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Materials and Methods
Bacterial expression of the full-length FBD

E. coli C41 cells (purchased from Lucigen Corporation [Wisconsin]) were cultured in Luria-
Bertani (LB [Fisher Scientific, Pittsburgh, USA]) media and the competent cells were made using
standard protocols.! The competent cells were transformed with a pSC-rat plasmid containing the
gene sequence for full-length FBD expression. A single colony was inoculated into 100 mL of LB
media and grown overnight at 37 °C in a shaking incubator at 200 rpm. The cells from an overnight
culture were collected by centrifugation at 3000 rpm for 10 min at 4 °C. The cell pellet was
resuspended in a freshly prepared M9 medium containing 40 mM Na,HPO4, 20 mM KH>POy4, 8.5
mM NacCl (Fisher Scientific, Pittsburgh, USA), I mM MgSOs, 1 uM CaCla, 5.3 nM FMN (Sigma-
Aldrich, Missouri, USA), 0.1% [w/v] "NH4Cl (Cambridge Isotope Laboratories) and 0.4% [w/v]
B3C-glucose (Cambridge Isotope Laboratories). When the culture optical density (ODeoo) reached
to ~0.6, the temperature was decreased to 30 °C and adjusted shaking speed to 160 rpm. Protein
was overexpressed for 16 h by adding 0.4 mM isopropyl B-D-1-thiogalactopyranoside (Sigma-
Aldrich, Missouri, USA). The cells were harvested by centrifugation at 6000 rpm for 10 min and

stored at -80 °C until protein purification.

Purification of the full-length FBD

The cell pellets were thawed and resuspended using an ice-cold 100 mM Tris-acetate buffer
containing 0.1 mM EDTA, 0.2 mM DTT and protease inhibitors. The cells were lysed by
incubating with lysozyme (DOT Scientific, Michigan, USA) at 50 ug/mL for 15-20 min followed
by sonication (five pulses each 10 sec long with 30-sec interval) at ~4 °C. The membrane fraction
was collected by ultracentrifugation (Beckman L-70, California, USA) at 35,000 rpm for 45 min
at 4 °C, and the protein in the membranes was solubilized with 0.3% (v/v) Triton-X 100 at 4 °C
via slow stirring overnight. The protein solution was ultracentrifuged for 45 min at 4 °C, and the
supernatant containing full-length FBD was loaded on to a DEAE-Sepharose column pre-
equilibrated with loading buffer (50 mM Tris-acetate [pH 6.7] containing 0.1 mM EDTA, 0.2 mM
DTT, 10% glycerol, luM FMN [Sigma-Aldrich], and 0.3% sodium cholate [Sigma-Aldrich]). The
column was washed with 5 column volumes of loading buffer, 5 column volumes of washing
buffer (loading buffer+150 mM NaCl) and the protein was eluted using a NaCl linear-gradient
(700 mM NaCl).



:g g:;l))ttiti(tze(DWFKAFYDKVAEKFKEAF) was synthesized and purified as reported earlier.> 3
Preparation of 4F peptide-based DMPC-nanodiscs

The lyophilized 4F peptide’ was dissolved in 10 mM potassium phosphate buffer pH 7.4 at 10
mg/mL concentration in 1.5 mL centrifuge tube. The DMPC (Avanti Polar Lipids; Alabama, USA)
lipids were mixed with the same buffer at 20 mg/mL concentration in 1.5 mL centrifuge tube, and
a homogenous milky solution containing liposomes was prepared by vortexing/freez-thawing
(three cycles of freezing in liquid N> and thawing in hot water at 40 °C). The peptide and DMPC-
liposome solutions were mixed at 1:1.5 (w/w) ratio (milky colored liposomes were dissolved and
the solution became transparent) and incubated overnight at 37 °C with gentle agitation (100 rpm).
After 16 h, the transparent solution was observed indicating the formation of soluble 4F-DMPC
nanodiscs. A longer incubation is recommended to achieve the best results. These nanodiscs were
purified by 10x600 Superdex 200 size-exclusion chromatography (SEC) (GE Healthcare, Chicago,
USA) operated on AKTA-FPLC (GE Healthcare, Chicago, USA).

Reconstitution and purification of the full-length FBD in 4F-DMPC nanodiscs

The purified full-length FBD was incubated overnight with nanodiscs at 1:1.2 (w/w) protein to
nanodiscs ratio at 25 °C with gentle agitation. It is recommended to mix the nanodiscs and the
detergent-containing protein solution at 9:1 (v/v) ratio to avoid any detrimental effects of the
detergent on the stability of the lipid-nanodiscs. The protein-nanodiscs complex was then purified
by 10x600 Superdex 200 SEC (GE Healthcare, Chicago, USA) using 40 mM potassium phosphate
buffer (pH 7.4). The fractions containing the protein after SDS-PAGE analysis were pooled and

concentrated for high-resolution NMR experiments.

