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Abstract

Seeding of synthetic amyloid-f(1-42) monomers by amyloid-p(1-42) present in Alzheimer’s
brains

by Ashley Kim

As aggregates of the self-assembling amyloid-beta(1-42) peptide (Ap42) become increasingly
popular targets in the search for Alzheimer’s disease (AD) therapeutics, it is especially critical to
further understand the aggregation mechanism and characterize the resulting three-dimensional
structures. Prior studies have semi-selectively extracted AP42 aggregates out of brain samples
from AD patients and characterized them with negative staining and cryo-EM. Helical A42
fibrils can be identified, but the smaller oligomers that are believed to be the toxic agents remain
elusive. In this work, we aim to investigate the oligomerization and subsequent fibrillization of
AP42 in correlation to disease by releasing synthetic rhodamine-labeled AB42 (Rho-AB42)
monomers into AD brain extract. The solid-state monomers were dissolved into brain extract and
co-incubated over a 1-day period, theoretically allowing for co-aggregation to occur between
synthetic and natural AB42 where pre-existing AB42 fibrils serve as “seeds” for Rho-Ap42
addition. Rho-Ap42 was incubated in both “slow”-progressing and “rapid”-progressing AD
extract, along with a neutral salt buffer containing no brain matter. All samples were examined at
three time-points (t=0 hr, 3 hr, 24 hr) by negative stain transmission electron microscopy. We
found notable differences between the structures of Ap42 fibrils formed in buffer and brain
extract conditions, emphasizing the need to consider the role of other brain components in
aggregation regardless of self-assembling properties. Subsequent studies will aim to track the
synthetic AB42 monomers during their incorporation into brain aggregates using fluorescence
microscopy, as they were synthesized with N-terminal Rhodamine B tags.
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Introduction

Currently, there are at least 50 million people worldwide living with Alzheimer’s disease (AD)?,
a devastating neurodegenerative condition that made a dent in the U.S. economy worth 321
billion dollars in 2022 alone?. Despite the extensive funding and research efforts that are
constantly poured into solving the mystery of AD, it is still untreatable and the progression of the
disease is inevitable once detected. The earliest drug approvals by the FDA consisted of
symptom management therapies only3, and advancement in the search for therapeutic strategies
that instead impact the disease progression has been significantly slower. Most recently, in 2023,
the FDA approved the first two AD treatments that are proven to interfere with progression and
delay cognitive decline®. These drugs (lecanemab and aducanumab) are disease-modifying
therapies known as anti-amyloid monoclonal antibodies®, meaning that they significantly reduce
cognitive decline by specifically targeting and removing amyloid plaques in AD brains® 7. The
approval of these anti-amyloid drugs provides promising support for the highly debated “amyloid
cascade hypothesis® (ACH), which is a proposal for the underlying mechanisms behind AD
pathogenesis that identifies aggregates of amyloid peptides as the main culprits involved in

disease initiation and propagation.

The amyloid plaques that are recognized as hallmarks of AD brains® are made up of accumulated
deposits of amyloid-beta (AP) peptides, which are first introduced in the brain as soluble
monomers from proteolytic cleavage of the amyloid-B precursor protein (APP)°. Several
amyloidogenic peptide variants can result from proteolytic cleavage of APP, and the main forms

of AP in humans are AB(1-40) and AB(1-42), denoted as AB40 and AB42 respectively. Although



the two peptides differ only by two residues, AB42 is the species found to be most relevant in

AD etiology**.

Prior to the recent discoveries of anti-amyloid treatments, evidence from various approaches
have pointed to some degree of correlation between AB42 and AD. Firstly, it was recognized that
amyloid plaques appeared in greater quantities in diseased brains, and morphological differences
were observed in these plaques when compared to those in unaffected brains®. In addition to the
recognition of differences in accumulated AB42 between AD and non-AD patients, studies
measuring monomeric AB42 have also revealed contrasting levels between the two groups.
Specifically, it was observed that AB42 concentration in the cerebrospinal fluid (CSF) was lower
in disease states'? 13, These findings call for further investigation into the decreased CSF Ap42
concentration. When monomeric AB42 is first cleaved off from APP in the interstitial fluid (ISF)
of the human brain, there are a number of possibilities for its fate. It could be degraded by
proteases'* 1° or taken up by microglial cells'® before any migration can occur. Otherwise, it can
be transported to be cleared either across the blood-brain-barrier'’ or into the CSF'8, Thus, if
there are fewer AB42 monomers in the CSF, it can be concluded that there is some form of
inhibition of ISF to CSF transport. The exact route taken by AB42 between the two regions is
still unclear, indications that this transport is passive imply that only small solutes can access this
pathway®®. Accordingly, an apt explanation for the inhibition would be that the Ap42 monomers
in the ISF assembled into large aggregates that are no longer soluble, preventing clearance into
the CSF. If so, then the results of these clinical studies firmly support the direct involvement of

AP42 aggregation in AD etiology.



