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1. Supplementary figures.
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Supplementary Figure 1. NR data acquired at a restricted low-Q, at different surface
pressures and the corresponding fitting curves (lines): A PM, B PM-FP1, PM-FP2, and
PM-FP4 monolayers. The data were recorded in ACMW (8% D>O, SLD = 0).
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Supplementary Figure 2. GIXD contour plot for the PM monolayer (A), PM-FP1 (B),
PM-FP2 (C), and PM-FP4 (D) at a surface pressure of 20 mN/m.
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Supplementary Figure 3. GIXD contour plot for the PM monolayer (A), PM-FP1 (B),
PM-FP2 (C), and PM-FP4 (D) at a surface pressure of 35 mN/m
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Supplementary Figure 4. Variation of diffracted intensity as a function of out of -plane

scattering vector component (q;) from PM at 20 mN/m (A) and 35mN/m (B).
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Supplementary Figure 5. AFM topographical micrographs of PM-FP1 (A), PM-FP2
(B), and PM-FP4 (C) at 20 mN/m surface pressure onto mica substrate.
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Supplementary Figure 6. Fibres curvature angle distributions for PM-FP1 (A) and PM-
FP2 (B) samples compressed at 20 mN/m
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Supplementary Figure 7. (Top) Cartoon to show the determination of end-to-end
distance and contour length. (Bottom) Variation of the mean squared end-to-end distance
of peptide fiber (FP1, FP2 and tandem FP1-2) on the PM as a function of their contour
length. The solid lines represent the fitting of data with Equation S1.
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Supplementary Figure 8. AFM adhesive force maps of the pristine PM monolayer (A,
E), PM-FP1 (B, F), PM-FP2 (C, G), and PM-FP4 (D, H) at 20 mN/m (top) and 35 mN/m

(bottom) surface pressure onto mica substrate.
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2. Supplementary Tables.

Supplementary Table 1. Persistence length results obtained from the AFM micrographs.

I x 1036 (m?) Persistence length (L,) Young Modulus ()
nm (GPa)
PM - FP1 1.14+0.03 2320 + 290 8.3+ 04
PM - FP2 7.80 +0.02 145+9 0.80 £0.01
PM — FP1-2 3.97 £0.02 109+6 0.11+0.01
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Supplementary Table 2. Physicochemical properties of the peptide investigated.

Peptide Sequence Number of | MW Net
amino acids | (Da) | charge
FP1 816-SFIEDLLFNKVTLADAGFIKQY-837 22 2538 -1
FP2 835-KQYGDCLGDIAARDLICAQKFN-856 22 2456 0
FP4 | 885-GWTFGAGAALQIPFAMQMAYRFNGI-909 25 2723 +1
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Supplementary Table 3. Biomimetic plasma membrane composition used in this study.

Composition Extracted Natural Lipids

in mol% PC pool | PEpool | PSpool | Plpool | Sphingomyelin | Cholesterol

PM 20 11 6 0 13 50
Phospholipid acyl chain Hydrogenous Deuterated
composition in mol% 16C 18C 16C 18C
PM 35.3 62.6 29.6 68.3
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Supplementary Table 4. Fixed parameters used in the NR data analysis: SLD, scattering

length values (b), interfacial roughness (r) and volume fraction of water in the monolayer

(w)-

Fixed Parameters

-5
b, oy (10 7 A) 528.46
-6 o2
SLD,,,, (10 A7) 5
-5
b, (10~ A) 590.5
-5
b, (10~ A) 582.1
=5
b, (10 " A) 669.0
r(A) 3
Sw (0:1) 0
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Supplementary Table 5. Low-q, NR data analysis: Scattering length density (p) times

thickness of the monolayer (t) composed of PM and FPs.

pt (10 A1)
T (mN-mY)
PM /0.3 PM-FP1 /0.3 PM-FP2 / £0.3 PM-FP4 / £0.3
5 77.3 60.1 66.3 58.2
10 82.9 65.5 75.4 61.7
15 88.7 70.3 82.2 65.4
20 96.3 81.0 96.7 69.7
25 101.2 91.3 105.7 74.4
30 105.4 97.6 110.3 80.0
35 108.8 104.0 133.2 90.9
40 11.5 127.8 I 121.4
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3. Supplementary Methods.

Persistence length calculation

We modelled FP1 and FP2 peptide fibrils observed at the plasma membrane (PM) surface
as worm-like chains, following the worm-like chain model of flexible polymers. Using
this model, we measured the persistence length of the fibrils based on their shape,
specifically by analyzing the relationship between their contour length (L), and end-to-
end distance.!'! Thus, FP fiber was divided into “n” number of individual nanorods (for

our analysis n=30).

