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ABSTRACT

Effective functionalization with targeted molecules is certainly important for the development of
materials desirable for biotechnology-related applications ranging from biosensor, biomaterials to biomedical
devices. Polymer has become increasingly attractive platform for functionalization particularly when
introduced as surface-grafted polymer brushes because it can offer greater functional group density for
binding per surface area in three-dimensional fashion than a conventional and two-dimensional platform
based on self-assembled monolayer (SAM). This research features the development of surface-grafted
(co)polymers as functional materials for a number of biotechnology-related applications. An array-based
sensing platform for protein detection by chemical nose approach based on fluorescence quenching of
tricationic branched phenylene-ethynylene fluorophore by AuNPs can be successfully developed from gold
nanoparticles stabilized by thermoresponsive poly(N-isopropylacrylamide) (PNIPAM-AuNPs). Surface-grafted
poly(acrylic acid) (PAA) brushes having in situ generated gold nanoparticles (AuNPs) was capable of
detecting small/large peptide and selectively identify thiol-containing peptide from the peptide mixture by
surface-assisted laser desorption/ionization mass spectrometry (SALDI-MS). Two precursor copolymers were
successfully developed as platforms for conjugating with biomolecular probes in biosensing applications. One
is based on poly[(propargyl methacrylate)-ran-(2-methacryloyloxyethyl phosphorylcholine)] (PPgMAMPC).
After conjugating with azide-containing probes, namely biotin and peptide nucleic acid (PNA) via Cu-
catalyzed azide/alkyne cycloaddition, the surface-attached PPgMAMPC was capable of detecting specific
target molecules, i.e., streptavidin and DNA, as monitored by surface plasmon resonance. The other is
poly[glycidyl methacrylate-co-poly(ethylene glycol)methacrylate] (P(GMA-co-PEGMA). The epoxide group of
the GMA unit can act as versatile active site for binding with PNA capture probe via epoxide ring opening.
Enzyme-based and sandwich-hybridization colorimetric assay for DNA detection can be developed using
P(GMA-co-PEGMA)-grafted filter paper together with PNA probes. Multifunctional polymers were developed
from copolymers synthesized from active ester-containing monomer, pentaflorophenyl acrylate (PFPA) and
N-isopropylacrylamide (P(PFPA-co-NIPAM)). Light responsive moieties of o-nitrobenzyl introduced to the
copolymers could be self-assembled or electrospun into UV-crosslinkable micelles or fibers. The micelles
possess a great potential to be used as thermoresponsive cargos for drug delivery. GRGDS-immobilized
crosslinked electrospun fibers may serve as thermoresponsive 3D scaffold for cell culture and tissue
engineering applications. On the other hand, thermoresponsive platform for cell sheet fabrication can also be
developed from the surface-grafted PPFPA brushes via sequential post-polymerization modification with

isopropylamine and collagen type I.
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	EXECUTIVE SUMMARY
	Basic knowledge gained from this research allow us to explore further the use of surface-grafted polymer brushes as multifunctional polymeric stabilizers for metal nanoparticles, namely gold nanorods (AuNRs), quantum dots (QDs), and magnetic nanoparti...
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	Materials
	Grafting of PAA Brushes on Patterned Surface
	In situ Synthesis of AuNPs on PAA brushes 
	Based upon the inherently strong binding interactions between Au and thiol (-SH) group,41 the selectivity of the AuNPs-PAA substrate towards thiol-containing peptides (i.e. GSH, ICNKQDCPILE) was investigated. Firstly, a solution mixture of three small molecules (m/z ≤ 500) which are GSH (m/z 307.32), sucrose (m/z 342) and cholesterol (m/z 386.65) was incubated on the AuNPs-PAA substrate and the substrate was simply rinsed with PBS buffer and Milli-Q water before SALDI-MS analysis. The result shown in Figure 2.11a indicates that only GSH was detectable on the modified substrate, which may be explained as a consequence of selective binding between Au on the modified substrate and the thiol group of GSH. Apparently, there was no non-specific adsorption of the non-thiol-containing peptides by either the AuNPs or the PAA brushes. By using our modified substrate, the thiol-containing peptide can be directly detected on the target plate without the requirement for separation by centrifugation as employed by aforementioned research.16,42 This truly add simplicity by reducing cost and time of sample preparation.
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