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ARISING FROM B. OuYang et al. Nature 498, 521–525 (2013); doi: 10.1038/nature12283 12 
The Hepatitis C virus (HCV) p7 viroporin is a membrane protein required for virus propagation in vivo that assem-13 
bles into hexamers and heptamers in membranes, exhibits ion channel activity, and is an attractive target against 14 
HCV infection1. OuYang and colleagues reported an oligomeric structure of p7 with unexpected features, solubil-15 
ized in dodecylphosphocholine (DPC) detergent.2 We show that p7 is monomeric in the conditions employed to 16 
determine its oligomeric structure and that the data presented as evidence for intermolecular contacts most likely 17 
arises from incomplete protein deuteration. We conclude that p7 is monomeric under NMR conditions and that the 18 
oligomeric structure proposed by OuYang et al. is artefactual. 19 

Unexpected features of the p7 oligomeric structure include: (i) the His17 sidechain, known to be involved in ion 20 
conduction3,4, points outward toward the membrane bilayer, (ii) the oligomeric structure fits best to the electron 21 
microscopy (EM) envelope in an orientation contradicting antibody binding data5, and (iii) a short outer transmem-22 
brane helix exposes polar residues to the hydrophobic region of the membrane so that the structure cannot be 23 
accommodated in lipid bilayers without large structural rearrangements or membrane thinning6,7 (Extended Data 24 
Figure 1AB). 25 

We expressed, purified, and reconstituted into DPC 15N-labelled protein corresponding to the genotype 5a isolate 26 
EUH1480 p7 protein containing five amino acid substitutions (p7(5a/EUH1480)mut) as described.2 Overlays of 27 
backbone 1H,15N correlation NMR spectra confirm that the solution conditions and protein conformation are similar 28 
to those studied previously (Extended Data Figure 2A).2,8 High quality backbone spectra of fully protonated p7 in 29 
DPC could be recorded at 37˚C using conventional, HSQC-based experiments (Extended Data Figure 2B), which 30 
is unexpected for a protein complex of 60-80 kDa (protein oligomer plus associated detergent micelle).9 The spectra 31 
were unchanged between 30˚C and 37˚C, indicating that the protein adopted a similar conformation over this tem-32 
perature range (Extended Data Figure 2C).  33 

