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ABSTRACT

Proteinopathy is a broad term used to describe any disease or condition that arises as
a result of aberrant protein behavior. Most often it is used when discussing any of a wide
range of neurodegenerative diseases that tend to result from an abnormal misfolding and
subsequent aggregation of a normal cellular protein. The pathology of each of these diseases
is largely dependent upon the nature of the protein aggregate that is responsible for or
resulting from the disease. When viewed individually each disease seems only vaguely
similar to others, but when a step back is taken to consider the broader aspects of the disease
it begins to show similarities with other diseases, some of which are better studied and
understood. The advances in other proteinopathies can then be experimentally applied to a
specific disease of interest and the results compared to gain better understand the
mechanisms underlying its pathogenesis and progression.

Two examples of such proteinopathies are transmissible spongiform encephalopathies
(TSE) and Parkinson’s disease (PD). TSEs are a subset of prion misfolding diseases,
specifically identified as being transmissible to other individuals in a manner resembling
viral, bacterial, or toxic exposure, that have been studied in animals for decades. While rare
in humans, prion protein misfolding does occur in a handful of different forms. PD on the
other hand is fairly common in older individuals, affecting approximately one million people
in the United States and an estimated 10 million people worldwide. Both conditions share
such notable traits as characteristic protein aggregates, being neurodegenerative, eventually

fatally so, and having a link to the enteric nervous system. Techniques applied to the study of



TSEs have been successfully applied to the study of PD, and inverse has occurred as well,
leading to leap frog effect of advancement for both diseases.

In this thesis, topics of two proteinopathies are covered. A literature review of chronic
wasting disease (CWD) history, study, and further interests leads the paper. This is followed
by a chapter on analysis of feral pig brainstem by RT-QuIC to determine the presence or
absence of aggregated prion protein. The next chapter is dedicated to describing a protocol
for the efficient and reliable production of recombinant human a-synuclein monomeric
protein for use in research. Each of these techniques has been applied to the study of multiple
diseases, but the refinement of each technique for application to the disease or species of

interest is essential to achieving the best results.



CHAPTER 1

GENERAL INTRODUCTION

Thesis Organization

The alternative format was chosen for this thesis and consists of manuscripts that have
been published, or are being prepared for submission. It contains a general introduction, two
research papers and a conclusions/future directions section that briefly discusses the overall
findings from all chapters. The references for each manuscript chapter are listed at the end of
that specific section. References pertaining to the background and literature review as well as
those used in general conclusion section are listed at the end of the dissertation.

The introduction section under Chapter I provide a brief background of the study of
protein misfolding diseases, which Chronic Wasting Disease (CWD) and Parkinson’s disease
(PD) are both qualified as. The literature review discusses the history of transmissible
spongiform encephalopathies (TSESs) and current research on CWD.

Chapter Il is research paper identifying CWD in feral pig brain samples. This chapter is
being prepared for publication. Chapter 111 is a protocol paper for the production and quality
control of recombinant a-syn. It is formatted for presentation to Nature Methods for
publication.

Appendix A contains a complete list of materials and equipment used for the protocol as
well as a reagents section with detailed instructions on the creation of each solution.

This thesis contains the experimental data and results obtained by the author during her
Masters study under the supervision of her major professor Dr. Anumantha G. Kanthasamy

at lowa State University, Department of Biomedical Sciences.



Introduction
Studying protein misfolding diseases

Proteinopathy refers to any disease or condition that results from the abnormal folding,
synthesis, modification, or deposition of protein in cells or tissues. This is often more specifically
used to refer to neurodegenerative diseases as recent studies have linked many to an
accumulation of abnormal protein in a way that induces inflammation and disease. Examples
include Prion disease, Parkinson’s disease, Alzheimer’s disease, dementia with Lewy bodies, and
others. Prion disease is one of the earliest identified protein aggregation diseases, which occurs
when the naturally occurring prion protein becomes locked in a beta sheet rich conformation and
fibrils of this abnormally folded protein build up in the lymphatic and nervous system.
Parkinson’s disease, Dementia with Lewy Bodies, and Multiple System Atrophy, which are
linked to aggregations of a-synuclein. Alzheimer's disease has been linked to a misfolding of
amyloid-p and tau protein that is used in microtubule structure, while a wide range of other
diseases have been linked to abnormal proteins.

The study of protein misfolding diseases has been occurring since the 1960s when
researchers discovered infectious units that were not susceptible to any known method of
destruction. It was determined these units were protein aggregates and could act as a seed to
induce misfolding of normal protein into the shape found in diseased individuals. The ability of
this protein to act in an infectious manner in the apparent absence of other cofactors led to the
coining of the term “proteinaceous infectious particle” or “prion”. Eventually it was discovered
that other proteins in the body are able to aggregate and are implicated in disease processes as

well.



Research techniques

To study these diseases it is beneficial to be able to precisely and accurately diagnose the
disease. Hypothetically this can be done directly by detecting the misfolded proteins or indirectly
via other biomarkers distinct to a disease. Realistically many of these diseases are
neurodegenerative in nature and can only be diagnosed once the disease has reached advanced
stages and confirmed long after permanent damage is incurred or upon death via histopathology.
The goals of current research aim to offer earlier and more accurate diagnosis and provide
therapies to slow or potentially even halt the progression of the disease.

