in bold demonstrate PRE due to the MTSL-labeled C427.
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Supplementary Fig. 10. Representative DEER ESR data for quaternary structure restraints.
Time domain signals (blue lines) and best fits (black dashed lines) of full-length a7nAChR labeled
with MTSL at residues (a) V287C, (b) C390, and (¢) S358C. Insets show the resulting adjacent
(r1) and across (r2) distance distributions obtained from the DD*. DD was chosen as it can fit the
DEER ESR data without the need for background subtraction. This eliminates artifacts and biases
due to manual background subtraction. The number of Gaussians used in the DD model resulted
from the Akaike information criterion corrected for finite sample size (AICc). The AICc parameter
depends on two components of a fit, the RMSD of a fit and the number of parameters used to fit
the data. When AICc is minimized, this represents a fit in which provides a low RMSD without
having too many input parameters to fit the data. From this, a two Gaussian model was found to
be most optimal. The average distance and error of the two Gaussians serve as input parameters
for Rosetta calculations. (d) r1 and r2 distances marked in the top view of a cartoon a7nAChR
pentamer. (a) Q-band DEER of a7nAChR V287C in SMA-asolectin nanodiscs resulted in two
major distance distributions centered at r1=2.3 + 0.3 nm and r2=3.3 + 0.2 nm. The data were
collected at 80 K with DEER parameters: (7),; = 24 ns, (), = 24 ns, dt = 16 ns, n = 155. (b) X-
band DEER of a7nAChR C390 in asolectin liposomes results in r1=2.2 + 0.2 nm and r2=3.9 +
0.2 nm. DEER parameters were (7),; = 32 ns, (7T)2, = 16 ns, dt = 12 ns, n = 128, and temperature
of 80 K. (¢) Q-band DEER of S358C in asolectin liposomes results in r1= 3.3 + 0.3 nm and 2=
5.2 £ 0.2 nm. DEER parameters were (7),; = 16 ns, (7),,, = 24 ns, dt = 24 ns, n = 202, and
temperature = 50 K. Distances are reported as mean + 95% confidence interval. Source data are
provided in a Source data file.
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Supplementary Fig. 11. Comparison of the new a7nAChR TMD+ICD structure (orange,
PDBID: 7RPM) with the Cryo-EM structures of apo a7nAChR (blue, PDBID: 7EKI)*" and a.-
bungarotoxin-bound resting-state a7nAChR (cyan, PDBID: 7KOO)?*2. (a) A side view of the
aligned TMD and ICD structures. For clarity, only two subunits are shown. (b) A bottom view of
the aligned MA and MX helices from the three structures. The structure alignment used the regions
of TM1-TM3 (L209-Y295), MX helix (W308-R321), and MA-TM4 helix (D410-P469). Pairwise
backbone RMSD values (TMD+ICD vs. Cryo-EM structure) were calculated for all regions
(RMSD7ex = 2.66 A; RMSDokoo = 2.47 A) and for the helical regions (RMSDo; = 221 A;
RMSDyxoo= 1.94 A), which included L209-L.231 (TM1), G237-1260 (TM2), P269-Y295 (TM3),
W308-R321 (MX), and D410-P469 (MA-TM4). Structure alignment and RMSD calculations were
performed using VMD?3.
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Supplementary Fig. 12. A stereo image of the TMD (cyan) + ICD (violet) structure. The
superimposed backbone traces are from the 15 lowest energy structures. Their atomic coordinates
and structural restraints have been deposited to the Protein Data Bank with accession code: 7RPM.
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Supplementary Fig. 13. NMR measurement of a7nAChR TMD+ICD dynamics. The
backbone dynamics of TMD+ICD were determined through solution NMR residue specific (a) °N
spin-lattice relaxation rate R;, (b) "N spin-spin relaxation rate R,, and (¢) '’N-("H) heteronuclear
NOE. R, and R, were obtained from fitting of the measured cross-peak intensities over relaxation
delay, ¢, to the exponential decay functions I(t) « e R and I(t) « e R?!; error bars in (a) and
(b) indicate the corresponding fitting errors. The hetNOE values in (c) were obtained from the
peak intensity ratios in the presence and absence of proton saturation. Error bars (ANOE) reflect
uncertainties resulting from NMR signal to noise:
2 2
ANOE = NOE \/ (Bhae)” 4 (Sunsar)”

