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Table S1. Residue-specific PREamp of p7(5a) in bicelles. Relates to Figure 3, to show the
raw PREamp number and uncertainty for each of the residues.
Figure S1. The NMR structure of the p7(5a) hexamer in DPC micelle and its presumed
placement in lipid bilayer. Relates to Figure 1, to show the overall structure of the p7(5a)
hexamer determined previously in DPC micelles and the presumed transmembrane
partition.
Figure S2. TRACT measurements of p7(5a) in bicelles and in DPC micelles. Relates to
Figure 1C, to compare the dynamic properties of p7(5a) in bicelles and in DPC micelles,
complementary to the secondary chemical shift comparison.
Figure S3. OG label details. Relates to Figure 2, to provide supporting technical details
for the OG label method.
Figure S4. Transmembrane partition of p7(5a) in bicelles. Relates to Figure 3, to provide
experimental and analysis details for the Gd-DOTA titration method for determining the
protein transmembrane partition.
Figure S5. Strips of lipid-p7(5a) and water-p7(5a) NOEs in bicelles. Relates to Figure 4,
to show the raw NOE data that report protein-lipid contacts in bicelles.
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Table S1. Residue-specific PREamp of p7(5a) in bicelles 1. Relates to Figure 3, to show
the raw PREamp number and uncertainty for each of the residues.

1

The results of fitting the PRE vs. [Gd-DOTA] data points to the exponential decay
function (Eq. 3 in Start Methods) for each of the residues with analyzable NMR peaks to
determine residue-specific PRE amplitude. R2adj is the adjusted coefficient of
determination of each fitting. The bicelle q used for the measurements is 0.6.
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Figure S1. The NMR structure of the p7(5a) hexamer in DPC micelle and its presumed
placement in lipid bilayer. Relates to Figure 1, to show the overall structure of the p7(5a)
hexamer determined previously in DPC micelles and the presumed transmembrane
partition.
(A) Ribbon representation of the p7(5a) hexamer structure solved in DPC micelles (PDB
ID: 2M6X), highlighting the three transmembrane helical segments in different colors.
The H1, H2 and H3 helices are shown in cyan, yellow, and pink, respectively. The
hexamer structure spans about 45 Å along the symmetry axis.
(B) The presumed partition of the p7(5a) hexamer structure in an ideal lipid bilayer with
~46 Å in thickness, highlighting several basic residues, R54 and R57 (blue spheres),
deep within the hydrophobic core of the lipid bilayer.
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Figure S2. TRACT measurements of p7(5a) in bicelles and in DPC micelles. Relates to
Figure 1C, to compare the dynamic properties of p7(5a) in bicelles and in DPC micelles,
complementary to the secondary chemical shift comparison.
(A) TRACT measurements for residues K33 and L56 in the core of p7(5a) reconstituted
in bicelles with q = 0.6. The protein was 15N- and 85% 2H- labeled. The TRACT
experiment (Lee et al., 2006) was performed in 2D 1H-15N correlation mode to resolve
resonance overlap. The plots show decay of relative peak intensity, I/I0, due to 15N
transverse relaxation for the TROSY (black) and anti-TROSY (red) components. The
TROSY relaxation rate (R) and the anti-TROSY relaxation rate (R) were obtained by
exponential fitting. c was calculated using the difference R - R as described in (Lee et
al., 2006). The data were collected at 600 MHz and 30 C.
(B) Comparison of residue-specific c between p7(5a) in bicelles and p7(5a) in DPC
micelles. The bicelle q used for the measurement was 0.55. The DPC sample was
prepared exactly as described in (OuYang et al., 2013). In both bicelle and micelle
samples, (15N, 85% 2H)-labeled protein was used. For the bicelle sample, most of the
residues from H2 and H3 could not be analyzed due to rapid signal decay. Nevertheless,
the resonances of K33 and L56 could be analyzed and yielded c values (~33 ns) that
are significantly larger than the corresponding values from the micelle sample (~24 ns).
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Figure S3. OG label details. Relates to Figure 2, to provide supporting technical details
for the OG label method.
(A) Direct chemical cross-linking of bicelle-reconstituted p7(5a) with Lomant’s reagents.
p7(5a) was reconstituted in bicelles exactly as the NMR sample. The protein
concentration was 0.05 mM. The reaction mixture contained 10 l p7(5a) sample and
various amounts of DSP (dithiobis(succinimidyl propionate)) or glutaraldehyde. DSP
reactions proceeded for 30 min before quenching by 20 mM Tris (pH 7.5).
