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Method for modeling and the molecular dynamics

Modeling of polymers

PAMPTMA and PAMPTMA-r-BuMA polymers were modeled using Polymer Builder tool 

in Materials Studio 2022.1 The PAMPTA homopolymer consists of 15 AMPTMA monomer units, 

whereas the PAMPTMA-r-BuMA random copolymer are constructed from 10 AMPTA and 5 

BuMA monomer units. To perform their MD simulations, force fields and point charges should be 

assigned to the resulting polymer structures. 

To assign point charges to the polymer, we first divided the polymer into the constituent monomer 

fragments and then allocated point charges into the fragments. The point charges of the fragment 

were calculated by the restrained electrostatic potential (RESP) approach2: The monomers were 

first optimized with DFT calculations at the B3LYP3, 4/6-31G(d,p)4, 5 level of theory using 

Gaussian 20166; their single point energy calculations for the electrostatic potentials were done 

using the same level of theory; the computed ESPs were converted to RESP charges using the 

antechmaber program in Ambertools21; the resultant monomer RESP charges were assigned into 

the polymer. 

A general AMBER force field (GAFF)7 was applied to the PAMPTMA and PAMPTMA-r-BuMA 

polymers with the RESP charges by using the antechamber8, 9 and parmchk29 programs in 

Ambertools20.9 Note that the Cl- ions were excluded from the polymers when applying GAFF to 

the polymers. The Cl anion ion was constrained to bind with the N cation ion in a harmonic 

potential with the equilibrium distance between the ions of 3.57 Å and the coupling constant of 10 

kcal/mol A-2. The equilibrium distance was obtained from the DFT simulation of the monomer 

fragment. 

The PAMPTMA and PAMPTMA-r-BuMA polymers were placed in a 10 nm × 10 nm × 10 nm 

simulation cell. The polymers were solvated with aqueous KCl solution at 0.15 M, where 32,441 

and 32,449 water molecules were included in the PAMPTMA and PAMPTMA-r-BuMA cases, 

respectively. A TIP3P force field and GAFF were applied to water molecules and K+/Cl- ions, 

respectively. 



To obtained equilibrium structures of PAMPTMA and PAMPTMA-r-BuMA, we performed the 

NVT MD simulations with the Nose-Hoover thermostat at 310 K for 0.5 ns, followed by the NPT 

MD simulations with the Nose-Hoover thermostat at 310K and the Parrinello-Rahman barostat at 

1 bar for 50 ns. These equilibrated structures were used for constructing the polymer-membrane 

systems.

Modeling of membrane

The membrane was treated as a lipid bilayer sheet composed of 1-palmitoyl-2-oleoyl-sn-glycero-

3-phosphocholine (POPC). Using Membrane Builder10-13 in CHARMM-GUI,7 the bilayer was 

modeled and packed into a MD simulation cell of 9.4 nm × 9.4 nm × 14.0 nm. Here two monolayers 

are located at the center of the simulation cell in z-direction, where the monolayer consists of 128 

POPC monomer units. The membrane was fully solvated with aqueous KCl solutions at 0.15 M, 

where 26,702 water molecules were included in the MD simulation cell. The Lipid17 force field 

was applied to the membrane. We performed the MD simulation in the NVT ensemble with the 

Berendsen thermostat at 310 K for 0.25 ns (2 fs time step), followed by the NPT ensemble with 

the Berendsen thermostat and barostat at 1 bar for 2.5 ns (2 fs time step). Furthermore, the 

equilibration of the membrane structure was performed using the MD simulations in the NPT 

ensemble with Nose-Hoover thermostat at 310 K and Parrinello-Rahman barostat at 1 bar for 2.5 

ns (2 fs time step). Input files including NVT/NPT MD parameters were prepared by CHARMM-

GUI Input Generator.14, 15 The equilibrated membrane structure is used to perform the MD 

simulations of the polymer-membrane systems.



Figure S1: 1H-NMR and 13C-NMR of homopolymer of AMPTMA.



Figure S2: 1H-NMR and 13C-NMR of copolymer PAMPTMA-r-BuMA with 5 mol% of BuMA.



Figure S3: 1H-NMR and 13C-NMR of copolymer PAMPTMA-r-BuMA with 10 mol% of BuMA.



Figure S4: 1H-NMR and 13C-NMR of copolymer PAMPTMA-r-BuMA with 20 mol% of BuMA.



Figure S5: 1H-NMR and 13C-NMR of copolymer PAMPTMA-r-BuMA with 30 mol% of BuMA.



Figure S6: Confirmation of the increase in the hydrophobicity with the addition of the BuMA. 



Figure S7: 1H-NMR and 13C-NMR of the copolymer of PAMPTMA-r-HexMA. 



Figure S8: 1H-NMR and 13C-NMR of the copolymer of PAMPTMA-r-OctMA.



Scheme S1: Reaction scheme for the synthesis (a) homopolymers of N-(2-
Hydroxyethyl)acrylamide (HEAA), and (b) copolymers of N-(2-Hydroxyethyl)acrylamide-r-
BuMA.



Figure S9: 1H-NMR and 13C-NMR of homopolymer of HEAA.



Figure S10: 1H-NMR and 13C-NMR of copolymer of HEAA with 10 mol% BuMA.



Figure S11: 1H-NMR and 13C-NMR of copolymer of HEAA with 20 mol% BuMA.



Figure S12: MTT cell viability assay of homopolymers PAMPTMA a.) Colon 26 cancer cell line, 
b.) and B16F10 cancer cell line. 

Figure S13: MTT cell viability assay of copolymers PAMPTMA-r-BuMA, a.) on Colon 26 cancer 
cell line, b.) on B16F10 cancer cell line. 

Figure S14: MTT cell viability assay of copolymers PAMPTMA-r-BuMA, PAMPTMA-r-
HexMA, PAMPTMA-r-OctMA, a.) on Colon 26 cancer cell line, b.) on B16F10 cancer cell line. 



Figure S15: MTT cell viability assay of homo- and copolymers of HEAA, a.) on Colon 26 cancer 
cell line and b) on B16F10 cancer cell line. 

Figure S16: Photographs of (a) PAMPTMA (P3), (b) PAMPTMA-r-BuMA (P8), (c) DOPC, (d) 
mixture of DOPC/PAMPTMA, and (e) DOPC/PAMPTMA-r-BuMA in D2O. Concentrations 
were fixed at 1 g/L.
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