Dynamic light scattering (DLS)
DLS experiments for measuring the hydrodynamic radius of 4F-DMPC nanodiscs with and
without the full-length FBD were performed using Wyatt Technology® DynaPro® NanoStar®

using a 1 pL quartz MicroCuvette. The data were analyzed using the Origin computer program.

NMR spectroscopy and resonance assignments
Full-length FBD sample was prepared at 0.3 mM concentration in 40 mM potassium phosphate
buffer (pH 7.4) containing 10 % *H,O. NMR data were collected at 25 °C. One-dimensional 'H,



two-dimensional (2D) ['*N-'H]-HSQC, three-dimensional (3D) CBCA(CO)NH, 3D HNCACB
and 3D TROSY-HNCA were recorded on 600 MHz and 900 MHz Bruker NMR spectrometers
equipped with a cryogenically-cooled triple-resonance (*H, °N, 13C) probes (Billerica, MA, USA).
The data were collected utilizing traditional sampling conditions and processed in the Bruker
TopSpin software (version 4.0.6.). 2D ['°N-'H]-HSQC and 2D ['*C-'H]-HSQC NMR spectra were
recorded at different time points to monitor the stability of the protein reconstituted in nanodiscs.
Chemical shift analysis and data interpretation were performed using CcpNmr Analysis (version
2.4.2).* The chemical shifts from CcpNmr were exported in Shifty format, and the Chemical Shift
Index (CSI version 3)° was used to predict the secondary structure of full-length FBD. Line-widths

were measured in CcpNmr by using the parabolic fit method.

Chemical shift perturbations (CSPs)
The weighting of chemical shifts from 'H and >N resonances was performed using the following

equation:$

Weighted CSP = \E [65° + (0.14 - 83)?]
Where, 8u and 8 are the CSP (ppm) at 'H and >N dimensions, respectively.
Figures

The protein structure images were generated using PyMOL, the graphs/plots were generated using

EXCEL, and the images were generated using GIMP.



Table S1. Parameters used for NMR experiments carried out at 25 °C on Bruker 600 MHz and
900 MHz NMR spectrometers.

Experiment name Encoded nucleus | Complex points Spectral width (ppm) Carrier offset (ppm) Number  of
F1 F2 F3 F1 F2 F3 H 5N 8C H 5N 3C scans

'H 1D H 32768 | 20 4.7 128

['3C-'H]-HSQC c | 'H 256 1024 16 165 4.7 75 16

['*N-'H]-HSQC N | 'H 256 2048 16 30 4.7 118.5 8

3D HNCA BC | 5N | H 96 48 2048 17 30 40 4.7 118.5 | 54 16

3D HNCACB BC | 5N [ H 120 72 2048 14 30 65 4.7 118.5 | 47.5 | 40

3D CBCA(CO)NH BC | 5N | H 160 64 2048 17 30 70 4.7 118.5 | 39 24




Table S2. HN, N!, Ca and CB chemical shifts (given in ppm) measured from the full-length FBD
reconstituted in peptide-based lipid nanodiscs using 3D NMR experiments (BMRB id: 50744).

AA No. AA HN NH Co ol
1 Met - - 52.93 29.68
2 Gly 8.26 110.03 42.52 -
3 Asp 8.08 120.88 51.55 38.56
5 His - - 53.29 27.05
6 Glu 8.22 122.55 53.79 27.60
7 Asp 8.30 122.26 51.64 38.30
8 Thr 8.11 115.74 59.25 66.81
9 Ser 8.25 118.89 56.34 61.06
10 Ala 8.07 125.98 49.84 16.47
11 Thr 7.90 113.86 59.20 67.14
12 Met 8.23 124.86 50.46 29.64

13 Pro - - 60.40 29.40

14 Glu 8.31 121.57 53.82 27.43
15 Ala 8.18 126.06 49.59 16.50
16 Val 7.96 120.66 59.18 29.94
17 Ala 8.24 128.97 49.75 16.52
18 Glu 8.21 121.31 53.56 27.51

52 Pro - - 60.43 29.31

53 Glu 8.35 121.67 53.70 27.48
54 Phe 8.38 122.58 51.60 38.40
55 Ser 8.12 116.43 55.65 ©61.15
56 Lys 8.03 123.63 53.62 30.13
57 Ile 7.91 122.38 58.50 35.71
58 Gln 8.33 125.48 52.83 26.85
59 Thr 8.15 116.91 59.04 67.03
60 Thr 8.03 117.42 59.22 67.23
61 Ala 8.30 129.28 47.75 15.41

