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1. Purity Assessment of the gp41rk Peptide

Figure S1: HPLC of the gp41rk peptide used for this study that was provided by Biomatik
USA, LLC (Wilmington, DE) in the certificate of analysis.

2. Model for SANS Data Analysis

The SANS data were analyzed using a 3-shell vesicle model, similar to

previous work [1, 2, 3]. The radius of the vesicle core was fixed to 500 Åduring 
data fitting, as was done previously [1, 2, 3]. While it was not possible to 
fix the polydispersity to 0.3, as was done in the previous work [1, 2, 3], 
because sas temper cannot do so, it was constrained to be between 0.30000



and 0.30001. The structural model of the lipid bilayer for the three shells
is based on the volumetric description of a lipid bilayer that was provided
by Nagle and Tristram-Nagle [4]. Specifically the model follows the version
of the volumetric model presented in the right panel of Figure 2C [4]. The
schematic of the bialyer model is shown in Figure S2. Consider a lipid bilayer
described by its steric thickness, Db, which is related to the hydrocarbon
chain thickness, Dhc, and the thickness of the headgroup, Dhg. Then, Db is
related to Dhc and Dhg through

Db = 2Dhc + 2Dhg. (1)

The value of Dhc is related to the area per lipid, AL, and the lipid chain
volume, Vc through the relation

Dhc = Vc/AL. (2)

The value of AL that is used here for the mixed lipid bilayers studied is the
average area per lipid, and it is one of the free parameters used in the SANS
data analysis. The volume of the lipid chains, Vc, is calculated using the
values presented in Table 1 and the composition of the sample being modeled.
The value of Dhg used in the modeling was the value for PC bilayers (9 Å)
that was presented in Reference [4], even though the present study used
mixtures of PC and PG lipids. Other researchers studying the structure of
pure PG lipid bilayers found a comparable lipid headgroup thickness PG
lipids [5, 6], so the one value is employed in the SANS data analysis here.

Figure S2: Schematic of the volumetric model of the lipid bilayer. The two hydrocar-
bon chain regions are shown in grey, the lipid headgroup is shown in teal and the water 
associated with the lipid headgroups are shown in white.

The composition of the lipid headgroup regions of the bilayer, which are 
assumed to be the same here, has to be determined in order to calculate the 
scattering length density (SLD), ρ, for use in the SANS intensity calcula-
tion. Much like the Vhc for a given sample, the average volume of the lipid



Group btot (10−5 Å) Volume (Å3) Names
PC Headgroup 60.09 320.0 [9] bPC,HG, VPC,HG

PG Headgroup 91.776 300.0 [8] bPG,HG, VPG,HG

Dimyristoyl chains -29.06 780.0 [9] bDM , VDM

Palmitoyl chain -17.89 467.6 [10] bP , VP
Oleyl chain -12.09 468.4 [10] bO, VO
gp41rk 842.08 2791.8 [11] bgp41rk, Vgp41rk
D2O 19.14 30.0 bD2O, VD2O

Table S1: Parameters for SANS data analysis. Total neutron scattering lengths, btot,
were calculated from the chemical composition and values of the atomic neutron scattering
lengths provided by Sears [7]. The corresponding volumes of the chemical groups in the
samples that were used to calculate the SLDs of the layers in the model were taken from
literature values [8, 9, 10, 11]. Chemical groups on the PG headgroup and on gp41rk
with exchangeable hydrogen atoms have these atoms replaced with deuterium for the
calculation because the solvent is D2O. The names of the parameters used in Equations
S1-S9 are also provided.

headgroup, VLhg, is calculated from the sample composition and the values
presented in Table 1. In addition to the lipid headgroups in these two re-
gions of the model, this region of the model contains water and may contain
peptide at the prepared peptide-to-lipid ratio, P/L, if it is present in the
sample. The volume of the headgroup region of the bilayer is related to VLhg,
Dhg and AL, which in turn can be related to the number of water molecules
in the region, nw and any peptide associated with the headgroup region of
the bilayer, as is shown in Equation 3.

Vhg = ALDhg = (P/L)Vp + VLhg + nwVD2O. (3)

Here, VD2O is the volume of a water molecule and Vp is the volume of the
peptide, which are provided in Table S1. Using Equation 3, it is possible to
calculate nw for use in the calculation of the scattering length density of the
lipid headgroup layers in the model during SANS data analysis.

nw =
ALDhg − (P/L)finsertVp − VLhg

VD2O

. (4)

The model requires only one other parameter, the fraction of peptide inserted 
across the bialyer, finsert, to calculate the scattering length densities of the 
layers in the model. Additional parameters required for the modeling are 
the scale factor for the calculated SANS intensity profile and the constant 
baseline. In total, the structure used to model the SANS intensity profiles 
is parameterized using four free parameters (AL, finsert, the scale and the



baseline). The P/L and the fraction of DM lipids, fDM , are also required
for the model, but the are determined by the composition. The SLDs of the
three layers in the model (the inner headgroup, hydrocarbon core and outer
headgroup) are calculated using Equations 5 to 13.