sat Iynsat
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where 5 and Lunsa: are the peak intensity with and without proton saturation, respectively, and A/,
and Alsa represent the corresponding noise levels in the NMR spectra®*. Data in (a) — (c) were
collected at 45 °C on an NMR spectrometer operating at 16.4 tesla. A notable feature from (a)-(c)
is that most residues in loop L (marked on the top of the figure) exhibit negative NOE (c) and low
R, values (b), a fingerprint of flexible disordered regions*. Residues near the h3 helix, however,
show positive NOE (c) and relatively high R, values (b), an indication of a more ordered structural
region. R;R, products are sensitive to motion in ys-ms timescale®. (d) Higher R;R, near helix h3
suggests a possible ys-ms motion in the h3 region. Consistent with findings in (a)-(d), (e) intensity
(peak height) distribution of TMD+ICD residues obtained from a HNCOCA NMR spectrum also
shows profound backbone dynamics difference between residues near the h3 helix and the rest of
the residues in loop L. Missing bars in (a)-(e) are due to prolines, overlapping residues, or residues
in MX and MA helical regions where NMR signals are too weak to be used for reliable
determinations of R; R, and '"N-("H) hetNOE in (a)-(c). Source data are provided as a Source Data
file.
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Supplementary Fig. 14. Interactions stabilizing the GXXXG motif. In the segment of
[382GVVCG386], G382 and G386 are in close contact through their respective carbonyl oxygen
and amide (2.0 A), forming a weak hydrogen bond. Other interactions are observed in G386-R387
(2.6 A) and V384-T393 (2.4 A). These interactions contribute to stabilization of the GXXXG motif.
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Supplementary Fig. 15. Pore profile comparisons of the a7nAChR TMD+ICD with other
Cys-loop receptors. The averaged pore profile from 15 structures of the a7nAChR TMD+ICD
(black; the gray shadow shows the standard deviation) is compared with the pore profiles of apo
0o 7nAChR (blue, PDBID: 7EKI)*!, a-bungarotoxin-bound a7nAChR (crimson, PDBID: 7K00)*?,
a-bungarotoxin-bound afyOAChR (orange, PDBID: 6UWZ)*, nicotine-bound a334nAChR
(blue dash, PDBID: 6PV7)%, apo-SHT34R (green, PDBID: 6BE1)°®, and serotonin-bound SHT3,R
(green dash, PDBID: 6DG7)*. The pore radius is calculated by HOLE* and plotted as a function
of distance along the pore axis. The transmembrane domain (TMD) and intracellular domain (ICD)
are separated by a dashed line. The pore profile of the newly determined a7nAChR TMD+ICD
structure matches reasonably well with the pore profiles of the apo a7nAChR (blue) and o-
bungarotoxin-bound a.7nAChR (crimson). The extra length of the pore profile shown around -80
from the new TMD+ICD structure is contributed by residues in loop L (Fig 2) that are missing in
previously published structures. Source data are provided as a Source Data file.
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Supplementary Table 1. NMR and ESR experimental restraints for a7nAChR structure
calculations (number of restraints per subunit).

Experimental restraints TMD ICD TMD+ICD
(116 residues) (148 residues) (264 residues)
NMR chemical shifts @
N 93 (0.80)° 126 (0.85) 219 (0.83)
Co 102 (0.88) 147 (0.99) 249 (0.94)
C 77 (0.66) 110 (0.74) 187 (0.71)
CB 80 (0.69) 65 (0.44) 145 (0.55)
Ha 97 (0.84) 84 (0.57) 181 (0.69)
NMR NOE distance restraints 824
Intra-residue 476
Inter-residue 348
Sequential (|i —j|=1) 254
Medium-range (2 <|i — j| <4) 72
Long-range (|i —j| > 5) 22
Inter-subunit 0
Hydrogen bonds ¢ 110 266
NMR RDC restraints ¢ 271 363
NMR PRE distance restraints © 615 615
Class 1 42 42
Class 2 294 294
Class 3 266 266
Additional inter-subunit 13 13
DEER ESR distance restraints 10 18

» Chemical shifts were used for generating 3- and 9-residues fragments using CS-Rosetta?® and for
secondary structure determinations using TALOS+2!.
®Fractions of assigned residues = the number of assigned residues/a total number of residues

¢ Hydrogen bond (helical) distance restraints were used for residues 291-296, 307-321, 361-369,
and 409-449 in the ICD structure calculations and for residues 209-231, 238-260, 270-296, 307-
321, 361-369, and 409-469 in the TMD+ICD structure calculations.

dRDC restraints were only used for generating 3- and 9-residues fragments using CS-Rosetta?’.

°Class 1, 2, and 3 of PRE distance restraints are defined as follows:

Class 1: 1< 16 A (I/,<0.15)

Class 2: 16 <r<26 A (0.15 < 1/I, < 0.85)

Class 3: r>26 A (I/I, > 0.85)

I and I, are NMR peak intensities in paramagnetic and diamagnetic states, respectively.

fIncluding two '°F NMR distance restraints from our study published previously*'.
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Supplementary Table 2. Statistics for the 15 refined a7nAChR TMD+ICD structures.