Two methods were used to obtain information on the size of the p7 and detergent micelle complex. First, we esti-34 
mated the effective protein mass using the rotational correlation time derived from 15N R1 and R2 relaxation rates. 35 
The rotational correlation time, 10.1 ns at 37˚C, corresponds to 39.3 kDa, similar to a hexameric p7 (~41 kDa) in 36 
the absence of a detergent micelle. Alternatively, the same rotational correlation time corresponds to monomeric 37 
p7 and a micelle of ~70 detergent molecules. We then applied size-exclusion chromatography coupled to multi-38 
angle light scattering (SEC-MALS), which decomposes masses into protein and detergent contributions and is 39 
reliable for proteins like p7, having a high molar extinction coefficient (17,990 M-1 cm-1) and a relatively high light 40 
scattering intensity due to the detergent micelle.10 P7 samples reconstituted according to OuYang et al. and loaded 41 
onto SEC-MALS in conditions similar to those used for NMR studies (50 mM DPC; Figure 1A) or EM studies (3 42 
mM DPC but at higher protein concentration; Figure 1B) indicated protein masses consistent with monomers (6.4 43 
± 1.1 kDa and 8.4 ± 0.7 kDa, respectively) associated with detergent micelles of 23.5 ± 0.5 kDa and 42.4 ± 3.7 kDa, 44 
respectively (Extended Data Table 1). A third sample prepared according to Dev et al. (50 mM DPC)8, indicated a 45 
protein mass of 7.8 ± 1.1 kDa associated with a detergent micelle of 24.7 ± 0.6 kDa (Extended Data Figure 3A). 46 
Moreover, NMR spectra matching exactly the protein and detergent concentrations at the monomeric SEC-MALS 47 
peak summit (5 µM protein and 50 mM DPC) overlay well with the spectrum published by OuYang et al. (Extended 48 
Data Figure 2D). 49 
The SEC-MALS results are confirmed by comparison with p7 solubilized in sodium dodecyl sulfate (SDS) at “low” 50 
(<2 times the critical micelle concentration (CMC)) and “high” (≥10 times the CMC) detergent concentrations. SDS 51 
is strongly denaturing and p7 runs as a monomer on SDS-PAGE.2 Results for p7 in high (80 mM) and low (10 mM) 52 
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SDS concentrations are consistent with a monomer, as expected, and similar to the results with DPC in that low 53 
concentrations of SDS lead to an increase in detergent micelle size with no change in oligomerization state (Ex-54 
tended Data Figures 3B-E and Extended Data Table 1). The same trend in micelle size with detergent concen-55 
tration, though less marked, is observed in the absence of protein (Extended Data Figure 3F-I and Extended Data 56 
Table 2). 57 
 58 
OuYang et al. identified putative intermolecular NOEs (nuclear Overhauser effects) from a 3D 15N-edited NOESY-59 
TROSY experiment, without filtering for 13C-attached protons, on a sample containing a 1:1 mixture of 15N/2H- and 60 
13C-labelled proteins. This experiment can provide intermolecular NOEs between exchangeable amide protons of 61 
the 15N/2H-labelled protein and non-exchangeable aliphatic protons of the 13C-labelled protein. Artefactual cross-62 
peaks can arise from incomplete deuteration of the 15N/2H-labelled protein, and a control NOESY experiment must 63 
be recorded on an unmixed but otherwise identical sample of 15N/2H-labelled protein since commercial sources of 64 
D2O and deuterated glucose contain at least small amounts of protons and additional protons can be carried over 65 
from starter cultures and humidity in the air. Control experiments were not reported by OuYang et al., but compar-66 
ison of the mixed label NOESY with a NOESY collected on fully protonated protein can indicate whether the NOEs 67 
are consistent with trace protonation of the 15N/2H-labelled protein. The NOESY spectra were aligned in the indirect 68 
1H dimensions such that the amide proton chemical shifts, which have relatively small deuterium isotope shifts, 69 
were consistent. Seven NOEs were identified by OuYang et al. as unambiguously intermolecular, and for each of 70 
these that could be identified in their mixed label NOESY spectrum there is a corresponding strong peak in their 71 
fully protonated sample NOESY close to the position expected for an intra-residue proton (Figure 2A). The mixed 72 
label NOEs were slightly up-field shifted on the order of 0.01 ppm, consistent with the deuterium isotope shifts 73 
expected for protons in a mostly deuterated background (e.g., as –C2H21H in methyls). The deuterium shift can be 74 
large enough (~0.04 ppm in alanine methyls11) to result in misinterpretation of NOEs as long-range. Of the 58 75 
observable backbone amides in p7, at least 18 (31%) exhibit NOEs consistent with residual protonation (Figure 76 
2A). In addition, the observed crosspeaks tend to correlate with sidechain protons closer to the backbone. Alanines 77 
should be most susceptible to NOE artefacts from trace protonation since the methyls are close to the backbone 78 
amide proton and the three deuterium positions increase the probability of a proton being present. Indeed, six of 79 
eight assigned alanines show crosspeaks in the mixed label sample that correlate with the intramolecular Hβ chem-80 
ical shift. 81 

NOE crosspeaks assigned to intermolecular interactions with rimantadine in an 15N/2H-labelled sample containing 82 
5 mM rimantadine are also consistent with trace protonation since those peaks are present in the rimantadine-free 83 
mixed label sample, and those crosspeaks correlate with intra-residue sidechain protons (Figure 2B). Similar cross-84 
peaks are also attributed to an amantadine interaction.2 Among valine, leucine, and isoleucine methyls, OuYang et 85 
al. reported large methyl chemical shift perturbations upon addition of rimantadine for Val7-γ2, Val25-γ2, and Val53-86 
γ1 methyls, of which only Val25 and Val53 are near the proposed binding site. To provide greater data coverage, 87 
we used the backbone amide spectra of OuYang et al. to calculate chemical shift differences upon addition of 5 88 
mM rimantadine. A large number of residues across the protein exhibit chemical shift differences in an apparently 89 
nonspecific manner (Extended Data Figure 2E), and residues identified as lining the rimantadine and amantadine 90 
binding site (Fig. 3c of OuYang et al.) show some of the smallest chemical shift differences. The distribution and 91 
magnitude of the shifts are similar to what was observed after addition of amantadine to a sample of monomeric 92 
p7 at pH 4.0 and 50˚C.12 The rimantadine Kd values reported by OuYang et al. (13.2 μM and 63.6 μM) are at least 93 
three orders of magnitude higher than for the equivalent values in membranes13, and are consistent with nonspecific 94 
binding.  95 