The clinical evidence that has been described represents only one side of the supporting
arguments, and other compelling information can be found in studying AB42 out of the context
of AD. The peptide has garnered much attention for its self-assembling properties, revealed
through in vitro experiments that show the concentration-dependent spontaneous aggregation of
AB42 monomers in solution?. In the process of assembly, AB42 monomers first nucleate to form
smaller soluble aggregates before continuing to elongate into long, helical fibrils?t. However, it
is important to note that progression to fibrillation does not always occur, and aggregates may
remain in relatively stable oligomer or protofibril products?2. The underlying kinetic pathways
behind these conformational transitions are particularly difficult to elucidate due to the reversible
equilibrium between monomers and fibrils that results in dynamic polymorphs?3 24, To find
connections between AP42 aggregation and disease, previous studies have aimed to correlate the
presence of AB42 polymorphs and toxicity to neurons?®. Several of these reports support the
notion that the primary toxicity-inducing species are the oligomeric “intermediates” between
monomers and fibrils, characterized by their mysterious lack of defined structure and
metastability?® 27. The overarching concept of the ACH involves a prion-like consideration of
these toxic oligomers® 28, which suggests that AD is initiated by AB42 oligomerization and
spread through oligomer self-propagation®. This implies that toxic aggregate conformations are
achieved only through specific kinetic pathways, so identifying a connection between distinct
AP42 aggregation pathways and disease states would provide compelling evidence in support of

the hypothesis.

Therefore, in this project, the overarching strategy to identify this connection is to amplify the

proposed toxic APB42 species and observe a hypothesized amplification of AD propagation as a



result. In order to template the formation of more toxic Ap42 polymorphs from those that we
propose to exist as propagators in AD brains, we employ synthetic fluorescently-labeled Ap42
monomers and “seed” them into brain extract. Using the fluorescent tag, we aim to probe the
assembly process of added monomers which we hypothesize to be catalyzed by existing Ap42
species. To observe the effect of this seeding on disease propagation, we utilize the recent
identification of genotypic markers that correlate to the degree of propagation. Specifically, two
phenotypic clusters of “rapid” and “slow” progressing disease have been identified and
corresponding differential gene expression was subsequently discovered®. Thus, we propose that
upon future studies in cortical organoids to simulate biological activity, we will observe the
differential gene expression associated with greater propagation rates upon the seeding of
synthetic monomers. In this preliminary study, we aim to establish proof of principle that brain-
derived AB42 able to seed fluorescently tagged synthetic monomers and make initial qualitative

observations through imaging as a basis for subsequent experimental design.

* Gordon-Kim, C.; Xu, C.; Li, N.X_; Poppitz, G.; Veinbachs, E.; Pidugu, A.; Niu, W.; Walker, L.C.; Wen, Z.;
Lynn, D.G. 2023 (in preparation)



Background

Proposed aggregation pathways

The pathways taken by AP42 monomers to assemble into higher-order polymorphs are not well-
understood at this time, but structural and kinetic studies have shed light onto the process. In
particular, thioflavin T (ThT) fluorescence experiments are a common approach to studying the
kinetics of AB42 monomers in solution as fibrillar species display an increased quantum
fluorescence yield®. The ThT fluorescence over time of incubated AB42 monomers takes on a
sigmoidal curve representing the conformational transition of the main species in solution®Z.
Rapid oligomerization is seen among monomers, and the concentration of monomers and low-
molecular-weight oligomers decreases over time as the dominant species becomes large fibrils®2.
It is important to note that many polymorphs of aggregated AP42 are simultaneously present in
solution, and these forms can be categorized as soluble (monomer, oligomer) and insoluble
(protofibril, fibril). The structures of the smaller oligomers are obscure, while the protofibrils

possess more defined, nodular structures that serve as precursors to mature fibrils®3.
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Figure 1%. Schematic depicting the proposed aggregation pathway for Ap42. (a) Homogeneous primary nucleation
involves monomers forming a nucleating core prior to fibril formation (b) Heterogeneous primary nucleation, where
nucleation occurs on a foreign surface (c) Secondary nucleation involves monomers nucleating on the surface of a pre-
existing fibril to form new fibrils (d) Elongation involves the addition of monomers to growing fibrils



