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Abstract

Abstract

In recent years, the integration between nanoparticles and biomacromolecules,
especially proteins has attracted a great many concerns in chemistry, biology and
medicine field. Many biomaterials such as DNA and proteins (antigens/antibodies,
enzyme) possess nanometric dimensions comparable to those of nanoparticies, and
the size comparability paves a way to integrate nanoparticles and biomacromolecules
into hybrid systems. As a result of these integrations, the unique electronic, photonic
and catalytic properties of nanoparticles can be combined with biocatalytic functions
and specific recognitions of biomacromolecules. Recently, substantial investigations
have been carried out on nanoparticles—biomacromolecule hybrid systems to fabricate
novel composites that might be applied to biosensors, nanoscale electronic circuitry
and even nanodevices. Besides, the investigations of nanoparticles—biomacromolecule
hybrid systems play an important role in biological and medicinal fields.

Accordingly, the emphasis of this thesis is focused on investigating spectroscopic
properties of nanoparticles—biomacromolecules hybrid systems, the interaction of
biomacromolecules and nanoparticles in hybrid systems and the application of them.
These works can be divides into two parts:

1. Hybrid systems of cytochrome c¢ and different kinds of semiconductor
nanoparticles were constructed, and the photo-induced electron transfer between
cytochrome ¢ and semiconductor nanoparticles were investigated by spectroscopic
photoelectrochemical properties of the systems.

2. gold nanoparticles-Cytochrome ¢ hybrid systems were constructed and the
spectroscopic properties of them were studied. These systems were applied for
colorimetric detection conformational changes of cytochrome c, colorimetric
detection of metal ions, and applied as pH sensors.

The main results are summarized as follows:

1. Hybrid systems of cytochrome ¢ and two kinds of semiconductor nanoparticles

I



Abstract

were constructed, and the photo-induced electron transfer between cytochrome ¢ and
semiconductor  nanoparticles  were investigated by  spectroscopic  and
photoelectochemical properties.

(1) In Nay4P,07 stabilized Cd(Zn)S nanoparticles-cytochrome c¢ hybrid systems, the
electron transfer between nanoparticles and cytochrome c¢ occurred. As a result, the
fluorescence of these nanoparticles quenched, and oxidized state cytochrome ¢ was
reduced.

(2) In DNA stabilized Cd(Zn)S nanoparticles-cytochrome ¢ hybrid systems, the
electron transfer between nanoparticles and cytochrome ¢ was hindered along with
oxidized state cytochrome ¢ was not reduced. The different fluorescence quenching
intensities of these nanoparticles were caused by the absorption of cytochrome c.

(3) Photocurrent responses approved: photo-induced electron transfer between pure
ZnO nanorod and Cytochrome c did not happen, while Nafion film modification
caused this electron transfer process happen.

2. Hybrid systems of cytochrome ¢ in different conditions and gold
nanoparticles were constructed, in which gold nanoparticles applied for
colorimetric detection conformational changes of cytochrome c, colorimetric
detection of metal ions, and applied as pH sensors.

(1) Hybrid systems of cytochrome ¢ in different pH values (pH=1-13) and gold
nanoparticles were constructed, in which gold nanoparticles were applied for
colorimetric detection of H™ induced conformational changes of cytochrome c.

(2) Hybrid systems of different concentrations of L-cysteine-cytochrome ¢ and gold
nanoparticles were constructed, in which gold nanoparticles were applied for
colorimetric detection of L-cysteine induced conformational changes of cytochrome c.

(3) Hybrid systems of different kinds and concentrations metal ions-cytochrome ¢
and gold nanoparticles were constructed, in which gold nanoparticles were applied for
colorimetric detection of Cu®", Fe®" and of different kinds and concentrations metal
ions induced conformational changes of cytochrome c.

(4) As gold nanoparticles-(Cu®"/Fe*"-cytochrome c¢) hybrid systems are quite
sensitive to the values of pH, they were applied as pH sensors for weak base and
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