Structure statistics @

Q-factors
(QDEER 0.11+£0.03
QNOE 0.09 £0.10
QPRE 0.21+£0.08
QPREge ® 0.12+£0.03
Violations
NMR NOE distance restraints (A) 0.13+0.14
NMR PRE distance restraints (A) 1.32+£0.52
DEER ESR distance restraints (A) 1.85+0.49
Deviations from idealized geometry
Bond lengths (A) 0.0035 + 0.0001
Bond angles (°) 0.88+0.01
Impropers (°) 0.36 £ 0.01
Rotamer Outliers (%) 0.12+0.20
Clash score 1.8£0.6
MolProbity score 0.98 +0.15
Ramachandran plot
favored (%) 98.1+0.8
outliers (%) 0.00 +£0.00
Average pairwise r.m.s. deviation (A)
Heavy:
(Residues 209-472; all residues) 2.15+£0.55
(Residues 209-231, 238-260, 270-296, 308-321, 409-469; 1.49+£0.36
helical regions)
Backbone
(Residues 209-472; all residues) 2.58 £0.52
(Residues 209-231, 238-260, 270-296, 308-321, 409-469; 2.00 +0.34

helical regions)

2The reported are Mean + SD. Structure statistics were from 15 structures deposited in PDB.
Phenix!'® and MolProbity*? were used for structure statistics. Xplor-NIH* was used for

evaluating “impropers” because it was not reported by Phenix and MolProbity.

556 PRE restraints (~10% of total PRE restraints) that were excluded in structure calculations

were used for the QPREg. calculation.
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Supplementary Table 3. Comparisons of intracellular domain (ICD) sequences of selected Cys-
loop receptors. The percentage of sequence identity is calculated using Clustal Omega*

% sequence
Uniprot Total # iden:'ity
Name of ICD ICD Sequence .
ID residues (relative to
ACHA7)
296HHHDPDGGKMPKWTRVILLNWCAWFLRMK
RPGEDKVRPACQHKQRRCSLASVEMSAVAPPPAS
ACHA7_HUMAN | P36544 148 NGNLLYIGFRGLDGVHCVPTPDSGVVCGRMACSP
THDEHLLHGGQPPEGDPDLAKILEEVRYIANRFRC
QDESEAVCSEWKFAAC
303HHRSPRTHTMPTWVRRVFLDIVPRLLLMKRPS | MX 28.6
VVKDNCRRLIESMHKMASAPRFWPEPEGEPPATS | MA 34.3
GTQSLHPPSPSFCVPLDVPAEPGPSCKSPSDQLPPQ | All 29.7
QPLEAEKASPHPSPGPCRPPHGTQAPGLAKARSLS
ACHA4_HUMAN | P43681 266 VQHMSSPGEAVEGGVRCRSRSIQYCVPRDDAAPE
ADGQAAGALASRNTHSAELPPPDQPSPCKCTCKKE
PSSVSPSATVKTRSTKAPPPHLPLSPALTRAVEGVQ
YIADHLKAEDTDFSVKEDWKYVAM
297HHRSPTTHTMAPWVKVVFLEKLPALLFMQQP | MX 28.6
RHHCARQRLRLRRRQREREGAGALFFREAPGADSC | MA 31.4
ACHB2_HUMAN | P17787 135 TCFVNRASVQGLAGAFGAEPAPVAGPGRSGEPCG | All 24.5
CGLREAVDGVRFIADHMRSEDDDQSVSEDWKYV
AM
298HYRTPTTHTMPSWVKTVFLNLLPRVMFMTRP | MX 21.4
TSNEGNAQKPRPLYGAELSNLNCFSRAESKGCKEG | MA 27.3
ACHA3_HUMAN | P32297 145 YPCQDGMCGYCHHRRIKISNFSANLTRSSSSESVDA | All 23.0
VLSLSALSPEIKEAIQSVKYIAENMKAQNEAKEIQD
DWKYVAM
299HHRSPSTHTMAPWVKRCFLHKLPTFLFMKRP | MX 21.4
GPDSSPARAFPPSKSCVTKPEATATSTSPSNFYGNS | MA 34.3
ACHB4_HUMAN | P30926 137 MYFVNPASAASKSPAGSTPVAIPRDFWLRSSGRFR | All 28.2
QDVQEALEGVSFIAQHMKNDDEDQSVVEDWKY
VAM
298HHRSPSTHTMPQWVRKIFIDTIPNVMFFSTM | MX 21.4
KRASKEKQENKIFADDIDISDISGKQVTGEVIFQTPLI | MA 37.1
ACHA_TETCF PO2710 106 KNPDVKSAIEGVKYIAEHMKSDEESSNAAEEWKY | All 25.3
VAM
310VHKQDLQRPVPDWLRHLVLDRIAWILCLGEQ | MX 42.9
PMAHRPPATFQANKTDDCSGSDLLPAMGNHCSH | MA 23.3
>HT3A_MOUSE P23979 124 VGGPQDLEKTPRGRGSPLPPPREASLAVRGLLQELS | All 22.6
SIRHFLEKRDEMREVARDWLRVGY
310FTKRGYAWDGKSVVPEKPKKVKDPLIKKNNTY
GBRA1#*_HUMAN | P14867 81 APTATSYTPNLARGDPGLATIAKSATIEPKEVKPETK | MA 27.3
PPEPKKTFNSVS All 11.9
307VSRQHKELLRFRRKRRHHKSPMLNLFQEDEAG
GLRA1*_HUMAN | P23415 87 EGRFNFSAYGMGPACLQAKDGISVKGANNSNTTN | MA 26.3
PPPAPSKSPEEMRKLFIQRAK All17.1

* MX and MA helices in the ICD are underlined and colored in red and purple, respectively.
#The anion channels, GABAARs and GlyRs, do not have MX helix.
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Supplementary Table 4. The primers used for the TMD+ICD constructs containing a single

unpaired cysteine.