64 Val - - 59.33 29.85

65 Lys 8.30 126.08 53.29 30.31
66 Glu 8.41 123.09 54.30 27.37
67 Ser 8.00 114.90 55.96 ©61.26
68 Ser 8.03 115.66 53.95 61.33
69 Phe 7.84 125.09 56.75 32.72
70 Val 6.91 124.70 63.53 28.45
71 Glu 7.11 120.08 56.09 26.31
72 Lys 7.43 119.41 56.96 29.36
73 Met 8.25 121.58 57.53 31.24
74 Lys 8.19 119.28 57.54 30.31
75 Lys 7.96 117.88 55.92 30.31
76 Thr 7.39 105.17 58.21 67.46
77 Gly 7.45 112.77 44.48 -
78 Arg 8.28 119.21 52.67 30.19
79 Asn 8.60 115.89 50.56 36.65
80 Ile 7.57 119.61 56.62 37.97
81 Ile 8.09 126.50 54.62 37.94
82 Val 8.25 126.89 56.01 29.56
83 Phe 8.60 124.52 53.93 39.42
84 Tyr 7.23 115.02 49.85 37.64
85 Gly 8.89 111.95 43.68 -
86 Ser 7.71 116.09 53.60 66.58
87 Gln 10.91 133.57 54.48 27.25
88 Thr 9.55 110.27 57.59 65.29
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Table S3. The measured line widths for residues located near the transmembrane domain (residues
12-18 and 53) and from the soluble domain (residues 54-68 and 175-185). Two-dimensional ['°N-
"H]-HSQC NMR spectra were recorded on a 600 MHz Bruker NMR spectrometer equipped with
a cryogenically cooled triple-resonance probe operating at 25 °C. The spectra were acquired with
16 scans (for the full-length FBD) or 32 scans (for the truncated FBD) and using 2048 and 256
data points for the '"H and N dimensions, respectively.

Amino acid residue Full-length FBD Truncated FBD
'H line width 5N line-width 'H line width 5N line-width
(Hz) (Hz) (Hz) (Hz)
12M 23.61 18.5
14E 37.50 17.7
15A 20.59 22.0
16V 39.93 28.6
17A 39.69 21.3
18E 35.97 343
53E 40.92 18.8
54F 16.82 14.5
558 17.14 14.6
56K 18.82 15.3
57K 18.74 12.4
58Q 18.65 15.6
59T 19.59 14.7
60T 17.9
61A 15.43 14.6
65K 18.49 16.8
66E 19.22 15.6
67S 19.78 16.2
68S 20.36 18.7
175N 22.69 16.1 19.36 11.5
176K 22.15 16.2 18.26 11.9
177T 21.96 16.0 20.89 12.1
178Y 21.30 16.6 20.39 11.2
179E 23.74 16.7 19.70 13.9
180H 23.60 16.6 22.49 14.6
181F 22.65 29.2 18.91 11.8
182N 24.52 16.8 22.05 11.8
183A 23.63 15.8 19.84 11.8
184M 23.32 16.5 20.14 11.8
185G 23.88 16.1 19.35 11.3