OuYang et al. used residual dipolar couplings (RDCs) to calculate their p7 structure. Although RDCs do not directly 96 
report on oligomer stoichiometry, best fits of their RDC data to the deposited structures result in alignment tensors 97 
with large, nonzero rhombicities (>0.48; average of 0.57) which are inconsistent with a tightly associated, symmetric 98 
oligomer.14 We note also that refinement against a single set of amide bond RDCs from one alignment medium will 99 
not yield a unique structure in the absence of information about long-range contacts.15 This means that it is possible 100 
to fit the amide bond RDCs to a p7 subunit structure influenced by incorrectly assigned intermolecular restraints. 101 

In conclusion, we find that p7 is monomeric over a range of protein and DPC concentrations, including the NMR 102 
conditions reported by OuYang et al. to determine an oligomeric structure, and that NOEs identified as unambigu-103 
ously intermolecular are consistent with artefacts from residual protonation. We note that the protein concentration 104 
(200 nM monomer) used in the EM experiments cannot be analyzed by NMR or SEC-MALS, hence oligomerization 105 
upon sample dilution for EM studies cannot be ruled out. Moreover, it cannot be excluded that the p7 oligomeric 106 
complexes observed by EM represent a small proportion of the total protein sample not detectable by NMR or SEC-107 
MALS.  108 
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Methods 111 

Estimation of complex size from NMR relaxation data. To exclude data from residues with internal motions 112 
faster or slower than the overall tumbling time, the τc was calculated from the 20% trimmed means of the 15N 113 
relaxation rates16, which were 1.34 s-1 and 14.80 s-1 for R1 and R2, respectively. 15N relaxation rates were measured 114 
using HSQC-based experiments. The molecular weight was calculated from τc using Stoke’s law assuming a hy-115 
dration shell of 1.5 water molecules, a solution viscosity of 0.702 centipoise at 37˚C, and a protein partial specific 116 
volume of 0.73 cm3/g. The different partial specific volumes of protein (0.73 cm3/g) and micellar DPC (0.94 cm3/g) 117 
were taken into account to calculate the number of attached detergent molecules. 118 

SEC-MALS. SEC-MALS was performed on a Shimadzu Nexera HPLC and a MALS DAWN HELEOS II and a 119 
refractive index Optilab T-rEX detector (Wyatt Technology). Determination of the molar masses was performed 120 
using protein conjugate analysis. A dn/dc value of 0.1398 ml/g was used for DPC (Anatrace). A dn/dc value of 121 
0.1100 ml/g was used for SDS.17 For detergent alone samples, micelle molar masses were determined by the 122 
standard analysis tool in Astra 6.1.1.17 based on light scattering and refractive index. 123 
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 150 

Figure Legends 151 

Figure 1. SEC-MALS of p7 in 3 mM and 50 mM DPC. Left axis: UV, absorbance at 280 nm; LS, light scattering; 152 
RI, refractive index. Right axis: molar masses calculated at each point for protein, associated detergent and the 153 
detergent and protein complex. Insets show the three detector signals normalized at the p7 peak. The DPC con-154 
centration and maximum p7 monomeric concentration eluted (summit of peak) are indicated on the graphs. Re-155 
ported masses denote the value at the peak summit and the error is taken as the maximum difference to this value 156 
across the elution volume for which the molar mass is plotted. A summary of all SEC-MALS conditions and calcu-157 
lated masses is in Table S1. (A) SEC-MALS of a sample resembling NMR conditions used to calculate the putative 158 
hexameric structure.2 The protein was dissolved into 200 mM DPC and 6 M guanidine and reconstituted by dialysis 159 
as described,2,8 with a final DPC concentration of 50 mM. A 50 mM DPC concentration8 was chosen instead of 200 160 
mM2 because the scattering intensity at 200 mM DPC saturates the detector. A Superdex 200 10/300 column was 161 
used. The calculated mass values were 6.4 ± 1.1 kDa for the protein and 23.5 ± 0.5 kDa for the associated deter-162 
gent. (B) Sample prepared as for EM studies2 (3 mM DPC), but at higher protein concentration. P7 was refolded in 163 
200 mM DPC, then run over SEC on a Superdex 200 10/300 column in 3 mM DPC to remove excess DPC. A small 164 
amount of protein aggregates with large scattering and refractive index peaks were observed before the monomeric 165 
p7 peak (similar to those seen in (A)). The p7 monodisperse peak was collected and analyzed by SEC-MALS with 166 
3 mM DPC running buffer in a Superdex 200 5/150. The calculated molar masses were 8.4 ± 0.7 and 42.4 ± 3.7 167 
kDa for protein and the associated detergent, respectively. 168 
 169 