Oligo name 5' to 3" sequences

TMD vector_fwd gaccgectgtgecteatg

TMD vector_rev gtcggggtcgtggtogtg

ICD_fwd accaccaccacgaccccgacgggggcaagatgeccaag
ICD_rev gccatgaggcacaggeggtecaccacacaggeggegaa
C219A aacctgctgatceecgetgtgcteatetecge

C317S tecttctgaactggagegegtggttectg

C335S tgegeecggecagecageacaag

C342S8 agcagcggcegcageagectggee

C375S gacggcgtgceacagtgtccegacce

C385S ctctggggtagtgagtggccgeatggc

C390S gcegeatggecageteeeecacg

C427S caaccgcttccgcagecaggacgaaag

C435S gcgaggcggtcagcagegagteg

C443S gaagttcgccgecagtgtggtggaccg

C449A ggtggaccgectggecctecatggectte

C460A ggtcttcaccatcatcgccaccatcggceatcetg
A272C aacatccgattcggtaccattgatatgccagtacttegee
V287C cgtgggcectetcggtgtgcgteacagtgatcgtge
V311C atgcccaagtggaccagatgceatcctictgaactggtg
S350C agtgtggagatgtgcgeegtggegc

S358C cgeegeecgectgecaacgggaac

L415C cggacttggccaagatctgegaggaggteecgetacat
E437C gaggcggtcagecagetgetggaagticgeegee
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Supplementary Table 5. NMR samples, experiments, and most relevant acquisition parameters

Backbone 'H, >N, 3C chemical shift assignment

Samples 1-10: 0.24 mM N-, 3C-labeled WT a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 66 mM (1.5%)
LDAO, 25 mM NaCl; varied temperatures: 298, 308, 318 K

NMR Spectral width (ppm) | Data points in Number | Data NMR field
experiment time domain of scans | collection strength and
time other notes

2D 'H-"N 13x23 ppm 1024%200 48 3h 18.8 T,298 K

TROSY-HSQC ("Hxx'">N) ("Hnx'">N)

3D BEST-HNCA | 13x23x23 ppm 1024x48%88 48 1d8h 18.8 T,298 K
("Hnx'SNx'3C) ("Hnx'SNx'3C)

3D BEST- 13x23x23 ppm 1024x48%88 64 1d20h 18.8 T,298 K

HN(CO)CA ("Hax"SNx!3C) ("Hyx"*Nx!3C)

3D TROSY- 13x23x57 ppm 1024%x40x112 16 22h 18.8 T,298 K

CBCACONH ("HaxPNx3C) ("HaxPNx3C)

3D BEST-HNCO | 13x23x12 ppm 1024x48%x64 32 16 h 18.8 T,298 K
("HnxSNx'3C) ("Hnx'SNx'3C)

2D 'H-"N 13%23 ppm 1024%200 24 1.5h 18.8 T,318K

TROSY-HSQC ("Hxx">N) ("Hxx'">N)

3D BEST-HNCA | 13x23x23 ppm 1024x44%80 32 18 h 18.8 T,318K
("HnxSNx'3C) ("HaxSNx'3C)

3D BEST- 13x23x23 ppm 1024x44%80 32 18 h 18.8 T,318K

HN(CO)CA ("Hyx"SNx!3C) ("Hyx""Nx!3C)

3D TROSY- 13x23x57 ppm 1024%x40x112 16 22h 18.8 T,318K

CBCACONH ("HxxBNx13C) ("HxxBNx13C)

3D BEST-HNCO | 13x23x12 ppm 1024x44%56 16 6h 18.8 T,318K
("HnxSNx'3C) ("HaxSNx'3C)

2D 'H-"N 13x23 ppm 1024%200 24 1.5h 18.8 T,308 K

TROSY-HSQC ("Hxx">N) ("Hnx'">N)

Samples 11 - 14: 0.25 mM PN-, 3C-labeled a7nAChR C317 TMD+ICD, 5 mM sodium acetate pH 4.7, 44 mM
(1%) LDAO, 25 mM NaCl; temperature: 318 K

NMR Spectral width (ppm) | Data points in Number | Data NMR field

experiment time domain of scans | collection strength/ other
time notes

2D 'H-"N 13x23 ppm 1024x176 48 3h 18.8T

TROSY-HSQC ("Hxx'">N) ("Hxx">N)