Glutaraldehyde reactions proceeded for 5 min before quenching by 20 mM Tris (pH 7.5).
Lane 1, 4: the bicelle-reconstituted p7(5a) ran as monomers in SDS-PAGE; Lane 2, 3:
p7(5a) reacted with 10 fold (0.5 mM) and 50 fold (5 mM) molar excess of DSP crosslinker, respectively; Lane 5, 6: p7(5a) reacted with 10 fold (0.5 mM) and 50 fold (5 mM)
molar excess of glutaraldehyde cross-linkers, respectively. All cross-linked samples
showed non-specific ladders of p7(5a) and smears of aggregated cross-linking species.
(B) The reaction scheme for conjugating the primary amine of TriNTA to the free thiol
group of GB1 via the bi-functional PEG2-SMCC linker. In the scheme, the NHS (N hydroxysuccinimide) ester of SMCC reacts with amine group of TriNTA with extremely
high efficiency (>95%). The SMCC maleimide group reacts with the GB1’s thiol group.
The modified sequence of GB1 is:
MGCKDKDKDKWSHPQFEKMQYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGV
DGEWTYDDATKTFTVTE.
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(C) SDS-PAGE analysis of reaction completion. Here, PEG12-SMCC, instead of PEG2SMCC, was used to better resolve the M.W. of conjugated and unconjugated GB1s in
the SDS-PAGE. TriNTA was first reacted with PEG12-SMCC. The reacted TriNTAPEG12-SMCC, purified by HPLC, was then added to GB1 to form TriNTA-GB1
conjugate. Detailed procedure can be found in method section. Lane 1: maleimide
reaction efficiency between TriNTA-PEG12-SMCC and GB1 is close to 90%. Lane 2:
flow-through of the reacted solution from His6-tag resin, showing that most GB1 is
conjugated to TriNTA and thus was retained by the resin. Lane 3: wash of the resin to
remove species that were not successfully conjugated. Lane 4: elution from the resin by
addition of 0.2 M imidazole
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Figure S4. Transmembrane partition of p7(5a) in bicelles. Relates to Figure 3, to provide
experimental and analysis details for the Gd-DOTA titration method for determining the
protein transmembrane partition.
(A) Schematic illustration of titrating the bicelle-reconstituted p7(5a) with Gd-DOTA
(upper panel). The radius of the bilayer region of the bicelle (R) is given by the equation
(Glover et al., 2001; Sanders and Schwonek, 1992) below the drawing, where r is the
radius of the DHPC rim (20 Å), q is the molar ratio of DMPC to DHPC, and k is the ratio
of the head group area of DHPC to that of DMPC. Lower panel is the 1D 1H spectrum of
the bicelle sample recorded at 600 MHz, showing that the peak intensity ratio of the
DMPC terminal methyl groups to that of the DHPC terminal methyl groups is 0.6 (or q =
0.6).
(B) PRE vs. [Gd-DOTA] for G39 and V47, measured with a series of 1H-15N TROSYHSQC spectra recorded at different Gd-DOTA concentrations. The data were fitted to
the exponential decay function (Eq. 3 in Methods) to determine the PRE amplitude
(PREamp). The PRE is defined as the ratio of peak intensity in the presence (I) and
absence (I0) of Gd-DOTA. The PREamp vs. residue number is shown in Fig. 3A.
(C) Assignment of the bilayer center to the p7(5a) structure by data fitting.
Left: Illustration for showing the sliding of the p7(5a) structure along the 6-fold axis (or
bilayer normal) to yield best fit to the symmetric sigmoidal function (Eq. 4 in Methods).
The rz = 0 of the sigmoidal function corresponds to the bilayer center.
Right upper: The adjusted coefficient of determination (R2adj) from data fitting versus
deviation from the true bilayer center. The plot shows that R2adj is a reliable indicator of
the protein position with an error of about ± 0.1 Å.
Right lower: The best fit of the PREamp vs. rz data to the symmetric sigmoidal function.
The same fit is shown in Fig. 3C.
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Figure S5. Strips of lipid-p7(5a) and water-p7(5a) NOEs in bicelles. Relates to
Figure 4, to show the raw NOE data that report protein-lipid contacts in bicelles.
Strips from the 3D 15N-edited NOESY-TROSY-HSQC spectrum recorded with (15N, 2H)labeled p7(5a) in q = 0.6 bicelles (regular DMPC and deuterated DHPC). The NOE
mixing time was set to 160 ms. Empty strips indicate prolines or residues that could not
be reliably analyzed due to extremely weak resonance or spectral overlap.
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