It is highly supported that Af42 monomers undergo a nucleation-dependent mechanism that is
determined by either “primary” or “secondary” nucleation to achieve larger structures® (Fig. 1).
In the primary nucleation event, free monomers aggregate to form an oligomeric nucleus that
acts as a core for further monomer addition. In the secondary nucleation event, the nucleating
core is not formed from free monomers, but rather, pre-aggregated forms of AB42. That is, AB42
monomers can nucleate along the surface of previously formed mature fibrils of AB42. In this
case, the pre-existing AB42 fibrils are known as “seeds” for added monomers. After the rate-
limiting nucleation step, the elongation step begins to grow aggregates into mature fibrils, and

these steps have been shown to be thermodynamically distinct®®.

Understanding AB42 aggregation through its primary sequence

As with any amino acid construct, the conformations of AB42 are ultimately determined by its
primary sequence at the root. The native primary sequence of AB42 is:
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA.

The 42-residue chain is widely considered as four functionally distinct segments consisting of
the N-terminal metal-binding region (Ap..), the C-terminal hydrophobic region (Aw..), and the
two central regions: the hydrophobic core (Ap...) and the polar region (A=) (Fig. 2). In
general, the high content of hydrophobic side chains in AB42 is well-known to be largely
responsible for its amyloidogenicity, especially because it is more hydrophobic than other AP
variants that are less prone to aggregation3®. This has been supported by various experimental
approaches, including thermodynamic considerations, mutagenesis to alter hydrophobicity, and
structural observations. One of the most fascinating discoveries about the hydrophobic regions of

the sequence is the “hydrophobic ladder” model that rationalizes the three-dimensional



architecture of AB42 filaments®’. The repeated pattern that is observed in these helical filaments
is known as the cross-beta structure®, which is commonly seen in other insoluble peptide
aggregates as well®. In this structure, the repeated unit consists of two monomers in a laminated
pair of parallel, in-register beta sheets, where each monomer demonstrates a beta strand - turn -
beta strand motif from residues 18 to 424°. Note that this region begins and ends with each
hydrophobic core, so the turn between them allows for the ladder-like structure where the

hydrophobic regions are the rungs.
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Figure 238, Schematic depicting the cross-beta architecture, where the green and blue arrows depict beta strands

Experiments with mutated variants of AB42 have confirmed that the hydrophilic regions of the
sequence are somehow involved in folding as well, but it has proven to be more difficult to
demonstrate functions of these regions in direct relation to aggregation and the disease state. A
key discovery that relates the electrostatic interactions of AB42’s residues to aggregation is the
highly sensitive pH dependence of oligomerization observed in vitro. Over the years, researchers
have arrived at a general agreement that the aggregation of AB42 is promoted by acidic

conditions, and interestingly, it has been found that the only part of aggregation that is affected



by pH is the primary nucleation*!. Additional studies on the individual-residue level have
revealed the effects of protonation/deprotonation or ion bridging at certain positions*?, and these

findings have allowed for the generation of new theories and models of the aggregation pathway.

While intermolecular electrostatic interactions between peptides are certainly important for
aggregation, another ionic consideration lies in the metal-binding properties of AB42. The well-
known prevalence of metal ions in neurological processes implies their presence in the Ap42
aggregation environment of the human brain. Metal binding alters the stability of certain
conformational states, so these complexes display modulated kinetics during aggregation which
lead to variations in the expected equilibrium ratios of monomers, oligomers, and higher-order
polymeric states such as filaments*:. Given the evidence that proves the toxicity of AB42
aggregates is dependent on its degree of assembly?’, this suggests that metal ions could
potentially contribute to AB42’s role in disease. It has been found that AB42 is able to complex
several transition metals in vitro*, and in particular, interactions with Cu(Il) and Zn(ll) ions have
been extensively studied because of their relevance in the brain chemistry where AB42 is found.
These ions each have distinct effects on aggregation mechanisms, but the most striking
difference between them may be their redox potentials. Unlike AB42-Zn(II) complexes, AP42-
Cu(I) complexes are able to undergo redox cycling, which generates reactive oxygen species®.
Oxidative stress is known to promote neuron death, so some believe that the Cu(ll) ion has a key
role in AD and efforts to treat the disease with metal chelation therapy have been initiated*¢. The
drastic differences in behavior between pure APB42 structures and corresponding metal
complexes serve as a reminder that external species can significantly impact the aggregation

