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Sl Fig. 1. The scattering intensity of the viral parties was much larger than that of the
added vimentin and was increased after adding vimentin.
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S| Fig. 2. Dynamic light scattering data showing the relative increase of pseudovirion

particles with addition of either vimentin or DNA. Addition of vimentin increases relative
size of the particles whereas DNA does not.
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Sl Fig. 4. The probability distribution function of particle diameter for SARS-CoV-2
pseudovirus samples after the addition of either (a) 2 pL or (b) 8 yL of 10 mg/mL DNA.
Particle sizes were measured by atomic force microscopy.
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Sl Fig. 5. Results from the anti-vimentin rabbit monoclonal antibody from Cell Signaling

Technologies does not block uptakes of SARS-CoV-2 pseudovirus in HEK 293T-
hsACE2 cells. Error bars represent mean + standard deviation.
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Mef -/- cells treated with PMA stimulated neutrophils supernatant
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S| Fig. 6. Immunofluorescence images indicating presence of cell surface vimentin on
vim -/- mEF after exposure to PMA-stimulated neutrophil supernatant. Neither DNASE
or hyaluronidase treatment alters the presence of cell surface vimentin.
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“Extracellular vimentin as a target against SARS-CoV-2 host cell invasion”:
Supplemental Information

A. Modeling cell surface vimentin, SARS-CoV-2 and cell-membrane interactions

To test the notion that extracellular vimentin bound to the cell membrane can initiate endocytosis of the SARS2
virus, we developed a multiscale, coarse-grained molecular dynamics-based computational model. The model consists
of a cell membrane, extracellular vimentin (ECV), the angiotensin-converting enzyme 2 (ACE2), and a virus containing
spike proteins.

The cell membrane is modeled as a self-avoiding, tethered sheet with fixed connectivity as shown in Fig. [1]. Tt is a
network of equilateral triangles consisting of particles as N nodes and tethers to connect them. The two-dimensional
sheet is embedded in three-dimensional Euclidean space. We introduce self-avoidance to the system by satisfying the
condition l,/0, < /3, where [, is the edge length of a triangle in the mesh and ¢, is the diameter of a particle [1].
Stretchability of the membrane is encoded in nearest-neighbor harmonic springs with the energy

KMem
Bylem = =0N N (g~ 1,)°, (1)
<ij>
with spring constant KM¢™ and < ij > represents all nearest-neighbor nodes i and j. We also have an explicit
bending rigidity modeled by adding another harmonic spring between every second nearest neighbor of each node
[2, 3] having energy
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with << ik >> denoting all second-nearest neighbors. Spring constant K g/[]\?ﬁ can be converted to a bending rigidity

Given the experimental findings of non-filamentous extracellular vimentin bound to the cell membrane, we focus on
extracellular vimentin tetramers [4]. The extracellular vimentin tetramers are represented as semiflexible filaments,
containing both springs between two consecutive monomers with spring constant, K /4", and angular springs between
three consecutive monomers to capture the bending rigidity with angular spring constant, KXT"L’Q”. The energy for each
monomer triplet is, therefore,

Vim

. K
EX;LZL = ’;ng (cos(Opmn) — 1)2 , (3)

where [,m,n denote three consecutive monomers along the filament. For simplicity, we have assumed the ACE2
receptor is the same length as the vimentin tetramers and is also a semiflexible filament with corresponding two-
body springs and angular springs, K J@%Ez and K fng27 respectively. The ACE2 receptor is stiffer than vimentin
and provides stability during the wrapping process. Both the vimentin tetramers and the ACE2 receptor are also
connected with the membrane via springs as shown in Fig. [2] with the same two-body spring constant, which gives
them the freedom to bend at any angle with respect to the membrane. We place extracellular vimentin randomly
on the membrane with coverage ¢y, whereas ACE2 is located at the center of the membrane. The extracellular
vimentin now becomes cell-surface vimentin.