Figure 2: Evidence of residual protonation from comparison of 3D 15N-edited NOESY strips. (A) Alignments 170 
of indirect 1H dimension strips from the 3D 15N-edited NOESY spectra of OuYang et al. are shown. For each residue 171 
indicated at the top, the left strip is from the mixed label sample (1:1 mixture of 15N/2H- and 13C-labelled p7) and the 172 
right strip is from a 15N/1H-labelled sample. Positive contours are in black and negative contours in grey. Horizontal 173 
red dashed lines are added to show chemical shift correlations between strips and are positioned at the chemical 174 
shifts of selected intra-molecular NOEs in the fully protonated sample. Asterisks indicate strips from which putative 175 
intermolecular NOEs were identified by OuYang et al.: Ile6 HN (to Ile6 Hγ2), Val7 HN (to Val5 Hγ1), Ala11 HN (to Ala61 176 
Hβ), Ala14 HN (to Ala63 Hβ), Leu23 HN (to Ala29 Hβ), and Leu24 HN (to Ala29 Hβ). The positions of the putative 177 
intermolecular NOEs correlate well with positions of strong intra-residue peaks in the fully protonated sample: Ile6 178 
HN (to Ile6 Hγ2), Val7 HN (to Val7 Hγ1), Ala11 HN (to Ala11 Hβ), Ala14 HN (to Ala14 Hβ), Leu23 HN (to Leu23 Hβ), and 179 
Leu24 HN (to Leu24 Hβ). Several strips from the mixed label NOESY indicate more than one correlation to an intra-180 
residue NOE in the fully protonated sample. For the putative intermolecular NOE at Gly15 HN (to His59 Hε1), no 181 
obvious, resolvable crosspeaks corresponding to His59 sidechain protons were identifiable in the mixed label 182 
NOESY, however, trace protonation at the Gly15 Hα is apparent in the mixed label NOESY strip. Diagrams showing 183 
the strip for this NOE were not presented in the supplementary information of OuYang et al. An eighth NOE not 184 
present in the restraint file deposited with the BMRB but indicated in the OuYang et al. paper (supplementary Figure 185 
8) is from Ala10 (HN) to Ala61 (Hβ), which also can be explained as an intra-molecular NOE arising from trace 186 
protonation. (B) Analysis of putative intermolecular NOEs to rimantadine. For each residue indicated at top, the left 187 
and middle strips correspond to the NOESYs shown in (A), and the additional strip on the right is from a 15N/2H-188 
labelled sample containing 5 mM rimantadine. NOEs identified by OuYang et al. as arising from rimantadine (see 189 
also supplementary Figure 6 of OuYang et al.) correlate with intra-molecular NOEs observed for the fully protonated 190 
sample and for the mixed label sample, both of which have no rimantadine added. 191 

