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Fabrication of non-biofouling polyethylene glycol micro- and nanochannels
by ultraviolet-assisted irreversible sealifig
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We present a simple and widely applicable method to fabricate micro- and nanochannels
comprised entirely of crosslinked polyethylene glycol (PEG) by using UV-assisted irreversible
sealing to bond partially crosslinked PEG surfaces. The method developed here can be used to
form channels as small ay 50 nm in diameter without using a sophisticated experimental setup.
The manufactured channel is a homogeneous conduit made completely from non-biofouling
PEG, exhibits robust sealing with minimal swelling and can be used without additional surface
modification chemistries, thus significantly enhancing reliability and durability of microfluidic
devices. Furthermore, we demonstrate simple analytical assays using PEG microchannels
combined with patterned arrays of supported lipid bilayers (SLBs) to detect ligand (biotin)—

receptor (streptavidin) interactions.

Introduction

Microfluidic systems have served as important platforms for
cell-based sensing, biochemical analysis>® and biological
analysig"® because they offer miniaturized systems, flexibility
of fabrication, reduced use of reagents, reduced production
of wastes, increased speed of analysis, and portabilifyln
particular, silicon or glass-based microfluidic devices have
been extensively employed as an analytical tool or an
implantable microsystem’ However these surfaces result in
non-specific adsorption of reagent/sample molecules from the
surrounding fluid (so called “biofouling”), which is not desired
for biological assays and dilute samples. In addition, intrinsic
stiffness and the need for expensive clean room facilities has
limited the widespread use of silicon and glass devics.

To overcome some of the above-mentioned limitations,
poly(dimethylsiloxane) (PDMS) is widely used to fabricate
microfluidic channels because of its favorable mechanical/
optical properties’ and its simple manufacturing by rapid
prototyping. *° However, the ability to prevent biofouling and
subsequent malfunction of the device is still limited by
hydrophobic interactions between PDMS surface and bio-
logical samples* When small sample quantities, such as rare
proteins are involved, any loss of sample through the system
may result in critical error in the final analysis. To solve this
challenge, silicon-basede(g., silicon, glass, quartz, and PDMS)
platforms have been surface modified by non-biofouling
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materials such as polyethylene glycol (PEGY'27Y7 It is
believed that the resistant nature of PEG-based polymer may
be attributed to polymer chain mobility and sterical stabiliza-
tion force.*® Surface modification of silicon-based devices with
PEG can be performed by physical adsorptiod? covalent
immobilization such as grafting and chemical coupling>*>or
gas phase treatment (plasma or depositio161” These
efforts have proved successful but may not be able to
guarantee conformal coating and long-term stability, i.e.,
modified PDMS surfaces slowly recover their original hydro-
phobicity.*° In addition to PDMS channels, other microfluidic
devices have been introduced using different channel materials
such as photocurable perfluoropolyethers, biodegradable
polymers, photosensitive polymers, and polymerized hydro-
gels?®~28 However, biofouling, weak mechanical properties
and the need for extensive expertise potentially limit the
versatile use of these devices.

Here, we present a simple and widely applicable method to
fabricate micro- and nanochannels comprised entirely of
crosslinked PEG by using UV-assisted irreversible sealing to
bond partially crosslinked PEG surfaces. While photolitho-
graphy has been used to create PEG microchannél$,the
method developed here can be used to form channels as
small asy 50 nm in diameter without using a sophisticated
experimental setup. In addition, to enable the use of PEG, we
minimize the swelling of the crosslinked PEG network by
adhering the mold to a supporting layer such as a PET
[poly(ethylene terephthalate)] film and by increasing its cross-
linking density. The resulting channel is a homogeneous
conduit made completely from non-biofouling PEG that can
be fabricated in a single bonding step, offering potential
advantages over previously reported methods that combine
bonding and subsequent etching®2® The resulting PEG
channels exhibit robust sealing with minimal swelling and
can be used without additional surface modification chemis-
tries, thus significantly enhancing reliability and durability of
microfluidic devices.
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more complexity. In our study, we attempted to offer a generic
way of addressing this problem in a simple and economical
fashion. The total time it takes to fabricate a channel including
replica molding and UV-assisted bonding is less than 30 min,
dramatically enhancing the practical usefulness. Furthermore,
the PEG channels showed excellent resistant properties against
protein adsorption (, y 5%) and cell adhesion ,(y 2%) with
respect to PDMS channel without additional modification of
the channel. A simple device based on lipid-based affinity
binding was also fabricated using a PEG channel with
patterned PEG microwells. It was found that the biotin—
streptavidin interactions could be easily included and tested
inside the PEG channel in a pumpless scheme without
biofouling. It is envisioned that the PEG-based microfluidic
system developed here could be an improved method of
fabricating bioanalytical and biomedical microdevices.
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