pathway and should absolutely be considered in these studies.



“Slow” and “rapid” progressing Alzheimer’s disease

Statistical analysis of AD progression in human subjects has revealed two distinct sub-categories
of the disease: “slow” and “rapid” progressing*’. The terms “slow” and “rapid” refer to the rate
at which mild cognitive impairment (MCI) evolves into dementia. Additional statistical studies
have shown that if a patient begins experiencing AD progression under one of these categories,
the disease will continue to progress at that rate for its entirety®. This evidence supports the idea
that the pathways behind the pathogenesis may be completely different for the two categories,
yet the underlying factors responsible for the contrasting mechanisms have yet to be identified.
Several biomarkers in the brain believed to be correlated with AD have been compared between
the two categories, and a significant difference in the amount of AB42 in the cerebrospinal fluid
(CSF) was discovered. Specifically, AD patients under the “slow” category had a significantly
higher concentration of AB42 in the CSF than those under the “rapid” category*’. It is important
to mention that notable differences were found in other biomarkers as well, but nonetheless, this
finding raises new perspectives on the amyloid cascade hypothesis. Because of the dynamic
polymorphism of AB42 oligomers and their sensitive tunability, it is possible that different
modes of aggregation relate to different modes of disease progression. The mystery that lies
behind these distinguishable variations of AD poses yet another question that calls for further

exploration of AP42 aggregation.
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Methods

Extraction of AB42 from patient-derived brain samples

Brain samples derived from deceased AD patients were provided by the Alzheimer’s Disease
Research Center (ADRC). Each sample is identified by a number corresponding to a unique
patient and categorized by “slow” or “rapid” progressing AD. Semi-specific extraction Ap42 was
performed on two samples in this study: “slow” sample 14-88 and “rapid” sample 14-14. A
portion of each brain sample weighing approximately 0.5 g was cleaved from the provided
amount and homogenized into an extraction buffer (10 mM Tris-HCI, pH 7.4, 0.8 M NaCl, 10%
sucrose, 1 mM EGTA). The homogenate was brought to 2% sarkosyl (w/v) by addition of 10%
sarkosyl (w/v) stock solution and left to incubate at 37°C for 60 minutes. Following incubation,
the homogenate underwent a 10 min centrifugation at 10,000 g to form a pellet. The pellet was
discarded while the supernatant underwent a 60 min centrifugation at 100,000 g to form another
pellet. The supernatant was then discarded while the pellet was resuspended in the extraction
buffer before being centrifuged for 10 min at 3,000 g. The resulting supernatant was diluted 3-
fold in a buffer of 20 mM Tris-HCI, pH 7.4, 0.15 M NaCl, 10% sucrose, 0.2% sarkosyl and
centrifuged for 30 min at 100,000 g. The resulting pellet was resuspended in a buffer of 20 mM
Tris-HCI, pH 7.4, 50 mM NaCl then centrifuged for 2 min at 3,000 g. The pellet was discarded,
and the supernatant was incubated with 0.4 mg/mL of pronase for 45 minutes at 37°C to

complete the extraction.
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Co-incubation of synthetic A42 and brain extract

Synthetic AP42 peptide labeled with Rhodamine B at the N-terminus (Rho-
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA) in solid, monomeric form
was purchased from LE Biochem CO., Ltd. The synthetic AB42 was dissolved in the following
experimental conditions: “slow” sample 14-88 extract, “rapid” sample 14-14 extract, and buffer
(20 mM Tris-HCI, pH 7.4, 50 mM NaCl). The mass of synthetic Ap42 added to brain extract was
calculated to satisfy a 20:1 ratio of synthetic AB42 to brain AB42 and a total final Ap42
concentration of 1.0 mg/mL, under the assumption of an AP42 concentration of 0.4 mg/mL
naturally present in brain extract. Immediately upon dissolution, samples of each solution were
removed for the t=0hr time-point. The solutions were then incubated at 37°C and samples were
collected at time-points t=3hr, 24hr. All samples were frozen at -80°C between collection and

imaging.

