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Molecular sensing using model membranes
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We have (i) shown that amyloid beta (Ab) interacts with membranes in a species-dep
endent and membrane composition manner. They cause membrane transformation, breach and viscosity. These ma
y contribute towards understanding toxicity mechanisms; (ii) studied how oxidation of cholesterol influenc
es membrane dynamics, demonstrating that temperature increase renders oxidized membranes more fluid. We ha
ve similar findings using biological cells. The findings are useful for clarifying the impact of cholester
ol in Ab-induced toxicity; (iv) oxidized membranes enhance Ab"s association with membranes; (v) potential
neuro-protective agents interact with membranes in a structure-dependent manner as does their ability to i
nhibit Ab aggregation. Unraveling the importance of these compounds, at a functional group level opens the

key to tailored design of potential bioactive drug candidates. We have developed an immunosensor chip for
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Scientific Background of Research:
Life-style diseases such as ‘type 2
diabetes, heart and neurodegenerative
diseases appear to increase in frequency
as people live longer. My vision is to
develop nano—based sensing technologies
that closely mimic the physiological
environment, and utilize them for
understanding molecular
behind the pathologies

mechanisms

I started this research, using Kiban C
grant in June, 2011.

2. WHZEDHP
Purpose of the Research (Outline) To
develop and further the current
understanding of molecular mechanisms
governing some patho—physiological
situations related to neurodegenerative
diseases and life-style related
illnesses. My first target was Alzheimer
s disease, with focus to amyloid beta
peptide. To realize my goal, I planned to
develop and/or utilize sensing
technologies that closely mimic the
physiological environment. I planned to
utilize two main types of technologies:
(1) model membrane systems and (2)
biosensing technology

Biosensing technology is one of the most
promising platforms (Anker et al., Nat.
Materials, 2008) for studying proteins

Biosensors are devices that combine a
biological component (a recognition
layer) and a physico—chemical detector
component (a transducer). My past
research has involved development of
simple methodologies for real-time
detection of protein
mis—folding/aggregation (Vestergaard et
al., J. Am. Chem. Soc., 2005), and
biosensor technologies for application to
the medical field, using
surface—mobilized molecular recognition

elements (Kerman, Vestergaard et al., Anal.

Chem. 2006). Most current technologies
have some short-comings in particular,
when targeting low—abundant molecular
species in complex sample matrices and
biological samples (Greenough at al.,
Proteomics, 2004).

Another major problem is the utilization
of environments that, at times, are
far-removed from physiological situations
such as analysis carried out in aqueous or

buffer solutions. For example, fibril
formation and defibrilization of amyloid
beta is greatly influenced by the lipid
composition (Martins et al., Eur. Mol
Biol. Org, 2008). This is where employing
biomimetic membrane systems is important

We understand that mis—folding of amyloid
beta playes a role in alzheimer’ s disease
and thath it does interact with membrane

Biomimetic membranes have as their main
advantage, the ability to simulate
biological conditions in a controlled
environment. Another important aspect is
that the vesicles >10 pm allow direct
visual observation (Vestergaard et al.,
Biotech. Bioeng., 2008). They are prepared
from lipid compositions similar to
biological membranes and I can easily
change the composition and relative
concentrations of the model membranes to
suit the desired goal. Model membranes
have found wide application as bioreactors
(Chen et al., J. Am. Chem. Soc., 2005) and
platforms for studying disease mechanisms
(Engel et al., Proc. Natl. Acad. Sci. USA.,
2008). My recent research has centered on
construction, and utilization of model
study, in real-time,
Alzheimer’s A B -induce neurotoxicity
Morita et al., Biophys. Chem., 2010,
Hamada et al., J. Phys. Chem. Lett., 2010.
Previously, we observed, in real-time,
membrane morphological changes in the
presence of amyloid beta. I will study how
this may relate to neurotoxicity. The
composition of the membrane 1is very
important Vestergaard et al., Curr.
Alzheimer Res., 2010).

