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Study on Interactiv Behaviors of Dopamine with AB on Liposome
Membrane under Oxidative Stress Condition
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Dopamine (DA) has been reported to play an important role as a neurotransmitter in neuronal system. The
lack of DA in neuron is known to induce the dementia symptom although the existence of DA at extremely high
level induces the oxidative stress, together with the formation of toxic DA-quinone (DAQ) through the
“auto-oxidation” pathway. On the other hand, the deposition of amyloid B-peptides (Afs) on the neuronal cell
membrane has been reported to be related with the “oxidative stress”. In a biological system, the cells could be
protected from the oxidative stress by antioxidative enzymes, such as superoxide dismutase and catalase.
However, in some cases, the antioxidative enzymes may lose their functions by the reactive oxygen species
(ROS), leading to the loss of their protective function. It is necessary to study the mechanism on the prevention
and removal of the toxic species including “oxidative stressors” to recover the cells.

In this thesis, systematic studies have been carried out, mainly focusing on: (i) the interactive behaviors
~£ DA with As in order to reduce the toxicity of both of them and (ii) the potential function of the membrane

_ainst the toxicity induced by DA and As. Prior to the investigation on the mechanism of the above studies,
the methodologies to characterize the DA and ABs on the membrane were also developed.

In chapter 1, the DA sensor was developed by using the conducting polymer based on electrochemical method.
The developed DA sensor was found to response in the DA concentration with high sensitivity in the range of
5x107 to 2x10*M. The DA sensor was then utilized for the evaluation of the interaction of DA with the model
cell membrane (liposome). The DA was found to show the propensity to partition onto the liposome membrane.
The DA-oxidation was also found to be promoted in the presence of liposomes. Through its partitioning on the
liposome membrane, the DA was found to induce the membrane damage, caused by auto-oxidation to form the
DAQ together with the generation of superoxide (O2).

In chapter 2, the liposome-based sensor was developed by the liposome immobilization onto the surface of the
modified QCM electrode in order to evaluate the membrane-protein interaction, focusing on the amyloidogenic
proteins (i.e. APs). By using the covalent binding methods, the liposomes were shown to be immobilized with
“intact” shape and high density for long time. The immobilized liposomes were applied to evaluate: (i) the
interaction between liposomes and APs in term of hydrogen bond stability of proteins (o,,) and (ii) the DA-AB
interaction on the liposome membrane. It was found that the liposome membrane could modulate its interaction
with ABs, depending on its surface characteristics under the stress conditions, and the DA could reduce the
" praction of AP with liposome membrane.

In chapter 3, the AB/Cu complex on the liposome (AB/Cu LIPOzyme) was found to be utilized for the
regulation of the DA-oxidation as an enzyme-like pathway, instead of the auto-oxidation pathway. The DA was
oxidized by AB/Cu on the liposome, resulting in the formation of a DAQ together with the formation of less
toxic ROS (hydrogen peroxide). It has been shown that the membrane could regulate both the DA concentration
and the ROS generation by the control of the enzyme-like activity of AB/Cu complex.

In chapter 4, the effect of DA against amyloid B-peptide on the liposome membranes under stress condition
was investigated, focusing on (i) the inhibition of fibril formation on the liposome membrane and (ii) the
disaggregation of AP fibril on the oxidized liposome membrane. The DA showed the ability to reduce the
toxicity from AP fibril both by the inhibition of fibril formation and the fibril disaggregation. Inversely, Ap may
have the effect to deactivate the toxic DAQ. Finally, the function of biomembrane to defend itself from toxicity
under the oxidative stress were summarized and discussed. In brief, the membrane could modulate the DA
concentration by regulating the enzyme-like activity of AB/Cucomplex or by regulating the DA-AP interaction.
The membrane also possesses the ability to regulate the A fibril level either by promoting A fibril formation
or disaggregation of AP fibrils. When the membrane was exposed to the oxidative stress conditions, the
oxidized membrane can make responses against the stress (a) by accelerating the formation of less toxic AB
fibrils and (b) by promoting the disaggregation of A fibrils to reduce the toxicity level of both of DAQ and
aggregated AP.

The obtained results demonstrate that the potential function of membrane on the regulation of stress
induced by neurotransmitter dopamine and A in order to protect membrane from stress and recover itself.
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