To assist in achieving these goals researchers must be able to obtain the protein
associated with the disease. There are several methods that can be used to this effect including
purifying it from tissues and using recombinant systems to produce the protein in cell or bacterial
cultures. While purifying the protein from tissues has the advantage of yielding protein that is
known to be the final type produced by the organism, it has the distinct disadvantage of being
very low yielding and would require the sacrifice of many animals to obtain the required
amounts of protein. Recombinant systems offer another solution whereby researchers identify the
gene responsible for the protein and insert that gene into a bacterial or cell line host which
produces the protein and is then harvested. These systems have been used for decades to produce
many compounds for research, medicinal, and market purposes. They offer the advantage of
being a relatively cheap, effective, and humane way to produce large quantities of a given
protein, although they have the disadvantages of requiring verification that the protein produced
is the same as the functional protein in the body, as well as potential ethical concerns regarding
gene editing. Ultimately with either method the intent is generally to yield a pure monomer of

the protein.



Pure protein as substrate

One common use of this protein is as substrate in assays for detection of the pathological
aggregates of the protein. These assays include protein misfolding cyclic amplification (PMCA),
quaking-induced conversion (QulC), or real-time quaking-induced conversion (RT-QuIC). All of
these assays utilize the concept of protein seeding, that if aggregated protein is present it can act
as a seed that will cause normal protein to become locked in a permanent, insoluble, aggregated
form that can then be detected. To perform these assays a solution of pure protein monomer,
reagents, indicator, and sample is aliquoted into a multi well plate and placed on a device that
will shake the plate. As the plate shakes it mixes the contents of the wells, monomer proteins that
normally change in conformation may encounter a seed of protein that has been locked in the
pathological conformation. If this occurs the monomer may be guided into the specific
conformation that matches the pathological seed protein, it then aggregates to the seed, extending
the fibril. As this occurs throughout the well the indicator attaches to the fibrils and is detected at
increasing levels that correlate directly to the amount of fibril formation occurring.

These assays potentially allow for very small biopsies to be used to identify samples that
contain aggregated protein. More recent studies have shown that the pathological protein is often
found outside the CNS in certain peripheral nervous or lymphatic structures. This allows
researchers and clinicians to acquire samples for testing without extraordinarily invasive
measures. While these assays are not currently able to diagnose a disease they are able to add
additional evidence towards a diagnosis.

Protein for experimental application

Producing pure protein in the lab also allows researchers to study the protein itself and its

effects on various cell types, tissues, and in vivo. This can allow for the identification of unique



biomarkers to assist in early diagnosis or to test potential treatments to ensure desirable results.
Since it is known that these aggregated proteins can often induce a response from cells and
tissues many protocols require the aggregation of the pure monomer prior to treating
experiments. Similar to the above described assays most aggregation protocols require shaking
aliquots of the protein for long periods of time until fibrils are formed. The formation of these
fibrils results in a turbid appearance to the once clear solution and fibril formation can be verified
by electron microscopy.

Once fibrils are formed they can be used in a variety of experiments. They can be applied
to pure cell cultures to study the response of a particular cell type, or applied to a slice or tissue
culture to evaluate the response of a collection of cell types. They can also be applied to living
animal animals to evaluate a more complete picture of a body’s response to the disease. These
experiments can be especially useful when looking for potential biomarkers since application of
the protein simulates a diseased state and changes in the cells or their excretions can be
monitored for unigue qualities.

Over all the uses of the pure protein monomer are almost limitless if the protein can be
faithfully reproduced. In many cases it should be as similar to the natural protein as is
technologically possible in all respects and of sufficient quantities to use for experimental

purposes, although some experiments would require the use of altered forms of the protein.



Background and Literature Review:

Transmissible spongiform encephalopathies

Literature review discusses the history of transmissible spongiform encephalopathies

(TSEs) and current research on CWD

Introduction

Wasting diseases associated with neurologic signs have been noted for hundreds of years.
One of the earliest identified was in domestic sheep. “Scrapie” as this disease is known, was
named because sheep would often display a severe itch that caused them to scrape the wool from
their bodies. It was noted to effect mostly older animals and seemed to be able to spread within a
flock. Centuries later during studies to determine the cause of the disease the term “prion” was
coined by biologist Stanley B. Prusiner, who later won a Nobel Prize for his work.
Early TSE work

Studies to isolate and identify any kind of infectious organism continuously turned up
empty. Eventually after submitting samples of material known to contain the agent that could
induce disease in a healthy animal was subjected to almost every known method of infectious
agent destruction known and the material remained infectious, it was hypothesized that the
particles were smaller than any known virus and must be protein in nature. There is evidence,
although it does not completely explain the mechanism, that indicates that the misfolded protein
is somehow able to induce the misfolding of native prion protein into the pathological state and
that these particles are then also infectious in nature. While the lack of nucleic acids being used

as a template defies the central dogma of molecular biology, to date



there is little substantial evidence to disprove the

idea.

Research  more  recently  has
attempted to identify any cofactors that can
lead to the disease. While rare TSEs are
known to occur spontaneously. Neither the
mechanism behind spontaneous misfolding
nor how native protein is coerced into
misfolding when seeded is currently known.
Many TSEs are known to be horizontally
transferred. Oral inoculation of one animal
with known infectious material can often
lead to a disease state. Experimentally
exposing a known healthy animal to the
same environment as a sick animal can
often lead to infection as well, presumably
through fomites and disease protein that
shed the environment and

was into

subsequently ingested by the new animal.

Table 1: Species with reports of TSE diseases

Species

Sheep/Goat

Name of TSE

Scrapie

Year and Country

First Identified

Over 250 years,

Great Briton

Cattle

Bovine Spongiform
Encephalopathy (BSE)

aka Mad Cow Disease

1970s Identified,
1986 first cases,

United Kingdom

Cervid species (Deer, Elk,

Moose)

Chronic Wasting

Disease (CWD)

1967 Identified,
1980 Classified,
United States of

America

Feline (Domestic cat,

Cheetah, Ocelot, Puma)

Feline Spongiform

Encephalopathy (FSE)

Identified in captive
felines fed BSE

infected meat 1990s

Mink

transmissible mink

encephalopathy

Farmed mink
between 1947 and
1986 in the US
(suspected BSE

contaminated feed)

Undulant (Captive hoofed

mammals, family bovidae)

exotic ungulate
spongiform

encephalopathy

1990’s from zoos in

Great Briton

Non-Human Primates

spongiform
encephalopathy of

primates

1990-1996 in
European zoos,

Likely BSE origin

This is not known to happen with TSE’s of all species and it is also not proven to occur to wild

animal populations but is hypothesized to be the mode of transmission in most cases where

consumption of infected tissue is not suspected.



