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Supporting Tables

Table S1: Restraints used during energy minimization (EM) and equilibra-
tion (EQ) steps of the fusion peptide in aqueous solution. Values in units of
kJ mol−1 nm−2.

Step Backbone Sidechains Dihedrals
EM 400 40 4
EQ 400 400 4

Table S2: Outer plasma membrane-like lipid membrane composition following
Lorent et al.S1

Lipid Acyl chains Full name Abundance %
CHOL Cholesterol 40
PSM 18:1/16:0 N-palmitoyl-D-erythro-sphingosylphosphorylcholine 12
NSM 18:1/24:1 N-nervonoyl-D-oleoyl-sphingosylphosphorylcholine 9.3
LSM 18:1/24:0 N-lignoceroyl-D-oleoyl-sphingosylphosphorylcholine 8
PLPC 16:0/18:2 1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphocholine 14.7
SOPC 18:0/18:1 1-stearoyl-2-oleoylphosphatidylcholine 6.7
PAPC 16:0/20:4 1-palmitoyl-2-arachidonoyl-glycero-3-phosphocholine 5.3
PLA20(PE) 18:0/20:4 1-O-stearoyl-2-O-arachidonoyl-glycero-3-phosphoethanolamine 2.7
SAPS 18:0/20:4 1-stearoyl-2-arachidonoyl-glycero-3-phosphoserine 1.3

Table S3: Late endosomal membrane composition.

Lipid Acyl chains Full name Abundance %
CHOL Cholesterol 27
PLPC 16:0/18:2 1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphocholine 22
POPE 16:0/18:1 1-palmitoyl-2-oleoyl-glycero-3-phosphoethanolamine 16
BMP 18:1/18:1 Bis(monoacylglycero)phosphate 11.6
POPC 16:0/18:1 1-palmitoyl-2-oleoyl-glycero-3-phosphocholine 11
SSM 18:1/18:0 N-stearoyl-D-erythro-sphingosylphosphorylcholine 7.3
SAPI 18:0/20:4 1-stearoyl-2-arachidonoyl-sn-glycero-3-phosphoinositol 3.65
SAPS 18:0/20:4 1-stearoyl-2-arachidonoyl-sn-glycero-3-phospho-L-serine 1.45
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Table S4: Restraints used during energy minimization (EM) and equilibration
(EQ) steps 1 to 6 of the endosomal and outer plasma membrane systems in
kJ mol−1 nm−2.

Step Time [ns] Timestep [fs] Backbone Sidechains Lipids Dihedrals
EM 4000 2000 1000 1000
1 0.125 1 4000 2000 1000 1000
2 0.125 1 2000 1000 400 400
3 0.125 1 1000 500 400 200
4 0.5 2 500 200 200 200
5 0.5 2 200 50 40 100
6 0.5 2 50 0 0 0

Table S5: Simulated times in NTH pulling simulations.

initial state run no. simulated time [ns]
shallow 1 135
shallow 2 127
shallow 3 140
deep 1 195
deep 2 194
deep 3 172

Table S6: Fusion peptide secondary-structure elements in membrane contact
during initial membrane binding event that led to stable binding and in final
trajectory frame (initial/final).

membrane system run no. NTH bound AH2 bound CTH bound
endosomal 1 3/3 3/3 5/3

endosomal 2 3/3 5/5 3/3

endosomal 3 5/3 3/5 3/5

endosomal 4 3/3 5/5 3/5

outer plasma 1 5/5 5/3 3/3

outer plasma 2 5/5 5/5 5/5

outer plasma 3 5/5 3/3 3/5

outer plasma 4 5/5 3/3 3/3
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Supporting Figures
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Figure S1: Alignment of the fusion peptide region of betacoronaviruses. Complete S
protein sequences of the genus betacoronavirus were selected from the NCBI virus databaseS2

and aligned using Clustal Omega.S3 Only the fusion peptide region is shown. The fully
conserved cysteines are at positions 25 and 39, respectively. Multiple entries from the same
species were deleted. Coloring according to ClustalX.
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Figure S2: Deep and shallow NTH insertion. Arrows indicate the F823 position not
inserted (top) and inserted (bottom) into the membrane interface. Colors as in Figure 1
(NTH: blue, AH2: beige, CTH: green). The upper membrane boundary is indicated by
phosphate headgroups of nearby lipids (orange spheres).
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Figure S3: Simulation starting with all three helices bound and adjusted outer-
leaflet density. (a) Distances of the centers of mass of the three helices and the center
of mass of the membrane in which the lipid density of the outer leaflet was adjusted to
accommodate the bound fusion peptide. The average phosphate position of the outer leaflet is
indicated by a gray dotted line. (b) Box-plots showing the peak rupture forces of 20 replicate
pulling simulations each for pulling simulations started with structures of the simulation
taken at 0, 1, 2, and 3 µs (box: interquartile range; median: horizontal line; diamond:
outlier).
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Figure S4: Snapshots of MD simulations in which the AH2 and CTH partially
unfolded to form flexible membrane bound structures. (Left) Fusion peptide in-
teractions with the mimetic of the outer plasma membrane (PM). (Right) Fusion peptide
interactions with the mimetic of the endosomal membrane (EM). Time points are indicated.
Colors as in Figure 1 (NTH: blue, AH2: beige, CTH: green). The upper membrane boundary
is indicated by phosphate headgroups of nearby lipids (orange spheres).

Supporting Movie Legends

Supporting Movie S1

Dissociation of fusion peptide from membrane under mechanical force. (Left)

Trajectory of the pulling simulation that resulted in the highest rupture force of about 250

pN. The fusion peptide is shown in the same colors as used in Figure 1. The gray sphere

indicates the C-terminus, to which the pulling force is applied. Lipid headgroup phosphates

are shown as yellow spheres. (Right) Force extension curve corresponding to the trajectory.
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x-axis shows the distance of the C-terminal carbon (gray sphere) to the center of mass of

the membrane. y-axis shows the force acting on the C-terminal carbon.
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