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Fig. S1 Component models and simulation system setup. (A) Models of different

polymers and BPA molecules used in simulations. (B) Representative structures of

nanoplastics of different surface charges, sizes and shapes. Cationic and anionic groups

on nanoplastic surfaces are shown as blue and red dots. Smaller and fiber-shaped

nanoplastics are shown in green. (C) Multi-component mammalian cell membrane

consisting of 63 different lipid species asymmetrically distributed across two leaflets.

(D) Distributions of lipid species in two leaflets according to the tail length, saturation

degree, and headgroup type.
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Fig. S2 Preparation of nanoplastics of different materials and properties. (A) The
melting-annealing procedure to construct nanoplastics. Firstly, numerous polymers and
BPA molecules self-aggregate in air at high temperature and the structure is further
annealed and equilibrated at a lower temperature. (B) Equilibrium structures of
nanoplastics of different polymer types in water. (C) Construction of the fiber-shaped
PE nanoplastic. Polymers are initially positioned closely in parallel, and equilibrated in

water.



Table S1. Melting (7,,) and glass transition (7,) temperatures for plastics of five

polymer types considered in our simulations.

Polymer type PS PE PET PP PVC
T, (°C) 250 - 290 180 - 270 260-280 200 - 280 160-210
T, (°C) 90 -110 73-78 -20 -50--5
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Fig. S3 Characterization of cell membrane interactions with nanoplastics of different
polymer types. (A) Time evolutions of the polymer-lipid interaction energy. (B) Time
evolutions of the gyration radius of different nanoplastics during their interactions with

membrane. (C) Time evolutions of the polymer-polymer interaction energy.



Fig. S4 Leakage of BPA molecules from nanoplastics due to nanoplastic-cell
membrane interactions. (A-E) Top views of the nanoplastic-cell membrane interactions
with BPA molecules colored in black. Lipids are set semi-transparent for viewing
released BPA molecules. (F) Change of the interaction energy between BPA molecules
and lipids for comparing the extent of BPA leakage from nanoplastics of different
polymer types. The highest extent of BPA leakage from PP nanoplastic is ascribed to
its dissolution, while the high value for PE nanoplastic is primarily due to shallower

initial distribution of BPAs in nanoplastic.
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Fig. S5 Cross-sectional views of snapshots at different time points depicting

mechanical translocation of different nanoplastics through the membrane.



Fig. S6 Membrane perturbation induced by nanoplastics. (A) Lateral lipid density
distribution after membrane interactions with different nanoplastics. (B) Top views of
the final snapshots. (C) Local lipid density distributions from the cross-sectional view.

(D) Cross-sectional views of the final simulated snapshots.



Table S2 Dynamic and mechanical properties of membranes influenced

nanoplastics of different polymer types. ¢

Properties Diffusion coefficient Area compressibility modules Bending modules
System D; (107 cm?/s) K, (mN/m) K; (kp/T)
Pure membrane 1.87 367.09 21.88
Membrane + PS 1.45 1898 1295
Membrane + PE 1.74 23249 18.02
Membrane + PET 1.72 238.32 14.21
Membrane + PP 1.42 201.04 11.99
Membrane + PVC 1.59 27 12.63

@ Dy indicates the average diffusion coefficient of all membrane components, K, is the

area compressibility modulus, and Ky is the bending modulus.
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Fig. S7 Spontaneous translocation of a fiber-shaped nanoplastic into the membrane. (A,
B) Cross-sectional (A) and top (B) views of typical snapshots depicting membrane
translocation of the fiber-shaped nanoplastic. (C) Top views of the lipid density
distribution at different time points. Locations of the fiber-shaped nanoplastic are

labeled with red circles for illustrating the transient membrane perturbation.
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Fig. S8 Mechanical translocation of a fiber-shaped nanoplastic through the membrane.
(A, B) Time sequences of typical snapshots depicting two modes of fiber-shaped
nanoplastic translocation through the membrane. To accomplish translocation, an
external force of spring constant 2000 kJ/mol/nm? was applied on the nanoplastc tip
(A) or center (B) to pull it along the membrane normal direction at a constant velocity
of 0.001 nm/ps. (C, D) Time evolutions of the polymer-lipid (C) and polymer-polymer
(D) interaction energies during nanoplastic translocation through the membrane in two

pathways.
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Fig. S9 Lipid and surface charge rearrangement at cell membrane interfaces with

anionic (A, B) and cationic (C, D) nanoplastics. (A, C) Cross-sectional views of the
lipid density distribution induced by the anionic (A) and cationic (C) nanoplastics at
different time points. (B, D) Density distributions of charged groups on the anionic (B)

and cationic (D) nanoplastics during their interactions with membrane.



Fig. S10 Cross sectional views of the simulated snapshots at different time points
illustrating cell membrane interactions with the cationic (A) and anionic (B)
nanoplastics. Lipids not in contact with the nanoplastics are set semi-transparent for

illustrating the rearrangement of lipids around nanoplastics.
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Fig. S11 Surface charge effect on PP nanoplastic interactions with cell membrane. (A,
B) Time sequence of typical snapshots depicting cationic (A) and anionic (B) PP
nanoplastic interactions with membrane. Red arrows denote protruson of several
polymers with terminal cationic groups getting in contact with negatively charged lipid
headgroups. (C) Gyration radius of cationic and anionic nanoplastics during cell
membrane interactions. (D, E) Time evolutions of the van der Waals (D) and
electrostatic (E) interaction energies between differently charged nanoplastics and

lipids.



