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Supervisor’s Foreword

It is my great pleasure and true honour to write this foreword to Claire Tinker-Mill’s
thesis. I was always amazed with Claire, a mainstream biologist by training, who
has been able to successfully develop highly sophisticated physical methods for
exploring nanoscale properties of materials that only a handful of research groups
worldwide was privy to. Her work is an excellent example how a truly interdis-
ciplinary exploration of nature should be conducted.

The subject of Claire’s thesis came from my ongoing collaboration with
Prof. David Allsop at Lancaster University Health and Medicine, who was working
on uncovering molecular mechanisms of Alzheimer’s disease and developing
paradigms for the novel drugs that can stop or, better, reverse this debilitating
disease. While there were multiple optical and chemical methods for detecting an
aggregation of misfolded amyloid peptides, the known cause for the disease, the
exact mechanisms of their aggregation and the source of pathological changes was
not at all clear.

While researchers’ ultimate goal would be to directly observe such folding, this
was not an easy task, given that most relevant biomolecular interactions are hap-
pening in the liquid, and the interacting structures are of the order of few nanometres
in size. When Claire joined my group, we were perfecting a rather powerful method
for nanoscale characterisation and imaging of inorganic materials—e.g. semicon-
ductor quantum dots or metallic interfaces—ultrasonic force microscopy or UFM.
This approach combined a near-atomic resolution of scanning probe microscopy
with the sensitivity of ultrasonic imaging to local mechanical properties of surface
and near-surface areas.

Claire has successfully applied UFM for the detection of the early-stage toxic
amyloid aggregates by combining UFM with methods for capturing all range of
peptide assemblies from the monomers to the fully formed amyloid plaques. She
explored a small universe of diverse substrates, coatings and buffers, to home in on
the winning combination that allowed to capture practically all peptide components
on the perfectly flat surface. The nanomechanical contrast provided by UFM
allowed her to pinpoint toxic amyloid peptides and to reliably differentiate them
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from the substrate. Claire also established that the nanoscale ultrasonic probe had
another huge advantage—the minute but very-high-frequency ultrasonic vibrations
used in UFM allowed a nanoscale tip of the probe to gently poke into the biological
molecules, leaving them intact, while still identifying a wrongly folded ones. The
approach successfully uncovered that a significant portion of the initial amyloid
peptide even at later stages of assembly was in the small molecular weight stage
that is regarded as triggers of cellular death in Alzheimer’s disease. This work
allowed to develop the novel retro-inverso peptide inhibitor based on nanoscale
liposomes as carriers for the anti-Alzheimer’s drugs. These have shown potential
for 1000 times higher efficiency in scrubbing harmful fibres from biological fluids
and reducing the peptide deposition in this disease, hence paving the way to the
new paradigm for the future drugs.

While expanding this avenue of research would be more than sufficient for a
solid Ph.D. thesis, Claire did not pause at all and explored other physical methods
to study amyloid proteins. She used a relative of UFM—heterodyne force micro-
scopy, or HFM, to measured time response of peptides. Claire found that patho-
logical misfolded peptides have a characteristic time signature, linked to their
mechanical relaxation that was different from the normal proteins, adding new
method that may help to detect early stages of Alzheimer’s disease in the future.

Finally during her Ph.D. work, Claire explored yet another powerful method
allowing to directly identify biomolecules with nanoscale resolution—via com-
bining chemical identification by infrared optical excitation with the scanning probe
microscopy. As high-power tunable infrared sources are not easy to come by, she
was studying amyloid aggregates on the Daresbury ALICE accelerator that pow-
ered a free electron laser, where she became a dedicated commissioner responsible
for safety of this complex physical instrument. This work, instigated by Claire, can
create an ultimate instrument for early detection of Alzheimer’s disease.

Overall, Claire’s thesis not only provides a deep insight into a novel scanning
probe methodology for nanoscale exploration of biological molecules and their
aggregates, but also shows an inspiring example of how to solve a complex
interdisciplinary problem at the interface of biology, physics and chemistry. It will
be a useful reference both for established researchers and graduate students working
in these highly active areas of modern research.

Lancaster Prof. Oleg Kolosov
May 2016



Abstract

In this work, several novel scanning probe microscopy (SPM) methods have been
applied to the study of the amyloid peptide implicated in the pathogenesis of
Alzheimer’s disease (AD). Amyloid- (AB) undergoes a hierarchy of aggregation
following a structural transition, making it an ideal subject of studying with SPM.

The application of SPM-based techniques to biological samples has become
increasingly common place. However, these techniques are not always immediately
suitable for imaging delicate samples of proteins and adaptions must be made
before imaging can be considered successful. AD is the most common form of
dementia worldwide, and a growing concern for health authorities. As a result, it
has attracted the attention of a wide range of disciplines. There has been much work
conducted which combines the main pathogenic peptide, AP, with atomic force
microscopy (AFM) in order to elucidate more about its aggregation behaviour;
however, these techniques offer little more than structural comments, with only the
most advanced forms of cryo-electron microscopy (EM) providing more details on
the nanoscale. Presented here is a method for reliably and robustly producing
samples of AP by capturing them at various stages of aggregation, as well as the
results of subsequent imaging by various methods of AFM. Each of the AFM
techniques studied provides additional “added value” to the data which can typi-
cally be collected by AFM, either nanomechanical, elastic, thermal or
spectroscopical.

By imaging samples of A with ultrasonic force microscopy, a detailed sub-
structure to the morphology could be seen, which correlates well with the most
advanced cryo-EM work. In addition, this technique was ideal for detecting the
most toxic form of AP, early aggregates, in a sensitive and nondestructive fashion
robustly differentiating them from the underlying layer of another peptide (poly-L-
Lysine) that was designed to reliably capture the AP aggregates. Early work
investigating the potential for combining an established method of thermal AFM
with a mid-IR laser system also shows promise for detecting the response of the
protein.

It was also the focus of this work to study the aggregation of AP using dynamic
light scattering (DLS), in order to confirm whether the technique could identify
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differences between populations throughout the aggregation process. This was
applied in conjunction with potential therapeutics which targets the early aggregates
to prevent their accumulation, as well as block formation of fibrils.

Ultimately, this work aims to show with care to the initial protocols used,
physical techniques such as AFM and DLS can be added to the existing methods of
monitoring aggregation. Synergistic use of these techniques can generate a clearer
overall picture of the effect of metal ions/developing therapeutics on AP aggrega-
tion and provide more detail than classical biological techniques alone.
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