3D TROSY- 12x23x28 ppm 1024x36%x72 80 2d18h 18.8T

HNCA ("HxxBNx3C) ("HxxBNx3C)

3D TROSY- 12x23x28 ppm 1024x36%x72 96 3d18h 188 T

HN(CO)CA ("Hyx"SNx!3C) ("Hyx"*Nx!3C)

3D TROSY- 12x23x56 ppm 1024x36x104 56 2d21h 164T

HNCACB ("HaxPNx3C) ("HaxPNx3C)

3D TROSY- 12x23x56 ppm 1024x36x104 56 2d22h 164T

CBCACONH ("HaxPNx3C) ("HaxPNx3C)

3D TROSY- 12x23x12 ppm 1024x56%x64 32 1d13h 164T

HNCO ("HaxPNx3C) ("HaxPNx3C)

Sample 15-16: 0.35 mM '“N-, 3C-labeled o 7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.7, 44 mM (1%)
LDAO, 25 mM NaCl; temperature: 318 K
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2D 'H-BN 13x23 ppm 1024x176 48 3h 188 T
TROSY-HSQC ("HxxN) ("HnxPN)

3D TROSY- 12x21x26 ppm 1024x36x96 80 3d16h 188 T
HNCA ("HxxBNx3C) ("HxxBNx3C)

3D TROSY- 12x21x26 ppm 1024x36x96 64 2d 188 T
HN(CO)CA ("HxxBNx13C) ("HnxPNx3C)

Sample 17: 0.25 mM 5N-, 3C-labeled a7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.7, 44 mM (1%)
LDAO, 25 mM NaCl; temperature: 303 K

3D BEST-HNCA | 12x23x27 ppm 1024x48x104 16 13h 21.1T

("Hxx"SNx13C)

("Hxx"SNx13C)

Determination of temperature slope of 'Hy chemical shift (for secondary structure determination)

Sample 18: 0.30 mM >N-, 3C-labeled a7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.7, 66 mM (1.5%)

LDAO, 25 mM NaCl; temperatures: 283, 288, 293, 298, 303, 308, 313, and 318 K

2D 'H-°N
TROSY-HSQC

13x23 ppm
('Hxx'*N)

2048x200

("Hxx"5N)

32

2h

211T

Sidechain 'H, >N, 3C chemical shift assignment and NOE

Sample 19: 0.25 mM 5N-, 3C-labeled a7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.7,44 mM (1%)

LDAO, 25 mM NaCl; temperature: 318 K

2D 'H-BC HSQC | 11x64 ppm 2048x320 16 1.5h 164 T
('"Hx3C) ('"Hx3C)
3D BC-edited 11x64x11 ppm 1024x64x176 16 2d16h 164 T (NOE
NOESY-HSQC ("Hx"3Cx'H) ("Hx"3Cx'H) mixing time:
200 ms)

Sample 20: 0.35 mM ’N-labeled a7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.7, 66 mM (1.5%)

LDAO, 25 mM NaCl; temperature: 318 K

2D 'H-°N 13x23 ppm 1024x176 32 2h 211T
TROSY-HSQC ("Hyx"*N) ("Hyx"*N)

3D N-edited 13x23x13 ppm 1024x40x144 32 2d17h 21.1 T (NOE
NOESY-TROSY- | (‘Hxx"" Nx'Hy) ("Hxx"Nx'Hy) mixing time:
HSQC 200 ms)

Paramagnetic Relaxation Enhancement (PRE) NMR experiments

Sample 21: 0.22 mM '>N-labeled, V311C-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 44
mM (1%) LDAO, 25 mM NaCl; magnetic field: 21.1 T; temperature: 318 K

45h 0 and 2.2 mM

ascorbic acid

2D 'H-°N 13x23 ppm ('HyxN) | 1024x200 72
TROSY-HSQC ('Hxx"N)

Sample 22: 0.22 mM '>N-labeled, C317-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 44
mM (1%) LDAO, 25 mM NaCl; magnetic field: 18.8 T; temperature: 318 K

0 and 2.2 mM
ascorbic acid

2D 'H-5N 15x28 ppm 1024200 128 8h
TROSY-HSQC | ("Hxx"N) ('Hxx"N)

Sample 22’ (replicate of Sample 22): 0.25 mM *N-labeled, C317-MTSL-labeled a7nAChR TMD-ICD, 5 mM
sodium acetate pH4.7, 44 mM (1%) LDAO, 25 mM NacCl; magnetic field: 16.4 T; temperature: 318§ K

26



2D 'H-°N
TROSY-HSQC

13x23 ppm
("Hxx5N)

1024176

('Hax>N)

48

3h

0 and 2.5 mM
ascorbic acid

Sample 23: 0.3 mM "*N-labeled, C335-MTSL-labeled a7nAChR TMD-ICD, 5
mM (1.2%) LDAO, 25 mM NaCl; magnetic field: 18.8 T; temperature: 318 K

mM sodium acetate pH4.7, 53

2D 'H-5N
TROSY-HSQC

13x23 ppm
("HxxN)