 192 
  193 
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Extended Data 231 
 232 
Extended Data Table 1: Summary of conditions and results for SEC-MALS studies of p7(5a/EUH1480)mut 233 
in DPC and SDS. Data from Extended Data Figures 2B and Extended Data 2C show that at similar 234 
detergent/protein molar ratios the molar mass of detergent associated to p7 is approximately double in 10 mM SDS 235 
compared to p7 in 80 mM SDS. Data from Extended Data Figure 2D and Extended Data Figure 2E show that 236 
the result is consistent when changing the protein concentration. Together with the data in DPC (Figure 1), the 237 
results suggest that at detergent concentrations close to the CMC (~8 mM for SDS and ~1.5 mM for DPC) a larger 238 
number of detergent molecules associate with p7. Running buffers contained the indicated detergent 239 
concentrations and 25 mM MES at pH 6.5 (DPC samples) or 10 mM sodium phosphate at pH 7.2 (SDS samples). 240 
The chromatography columns were Superdex 200 of sizes 10/300 (Figure 1A) and 5/150 (Figure 1B) or two 5/150 241 
columns attached in series (Figures 2A-E), depending on sample volumes and concentrations and resolution 242 
requirements. The samples pre-injection contained the same detergent concentration as the running buffer. 243 
Reported masses denote the value at the peak summit and the error is taken as the maximum difference to this 244 
value across the elution volume for which the molar mass is plotted in the SEC-MALS figures. 245 
 246 
Extended Data Table 2: Summary of conditions and results for SEC-MALS studies of DPC and SDS 247 
detergents in the absence of protein. Data is from experiments shown in Extended Data Figures 2F-I. The 248 
micelle molar masses calculated from the SEC-MALS data at concentrations close to the CMC (~8 mM for SDS 249 
and ~1.5 mM for DPC) are in close agreement with those reported in the literature: ~19.0 kDa for DPC (Anatrace 250 
measurement in collaboration with Prof. Mark Foster, University of Akron) and ~17.3 kDa for SDS.1 At the higher 251 
detergent concentrations, the micelle molar masses decrease by ~3 kDa for DPC and ~10 kDa for SDS.  Running 252 
buffers contained the indicated detergent concentrations and 25 mM MES at pH 6.5 (DPC samples) or 10 mM 253 
sodium phosphate at pH 7.2 (SDS samples). Reported masses denote the value at the peak summit and the error 254 
is taken as the maximum difference to this value across the elution volume for which the molar mass is shown in 255 
the SEC-MALS figures. 256 
 257 
Extended Data Figure 1: Molecular Dynamics of p7(5a/EUH1480)mut. (A)-(B) Insertion of the hexameric p7 258 
structure of OuYang et al.2 into lipid bilayers. (A) MemProtMD3 prediction for the hexamer insertion into a hydrated 259 
1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC) bilayer. (B) The p7 structure of OuYang et al.1 after in-260 
sertion into a hydrated 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphatidylcholine (POPC) bilayer and simulated for 60 261 
ns. Severe deformations and thinning defects of the bilayer can be seen, resulting in a large number of water 262 
molecules within the hydrophobic region of the bilayer. Water is shown as van der Waals spheres for oxygen (red) 263 
and hydrogen (white). For DPPC and POPC lipids, phosphorus and choline nitrogen positions are indicated with 264 
orange spheres and green spheres, respectively. (C)-(E) Simulations of monomeric p7 in 300 mM DPC at a ratio 265 
of protein to detergent of 1:250. In (C) and (D) are shown two independent 100 ns simulations of the horseshoe-266 
like subunit conformation of the OuYang et al. structure. At the end of the simulation, ~170 and ~120 DPC mole-267 
cules, respectively, were observed bound to the protein. In (E), a hairpin conformation of p7(5a/EUH1480)mut was 268 
simulated for 100 ns, at the end of which ~100 DPC molecules were observed bound to the protein. In (C)-(E), p7 269 
α-helices and 310 helices are shown in magenta and blue, respectively, the geometric center of the DPC headgroup 270 
is indicated by an orange sphere, and the DPC hydrocarbon chain as yellow sticks. Only those DPC molecules 271 
bound to p7 are shown. The simulations in (B)-(E) were performed with CHARMM36 all-atom force field using the 272 
protocol described previously.4 273 
 274 
Extended Data Figure 2: NMR spectroscopy of p7(5a/EUH1480)mut in DPC. All reported concentrations are 275 
for monomeric protein. (A) Comparison of the p7(5a/EUH1480)mut prepared according to OuYang et al. with pre-276 
viously published spectra. Left: 2D 1H,15N TROSY spectrum of a p7(5a/EUH1480)mut sample in DPC produced in 277 
this study (red crosspeaks) recorded at 30˚C and a 1H frequency of 600 MHz overlayed with the spectrum published 278 
in OuYang et al. (blue crosspeaks).2 Right: our p7(5a/EUH1480)mut spectrum (red crosspeaks) overlayed with the 279 
spectrum presented in Dev et al. (2015) (blue crosspeaks)5 to illustrate sample to sample variation. In both cases 280 
the spectra were overlayed manually. (B) 1H,15N HSQC of p7(5a/EUH1480)mut in DPC at 37˚C. The spectrum was 281 
recorded at 600 MHz (1H) on a Bruker spectrometer equipped with a CryoProbe. (C) Temperature sensitivity of the 282 
p7(5a/EUH1480)mut spectrum in DPC. Spectra were recorded at three temperatures: 30°C (blue), 33.5°C (green) 283 
and 37°C (red). The spectra have not been corrected for the temperature dependence of the 2H lock frequency. 284 