Negative stain

Negative stain grids were prepared at each time-point (t=0hr, 3hr, 24 hr) for each of the three
solutions (buffer, “slow”, “rapid”). In each preparation, carbon-coated TEM grids were first glow
discharged for 1 min using the PELCO easiGlow™ cleaning system. Then, each sample was
spotted onto a grid and allowed to sit for 1 min before blotting off the excess liquid with blotting
paper. After two rounds of dipping the sample-loaded grids into water and blotting off the
excess, the grids were stained with uranyl formate solution. After 1 min, the excess uranyl

formate solution was blotted off to complete grid preparation. Negative stain images were

collected using a ThermoFisher Talos 120 kV transmission electron microscope.
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Results

The three samples used in this experiment will be referred to as buffer (synthetic AB42 +

salt buffer), slow (synthetic AB42 + “slow” progressing AD brain extract), and rapid (synthetic
AP42 + “rapid” progressing AD brain extract). Each of the three samples was imaged at three
time-points (t=0hr, 3hr, 24hr), so nine sets of negative stain TEM images were obtained from this

experiment.

The images of the t=0hr time-point reflect the samples immediately after they were prepared.
Images of buffer at t=0hr contained irregularly round dark patches, signifying that some degree
of aggregation had occurred between the synthetic Af42 monomers in the minutes between the
sample preparation and freezing (Fig. 3A). After incubation, at t=3hr, it is clear that further Ap42
aggregation had occurred (Fig. 3B). Large, irregular masses of peptides were seen throughout the
grid, and there appeared to be AP42 fibrils sprouting out of some of these masses. At t=24hr, a
greater degree of overall aggregation was seen, and clearly identifiable fibrils were present
among areas of highly concentrated aggregated masses (Fig. 3C). One image portrayed a peptide
aggregate containing circular “holes”, which appear to be liquid-like droplets. At this final time-
point, some images displayed a large, well-defined band consisting of what appeared to be
insoluble particles of synthetic AB42. These bands were several orders of magnitude larger than
all other structures identified in buffer, and it is possible that they were formed on the grid during
the staining process. It is important to note that upon completing 24 hours of incubation, the

contents of the Eppendorf tube containing buffer no longer appeared entirely homogeneous, and
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a small precipitate could be seen at the bottom. It is likely that a fraction of synthetic Ap42 came

out of solution over the course of incubation and interfered with grid preparation.

At t=0hr, images of slow included what appeared to be aggregates of brain-derived Ap42 (Fig.
4A). The aggregates were present in branch-like masses, and it is possible to identify the defined
shape of AB42 fibrils within the larger structures. The fibrils in the aggregate masses were
arranged in an overlapping fashion to achieve the branching effect. A high concentration of the
blood protein ferritin was apparent throughout the grid, and these molecules are easily
identifiable by their circular ring shape containing a concentric dark core made up of the iron in
storage*. At t=3hr, slow appeared to contain more aggregates overall (Fig. 4B), and some of
these masses appeared to be significantly larger than those seen at t=0hr. Similarly to the initial
images, these aggregates were disordered and still contained the branch-like structure. However,
it is notable that the distinct fibril structure could no longer be seen at t=3hr. Again, ferritin
molecules were present, but they appeared significantly less concentrated throughout the grid
compared to t=0hr. Finally, at t=24hr, images of slow appeared to contain a greater number of
aggregates, which seemed to show up cloudier and lighter colored on this grid compared to the
others (Fig. 4C). While it may have been a consequence of this particular stain, the branching
nature was more difficult to distinguish in the aggregates. Instead, the aggregates appeared to
consist of rounded concentrated sub-masses of peptide. In the final time-point, another decrease

in the concentration of ferritin molecules was observed.

