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Fig. 1

(a) Initial configurations of protein (lysozyme) fixed above the non-fouling membranes with a minimal surface separation

distance 1.0 nm and (b) snapshots of lysozyme’ s adsorption process on two polymer membranes

Protein was represented with Newcartoon style and the a helix was colored red, 8 folding colored yellow. Water molecules and

counter ions were neglected for clarity.
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Table 1  Simulation results of Lysozyme on different polymer membranes and bulk solution®

Average Contact
Systems R, (nm) H-bonds" VDW contacts®
hydropathy index area (nm”)
PDMS-Lyso 1.35 -1.6 0.016 1. 89 1213.6
SBMA -Lyso 1.38 -2.1 0. 008 1.32 823.7
Bulk solution 1.36 — — — —

* All data were averaged over the last 5 ns simulations ;" A hydrogen bond is defined if the distance between hydrogen and acceptor A <0. 35 nm and

the angle A---D-H <30°;° A VDW contact is defined if the distance between two atoms <0. 65 nm.
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Fig. 2 Surface separation distances between polymer membrane

and lysozyme
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Table 2 Residue types within 0.5 nm of non-fouling membrane
surface
PDMS SBMA
Total residues 15 11
Hydrophobic 4(27% ) 2(18% )
Charged 6(40% ) 5(45% )
Polar 4(27% ) 3(27% )
Glycine ( special ) 2(13% ) 1(9.1%)
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Fig. 3 Residues near Lysozymes’ binding sites with two polymer membranes: (a) lysozyme adsorbed on PDMS
and (b) lysozyme adsorbed on SBMA
Color schemes: Lysozyme was represented with Newcartoon model excerpt for residues near membrane which were
represented with Lines. Hydrogen bonds were represented with green dashed lines. Water and counter ions were
not shown for clarity.
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Fig. 4  Force-distance curves between Lysozyme and two

non-fouling membranes in the presence of water
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Fig. 5 The overall interaction energies and the decomposed
Coulomb and VDW terms between Lysozyme and polymer
membranes

All data were averaged using the last 5 ns simulation.
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Fig. 6 Plots of mean square displacement versus time for
the diffusion of hydration layer water above two polymer
membranes

All data were deserved using the last 5 ns simulation. Fitted
lines for determining the diffusion coefficients were also

shown.

Table 3  Diffusion coefficients D and residence times 7, of water near

PDMS and SBMA surfaces

Diffusion coefficients x 10 > (e¢m?s ") Res‘idence
System time
D Dy, D.* 7, (ps)

PDMS 2.56 £0.17 3.70 £0.06 0.27 +0.37 23.8
SBMA 2.30+0.22 3.17 £0.008 0.57 £0. 68 34.8

Bulk water 3.66 £0.04 3.69 £0.04 3.58 +0.19 4.4

“As D | has a larger relative measurement error, we didn’t do the

horizontal comparison.
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Fig. 7 Survival time correlation functions of water near

non-fouling membranes
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Fig. 8  Tllustration of protein adsorption on non-fouling
membrane

Hydration layers were colored in light blue continuous
phase, while other free waters were represented with light
blue dots. (a) The starting configuration, membrane and
protein were coated with a tightly bound hydration layer;
(b) The first obligatory step for protein adsorption:
desorption of hydration layers of both protein and non-
fouling membrane; (c¢) Adjustment of configuration for
better combination,

including residue types, charge

distribution etc; (d) The final stable configuration.
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Abstract A series of molecular dynamics simulations were conducted to investigate the interaction between
protein (lysozyme) and two typical non-fouling membranes (PDMS and SBMA). Lysozymes were initially put
on the surfaces of two non-fouling membranes with a minimal separation distance 0.5 nm,1.0 nm and 1.5
nm. Centroids of proteins were fixed during the first 15 ns simulation to determine the forces that membranes
extended on proteins. Then the fix was cancelled in the following 20 ns simulations. At the end of simulations,
both the proteins were adsorbed on membranes. By analyzing the types of residues near adsorption sites,
contact areas, hydrogen bonds, VDW contacts between protein and membranes, we concluded that PDMS has
a better combination with lysozyme than SBMA. This closely adsorption makes the protein not easy to leave
from membranes. To fully understand the molecular mechanism of non-fouling materials , the simulation results
were analyzed from two aspects: interaction between protein and membrane, interaction between surface
hydration layer and membrane. Combined with our previous work which concentrated on properties of surface
hydration layers it is concluded; (1) PDMS has a larger attractive force on protein than SBMA at the whole
distance range. Both the interactions between protein and membranes were energetically favorable, but
Lysozyme interacted much more strongly with PDMS than SBMA. (2) SBMA has plenty of hydrogen bonds,
electrostatic interactions, and cage effects with surface waters that lead to a stable surface hydration layer. The
hydration layers were believed to form a physical and energetic barrier to prevent protein adsorption on the
surface. At last we proposed a possible mechanism of protein adsorption or anti-fouling: the first obligatory
step of protein adsorption was the dehydration of both protein and the membrane. After that, protein induced a
series of conformation changes to change its surface hydrophobic/hydrophilic properties, charge distributions
etc. Then it came to the final stable adsorption state by forming hydrogen bonds, VDW contacts and
electrostatic interactions between protein and substrates.
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