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Micro-fabrication by Different Approaches of Irradiation

on Biocompatible Polymer-modified Surfaces

In this thesis, the author showed that various functions (high hydrophilicity, and
suppression ability of protein adsorption and cell adhesion) required as medical materials
can be introduced into the surface of solid material by the surface modification with the
biocompatible polymers (poly[2-deoxy-2-N-(2-methacryloyloxyethyl)aminocarbamyl
D-glucose] (PGUMA) or poly[1-carboxy-N,N-dimethyl-N-(2-
methacryloyloxyethyl)methanaminium hydroxide inner salt] (PCMB)). Further, by
combining these surfaces with the technology of surface micro-fabrication by the
irradiation of ultraviolet (UV) or ion beam (IB), the construction of the specific
patterning/gradation of biological substance like proteins and cells could be pursued.

In Chapter 2, a polymer brush with pendent PGUMA was obtained by surface-initiated
reversible addition-fragmentation chain transfer (SI-RAFT) polymerization of GUMA on
the substrate. The bicinchoninic acid method indicated that the PGUMA brush was
significantly resistant against non-specific adsorption of bovine serum albumin (BSA)
and lysozyme (egg white). Furthermore, the adhesion of cells was strongly suppressed by
the presence of PGUMA brush. Such glucosylurea group-carrying polymer brush
prepared here might be quite useful to provide a ‘‘bio-inert (anti-biofouling)’’ surface in
bio-medical fields.

Subsequently, IB irradiation was used to prepare a heart-shaped patterning of PGUMA
brush surface. By performing the experimental of cell adhesion, a patterning of cells that
the irradiated area was covered with cells while no cells attached to other area was

observed, and anti-biofouling properties of the PGUMA brush was definitely indicated.
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Previously, a similar approach of IB irradiation was also used on the copolymer
(poly(CMB-r-MPTMS))-modified surface to prepare a heart-shaped patterning of cells,
as reported in our research group (3-methacryloxypropyltrimethoxysilane, MPTMS). The
reforming and cell patterning of poly(CMB-r-MPTMS)-modified surface was easily
realized by the IB irradiation, but a problem that IB irradiation is not suitable as a method
to reform large area still remained. In contrast, the surface reforming by UV irradiation
showed that, although the photomask pattern is necessary for the purpose, it is
advantageous in convenience that a large area can be quickly reformed in one shot.

Therefore, the author carried out the UV irradiation at 193 nm (an excimer laser, ArF)
to a copolymer layer-modified surface and observed a patterning of the fluorophore-
labeled protein in Chapter 3. The thin layer composed of random copolymer poly(CMB-
r-STMS) or poly(CMB-r-MPTMS) was easily constructed on a substrate (p-
trimethoxysilylstyrene, STMS). The copolymer layer was highly resistant against non-
specific adsorption of BSA. However, on ArF-UV irradiation at 193 nm, the layer became
hydrophobic and BSA was significantly adsorbed on the substrate. Therefore, upon UV
irradiation through a photomask, a patterning of the fluorophore-labeled protein with a
resolution of about 1 pum could be clearly observed. On the other hand, the poly(CMB-r-
STMS) layer decomposed more quickly compared with the poly(CMB-r-MPTMS) layer
at low irradiation dose. Hence, the efficient cleavage of the layer upon UV-irradiation
makes poly(CMB-r-STMS) highly useful in diverse biomedical applications.
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In Chapter 4, an approach by the UV irradiation at 254 nm was applied on the surface
that was covered with a SAM of a 2-bromoisobutyryl end group-carrying initiator for
atom transfer radical polymerization (ATRP). When the initiator SAM was irradiated with
UV light at 254 nm, the surface density of bromine atoms was reduced by the scission of
C-Br bonds as observed by XPS. With the surface-initiated ATRP of the CMB, the surface
density of PCMB brushes could be easily varied by changing the irradiation period of UV
light prior to the polymerization. Furthermore, by using a UV-cut shutter sliding above
the initiator SAM-modified substrate at a constant speed, the degree of bromine atom
removal could be linearly varied along the direction of movement of the shutter.

This approach does not require the high-energy light/beams sources such as ArF-
excimer laser and focused ion beams: there is a great advantage that normal UV light
source is sufficient for the surface fabrication. Consequently, the amount of both proteins
adsorbed and cells adhered to the PCMB brush-covered substrate could easily be
controlled by the gradation of the surface density of PCMB brushes, which suppressed
protein adsorption and cell adhesion. Such a technique is very simple and useful for the
regulation of the surface density of adsorbed proteins and adhered cells on an originally
bio-inert surface.

Based on the results of Chapter 4, the author tried a patterning with two kinds of
polymer brush domain on mixed SAM by using the 254 nm-UV, and introduced the binary
polymer brush onto solid substrates in Chapter 5.
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In Chapter 5, a mixed SAM of an initiator BPE for ATRP and an RAFT agent EHT
for RAFT polymerization was constructed on a surface. Then, the 254 nm-UV was
irradiated at the mixed SAM through a photomask to selectively decompose the C-Br
bond of BPE. At the surface-initiated ATRP of 2-ethylhexyl methacrylate (EHMA),
consequently, the shape and size of PEHMA brush domain could be very easily
modulated. Subsequently, surface-initiated RAFT polymerization of CMB monomer, was
carried out. Using the sequential polymerization, a patterning of PCMB and PEHMA
brush domains on the solid substrate could be very easily pursued. Since the PCMB brush
indicated anti-biofouling properties and the PEHMA brush had non-polar properties, the
patterning with biocompatible (hydrophilic) domain and adhesive (hydrophobic) domain
could be realized. Such a micro-fabrication technique is very simple and useful for the
construction of complex surface including different domain of polymer brush.

Thus, this thesis showed the construction of surface having ability suppressing the
adhesion of the biological substances, by combining the biocompatible polymers with
various surface reforming methods/techniques. Further, it showed that it is possible to
construct specific patterning and concentration gradient (gradation) of biological
materials such as proteins and cells. These techniques could be very useful for the micro-
fabricating patterned surfaces that could be suitable as cell arrays for the screening of
novel drugs and the evaluation of cell migration and chemotaxis. Therefore, the author
believes that they can contribute to the further development of biomaterial/cell
biology/molecular biology in the future.
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