Lastly, for rapid, it appeared that the t=0hr negative stain grid was not properly prepared, and it
was difficult to distinguish structures from these images (Fig. 5A). Regardless, it was still

evident that the sample contained aggregated masses. Similarly to slow, images of rapid from
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t=3hr clearly showed branch-like aggregates and no evidence of fibrils (Fig. 5B). Ferritin
molecules can be seen as well. At t=24hr, rapid contained AB42 fibrils, many of which formed
masses by overlapping with each other (Fig. 5C). Ferritin molecules were also present in
comparable amounts to t=3hr. The large bands that appeared on the grid for buffer at t=24hr were
seen again in rapid at t=24hr, and insoluble peptide was also observed in this sample post-

incubation.



Figure 3. Negative stain transmission electron microscopy images of synthetic Rhodamine B-
labeled AB42 dissolved in buffer (20 mM Tris-HCI, pH 7.4, 50 mM NaCl) incubated at 37°C for
(A) t=0 hours (B) t=3 hours (C) t=24 hours.




Figure 4. Negative stain transmission electron microscopy images of synthetic Rhodamine B-
labeled AB42 dissolved in “slow” progressing AD brain extract (sample 14-88) incubated at 37°C
for (A) t=0 hours (B) t=3 hours (C) t=24 hours.
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Figure 5. Negative stain transmission electron microscopy images of synthetic Rhodamine B-
labeled AB42 dissolved in “rapid” progressing AD brain extract (sample 14-14) incubated at
37°C for (A) t=0 hours (B) t=3 hours (C) t=24 hours.
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Discussion

This project presents a preliminary starting point for a series of future studies that aims to
uncover the aggregation mechanisms of AP42 that are responsible for disease. As the first stage
in this proposed series, the most valuable conclusions from this experiment lie in the questions

raised rather than answered.

A core intention of this experiment was to compare the aggregation of synthetic rhodamine-
labeled AP42 in the presence and absence of the APB42 seeds in brain extract. From the images
obtained, there appear to be notable comparisons to be made between the aggregation seen in
buffer and in the samples containing brain extract. Firstly, we see that the Rho-AB42 in buffer
forms fibrils by the end of the incubation, but they are visibly different from the fibrils that
present in brain extract. Prior work by the Liang Lab has resulted in negative stain TEM images
of the brain samples used in this experiment without the addition of any synthetic peptide, which
serve as controls in this study. In the images of both “slow” (Fig. 6) and “rapid” (Fig. 7)
progressing extracts alone, the distinctly helical structure of the AB42 fibrils is clearly visible,
and the regularly spaced dark spots spanning the fibrils represent their overlap as they twist. In
contrast, the fibrils formed by Rho-AB42 are wider and do not appear as visibly helical.
Although their shape is not as defined in the t=24hr images of buffer as it is in the images of
extract alone, the fibrils still appear to be twisted. The difference seems to lie in the degree of
twisting, also known as the “helical pitch*°, While the brain fibrils appear to make at least two
or three rotations down each helix, the synthetic fibrils hardly seem to make a full rotation

throughout the entire strand.
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It is crucial to consider the effect of the Rhodamine B label on the aggregation of AB42 when
attempting to compare the Rho-Ap42 experiment with naturally occurring AB42. The differences
in behavior between labeled and unlabeled synthetic AB42 are not well-studied, and the limited
evidence that does exist claims that the Rhodamine B label heightens the propensity of Ap42
monomers to oligomerize®. While limitations on materials prevented experiments using
unlabeled synthetic AB42 monomers at the time of this report, it would be ideal to collect images
of those aggregates in the near future as their degree of similarity to Rho-Ap42 aggregates may

affect the validity of the current results.

Aside from the label, there are several other factors that could rationalize the observed
differences in AB42 fibrils in buffer and in the human brain. Even following an extraction
protocol designed to isolate AB42 from all brain contents, it is evident from imaging that other
species remain. Larger molecules such as ferritin and the lipoprotein APOE have been identified
from TEM images of extract, and the brain matter undoubtedly contains a multitude of small
solutes that can potentially affect aggregation. For example, it is possible that the Ap42 fibrils
seen in extract are not purely constructed of peptides and may exist as complexes with transition

metal ions found in the brain, as metal binding has been shown to impact aggregation* 52-54,