10
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Figure S1. Dynamic light scattering measurements of 4F-DMPC nanodiscs before and after the
reconstitution of the full-length FBD. The hydrodynamic radius values for 4F-DMPC nanodiscs
with and without full-length FBD are measured to be ~6.9 nm and ~6.3 nm, respectively.
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Figure S2A. Two-dimensional ['’N-"H]-HSQC spectra of the uniformly *C&!*N-labelled full-
length FBD reconstituted in 4F peptide-based DMPC nanodiscs recorded on day-1 (cyan), day-6
(red) and day-13 (black). The new peaks (indicated in the circles) appeared with time.
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Figure S2B. Two-dimensional [*C-'"H]-HSQC spectra of the uniformly *C&'*N-labelled full-
length FBD reconstituted in 4F peptide-based DMPC nanodiscs recorded on day-1 (red) and day-
6 (black). The appearance of extra peaks between 80 to 110 ppm and ~140 ppm in 3C-dimension
on day-6 indicates the instability of nanodiscs sample. Nevertheless, the reported resonance
assignment, chemical shift values and interpretation are unaffected by the deterioration of the
sample.
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HNCA, (B) 3D HNCACB and (C) CBCA[COIJNH NMR spectra. NMR experiments were
recorded on 600 MHz and 900 MHz Bruker NMR spectrometers equipped with a cryogenically-
cooled triple-resonance ('H, 13C, ’N) probe. The data were processed using the Bruker TopSpin
software (version 4.0.6.). The figures were made in CcpNmr Analysis (version 2.4.2).
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Figure S4. Overlay of two-dimensional F1('*C)-F2('°N) strip plots obtained from
three-dimensional HNCACB and CBCA(CO)NH spectra for the residues from Asnl75 to G185.
Sequential intra-residue Ca (cyan) and CP (magenta) resonances in HNCACB are connected to
corresponding inter-residue resonances in CBCA(CO)NH (red) using horizontal lines.
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Figure S5. A comparision of the predicted secondary structure regions of the full-length FBD with
those of IAMO (PDB id).” The secondary structures of the full-length FBD were predicted from
the experimentally measured NMR chemical shifts using the chemical shift index (CSI 3.0). ‘-’
indicates that the NMR assignments for the amino acid residues in this region are not available.
The helices, B-sheets, turns and coils (disordered regions) are represented by H, B, T and C
respectively. The roman numbers indicates the number of helices and B-sheets in the amino acid
sequence. The distribution of the secondary structure regions in the full-length FBD and 1AMO
are similar with the following major differences. In the full-length FBD, helix-III is four residues
long followed by a turn whereas in 1AMO the helix-III is eight residues long without any turn.
The predicted N-terminal half of helix-IV in the membrane-anchored full-length FBD is in
turn/coil conformation; it is in a complete helical conformation in IAMO. Unlike in lAMAO, the
predicted C-terminal half of the B-sheet-V is is random-coil conformation in the full-length FBD.
Other helices and B-sheets differ by 1-3 residues.
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Figure S6A. 'H (open circles) and 1N (filled circles) line-widths, measured from two-dimensional
[''N-'H]-HSQC NMR spectra of the the uniformly '*C&!’N-labelled full-length FBD (blue)
reconstituted in 4F-DMPC nanodiscs, are compared with the values measured from a lipid-free
solution sample containing the truncated-FBD lacking the transmembrane domain (orange). The
line-widths observed for the residues (14-18 and 53) near the lipid-bilayered membrane are larger
than the line-widths observed for those residues in the soluble domain. Similarly, the line-widths
observed for the truncated FBD in solution were slightly smaller compared to that measured from
the full-length FBD reconstituted in 4F-DMPC nanodiscs.
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Figure S6B. Sample 'H and '°N one-dimensional slices taken from the two-dimensional ['°N-"H]-
HSQC NMR spectra of the the uniformly 3C&'*N-labelled full-length FBD (black) reconstituted
in 4F-DMPC-nanodiscs and truncated FBD (red). The measured line-widths for some of these
amino acid residues are shown in Fig. S6A and Table S3.
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Figure S7 (continued)
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Figure S7. (A) Two-dimensional ['°N-"H]-HSQC spectra of the uniformly 3 C&!*N-labelled full-
length FBD reconstituted in 4F-DMPC nanodiscs (black) and the truncated-FBD (red; lacking the
transmembrane domain), respectively. The dispersion of resonances is very similar in both spectra.
The missing peaks in the spectrum of the truncated-FBD are from the N-terminal region of the
full-length FBD. The amide resonances with chemical shift perturbations > 0.02 ppm are labelled
with one-letter amino acid codes followed by their position in the protein sequence. The low-
intensity peaks are indicated with * symbol in each spectrum with the corresponding colors (B)
Chemical shift perturbations (Ad) in the soluble domain of FBD upon anchoring to DMPC lipid
lipid-bilayer membrane, suggesting that these residues may be making some transient interactions
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1AMO). Most of the residues that showed CSPs are in the regions close to or facing towards the
with the lipids. N- and C- indicate N- and C-termini, respectively.

bilayer in 4F-DMPC nanodiscs. (C) Mapping of CSPs (=0.02) on to FBD structure (PDB id:
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Figure S8. (A) Two-dimensional ['>'N-'H]-HSQC spectrum of 0.3 mM uniformly *C&'>N-
labelled full-length FBD reconstituted in 4F-DMPC nanodiscs. The amide backbone assignments
corresponding to the loop3 region are annotated by the resonance peaks with one-letter amino acid
codes followed by their position in the protein sequence. NMR spectra were collected from a 4F-
DMPC nanodisc sample of 0.3 mM !3C-,'>N-labelled full-length FBD in 40 mM potassium
phosphate buffer (pH 7.4) containing 10% 2H>O and 0.01% sodium azide. The spectra were
recorded on a 600 MHz Bruker NMR spectrometer equipped with a cryogenically cooled triple-
resonance probe operating at 25 °C. (B) The structure of FBD (PDB id: 1AMO) highlighting the
174-183 region that includes loop3 (magenta) and the FMN prosthetic group (orange).
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