Several species have recorded spontaneous or contagious instances of diseases later
confirmed to be TSE’s. In new species a diagnosis of TSE disease is often noted by initial
observation, ruling out other causes, and histological findings of TSE hallmarks such as lack of
host immune response, aggregated prion protein, and characteristic CNS structural changes. This
process can take years from the first suspected case, often not suspected at the time but later
identified as the likely first instance, to definitive classification of TSE for that species. Table 1
provides a list of known species to have a reported non-experimental TSE. Other species are
known to be effected under experimental conditions but have not been recorded to have
unintentionally acquired the characteristics of TSE.

When discussing prion diseases it is essential to clarify which form is being discussed.
This excerpt from Hamir, et. al. will define the reason for use and the abbreviations used for the
remainder of the review. “In all TSEs the normal cellular isoform of the prion protein (PrP°)

undergoes a conversion to a relatively protease-resistant isoform (PrP"®

). The disease-associated
conformation of the protein is also referred to as PrP> (denoting the association with scrapie)
and PrP? (indicating the disease-associated form), as well as, PrP"P, Prp®E and Prp™F
denoting the host origin, or PrP™F as a species neutral designation. For the purposes of the
current review, when referring to the disease-associated form of PrP for BSE, CWD, scrapie, and
TME, the abbreviation PrP® will be used. Such abbreviation also eliminates the potential
misconception that all PrPR® are capable of causing a prion disease and that only PrP®® is
causing disease. (22)”

Research of TSEs

Many species, especially rodents, have been used to study TSEs through intentional

infection with pathologic prions. Two methods are primarily used, oral inoculation considered



more natural, and intracranial injection (IC), which is effective for determining susceptibility to a
particular TSE as well as often decreasing incubation time for the disease. Often these two
methods of inoculation are compared to determine the likelihood of a species barrier. If a species
can ingest prions without developing the disease but IC results in some treated animals showing
signs of the disease a species may be considered resistant to that form of the disease. If no
animals inoculated orally or IC display the disease a species barrier may be said to exist. Most
cases of TSE can be linked back to the consumption of infected animal proteins in artificially
provided diets, such as the incorporation of meat and bone meal into feed supplements. A
notable exception to this is CWD.
Chronic Wasting Disease Distribution

A wasting disease was first noted in captive herds of mule deer in Colorado in the 1960’s.
By the 1980s it had been defined as CWD and a TSE. In the following decades the disease began
appearing in wild populations in geographically remote locations. In the state of lowa the first
case was reported in 2014. Surrounding states including Minnesota, Wisconsin, Illinois, and
Nebraska had all previously reported cases and the eventual spread of the disease into the state
was being monitored. While not reported in every county lowa has only voluntary testing for the
CWD, except for specific management areas where special hunts and permits are occasionally
initiated with the stipulation of mandatory sampling of harvest. CWD has also been found in
farmed deer and occasionally this has occurred after shipment of the animal to another location.

Initially CWD was limited to North America and was only found outside of that territory
by known acts of animal transport. Korea imported an infected animal and was one of the first
cases of CWD confirmed outside of North America. In the 2010s CWD was diagnosed in wild

herd of reindeer and several moose in Norway and has not yet been definitively eliminated from
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the area. While no single incidence of infected animal transport is known to have occurred, it is
suspected that the infectious particle was potentially introduced from North America by means
of fomite contamination by travelers.
CWD Pathology

What distinguishes CWD from other TSEs is its ability to spread in wild populations and
relatively easily cross from one species to another related species. Soon after confirming CWD
in mule deer it was found in elk, and eventually it was also found in white tail deer and moose as
well. More recently reindeer in Norway have been diagnosed with CWD. Experimentally other
cervids, ruminants, and swine have been infected with CWD.

Genetically the prion protein that causes CWD, BSE, and other TSEs is highly conserved.
This may offer some explanation for how the disease is able to cross the species barrier so
readily but otherwise doesn’t offer many clues about the protein. The protein is composed of
approximately 250 amino acids, and some specific variances have been linked to certain species
being more or less resistant to acquiring the disease when experimentally exposed. Structurally
the normal conformation consists of mostly a-helixes and a couple short B-sheets. The isoform
that is resistant to proteases, and can lead to the development of disease, is comprised of mostly
B-sheets. As the B-sheets align with each other they effectively exclude water and other
molecules and become very stable. The function of the protein in the body is still mostly
unknown but it is found primarily on the cell membranes of follicular dendritic cells and in
neuronal synapses.

The presence of aggregated prion protein in the CNS is what initiates some of the most
distinctive clinical signs of CWD. Behavioral changes are often the most early detectable sign,

although these begin subtly animals often progress to a hyper reactive state where even mild
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stress can cause dramatic behavior. Ataxia is also frequently noted, along with weight loss, teeth

grinding, increased water consumption and increased urination. Animals suspected of having

CWD will not typically show any distinct lesions for the disease upon necropsy.

Microscopically several distinct changes become apparent. The classic sign, and that

which gives the disease its name, is the spongiform appearance of the nervous tissue of the brain.