(D) NMR spectra of p7(5a/EUH1480)mut under SEC-MALS conditions. Spectra were recorded of 285 
p7(5a/EUH1480)mut at 5 µM protein and 50 mM DPC (detergent-to-protein ratio of 10,000) to match conditions at 286 
the SEC-MALS peak summit for a sample prepared as described in OuYang et al.2 (violet) (see Figure 1A and 287 
Extended Data Table 1), or as described in Dev et al.5 with pre-gel filtration in 3 mM DPC buffer containing 100 288 
mM NaCl (orange) (see Extended Data Figure 3A). Before recording the NMR data, the Dev et al. sample was 289 
dialysed against buffer (25 mM MES at pH 6.5, 3 mM DPC, and 1 mM DSS with 5% D2O) overnight to remove salt, 290 
concentrated, and then diluted with NMR buffer (25 mM MES at pH 6.5, 50 mM DPC, and 1 mM DSS with 5% D2O) 291 
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to match the concentrations at the peak summit of the SEC-MALS elution (5 µM peptide and 50 mM DPC). BEST-292 
TROSY NMR experiments were recorded over ~20 hours each on a 750 MHz spectrometer equipped with a Cry-293 
oProbe to obtain sufficient signal-to-noise on the dilute samples and overlaid with the published TROSY spectra 294 
(Supplementary Figure 2A of OuYang et al.). (E) Backbone amide chemical shift differences between a sample of 295 
p7(5a/EUH1480)mut in DPC without and with 5 mM rimantadine. Data analysis was carried out on the spectra of 296 
OuYang et al. Chemical shift differences were calculated as indicated on the vertical axis for the backbone amide 297 
resonances in the 15N/2H-labelled mixed label sample and the 15N/2H-labelled sample containing 5 mM rimantadine. 298 
Residues in pink were identified by OuYang et al. as forming the rimantadine binding pocket (see Figure 3c of 299 
OuYang et al.).  300 
 301 
Extended Data Figure 3: SEC-MALS of p7(5a/EUH1480)mut and detergent alone. The right axes denote the 302 
molar masses calculated at each point for protein (Prot; if protein is present), associated detergent (Det), and the 303 
detergent and protein complex (Det + Prot; if protein is present). The left axes show the three detector signals UV 304 
(absorbance 280 nm; if protein is present), LS (light scattering) and RI (refractive index). Detector signals are scaled 305 
to allow for comparison. In (A), the inset shows the detector signals normalized at the p7(5a/EUH1480)mut peak. 306 
A summary of experimental conditions and mass calculations are in Extended Data Table 1 and Extended Data 307 
Table 2. The reported masses denote the value at the peak summit and the error is taken as the maximum differ-308 
ence to this value across the elution volume for which the molar mass is plotted. For samples with p7, negative and 309 
positive scattering and refractive index peaks following the protein peaks are the result of distortions of the baseline 310 
upon sample injection that causes disequilibrium of detergent micelles in the running buffer.6 (A) P7 in 50 mM DPC 311 
prepared as described by Dev. et al. The sample was run over two Superdex 200 5/150 columns in series in order 312 
to resolve the protein and micelle complex. The calculated masses were 7.8 ± 1.1 and 24.7 ± 0.6 kDa for protein 313 
and the associated detergent, respectively. The DPC concentration and maximum p7 monomeric concentration 314 
eluted (summit of peak) are indicated above the graph. (B)-(E) SEC-MALS of p7(5a/EUH1480)mut in 80 mM and 315 
10 mM SDS. The SDS concentration and the maximum p7 monomeric concentration eluted (summit of peak) are 316 
indicated above each graph. P7 is monomeric in SDS, as evidenced by its mobility on SDS-PAGE (OuYang et al. 317 
and our data not shown). SEC-MALS molar mass analysis indicates unambiguously a monomeric state for p7 in 318 
SDS in all cases. The analysis also confirms the trend seen with DPC (Figures 1 and (A) above), in that the amount 319 
of detergent associated with the protein is markedly and consistently higher for the samples at the lower detergent 320 
concentration (10 mM SDS) compared with samples in higher detergent concentration (80 mM SDS) (see data 321 
summary in Extended Data Table 1). Samples were run through two Superdex 200 5/150 columns connected in 322 
series for increased resolution. Sample injection volumes were 30 μl. Running buffer contained the indicated SDS 323 
concentrations and 10 mM sodium phosphate at pH 7.2. (F)-(I): SEC-MALS of DPC and SDS micelles in the ab-324 
sence of protein. The detergent, its concentration in the injected sample and running buffers, and the chromatog-325 
raphy columns used are indicated above each graph. As in (B)-(E), SDS samples were run over two Superdex 200 326 
5/150 in series to increase resolution. The UV absorption at 280 nm in samples without protein is insignificant. 327 
Running buffers are the same as those used in experiments with protein (Figure 1 and (A)-(E)), and the injected 328 
samples have higher detergent concentration to allow for detection above the baseline. In (I), the running buffer 329 
contained 30 mM SDS because the smaller size micelles in 80 mM SDS in the absence of protein resulted in low 330 
signal-to-noise scattering. Molar masses (Det., orange line, right axis) increase slightly (by ~3 kDa for DPC and 331 
~10 kDa for SDS) at concentrations close to their critical micelle concentration. 332 
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 368 
Extended Data Table 1 369 