1024x200
("Hxx"5N)

72

45h

0 and 3.0 mM
ascorbic acid

Sample 24: 0.3 mM '*N-labeled, C342-MTSL-labeled a7nAChR TMD-ICD, 5
mM (1.5%) LDAO, 25 mM NaCl; magnetic field: 21.1 T; temperature: 318 K

mM sodium acetate pH4.7, 66

2D 'H-5N
TROSY-HSQC

13x23 ppm
('Hxx'*N)

1024x200

("Hxx"5N)

72

45h

0 and 3.0 mM
ascorbic acid

Sample 25: 0.3 mM "N-labeled, S350C-MTSL-labeled a7nAChR

mM (1.2%) LDAO, 25 mM NaCl; magnetic field: 21.1 T; temperature: 318 K

TMD-ICD, 5 mM sodium acetate pH4.7, 53

2D 'H-5N
TROSY-HSQC

13x23 ppm
("Hxx'N)

1024x200
("Hxx"5N)

72

45h

0 and 3.0 mM
ascorbic acid

Sample 26: 0.25 mM '“N-labeled, S358C-MT
mM (1%) LDAO, 25 mM NaCl; magnetic field: 21.1 T; temperature: 318 K

SL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 44

2D 'H-5N
TROSY-HSQC

13x23 ppm
('Hxx'*N)

1024x200
("Hxx"5N)

96

6h

0 and 2.5 mM
ascorbic acid

Sample 27: 0.25 mM 'SN-labeled, C375-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 66

mM (1.5%) LDAO, 20 mM NacCl; magnetic field: 18.8 T; temperature: 318 K

2D 'H-5N
TROSY-HSQC

13x23 ppm
(‘Hxx"N)

1024x200

("Hxx"5N)

72

45h

0 and 2.5 mM
ascorbic acid

Sample 28: 0.22 mM '>N-labeled, C390-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 53

mM (1.2%) LDAO, 25 mM NaCl; magnetic field: 18.8 T; temperature: 318 K

2D 'H-°N
TROSY-HSQC

13x23 ppm
(‘Hxx"N)

1024176

("Hxx"5N)

96

55h

0 and 2.2 mM
ascorbic acid

Sample 29: 0.25 mM '5N-labeled, L415C-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 44

mM (1%) LDAO, 25 mM NaCl; magnetic field: 18.8 T; temperature: 318 K

2D 'H-5N
TROSY-HSQC

13x23 ppm
("Hxx'N)

1024x200

("Hxx"5N)

96

6h

0 and 2.5 mM
ascorbic acid

Sample 30: 0.25 mM 'SN-labeled, C427-MTSL-labeled o 7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 44

mM (1%) LDAO, 25 mM NacCl; magnetic field: 21.1 T; temperature: 318 K

2D 'H-°N
TROSY-HSQC

13x23 ppm
("Hxx'N)

1024x200

("Hxx"5N)

96

6h

0 and 2.5 mM
ascorbic acid

Sample 31: 0.25 mM '5N-labeled, C435-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 44

mM (1%) LDAO, 25 mM NaCl; magnetic field: 18.8 T; temperature: 318 K

2D 'H-°N
TROSY-HSQC

13x23 ppm
("Hxx'*N)

1024x192

("Hxx"5N)

72

45h

0 and 2.5 mM
ascorbic acid

Inter-Subunit Paramagnetic Relaxation Enhancement (PRE) NMR experiments
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Sample 15 (inter): 0.24 mM C427-MTSL-labeled a7nAChR TMD-ICD mixed with 0.06 mM 'SN-labeled
a7nAChR C427 TMD-ICD, 5 mM sodium acetate pH4.7, 44 mM (1%) LDAO, 25 mM NaCl; magnetic field:

21.1 T; temperature:

298 and 318 K

2D 'H-BN 13x23 ppm 2048%192 40 2.5h 298 K,
TROSY-HSQC ("HxxN) ("HxxN) 0 and 2.4 mM
ascorbic acid
2D 'H-BN 13x23 ppm 2048%192 40 25h 318K,
TROSY-HSQC ("Hxx"N) ("HxxN) 0 and 2.4 mM
ascorbic acid

Sample 16 (control, intra): 0.24 mM unlabeled a7nAChR C427 TMD-ICD mixed with 0.06 mM "N-labeled,
C427-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 44 mM (1%) LDAO, 25 mM NaCl;
magnetic field: 21.1 T; temperature: 298 and 318 K

2D 'H-BN 13x23 ppm 2048%192 40 2.5h 298 K,
TROSY-HSQC ("HxxN) ("HxxN) Oand 1.2 mM
ascorbic acid
2D 'H-BN 13x23 ppm 2048%192 40 25h 318K,
TROSY-HSQC ("HxxN) ("HxxN) Oand 1.2 mM
ascorbic acid