“Spongiform” refers to a holey appearance, a result of neuronal death. The obex is the selected

location for histological exam as it contains the dorsal motor nucleus of the vagus, the suspected

entry point of the disease into the CNS from the peripheral body (19). Other regions of the brain

may also show evidence of degeneration and astrocytosis but it is suspected that they become

infected as the disease spreads from the medulla. Other tissues of the body, especially lymphatic

and secretory, may harbor PrP®which can be detected as well.

Methods of detecting PrP¢
Post-mortem IHC of the obex is
considered the gold standard of
diagnosis. This technique is time
consuming and requires a high degree
of expertise for sample analysis, but
yields expert confirmation of the
presence of pathological prion protein
and/or distinctive tissue structure
changes that are associated with TSE.

Other methods of detection are

Fig. 4. Dorsalvagal nucleus and hypoglossal nucleus in cbex region ofthe medulla oblongata;
mule deer with chronic wasting disease. Fig. 4a. Formalin-fixed, paraffin-embedded tissue,
HE. Spongiform encephalopathy in the dorsal vagal nucleus (upper half of photomicrograph)
and unaffected hypoglossal nucleus (lowerhalf of photomicrograph). Bar = S0 pm. Fig. 4b.
Immunohistochemical stain. Marked staining ofthe dorsal vagal nucleus with a sharp line of
demarcation with the unaffected hypoglossalnucleus. Bar=50 ym

Published in: E. S. Williams; Vet Pathol 42, 530-543.
DOI: 10.1354/vp.42-5-530
Copyright ® 2005 American College of Vieterinary Pathologists

Figure 1: An image demonstrating the “spongey”
appearance of infected tissue and IHC staining of
PrP compared to unaffected tissue in the lower half
of each image
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also commonly used in research. Western blotting is very useful to find traces of PrPY in
suspected tissues. This method has been used since the earliest studies of TSEs. It offers
advantages in two ways; first it is very sensitive with the appropriate antibody selection allowing
for the use of very small amounts of sample (23). Second preparation of a sample involves
homogenizing the proteins of a selected sample, allowing for the detection of very small amounts
of protein in a relatively large sample compared to visually assessing several slides of specimen
slide only several microns thick.

A downfall of this method is that it is not sufficient to diagnose CWD or other TSEs. The
nature of the protein is such that developing an antibody that is highly specific only to the
aggregated protein if difficult and there is significant cross reactivity with normal protein.
Another challenge with this technique is that it requires what can be considered rather large
samples for analysis. While western blotting has been applied to samples as small as only tens of
micrograms of tissue, this is still a comparatively large amount when compared to other more
modern methods.

Some of the most recently developed research techniques involve the amplification of
Prion aggregates in a substrate of purified recombinant protein monomer. The evolution of these
techniques began with the ability to induce strains of bacteria to produce specific proteins
through genetic manipulation. Once prion protein could be produced in relatively large quantities
and without the need to sacrifice animals for its procurement it could be tested for its ability to
act in a manner similar to the natural protein. In the beginning recombinant protein was poorly
infectious but that has changed recently as advancements in technology have improved.

The needs of newer assays though do not require a protein that is identical to the naturally

occurring one, only that the protein misfolds in a manner that closely resembles the natural
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occurrence. These assays take advantage of the proteins ability to form highly stable aggregates
and fibrils and use minute amounts of sample. The addition of a fluorescent amyloid detector
allows for real time detection of fibril formation. There have been a few evolutions of these
assays and the most well developed currently is the Real Time- Quaking Induced Conversion
(RT-QuIC) assay.

The basic principle the RT-QulC assay is that wells of a plate are filled with a
combination of substrate protein, reagents, and a sample seed. Each assay utilizes positive
controls, negative controls, and blanks to validate the run. The machine then warms and shakes
the reagents in the plate. In the presence of a PrP® seed the substrate protein will rapidly refold
and form fibrils, which the florescent indicator interacts with and is then detected at intervals by
a plate reader. While the protein is known to sporadically assume the disease causing pattern it
reliably happens at a statistically significant and distant time compared to known positives. Thus
the RT-QuIC assay is a relatively fast way to detect misfolded prion protein.

Another advantage of this assay is the ability to detect protein in a wide variety of
samples tissue and fluid samples. This can allow for rapid diagnosis and comparison between
tissue samples. In one study for patients diagnosed with CJD, a human form of PrP¢, this method
was used with 97% sensitivity and 100% specificity from 74 (31 positive, 43 control) nasal
brushing samples. In the same study cerebral spinal fluid (CSF) was tested with only 70%
sensitivity and 100% specificity (53). This provides a demonstration of the assays ability to
compare tissue samples, in this case, for potential diagnostic purposes.

Tissue comparisons
Current CWD research is ongoing from several different objectives. One of the objectives

looks at a comparison of tissues. Tissues are being compared for their diagnostic potential as
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well as their infectious potential. Several methods are being used to explore this topic in several
species. Some studies utilize experimentally infected rodents or domestic animals and most use a
combination of histological evaluation as well as RT-QuIC to evaluate samples. One aspect that
is common between many studies is the comparison of any given tissue to validation against the
obex.

Infectious prions are typically found along with spongiform degeneration of the dorsal
motor nucleus of the vagus nerve in the obex region of the medulla oblongata. The obex is
largely considered to the entry point of prion disease to the CNS. Once the disease reaches the
CNS obvious clinical neurological signs develop and the disease tends to progress relatively
rapidly toward death. While able to be detected early in the advanced or neurological stage of the
disease, orally acquired TSE’s that have advanced to the CNS have already advanced through the
lymphatic system and enteric nervous system. “Microscopically, marked spongiform lesions
occur in the central nervous system (CNS) after a prolonged incubation period and variable
course of clinical disease (65).