One of the most remarkable results from this experiment is the apparent absence of AB42 fibrils
seen in brain extract following incubation with Rho-Ap42. Although t=0hr images of rapid were
unclear as previously mentioned, the t=0hr images of slow confirm that fibrils were initially
present in the sample. These structures closely resembled previously identified AB42 fibrils in

the brain that are distinct from the synthetic fibrils observed in buffer. Additionally, the buffer
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experiment agreed with many previous studies on the time dependence of AB42 by showing that
fibrils are formed over hours®, not minutes, so it can be concluded with certainty that the fibrils
seen in t=0hr slow were brain-derived. Additionally, it can be assumed that both slow and rapid
initially contained natural AB42 fibrils because the structures were clearly identifiable in
negative stain TEM images of the exact extracts used in this project that were previously
collected (Fig. 6, 7). However, neither of the extract samples appeared to contain fibrils when
images at t=3hr, and no fibrils were found in slow at t=24hr as well. Few fibrils could be
identified in rapid at t=24hr, but there were significantly less than what had been seen in the pure
extract. These fibrils were most likely pre-existing natural AB42 structures, not formed by Rho-
AP42 monomers, which was suggested from comparisons to observations of confirmed natural
AP42 fibrils and synthetic Rho-Ap42 fibrils. Aside from the mysterious absence of the expected
natural AB42 fibrils in the images post-incubation, it is also notable that no evidence of synthetic
fibril formation was observed either. It is crucial to rationalize the absence of both types of fibrils

to follow up on these results.

Firstly, the absence of natural AB42 fibrils when expected implies that either they were not
visible in the imaged samples or they were no longer present in the samples. It is important to
note that these samples were taken from heterogenous solutions and therefore, each sample was
not likely to contain an accurate representation of the sample contents as a whole. While there is
no evidence of fibril deconstruction upon exposure to excess monomers in solution, it is possible
that their distinct structures were somehow disrupted by the seeding. Another explanation would
be that they were still present in the samples but no longer visible by electron microscopy. This

would be the case if the natural fibrils were somehow obstructed from the camera by another
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species, and we hypothesize that the natural fibrils were “coated” by the added Rho-Ap42
monomers to explain their absence in the t=3hr and t=24hr images. This would be consistent
with our initial hypothesis derived from existing evidence that demonstrates the ability of pre-
assembled AP42 fibrils to seed the aggregation of AB42 monomers upon co-incubation in vitro®®.
Then, the differences in AB42 structures seen between buffer and extract samples may be
rationalized by the differences between aggregation mechanisms. This idea is also consistent
with the lack of synthetic fibrils observed in extract, as the monomers would not be able to
undergo fibrillization before being sequestered by the seed fibrils. In order to validate this
theory, it is necessary to employ fluorescence microscopy to detect Rho-AB42 in the samples and
distinguish synthetic Ap42 from natural AB42 using side-by-side comparisons of fluorescence
and TEM images. Hence, the process of configuring the TEM grids used for this report to be
suitable for fluorescence microscopy has been initiated and this will be the immediate next step

in this project.

While the structural information that can be best extracted from these results is mostly about
AP42 fibrils, it is the Ap42 oligomers that are primarily known to be most responsible for
toxicity. Although these oligomers are difficult to identify with the current results alone, their
role as “intermediates” between monomers and fibrils provide a basis for extending these results
into future directions. Again, this emphasizes the need for fluorescence studies to be able to
positively identify amorphous, ambiguous particles as AB42. In conclusion, this study presents a
novel approach to deciphering the complex nature of AB42 aggregation in relation to AD. We

initiated the process towards the eventual goal of tracking AB42 aggregation pathways in
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diseased brains by conducting preliminary seeding experiments using synthetic Rho-Ap42
monomers and AD brain extract containing natural Ap42 fibrils.

It is evident from the obtained images that the aggregation of synthetic Rho-Ap42 is qualitatively
distinct between AD brain and buffer conditions. Most notably, while Rho-Ap42 fibrils could be
observed after incubation in buffer, no fibrils could be identified in the brain samples.
Additionally, the addition of synthetic Rho-Ap42 to brain AB42 fibrils resulted in new
morphologies that were not previously seen in brain extract alone. These findings support the
idea that seed-catalyzed secondary nucleation is a distinct mechanistic step through which toxic
AP42 structures are formed, opening the doors to subsequent fluorescence experiments that have

the potential to validate this argument.



Figure 6. Negative stain transmission electron microscopy images of “slow” progressing AD
brain extract (sample 14-88) alone

Figure 7. Negative stain transmission electron microscopy images of “rapid” progressing AD
brain extract (sample 14-14) alone
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