membranes  to

3. WMo Hik
Research Plan and Method (Outline)

(1) Using biomimetic membrane systems I
planned to study (i) the interaction of
amyloid beta with the membrane systems,
interms of localization of the peptide,
membrane instability as reflected by
membrane fluctuation, and morphological
changes; (ii) how the peptide:membrane
interaction is influenced by membrane
composition; (iii) the effect of membrane
oxidation (oxidative) stress on
peptide:membrane interaction; and how all
this relates to neurotoxicity. In future
studies, I would develop the research
further by looking at naturally—-occurring
compounds, such as polyphenols, for their
potential as neuro—protective agents

Some polyphenols have been reported as
potential neuro—protective agents because



of their anti-oxidant abilities. I used
various types of microscopy systems (AFM,
Confocal, and simple optical
microscopes); fluorescence spectroscopy
and Langmuir monolayer as the main
analytical instruments

(2) Using electrochemistry in conjunction
with biosensing principles, I planned to
develop (i) a ‘quantitative’ sensitive
and selective detection of amyloid beta in
buffer as well as in the presence of
biological lipids. I also used gold
nanoparticles for fabrication of an
impedimetric immunosensor chip in order to
enhance detection sensitivity of amyloid
beta; (ii) a biomimetic sensing platform
following the first two. Simple

electrochmistry such as voltammetry would
be used for understanding the oxidative
potentials of the polyphenols

4. FFZEECE
Research Results and Discussion
Main Research Achievements in 2011

The research conduced so far has increased
our understanding of how Alzheimer’ s
amyloid beta may cause neurotoxicity
through its interaction with cell
membranes. Using biomimetic membranes, we
have shown that there are differences in
the localization of amyloid beta (AB)
peptide on the membrane surface, and that
the localization 1is dependent on AP
aggregated species and the composition of
the membrane (Morita et al. Soft Matter,
2012). The concentration of cholesterol in
the membrane surface is important in
influencing where the peptide localizes

We have also shown that AP breaches the
membrane and have established a clear
correlation between the membrane breach
and the peptide aggregation (mis—folded)
states. The smaller oligomeric aggregated
species of the peptide breach the membrane
more readily than the fibrillar species

Previous work has shown that the small
oligomeric species are more toxic than the
fibrillar species. Towards studying the

influence of oxidized membranes on
Alzheimer’ s amyloid beta—induced toxicity
we first looked at how oxidation of
cholesterol affects membrane dynamics
(Yoda et al., Chem Lett., 2010,
Vestergaard et al. BBA-Biomembranes,

2011).
Main Research Achievements in 2012

Following on from establishing how amyloid
beta (AB) associates with the membrane, I
have now established that membrane
transformation induced amyloid beta is
caused at least in part, by membrane
fusion and/or recruitment of smaller lipid
vesicles to the mother vesicle. The
findings have been summarized,
peer-reviewed and are now disseminated
(Vestergaard et al. BBA-Biomembranes,
2013); and presented at an international
conference in 2013. Our studies into the
effect of temperature on membrane dynamics
of model-membranes containing natural and
artificial cholesterol derivatives
established the oxidation of cholesterol
renders membranes more fluid and this is
effect is increased with ncreased
temperature (Yoda et al., Lipids, 2012).
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We have also started studying the role of
oxidized cholesterol in Ap-induced
membrane dynamics. Preliminary results
show that oxidized cholesterol membranes
associate with AP more readily and are
destabilized more readily (Phan et al,
BBA-Biomembranes, 2013). In our planned
studies on potential neuro—protective
agents, we  have investigated the
interaction of naturally occurring
secondary plant metabolites (polyphenols)
with membranes. We have profiled the
interaction of membranes with our chosen
polyphenols, and found that changes in
membrane structure/properties are
structure dependent. The results are now
being summarized for submission to an
international journal (Phan et al.,
Submitted) ; and presented at an



international conference in 2013.
Unraveling the importance of these
polyphenols, at a functional group level
further opens the key to tailored design
of bioactive compounds as potential drug
candidates.