For routine scrapie testing of sheep herds it is not practical to sample brain. In this case a
biopsy of the third eyelid is often used. For the purposes of this review, studies evaluating third
eyelid biopsy in cervids could not be found through most major journal searches. It is the opinion
of the author that this tissue would not be ideal to sample in cervids due to the practical
challenges of evaluating both captive and wild populations. Tonsil is another tissue that is
frequently studied, but sedation is required even in captive animals to biopsy this tissue.

Another commonly tested tissue is the retropharyngeal lymph node (RLN). Because
CWD is known to typically spread through the lymphatic system prior to reaching the brain the

retropharyngeal lymph node was studied. One well known study evaluated over 4000 samples of
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deer from Wisconsin. “Two hundred and fourteen of the 269 positive deer (79.6%) had deposits
of PrP(res) in both obex and lymphoid tissues, 55 (20.4%) had deposits only in lymphoid tissue,
and there were no deer that had deposits only in obex.” (37) This study determined that in
whitetail deer the RLN can be evaluated for the presence of disease in an earlier clinical stage
that evaluation of the obex alone. This has driven the study of other tissues for diagnostic
purposes. Ideally a tissue will be identified in each species that is easily biopsied ante-mortem
and offers accurate detection at the earliest possible stage of the disease.

One such tissue recently studied is recto-anal mucosa-associated lymphoid tissue (RA-
MALT) in elk. In elk it has been determined that CWD is not always found in the RLN when
detectable in the brain. In some cases this may be due to spontaneous occurrence of the disease
in the CNS, but the relatively high incidence seems to indicate that the RLN may simply not be
the best lymphoid tissue to evaluate in this species. “Rectal-anal tissue biopsy from ante-mortem
elk from a depopulated herd was able to be assessed in a blinded study via RT-QuIC.
“Comparison of RT-QuIC assay results with the IHC results of revealed 92% relative sensitivity
(95% confidence limits: 61.52-99.8%) and 95% relative specificity (95% confidence limits:
85.13-99%).”(46).

RA-MALT offers several advantages for diagnosis compared to other tissues. Unlike
brain it can be sampled from a live animal. Compared to tonsil or RLN it can be sampled without
the need for sedation, and compared to third eyelid, nasal brushings, and other mucosa sampling
sites from the anterior portion of the animal it offers the benefit of increased handler safety and
lower relative stress to the restrained animal. As many cervids grow antlers these along with the
impressive head and front hooves of the animal pose a significant danger to handlers interacting

with them. There is a danger to the animal as well if restraint is not sufficient during sampling of
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the eye or mucosa as resulting injuries could be severe. The head of the animal may often be
only minimally restrained which is more comfortable for most animals, and many are somewhat
less sensitive to a small discomfort to their rear quarter compared to other areas.

Finally secretions are another relatively easily accessed sample possibility that are being
explored for diagnostic potential. Studies have shown that in many species PrP? is shed in urine,
feces, saliva, and nasal discharge. This has been hypothesized to be a primary mode of
transmission in wild cervids as many of these species are not particularly social except during the
breeding season or between females and their young. Secretions of course offer the ability to
collect from the live animal and in some cases could be collected without the immediate
presence or capture of an animal. In a recent study researchers were able to detect 80% of
whitetail deer experimentally infected for at least one year, and were able to detect naturally
exposed asymptomatic CWD+ elk 40% of the time (27). This has great implications in context of
surveillance although it is not sufficient for diagnosis.

Zoonotic potential

CWD is known to transmit to other cervids, and experimentally to other animals, it is not
believed to pose much threat to domestic animals. “Although CWD can be transmitted by
intracerebral inoculation to cattle, sheep, and goats, ongoing studies have not demonstrated that
domestic livestock are susceptible via oral exposure, the presumed natural route of exposure to
TSEs ” (65). Recent experimental studies unfortunately have indicated that domestic pigs may be
susceptible to CWD by both I1C and oral inoculation (48). Soon to be published data in
collaboration with the USDA indicates that prion aggregation in feral pigs in western states may
be detectable by RT-QuIC using the same protocol as used in the experimental pig study. Oral

transmission to the pig is concerning not only because it is a domestic animal with great
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economic impact, but also because pigs are considered experimentally more like humans that
most ruminates.

Many studies are concerned with the zoonotic potential of the disease not only for
transmission to other animal species but for transmission to humans as well. Until recently it has
been believed that CWD is likely unable to cross the species barrier to humans. This was
determined in studies using mice expressing the human PRNP gene, as well as studies on non-
human primates (41, 58). Contrary to this research are reports of possible transmission to
Cynomolgus macaques fed raw tissues from CWD infected animals. This is from an ongoing
study being led by Dr. Stefanie Czub of the University of Calgary / Canadian Food Inspection
Agency, as reported in a statement from the Norwegian Scientific Committee for Food and
Environment. Despite this research it is still largely believed that CWD poses little risk to
humans, but it is acknowledged that since the mechanism of crossing the species barrier is poorly
understood it cannot be said that there is no risk at all.

Future directions

Besides experimental situations there are other reports of possible CWD transmission to
humans. In 2018 a sensationalized report implied that a man diagnosed with vCJD contracted the
disease from eating squirrel brains. An older report from 1997 was published in the highly
respected medical journal The Lancet, that report also implicates the consumption of squirrel
brains with incidence of vCJID. “A history of eating squirrel brains was obtained from family
members of all five patients with probable or definite CJD seen over 3.5 years in a
neurocognitive clinic in western Kentucky” (5). Finally in a series of case reports published in
the American Journal of Medicine in 1984 three of four patients were reported to have consumed

squirrel brains regularly, unfortunately two of the three who had died by the time of publishing
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did not have an autopsy, the third was in a vegetative state at publishing. The fourth patient cited
in the report, who did have a post mortem exam confirming vCJD, had a history of traveling to
Europe and consuming neural tissue of goats. During this time period BSE which is known to
affect ruminants was spreading through Europe and is likely not linked to squirrel brain
consumption as none was reported.