bHG,in = 0.7 bPC,HG+0.3 bPG,HG+0.5 (1−finsert) (P/L) bgp41rk+nw bD2O. (5)

VHG,in = 0.7 VPC,HG + 0.3 VPG,HG + 0.5 (1− finsert) (P/L) Vgp41rk +nw VD2O.
(6)

ρHG,in =
bHG,in

VHG,out

. (7)

bHC = fDM bDM + (1 − fDM) (bO + bP ) + 0.5 finsert (P/L) bgp41rk. (8)

VHC = fDM VDM + (1 − fDM) (VO + VP ) + 0.5 finsert (P/L) Vgp41rk. (9)

ρHC =
bHC

VHC

. (10)

bHG,out = bHG,in. (11)

VHG,out = VHG,in. (12)

ρHG,out =
bHG,out

VHG,out

. (13)



3. SANS Data Analysis Results

Sample χ2 range scale baseline AL (Å2) finsert
Lipid-1,
P/L = 0

41.1843-
41.1846

30.1 ±
0.1

0.0851 ±
0.0001

59.2 ± 0.1 0

Lipid-1,
P/L = 1/50

36.8395-
36.8502

32.2 ±
0.1

0.0827 ±
0.0001

59.7 ± 0.1 0.479 ± 0.236

Lipid-2,
P/L = 0

42.9936-
42.9937

29.6 ±
0.1

0.0822 ±
0.0001

65.1 ± 0.1 0

Lipid-2,
P/L = 1/50

42.3150-
42.3184

34.0 ±
0.1

0.0832 ±
0.0001

66.8 ± 0.1 0.345 ± 0.190

Lipid-3,
P/L = 0

47.7750-
47.7750

29.4 ±
0.1

0.0803 ±
0.0001

62.9 ± 0.1 0

Lipid-3,
P/L = 1/50

35.9740-
35.9757

34.9 ±
0.1

0.0813 ±
0.0001

63.7 ± 0.1 0.449 ± 0.273

Table S2: Results of the SANS data analysis. The values presented are the averages ±
standard deviations, which were rounded up to the same number of significant figures as
the values, that were found during the modeling as described in Section 2.5.



Figure S3: χ2 vs. finsert plots output by sas-temper [12] for Lipid-1 (A), Lipid-2 (B) and
Lipid-3 (C) with gp41rk at P/L = 1/50.



4. NSE Data

Figure S4: NSE data collected for the vesicles with and without gp41rk. Lipid-1 P/L =
1/50 (A), Lipid-2 P/L = 0 (B), Lipid-2 P/L = 1/50 (C), Lipid-3 P/L = 0 (D) and Lipid-3
P/L = 1/50 (E). The various q-values are shown in the figure legends. The symbols are
the measured data points, while the lines are the fit to the data using Equation 1. The
curves have been offset for clarity.



5. MD Simulations

Figure S5: RMSF data for the lipids in the four simulations performed and the gp41rk
from the Lipid-3/gp41rk simulation. Panel A is from the Lipid-1 simulation. The curve
from Panel B is from the Lipid-2 simulation. Panel C is from the Lipid-3 simulation. Panel
D is the lipid from the Lipid-3/gp41rk simulation, while Panel E is the peptide from that
simulation.



Figure S6: MSD and diffusion coefficients calculated from the four simulations performed.
Panel A is from the Lipid-1 simulation, while Panel B is from the Lipid-2 simulation.
The results from Lipid-3 are presented in Panel C, while the Lipid-3/gp41rk results are
presented in Panel D. Diffusion coefficients determined using the default fitting parameters
are shown in the legends of the figures.



Figure S7: Chain order parameters from the MD simulations. Panel A is from the Lipid-1
simulation, Panel B shows the results from the Lipid-2 simulation, the order parame-
ters from the Lipd-3 simulations are shown in Panel C, and the lipid order parameters
calculated from the Lipid-3/gp41rk simulation are shown in Panel D.



Figure S8: Histograms of the minimum distance between any lipid atom and the atoms of
each amino acid residue of gp41rk. The calculated distances determined as a function of
time during the Lipid-3/gp41rk simulation were used to create the histograms. The figure
was generated from the output of mindist [13]. Custom Python code using Matplotlib [14]
was written to create the figure from the output of mindist.



Figure S9: Histograms of the minimum distance between each type of lipid atom and the
atoms of each amino acid residue of gp41rk. Panel A is DMPC, Panel B is DMPG, Panel
C is POPC and Panel D is POPG. The calculated distances determined as a function of
time during the Lipid-3/gp41rk simulation were used to create the histograms. The figure
was generated from the output of mindist [13]. Custom Python code using Matplotlib [14]
was written to create the figure from the output of mindist.
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