Main Research Achievements in 2013

Using two classes of polyphenols, we
studies how they affect self-assembly of
AB. We have found that these polyphenols
inhibit the aggregation of the peptides in
a structural—dependent manner (Samarat et

al., In preparation). Using
electrochemistry, we have just finished
investigating if following interaction

with the peptides, (i) there are changes
in the redox potential of these compounds
and how these are related to the functional

groups attached to their aromatic backbone.

Bio—physical chemical membrane studies
have shown that amyloid beta cause
membrane viscosity (Morita et al., Phys
Chem Chem Phys, 2014). Following on from
oxidized membrane systems and amyloid beta
interactions with membranes, we have shown
that cholesterol affects the localization
of protofibrillar A 8 in all lateral
membrane compartments by modulating
membrane fluidity. The presence of Tketo
majorly promoted the protofibrils to
partition into Ld phase because of its
ability to induce a significant increase

Cholesterol liposomes Oxysterol liposomes
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in fluidity of this phase. We also used
biological (T cells) cells and the results
have shown that A8 association with cell
membrane was increased by changes in
cholesterol level and 7Tketo has a higher
effect on this association compared to
cholesterol. These findings are useful for
clarifying the impact of cholesterol in A
B —induced toxicity (Phan et al., In
Preparation).

5. FeREEmILE
(WFZERFRAE . WFFEr A S ONEEERFE# (1
T T#HL)

Publications

UesEinse) GGE 13 #4)

Journal Articles

1.

Morita, M., Hamada T*, Vestergaard,
M.C., Takagi M. Endo— and exocytic
budding transformation of
slow—diffusing membrane domains
induced by Alzheimer’ s amyloid beta,
Phys. Chem. Chem. Phys. , 2014, 16,
8773. (Peer-reviewed)

Phan, H.T.T., Hata, T., Morita, M.,

Yoda, T., Hamada, T., Vestergaard,

M.C., Takagi, M. * The effect of

oxysterols on the interaction of
Alzheimer’ s amyloid beta with model
membranes Biochim. Biophys. Acta,
Biomembr. , 2013, 1828, 2487
(Peer—reviewed)

Vestergaard, M.C., Masamune, M.,
Hamada T., Takagi M%. Membrane
transformation induced by amyloid
beta—peptides depend on peptide
length, and oligomeric species
Biochim. Biophys. Acta, Biomembr.,
2013, 1828, 1314. (Peer—reviewed).
Dhingra, S., Morita, M., Yoda, T.,
Vestergaard, M.C., Hamada, T., Takagi,
M.* Dynamic morphological changes
induced by GM1 and protein
interactions on the surface of
cell-sized liposomes Materials., 2013
6, 2522. (Peer-reviewed).

Morita, M., Hamada T*, Tendo, Y., Hata,
T. Vestergaard, M.C., Takagi M
Selective localization of Alzheimer’
s amyloid beta in membrane lateral
compartments, Soft Matter, 2012, 8,
2816. (Peer-reviewed)

Hamada, T., Hagihara, H., Morita, M.,
Vestergaard, M. C., Tsujino, Y.,
Takagi, M.* Physicochemical profiling
of surfactant—induced membrane
dynamics in a cell-sized liposome. J.
Physic. Chem. Lett., 2012, 3, 430.
(Peer—reviewed)

Hamada, T., Morita, Miyakawa, M.,
Sugimoto, R., Vestergaard, M.C.,
Takagi, M. * Size—dependent
partitioning of nanoparticles
mediated by membrane lateral
heterogeneity. J. Ame. Chem Soc., 2012

134, 13990. (Peer—reviewed)
Hoa, L.Q., Vestergaard, M. C.,
Yoshikawa, H., Saito, M., Tamiya, E.*,

Impact of non-covalent interactions
within functionalized CNT-grafted
catalytic metal electrodes on ethanol
oxidation reaction J. Materials Chem.,
2012, 22, 14705. (Peer-reviewed)

Yoda, T., Vestergaard, M.C.*, Hamada,




10.

11.

12.

13.

