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Statement of Purpose: Newly developed silicon 
nanopore membranes (SNM) with monodisperse pore size 
distribution have potential applications in bioartificial 
kidneys.1 The nanopores are parallel slit pores, 5-50 nm in 
width and 40 µm in length (Figure 1). The design can 
provide ultrafiltration rates of >30 mL/min at a 
transmembrane pressure of <30 mm Hg. Nonspecific 
adsorption of proteins from blood (e.g., fibrinogen), can 
cause fouling, and initiate platelet adhesion, aggregation, 
and thrombosis, leading to device failure. Therefore, 
membrane surfaces should be modified to prevent protein 
fouling. The objective of this work is to develop surface 
modification strategies to minimize biofouling and 
enhance the performance properties of SNM.  
Methods: In this work, three different anti-biofouling thin 
films were used to coat the silicon substrates: a 
hydrophilic PEGylated material, 
methoxy(polyethyleneoxy)propyltrimethoxysilane (PEG); 
a zwitterionic polymer, poly(sulfobetaine methacrylate) 
(polySBMA), and a oligosaccharide surfactant polymer, 
PVAm(Dex_Hex). PEG-silane films were prepared by 
silanization in a toluene solution. The polySBMA 
coatings were prepared through surface-initiated atom 
transfer radical polymerization.2 A surfactant polymer, 
consisting of a flexible poly(vinyl amine) backbone with 
hydrophilic dextran and hydrophobic hexanal side chains 
(PVAm(Dex_Hex), Greatbatch) was coated on 
octadecyltrichlorosilane modified silicon substrates.3 
Surfaces were characterized using contact angle 
goniometry, X-ray photoelectron spectroscopy, 
ellipsometry and scanning electron microscopy. 
Fibrinogen (Fg) adsorption from Fg solution and platelet 
poor plasma (PPP) on surfaces were evaluated by an 
enzyme-linked immunosorbent assay (ELISA). We also 
explored the stability of these thin films over extended 
period of time in aqueous environments (37 °C, 5% CO2, 
in PBS). 
Results: All three coatings tested suppress non-specific 
fibrinogen adsorption. Most notably, the protein repellent 
property of polySBMA thin film coating is comparable to 
that of freshly prepared PEG-silane (Figure 2). Although, 
results show that PVAm(Dex_Hex) is not as effective as 
polySBMA in its non-fouling properties, it performs 
better over 21 days than PEG coated silicon substrates, 
which adsorbed a significant amount of Fg after being 
stored in PBS (Table 1). In addition, analysis of the 
surfaces by XPS indicated that PVAm(Dex_Hex) films 
remained stable in physiologic conditions over a 4-week 
period.     

 
Figure 1. Silicon nanopore membranes.  
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Figure 2. Fg adsorption from 1 mg/mL Fg and 10% PPP 

on different surfaces measured by ELISA.  
 

Relative Fg adsorption (%) 
from 1 mg/mL Fg  

Day 1 Day 7 Day 21
polySBMA/Si -0.5±0.5 1±1 -1±1 

PEG/Si 4.4±0.5 8.2±0.5 22±5 
PVAm(Dex_Hex)/Si 8.8±0.5 10.4±0.5 8.8±0.5

 
Table 1. Stability of three thin film coatings relative to 

TCPS as measured by ELISA. 
 
Conclusions:  Hydrophilic PEGylated polymers, 
zwitterionic polymers, and polymers incorporating 
oligosaccharide moieties are inherently anti-biofouling in 
nature and resist protein adsorption. Results show that 
polySBMA coated silicon surfaces provide protein (Fg) 
resistance comparable to that of PEG. While freshly 
prepared PEG coatings display excellent non-fouling 
properties, they are potentially not as stable as 
PVAm(Dex_Hex) and polySBMA, which may 
compromise its utility for those applications requiring 
long-term material stability.  
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