Despite reports of a potential novel source of an infective to humans TSE, no studies
examining squirrel have been published. Squirrels belong to the rodent family, which includes
mice, rats, and hamsters, all of which have been experimentally infected with various TSEs and
support the majority of in vivo studies in TSE research. With CWD having a distinct trait of
being flexible across species barrier, and cervids and squirrels often sharing the same habitat
examining a potential link between these species and CWD would be a worthy endeavor. If
CWD is found to be transmissible to squirrel and consumption of infected squirrel brain can
result in subsequent disease then it may be that CWD transmission to humans has occurred for
decades but has simply been overlooked.

Another potential source of the spread of CWD that has been investigated is birds. While
birds and mammals share similar genetic sequences for PRNP gene, experimental studies to
infect domestic chickens with highly contagious BSE showed that transmission was highly
unlikely to occur, as no chickens developed any signs of the disease or were able to transmit any
disease (47). While TSEs may not spread to humans via our consumption of foul, carrion eating
birds such as raptors and crows may be able to facilitate the spread of diseases like CWD and
Scrapie through their droppings on their migratory routes. A study in 2012 determined that
RML-strain scrapie retained its infective properties after passage through the digestive system of

the American crow. Crows were force fed infected feed and mice were then inoculated with crow
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fecal material and all mice tested positive for prion disease by 231dpi (63). Studies on the spread
of CWD via natural routes beyond the immediate territory of an infected animal could yield
valuable data on the spread of diseases like CWD.

Beyond studying the spread of the disease and its hosts there is also more work to be
done on the molecular level. One of the most concerning aspects of TSEs and other similar
diseases is the resistance of the aggregates to typical disinfectants. Even after harsh treatments,
including heating above normal food cooking temperatures prion aggregates retain their
infectious nature. It has widely been believed that once in the environment the disease is
impossible to eliminate and that it never really disappears but is only diluted to a point where
infection of future animals becomes unlikely. In 2011 a study of lichen revealed a potential
alternative.

Immunoblotting was used to evaluate the ability of acetone extracts of three species of
lichen on their ability to degrade TSE protein from hamsters. “Different strains of TSE agents,
such as Hyper (HY) transmissible mink encephalopathy (TME), Drowsy (DY) TME and 263K
scrapie, have varying susceptibly to proteolytic degradation by the serine protease, proteinase K
(PK). We tested the ability of three lichen extracts to degrade these three strains of hamster TSE
agent in BH” (33). Following treatment with lichen extract samples were also subjected to
Protein Misfolding Cyclic Amplification (PMCA), which is similar in principle to RT-QuIC
assays. The samples showed delayed amplification indicating a dramatic decrease in infectious
protein. Despite the implications of protein aggregate digesting enzyme being tentatively found
few studies have followed up on this. Discovering the mechanism of the enzymes activity could

reveal potentially a way to digest protein aggregates, not just of prion proteins, but possibly even
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aggregates of other proteins, such as a-synuclein, tau, f-amyloid, and others implicated in
neurodegenerative diseases.

The accumulation of proteins is another potential area of study. Many proteins besides
prion have been shown to be processed by the immune and lymphatic systems for clearance from
the body. It has been hypothesized that prion disease may gain a foothold in the body under
mechanisms similar to bacteria or virus, simply by overwhelming the immune system and
propagating faster than it can be removed by macrophages. In the case of TSE the prion protein
and its aggregates also seem to be able to evade the immune system, by failing to activate an
innate response it is able to spread through the body before causing symptoms by CNS invasion.
One gene has been implicated in the dysfunction of clearing and that is MFGES, a gene like
many others, which is active primarily in the lymphatic system and neural tissue (42).

Many of the proteins that are implicated in proteinopathic diseases are known to function
normally in a naturally unfolded state, and don’t acquire their inflammatory or infectious nature
until they fold into a state that is energetically the most favorable. This could imply that the
misfolding happens regularly, as a general principle of chemistry, physics, and biology is that the
most energetically favorable state is generally the one assumed. Potentially this occurs, but is
routinely handled by the body, likely by the “waste collectors” of the immune system, and it isn’t
until some anomaly prevents or overwhelms this that a disease state can develop. Further studies
may enlighten us into how failure of the body’s natural clearance mechanisms allow for the
accumulation of these proteins.

Summary
In conclusion the study of proteinopathies, especially ones such as CWD and TSEs, offer

the opportunity to translate across species and diseases. By understanding how CWD is able to
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spread through populations of wild cervids and potentially other animals while crossing the
species barrier we can gain insight into the spread of other diseases. Exploring the diagnostic
requirements of animal diseases like CWD can speed the development of sensitive and specific
tests for human diseases as well. The development of new research techniques compliments the
goals of diagnostic medicine by searching constantly for faster, more accurate ways to determine
disease status with a minimal amount of sample and invasion. Finally with the rarity of some of
these diseases and the fact that they are often effecting a hard to study system, the CNS, the
value that studies of similar animal diseases offers is significant to making strides against human

neurodegenerative diseases.
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Abstract