The virus is modeled as a deformable shell with spikes. The shell is constructed as a Fibonacci sphere, where
particles/monomers are placed on the sphere in a spiral. We use a Delaunay triangulation to find triangles amongst
the particles and their corresponding edges. These particles are also connected via nearest-neighbor harmonic springs
each with spring constant, K 4% to arrive at a tethered spherical membrane with fixed connectivity. Spike proteins
are homogenously placed on the shell surface as shown in Fig. [3]. The spike protein filaments also have harmonic
spring potential between two consecutive monomers with spring constant K f,%ke. Their bending rigidity is also coded

Kszke

via 3-body, or angular, spring with spring constant, Ang -

The spike protein filaments can take any angle with
respect to the virus [5, 6].
To take into account excluded volume interactions, we implement a soft-core repulsion spring between all monomers

with no other interactions via energy

V, _ % (Tij - 00)2 < 0, (4)
. 0 r> 0,.
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FIG. 1. Tethered membrane as a cell membrane. Blue particles denote the nodes of the triagular mesh and blue lines denote
the tethers.

FIG. 2. Cell membrane with bound extracellular vimentin. Extracellular vimentin (ECV) tetramers are denoted in green. ECV
tetramers are randomly attached to the cell surface to become cell surface vimentin. The coverage of extracellular vimentin
depicted here is ¢vim = 0.4, i.e., 40 percent of the membrane nodes have bound ECV.

As for other interactions, the spike-ACE2 interaction is modeled as a stiff harmonic spring between the two filament
ends with spring constant K ],3%132_51) "¢ since ACE2 has a high affinity to the spike protein [7, 8]. Additionally, there
is an attractive Lennard-Jones potential between the spike protein and the cell surface vimentin with a higher cut-off

at 20, as given by

o fae [() ~ ()} r <20, -

0 r > 20,.

To convert our simulation units to biological units, we use 1 simulation unit length = 10 nm, 1 unit simulation
time= 1072 s and 1 unit force = 10! pN. From these scales, we can define all the parameters in biological units. The
diameter of the virus is 100 nm, which is very similar to our own DLS measurements and similar to SARS2 [9-11].
The size of the virus is small compared to the size of the cell, typically ~ 20 pm in diameter, which is about 200 times
bigger than the virus. Thus, during endocytosis, the virus is interacting with a small patch of the cell membrane.
Hence, we simulated a tethered sheet of length x width = 55nm x 480.6 nm, which is a small surface area of the cell
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FIG. 3. SARS2 virus. Spike proteins are placed homogeneously on the surface of the virus.

membrane. This cell surface is covered with cell surface vimentin tetramers of length 40 nm, which is slightly smaller
than the more typical 60 — 90 nm. We vary the density of the extracellular vimentin (ECV) to quantify its effect on
viral uptake. The number of spike proteins on the viral surface can be different based on virus size [12]. We consider
200 spikes[9, 11, 13, 14] on the virus each of length 20nm [5, 9, 15] and diameter 10 nm [11], to which ECV can
attach. The bending rigidity of cell membrane is approximately 40kpT based on the scales we have defined. Finally,
each simulation was run for 108 simulation time units, which corresponds to 50 s with recording trajectory data every
25ms. See Table 1 for the parameters used in the simulations.

For each set of parameters, 10 realizations were computed and used to compute average quantities of the fraction
of spike proteins bound to ECV, and the degree of wrapping by the cell membrane, as defined in the Methods section
of the manuscript. All computed quantities indicate the extent of endocytosis, or wrapping, of the virus by ECV.
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Parameters Value Reference
K™ 1pN/nm [16] [17)
K Mem 0.1pN/nm [18] [19]
KX irus 50 pN/nm SARS Cov-2[20],

Brone mosaic virus
[21] ,influenza
virus[22] , Human
Adenovirus [23]
Deformable NP[24]

K{pike 0.1pN/nm [25]
KX 1pN/nm [26]
KN&"™ 5pN/nm -
Kf\‘,gE?’_Spike 5pN/nm [27]
KaSr? 500kpT -
KX 100ksT -
K3pie 100ksT -
€ 10kpT -
KRepel 1pN/nm -

TABLE I. Table of parameters used unless otherwise specified.
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