  Pre-injection  Eluted 
(peak summit) 

Analysis of eluted p7 
peak 

 Running buffer 
(mM) 

p7 monomeric 
concentration 

(µM) 

Det./Prot. 
(mol/mol) 

Sample 
injection 

(μl) 

p7 monomeric 
concentration 

(µM) 

Det./Prot. 
(mol/mol) 

Protein 
(kDa) 

Detergent 
bound to p7 

(kDa) 

Fig 1A 50 mM DPC 200 250 70 5 10000 6.4 ± 1.1 23.5 ± 0.5 

Fig 1B 3 mM DPC 15 200 15 0.9 3333 8.4 ± 0.7 42.4 ± 3.7 

Ext. Data 
Fig 3A 50 mM DPC 140 357 50 5 10000 7.8 ± 1.1 24.7 ± 0.6 

Ext. Data 
Fig 3B 80 mM SDS 464 172 30 36 2222 7.3 ± 1.8 10.2 ± 0.7 

Ext. Data 
Fig 3C 10 mM SDS 58 172 30 5 2000 5.9 ± 0.8 24.1 ± 2.3 

Ext. Data 
Fig 3D 80 mM SDS 58 1379 30 6 13333 8.3 ± 1.7 13.2 ± 3.1 

Ext. Data 
Fig 3E 10 mM SDS 120 83 30 9 1111 5.9 ± 1.2 21.0 ± 1.5 
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 372 
Extended Data Table 2 373 

Sample Respective detergent 
concentration in running buffer 

(mM) 

Micelle molar 
mass (kDa) 

Superdex 200 
dimensions Detergent Concentration 

(mM) Volume (µl) 

DPC 8 5 3 20.2 ± 3.2 5/150 

DPC 55 100 50 16.8 ± 1.8 10/300 

SDS 16 30 10 17.2 ± 3.4 2x 5/150 

SDS 80 30 30 6.9 ± 3.1 2x 5/150 

 374 
 375 

 

 

14 


	Re-evaluating the p7 viroporin structure
	Corresponding Authors
	Present Addresses
	Author contributions
	Acknowledgements