Transmissible spongiform encephalopathy (TSE) is a type of Proteinopathy.
Proteinopathies are characterized by the misfolding, dysfunction, and often aggregation of
normally functional proteins in a way that is nonfunctional and induces inflammation and
autoimmune responses leading to neurodegeneration. TSE’s are characterized by misfolding and
aggregation of the prion (PrP) protein. Other proteinopathies that show similar disease traits to
TSEs are, for example, Parkinson’s disease (PD), Amyotrophic Lateral Sclerosis (ALS),
Alzheimer’s disease (AD), among others. PD and ALS are primarily associated with
neurodegeneration instigated by misfolded and aggregated a-synuclein. AD is associated with
aggregated b-amyloid protein and tau protein tangles. Most proteinopathies appear to be age
related afflictions of humans. While TSE’s are known to occur spontaneously as an age related
disease, they are also able to infect other members of their species in an infectious manner and

some are able to cross species barriers and infect other species and humans.
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The ability for a protein to act as its own potentially zoonotic infectious particle has
serious implications in the food animal industry as evidenced by the outbreak of Mad Cow
Disease in the 1980s and 1990s in the United Kingdom. Beyond that the study of TSEs,
commonly found in animals, offers an opportunity to effectively study a proteinopathy in several
naturally occurring animal models. Animal models of other such diseases are already commonly
used but often the disease state must be artificially induced. Studies of several other
proteinopathies, such as PD and AD, have shown that advances of knowledge in one disease can
lead to a breakthrough in another; it is then understandable that advances in our understanding of
prion disease could lead to advancements in the studies of primarily human effecting
proteinopathies.

For many years pigs have been used to model human disease and organ function due to
their many similarities to humans. Recently have pigs been shown to be experimentally
susceptible to Chronic Wasting Disease (CWD), a TSE that is known to readily spread among
cervid species. Through partnership with the USDA tissue samples of feral pigs have been tested
with the RT-QuIC assay to look for evidence of prion protein aggregation potentially indicating a
version of a TSE or proteinopathic disease of the pig. The results of the evaluation of brainstem
samples show that 20 of 96 submitted samples were positive for presence of aggregated prion
protein. Samples were also submitted from a population of feral pigs harvested from presumed
CWND(-) areas, these are assumed negative control animals and 9 of 9 submitted samples are
negative for the presence of aggregated prion protein.

Introduction
The purpose of this study was to evaluate brainstem samples obtained from feral pigs

using RT-QuIC for the detection of aggregated prion protein. In other species aggregated prion
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protein is a hallmark of transmissible spongiform encephalopathies (TSE’s). In cattle this is
known as bovine spongiform encephalopathy (BSE) or mad cow disease, in deer species chronic
wasting disease (CWD), and in humans Creutzfeldt-Jakob disease (CJD) disease. Human have
another form of CJD known as variant-CJD (vCJD), this is when the disease is determined to
have likely been zoonotic in nature and was likely cause by the consumption of infected food.

The results of an infection with a TSE are various but tend to have some common factors.
Due to the neurologic damage induced by the buildup of the aggregated protein there are
neurologic symptoms associated with infection based on where the damage occurs. In many
species there is a general slow wasting away of the body condition. Often the animals appear
generally healthy except they are unable to maintain a proper body weight. As the disease
progresses it can result in ataxia or severe behavior changes, these changes resulted in the name
“mad cow disease” as the infected cattle would often behave abnormally and appear “mad” as
though crazed. In humans there are often mental disturbances and a progression into systemic
dysfunction eventually leading to death.

There is no known cure for CJD or other TSE’s. While most occur sporadically the best
way to prevent infection is to avoid consuming products that are at higher risk of transmitting the
disease. Since the early 1990°s the US has banned the use of bovine neural tissue in products
from cattle over 18 months of age. There is also a ban that prevents the feeding of animal by
products to ruminants as this was suspected to the likely reason behind the outbreak of BSE in
the UK in the 1980s and 1990s. That outbreak led to several people contracting and later dying
from vCJD, likely from consuming contaminated beef products. Ultimately this generated
worldwide interest in this mystery disease that was not bacterial or viral in nature, and if

contracted produced alarming neurological effects with 100% mortality.
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An up and coming disease of concern in the US and Europe is CWD. Compared to other
TSE’s there are a couple unique features in that it is able to be spread within wild populations of
deer and elk species via transmission by secretions. Such horizontal transmission has only been
noted with scrapie, horizontal transmission is not noted with other TSE’s. Infectious protein has
been detected in the urine, feces, and saliva of deer confirmed to have had CWD, and contact
with these secretions has shown to cause infection in other animals that ingest them. Because the
nature of this disease involves a long incubation and a slow death by neurodegeneration the
spread of this disease by infected individuals could be very wide spread. The effects could be
amplified by artificial grouping of deer, such as deer kept on farms or feeding stations provided
by nature enthusiasts to lure deer into specific areas. The unnatural accumulation of deer and
their secretions in small areas creates a higher risk of disease transmission.

One positive to that part of the story is that as of yet there have been no known cases of
vCJID caused by the consumption of wild game even in areas known to have the disease.
Whether this is because the disease is unable to cross the species barrier or simply has not yet
been diagnosed is unknown. For the cattle in the UK that were positive for BSE it is believed
that the origin of the disease was through the feeding of animal origin protein meal that likely
included sheep infected with scrapie. The misfolded proteins from sheep were ingested by cattle
which then became infected with the disease and those cattle entered the human food chain,
already having a contagious form of TSE that had jumped one species barrier. People who then
consumed portions of those animals were at risk of, and some contracted, a TSE themselves.

While we have a plausible story for where some of the most well-known zoonotic TSEs
originated one thing that is still unclear is how the disease jumped from one species to the next.

Without knowing that it is hard to know if CWD from deer or TSE’s for other species pose a risk
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to people who consume them. Although many people do not ingest wild game and farmed herds
of deer are closely monitored for TSEs, it is suspected that feral pigs may have contracted a form
of CWD.