T., Le Phuc, T.M., Takagi, M. Thermo
induce dynamics of membranes
containing cholesterol derivatives

Lipids, 2012, 8, 813. (Peer—reviewed).
Vestergaard, M.C., Yoda, T., Hamada,
T., Ogawa, Y., Yoshida, Y., Takagi, M. *,
The Effect of oxycholesterols on
thermo—sensitivity of lipid vesicles
Biochim. Biophys. Acta, Biomembr.,
2011, 1808, 2245. (Peer-reviewed)
Kaminikado, K., Ikeda, R., Idegami, K.,
Nagatani, N., Vestergaard, M.C.,
Saito, M., Tamiya, E.* A rapid gel
electrophoretic chip for serum
cholesterol determination. Analyst
2011, 136, 1826. (Peer-reviewed)
Sugano, Y., Vestergaard, M.C., Saito,

M., Tamiya, E.* Carbon nanotube
structured biomimetic catalyst for
polysaccharide degradation, Chem.
Commun. , 2011, 47, 7176
(Peer—reviewed)

Yoda, T., Vestergaard, M. C.,

Akazawa—Ogawa, Y., Yoshida, Y., Hamada,
T.*, Takagi, M. Dynamic Response of a
Cholesterol-containing Model Membrane
to Oxidative Stress. Chem. Lett.,

2010, 39, 1273. (Peer-reviewed).

(=R (6 fh)

Lectures and Presentations

1.

Vestergaard, M.C., Lien, T.T.N.,
Takamura, Y. A label-free impedimetric
Au-NPs immunosensor for amyloid beta

peptides. Electrochem 2013, 2013,
September, Southampton, UK,

Vestergaard, M.C., Chahal, B., Phan,
H. T.T., Yoda, T., Takagi, M. Lipid
bilayer re-organization induced by
polyphenols, Challenges 1in Organic

Materials and Supramolecular Chemistry
(ISACS10), 2013, June, Kyoto, Japan.
Vestergaard, M.C., Morita, M., Hamada,
T., Takagi, M. Amyloid beta mediates
membrane fusion, Alzheimer’ s Disease
and Parkinson’s Disease Conference,
2013, March, Florence, Italy.
Vestergaard, M.C. Model Membrane
Systems: Introduction and
Applications. Invited Lecture. 2012,
December, Osaka University, Japan.
Vestergaard, M.C., Yoda, T., Hamada,
T., AAkazawa—Ogawa, Y., Yoshida, Y.
Takagi, M. The Effect of
oxycholesterols on thermo—sensitivity
of lipid wvesicles. International
Conference, on Micro—NanoMechatronics

and Human Science, 2011, November,
Nagoya, Japan.
Vestergaard, M. C. Amyloid  beta

interactions with biomimetic membrane
systems. Invited Speaker
Nano_Biotechnology field, at Applied
Microbiology Symposium, International
Union of Microbiological Societies,

2011 Congress, 2011, September,
Sapporo, Japan.
(&) G 3 1F)

Books

1. Vestergaard, M.C., Morita, M., Hamada,
T., Takagi, M. Wiley—Blackwell
Publishers, Lipids, Cholesterol and
Oxidized Cholesterol in Alzheimer’ s
Amyloid Beta—mediated Neurotoxicity,

“ In  Metabolic Syndrome and
Neurological Disorders”, 2013, 15
pages.

2. Vestergaard, M. C., Saito, M.,
Yoshikawa, H., Tamiya, E. Springer
publishers. Gold nano—structure
LSPR-based biosensor for biomedical
diagnosis, In Springer series on
Chemical Sensors and Biosensor,
“Applications of Nanomaterials in
Sensors and Diagnostics” (In Press)

3. Vestergaard, M.C., Tamiya, E. Springer
publishers. Introduction to
Nanobiosensors and nanobioanalyses,

« In Nanobiosensors and
Nanobioanalyses,” (In Press)

(PE 3 A PEHE )
O HiRRSL GFo 1)

Patents

(Z Dfth)

R B_N— U

Others

6. WFIEALRE

(1) WF7EFRE

Catherine M. VESTERGAARD (¥ V > . 7
= AHZ—H—F)

Bl TR R S A T NES T NE RN S
A =TT 4 T HZ— - BT
WeEHZS : 20582943