Supplementary Figure 7A illustrates the schematic representation used to determine the
end-to-end distance (Re) as a function of the fiber's contour length (Lc). In this schematic,
the fiber is divided into six individual segments (C1-C6), each with a specific contour
length. The corresponding end-to-end distances (L1-L6) for different contour lengths
were measured using Gwyddion software. Assuming that the individual nanorods
conform to the worm-like chain (WLC) model, the relationship between Re and Lc for a
peptide fiber was analyzed as described in references.!!' 3! The persistence length (PPP),
as defined by Equation S1,!'! was calculated from AFM images, assuming that peptide
fibers behave as nanorods with a circular cross-section. Supplementary Figure 7B
displays the variation of the mean squared end-to-end distance of peptide fibers (FP1 and
FP2) on the PM as a function of contour length. The data in Figure S6B were fitted to
Equation S1, yielding the persistence length of the fibers. The calculated persistence
length values for FP1 and FP2 at the monolayer of PM are presented in Supplementary
Table 1.

(RZ) = 4Ly[Lc — 2L,(1 — e™/2v)] Equation S1

Using the average AFM height (d), we determine the moment of inertia (I=d*/64). This
was subsequently used to determine the Young modulus (Y) of the peptide as given by
Equation S2.

bending stiffness LpkgT .
Y = gl =2 IB Equation S2
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The results presented in Table S1 indicate that FP2 has a lower persistence length
compared to FP1, which corresponds to its greater flexibility and ability to form spirals
on the plasma membrane (PM). The values of Young modulus obtained from FP1 and
FP2 are in well confirmation with the measured value DMT modulus from AFM Peak
force measurements.

Bending Rigidity and Spiral Energy of FP2 and FP1-2 Fibers

This note provides a detailed step-by-step calculation of the mechanical properties of FP2
and the tandem FP1-2 fusion peptide fibers bending rigidity, and spiral bending energy
from the parameters obtained from the AFM analysis reported in Table S1. These
properties help understand how FP2 and FP1-FP2 tandem contributes to membrane
curvature and viral fusion mechanisms.

Bending rigidity (k) from Elastic Beam theory:

YI

K=055 Equation S3

where v is the Poisson ratio. In the calculation of bending rigidity, we assume a Poisson’s
ratio of 0.5, corresponding to the incompressible limit. This is appropriate for hydrated,
soft peptide assemblies such as the f-sheet-rich FP2 fibers observed here, which deform
primarily through bending with negligible volume change. Similar assumptions have
been adopted in mechanical analyses of amyloid fibrils and other supramolecular
biomaterials.!

Kppy ~ 0.8 X 10° X 7.80 X 10736 /0.75 ~ 8.32 x 10727 Nm?
Kppy ~ 8.3 X 10° X 1.14 x 10736/ 0.75 ~ 12.6 x 10727 Nm?

Kpp1_ ~ 0.11 X 10° X 3.97 x 10736 /0.75 ~ 5.93 x 10728Nm?

Spiral Geometry and Bending Energy of FP2

FP2 fibers form well-defined Archimedean spiral structures with the following geometric
parameters obtained from AFM:

- Inner radius (rin= 100 nm),
- Outer radius(rout = 400 nm)
- Pitch (P =30 nm)

- Spiral growth rate: a = 4.77 nm/rad
- Number of turns: N = 10

Determination of Arc Length:
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Omax = @ ~ 62.9 rad Equation S4

To estimate the total length of an FP2 spiral fiber, we model its geometry as an
Archimedean spiral, where the radius increases linearly with the angular coordinate
according to the equation:

r(@) =1y, +ab Equation S5

The total arc length S of the spiral is calculated using the following standard expression
for Archimedean spirals [Weisstein, E. W. "Archimedean Spiral.” From MathWorld A
Wolfram Web Resource. https://mathworld.wolfram.com/ArchimedeanSpiral.html]:

2
S = foemax \/r(@)Z + (Z_;) de = J‘Oemax \/(rin + a@)z + a2do Equation S6

This integral was evaluated numerically, giving a total spiral length of approximately S=
7.25 pm, which is in line with the observed fibrillar features in AFM topographic images.

Spiral Bending Energy Calculation

The local curvature of the spiral varies along its arc length. To compute the total bending
energy, we integrate the curvature-dependent energy density along the spiral contour:

1512 .
B =k (ﬁ) ds Equation S7

Here, R(s) is the local radius of curvature as a function of arc length s, and S is the total
spiral length. This integral is evaluated numerically using the geometric parameters
derived above.

We use the values of k, obtained from the elastic beam theory expression

Brpy = 1.05 x 1071?]

Brraf o~ 25.5KT

Assuming same spiral geometry as FP2:

Bppi_p ~ 0.75 X 107]

Brriz/ . ~ 183 KT
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