Sample 17 (inter): 0.28 mM V311C-MTSL-labeled aa7nAChR TMD-ICD mixed with 0.07 mM 'SN-labeled
a7nAChR V311C TMD-ICD, 5 mM sodium acetate pH4.7, 44 mM (1%) LDAO, 25 mM NaCl; magnetic field:

18.8 T; temperature:

298 and 318 K

2D 'H-BN 13x23 ppm 2048%192 40 25h 298 K,
TROSY-HSQC ("HxxN) ("HxxN) 0 and 2.8 mM
ascorbic acid
2D 'H-BN 13x23 ppm 2048%192 40 25h 318K,
TROSY-HSQC ("HxxN) ("HxxN) 0 and 2.8 mM
ascorbic acid

Sample 18 (control, intra): 0.28 mM unlabeled a7nAChR V311C TMD-ICD mixed with 0.07 mM '*N-labeled,
V311C-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 44 mM (1%) LDAO, 25 mM NaCl;
magnetic field: 18.8 T; temperature: 298 and 318 K

2D 'H-BN 13x23 ppm 2048%192 40 2.5h 298 K,
TROSY-HSQC ("HxxN) ("HxxN) 0 and 1.4 mM
ascorbic acid
2D 'H-BN 13x23 ppm 2048%192 40 2.5h 318K,
TROSY-HSQC ("HxxN) ("HxxN) 0 and 1.4 mM
ascorbic acid

Residual Dipolar Coupling (RDC) NMR experiments

Sample 19 (control): 0.25 mM "“N-labeled, C317-labeled with a diamagnetic tag N-[S-(2-

Pyridylthio)cysteaminyl [EDTA-Lu3+ a.7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 66 mM (1.5%) LDAO,
25 mM NaCl; magnetic field: 21.1 T; temperature: 308 K

2D 'H-°N
TROSY-HSQC

16x23 ppm
("Hxx'N)

2048x200
("Hxx"5N)

64

4h

211T

Sample 20: 0.25 mM '>N-labeled, C317-labeled with a paramagnetic tag N-[S-(2-Pyridylthio)cysteaminyl JEDTA-
Tm3+ a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 66 mM (1.5%) LDAO, 25 mM NacCl; magnetic field:

21.1 T; temperature:

308 K

2D 'H-°N
TROSY-HSQC

16x23 ppm
('Hxx'*N)

2048x200
('HaxN)

64

4h

211T
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2D 'H-'5N IPAP

16x23 ppm
(‘Hxx"N)

2048x480
("Hxx"5N)

80

12h

TROSY
/antiTROSY

Sample 21: 0.25 mM '>N-labeled, C317-labeled with a paramagnetic tag N-[S-(2-Pyridylthio)cysteaminyl JEDTA-
Dy3+ a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 53 mM (1.2%) LDAO, 25 mM NaCl; magnetic field:

21.1 T; temperature: 308 K

2D 'H-BN 16x23 ppm 2048%200 64 4h 21.1T

TROSY-HSQC ("HxxN) ("HxxN)

2D 'H-N IPAP 16x23 ppm 2048x480 80 12h TROSY
("Hxx"N) ("HxxN) /antiTROSY

Sample 22 (control): 0.25 mM "“N-labeled, C427-labeled with a diamagnetic tag N-[S-(2-

Pyridylthio)cysteaminyl [EDTA-Lu3+ o.7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 53 mM (1.2%) LDAO,
25 mM NaCl; magnetic field: 21.1 T; temperature: 308 K

2D 'H-°N
TROSY-HSQC

16x23 ppm
('Hxx'*N)

2048x200
("Hxx"5N)

48

3h

211T

Sample 23: 0.20 mM '>N-labeled, C427-1abeled with a paramagnetic tag N-[S-(2-Pyridylthio)cysteaminyl JEDTA-
Tm3+ a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 66 mM (1.5%) LDAO, 25 mM NacCl; magnetic field:

21.1 T; temperature: 308 K

2D 'H-BN 16x23 ppm 2048%200 64 4h 21.1T

TROSY-HSQC ("HxxN) ("HxxN)

2D 'H-N IPAP 16x23 ppm 2048%480 80 12h TROSY
("HxxN) ("HxxN) /antiTROSY

Sample 24: 0.20 mM '>N-labeled, C427-1abeled with a paramagnetic tag N-[S-(2-Pyridylthio)cysteaminyl JEDTA-
Dy3+ a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 66 mM (1.5%) LDAO, 25 mM NaCl; magnetic field:

21.1 T; temperature: 308 K

2D 'H-BN 16x23 ppm 2048%200 64 4h 21.1T

TROSY-HSQC ("HxxN) ("HxxN)

2D 'H-N IPAP 16x23 ppm 2048%480 80 12h TROSY
("HxxN) ("HxxN) /antiTROSY

Sample 25 (control): 0.24 mM N-labeled, C219-labeled with a diamagnetic tag N-[S-(2-

