Supplementary Table 1. Overview of a selection of theoretical studies addressing endocytosis.

2019)

simulations of
ligand-receptor
and clathrin-
mediated
endocytosis.

uniformly covered
with ligands. The
nanoparticle is
able to translate
and rotate. The
receptors can
freely diffuse in
the membrane.

oblate, prolate
shapes.

Study Type of Brief model Parameters Main conclusions
modeling summary (selection) (selection)
(Deng, Dutta et al. | Monte-Carlo Nanoparticle 80 nm spherical, | Oblate particles: tip-

first; near spherical
slightly oblate or
slightly prolate: tip-
first and tilted;
prolate particles:
laying-down mode.
Uptake of AR=1
most efficient.

(Deng, Dutta et al.
2018)

Stochastic
particle binding
model and
Monte Carlo
simulations of
ligand-receptor

Nanoparticle
uniformly covered
with ligands. The
nanoparticle is
able to translate
and rotate. The

40 to 160 nm
spherical
particles.

80 nm is optimal
size for endocytosis.

and clathrin- receptors can
mediated freely diffuse in
endocytosis. the membrane.
(Deng, Dutta et al. | Stochastic Nanoparticle 80 nm spherical | Optimal ligand
2019) particle binding | uniformly covered | particles with density and binding
model and with ligands. The range of ligand affinity endocytosis.
Monte Carlo nanoparticle is densities.
simulations of able to translate
ligand-receptor | and rotate. The
and clathrin- receptors can
mediated freely diffuse in
endocytosis the membrane.
(Chen, Xiao et al. Coarse-grained | Membrane bilayer | Particles Small ellipsoids
2016) molecular with 18,000 lipids. | spherical, endocytosed in
simulations. Membrane prolate, oblate laying-down mode.
rapping dynamics. | with different AR
and volumes.
(Bahrami, Raatz et | Review of Elastic models of Reviewed Particle size affects
al. 2014) Monte Carlo membranes to different adhesion energy.
and coarse- assess bending parameters for Membrane bending
grained and endocytosis. energy is minimal
molecular adhesion energies for AR=1. Oblate
dynamics during endocytosis particles: laying
simulations. down; prolate

particles tip-first
mode. Cooperative
uptake of multiple
particles in tube-like




membrane
invaginations.

(Shen and Ye

Coarse-grained

Membrane of

Elastic

Oblate shape is

2019) molecular 27,000 lipids. Each | nanoparticles least sensitive to
dynamics lipid molecule is with different changes of particle
simulations. represented by a AR, elasticities, elasticity during

single spherical sizes (25 to 100 uptake. Oblate
bead and nano- nm) and shapes particles: tip-first;
particles by (spherical and prolate particles:
several connected | cubical, prolate laying down.
beads. and rod-like,

oblate and disk-

like).

(Richards and Numerical Calculations of pm-sized Membrane

Endres 2016) calculations of binding and spheres, wrapping of highly
receptor membrane ellipsoids, curved regions less
mediated bending energies. | capped cylinders, | efficient. Some

phagocytosis.
Includes actin
cytoskeleton.

Receptors fixed or
mobile.

and hourglass-
shaped particles.

ellipsoids engulfing
is faster than
spheres.
Phagocytosis of
particles with high
or too low AR

stalled.
(Agudo-Canalejo Calculations of Differently Shapes: Spheres: optimal
2020) free energies of | oriented spherical, membrane
endocytosis. ellipsoidal prolate, oblate engulfment, but
particles relative expressed. membrane

to membrane.
Membrane
wrapping and
particle adhesion
energy.

adhesion can be
more efficient for
ellipsoid particles.

(Bahrami 2013)

Monte
Carlo simulation

Membrane is
modelled as a
triangulated
vesicle with
vertices.

Uptake of nm-
sized particles in
~10-fold larger
vesicles.

Shapes:
spherical, oblate,
prolate.

Less efficient
internalization for
particles with high
AR. Ellipsoidal
particles reorient
during uptake.

(Dasgupta, Auth et
al. 2014)

Numerical
calculations of
endocytosis.

Triangulated
membranes.
Energy of
membrane
deformation, and
particle adhesion.

Ellipsoid particles
of 20-100 nm
size with 1 < AR <
3. Blunt tips and
increasing edge
curvature.

Increased AR is
unfavourable for
complete wrapping.
High AR and round
tips: laying-down
mode; small AR and




flat tips: tip-first
mode.

coarse-grained
molecular
dynamics
simulations of
receptor-
mediated
endocytosis.

bending energies
and simulations of
receptor with
lipids (25 x 25 nm
area). Intrinsic
curvature of
membrane
system.

(Khosravanizadeh, | Coarse-grained | Energy of Infinite long Initial membrane
Sens et al. 2019) molecular membrane cylindrical wrapping is
dynamics deformations and | nanoparticle independent
model. Planar adhesion to (nanowire). of membrane
substrate particle and tension, but
mimicking the cytoskeleton. complete wrapping
cytoskeleton. is strongly
dependent on
membrane
tension.
(Hashemi, Sens et | Calculations of Engulfment of a Cylindrical Less efficient
al. 2014) free energies of | cylindrical particles (100 nm | engulfment if
endocytosis. object by a bilayer | - 1 um radius). interactions with
Includes adhered to a rigid cytoskeleton too
cytoskeleton. plane strong.
(cytoskeleton).
(Curk, Statistical Calculations of Differently sized | Endocytosis more
Wirnsberger et al. | mechanical binding and spherical efficient with
2018) modelling and membrane particles. negatively curved

inclusions; lower
with positively
curved inclusions.

*AR: aspect ratio
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