Pyridylthio)cysteaminyl [EDTA-Lu3+ o.7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 44 mM (1.0%) LDAO,
25 mM NaCl; magnetic field: 21.1 T; temperature: 308 K

2D 'H-°N
TROSY-HSQC

16x23 ppm
('Hxx'*N)

2048x200
("Hxx"5N)

64

4h

211T

Sample 26: 0.22 mM '“N-labeled, C219-labeled with a paramagnetic tag N-[S-(2-Pyridylthio)cysteaminyl |[EDTA-
Tm3+ a7nAChR TMD-ICD, 5 mM sodium acetate pH4.7, 53 mM (1.2%) LDAO, 25 mM NaCl; magnetic field:
21.1 T; temperature: 308 K

2D 'H-5N 16x23 ppm 2048x200 64 4h 211 T

TROSY-HSQC | ("Hxx"N) ('Hxx"N)

2D 'H-SNIPAP | 16x23 ppm 2048x480 80 12h TROSY
('Hxx"N) ('Hxx"N) /antiTROSY

5N backbone dynamics

Sample 27-29: 0.24 mM '“N-labeled a7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.7, 66 mM (1.5%)

LDAO, 25 mM NaCl; magnetic field: 16.4 T; temperature: 318 K

2D 'H-'*N 13x23 ppm 1024x176 64 1d6h Relaxation
HSQC-T; ("HxxN) ("Hxx>N) delays: 20, 500,
1500 ms
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2D 'H-'*N 13x23 ppm 1024x176 72 3d Relaxation

HSQC-T, ("HxxN) ("HxxN) delays: 16, 32,
112, 160, 600
ms

2D 'H-PN 13%23 ppm 1024x352 80 2d18h 164 T

HSQC-hetNOE ('HxxN) ('HxxN)

a7nrAChR TMD-ICD samples in nanodiscs and bicelles

Sample 30 (nanodiscs): 0.20 mM '“N-labeled a7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.8, 10 mM
asolectin, 0.25 mM MSP1D1, 25 mM NaCl; magnetic field: 18.8 T; temperature: 318 K

2D 'H-°N
TROSY-HSQC

13x23 ppm
(‘Hyx"N)

1024x200
("Hxx"5N)

64

4h

188 T

Sample 31 (nanodiscs): 0.20 mM '“N-labeled a7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.8, 10 mM
DMPC, 0.25 mM MSPI1D1, 25 mM NaCl; magnetic field: 21.1 T; temperature: 308 K

2D 'H-°N
TROSY-HSQC

13x23 ppm
('Hxx'*N)

1024x176
("Hxx"5N)

64

4h

211T

Sample 32 (nanodiscs): 0.18 mM '"N-labeled a7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.8, 10 mM
DMPC, 0.25 mM MSPI1DI, 25 mM NaCl; magnetic field: 21.1 T; temperature: 308 K

2D 'H-5N
TROSY-HSQC

13x23 ppm
("Hxx'N)

1024x176
("Hxx"5N)

64

4h

211T

Sample 33 (bicelles): 0.15 mM !’N-labeled a.7nAChR C317 TMD-ICD, 5 mM sodium acetate pH4.9, 10 mM
DMPC, 20 mM DHPC, 25 mM NaCl; magnetic field: 18.8 T; temperature: 318 K

2D 'H-°N
TROSY-HSQC

13x23 ppm
("Hxx'N)

1024x176
("Hxx"5N)

64

4h

188 T

Paramagnetic Relaxation Enhancement (PRE) NMR experiments of a7nAChR TMD-ICD samples in
nanodiscs and bicelles

Sample 34 (nanodiscs): 0.20 mM N-labeled, C317-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate
pH4.9, 10 mM DMPC, 0.25 mM MSP1D1, 25 mM NaCl; magnetic field: 21.1 T; temperature: 308 K

2D 'H-5N
TROSY-HSQC

13x27 ppm
("Hxx'N)

1024x176
("Hxx"5N)

112

7h

0 and 2.0 mM
ascorbic acid

Sample 35 (bicelles): 0.10 mM ’N-labeled, V311C-MTSL-labeled a7nAChR TMD-ICD, 5 mM sodium acetate

pH5.0, 15 mM DMPC, 30 mM DHPC, 25 mM NaCl; magnetic field: 21.1 T; temperature: 308 K

2D 'H-°N
TROSY-HSQC

13x23 ppm
("Hxx>N)

1024x176
('Hax>N)

128

8h

0 and 2.0 mM
ascorbic acid

*A recycle delay (D1) of 1 s was used in all NMR experiments, except 2D relaxation R;, R, and

'H-N heteronuclear NOE (3 s) and a BEST (band-selective excitation short-transient) version of
3D HNCA, and HNCO (0.4 s).

# All samples contain 20 pM DSS for the reference of the O ppm 'H chemical shift.
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