Feral pigs are not indigenous to the United States, and all feral pigs have descended from
domestic pigs that either escaped or were intentionally set free. They are scavenging omnivores
that will consume almost anything edible and are prolific breeders. They inhabit many regions of
the US and several of these overlap with areas where CWD is prevalent. There is certainly a
possibility that feral pigs could and would consume the carcass of a deer infected with CWD. It
is also possible that feral pigs and CWD positive deer would frequent certain areas and the pigs
would have the opportunity to ingest materials contaminated by the secretions of deer.

As of the writing of this paper, there is no published information on a spontaneously
occurring TSE associated with pigs, feral or domestic. There is one paper on the ability to
experimentally infect domestic pigs with pathologic prion protein, these animals were injected
intracranially with pathologic protein and later developed characteristics of TSE. Otherwise no
peer reviewed literature is available. In association with colleagues at the USDA samples of feral
pigs have been obtained that are suspected to be infected with a CWD-like disease. Samples
were run in the RT-QuIC protocol which has been able to reliably detect positive samples in
other species and with the experimental pig study. The analysis of the feral pig samples are
provided here.

Materials and Methods

Tissue Processing

Feral pig brainstem samples were obtained from USDA for analysis with RT-QuIC.

Samples are stored at -80°C and processed on dry ice. Samples of brainstem were processed in a
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biosafety cabinet under BSL2 conditions. Each sample was kept on dry ice until allowed to sit at
room temperature for approximately 3-5 minutes for removal from sample vial. Tissue was
placed on an ice cold petri dish and approximately 30-90mg of tissue was trimmed of excess
blood clot or other non-neural tissue and removed to a pre-weighed 1.5ml Rino conical tube
maintained on ice. Tubes with tissue were blotted dry with a paper towel, weighed, the original
empty tube weight subtracted from that value, and the tissue weight used to calculate the amount
of sterile 1x PBS needed to yield a 20% w/v solution. 1x PBS and beads were added to the tube
at a rate of 50 beads/200ul of 1x PBS. Tubes were then placed in a bead blender at 4°C on the
highest setting for 5 min. Each sample was inspected for even consistency. Each sample was
then used to create 2% working sample solutions by adding 10ul of sample to 90ul of sterile
filtered 1xPBS.

RT-QuIC assay

For testing in RT-QulC working solutions were thawed 2% on ice and briefly vortexed to
ensure even mixing of the solution. Each sample was diluted to 0.002% in 0.05% SDS in PBS
and kept on ice until plate loading. 95ul/well fresh of substrate mixture consisting of 2ml 5x
PBS, 1.1ml 2M NacCl, 700ml ultrapure water, 100ul 100mM EDTA, 100ul 1% ThT, and 2.325
ml of 2.4mg/ml recombinant prion protein monomer was added by multichannel pipette to a
clear bottom, black walled 96well plate. Next 5ul of chilled 0.002% sample was added to each
well for a total volume of 100ul per well. 4 positive, 4 negative, and 4 blank controls per plate
were run. The Citation quaking plate reader was used to run the assay, shaking and resting of 1
minute duration at 42°C. Florescence reading was recorded every 30 minutes. Each plate was run
until all positive controls and at least one negative control indicated characteristic rise in

fluorescence. Plates in which any positive control fails to amplify were not valid.
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Analysis

Analysis was completed using Microsoft Office software and graphs were generated on
Prism Graph pad software. Calculate time to cross threshold by finding the average florescence
value(AFV) of all wells first ten readings, then add ten standard deviations of that value to the
average. Identify the first negative control to reach this value, record time point. Any well that
reaches threshold (AFV+10SD) at or before the first negative control is considered positive.
Amyloid formation rate is calculated by taking 1/minutes to threshold. Microsoft Excel was used
to calculate threshold and amyloid formation rate.

Results
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Figure 1- represents the average florescence of all positive controls (Red), negative controls
(Green), and positive samples (various). The graph demonstrates the amount of variation in
the aggregation speed of individual samples especially compared to the aggregation of known
positive and known negative controls. The graph also shows clearly that despite variation in
the raw florescence values of the negative controls the positive samples are easily

distinguished from a negative sample.
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Figure 2- depicts the rate of amyloid formation of positive samples. This is calculated by
determining the inverse of the average number of hours to threshold of all replicates of a

given sample.
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Figure 3- Select graph of individual sample considered positive. Positive controls (red),
negative controls (green), the average of all runs of a given sample (blue)

Any well that reaches threshold at or before the first negative control is considered
positive. Any sample that has at least two positive wells (2/4) is considered a preliminary
positive. All preliminary positives were run on a subsequent plate for conformation. If the second
run results in two or more positive wells the sample is considered confirmed positive (4/8). If the
second run does not result in two or more positive wells it is considered a false positive, unless
the first run yielded four positive wells. In this case the sample would be run on a third plate. If
the third plate yields two or more positive wells the sample is considered positive (6/12). If the
third plate yields fewer than two positive wells the sample is considered a false positive. The
analysis of one hundred five (105) samples resulted in twenty (20) confirmed positive and fifteen

(15) false positive which are considered negative. Of the 105 samples 9 were harvested from a
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presumed CWD free area. Those samples yielded no positive or false positive results, and were
each assayed on two separate plates for a total of 8 replicates.
Discussion

The exact mechanism behind the phenomena of protein misfolding is not clearly
understood and false positive results can arise for a number of reasons. There is a possibility of
the protein randomly assuming the pathological formation. If that occurs during testing that well
has effectively been seeded and protein will continue to aggregate in the absence of sample seed,
causing an increase in florescence and an apparently positive result. There is evidence this occurs
in the fact that the experimentally derived negative controls will eventually initiate a sudden
increase in florescence that appears identical to the positive control samples but is occurring
hours later. This time difference is statistically significant and allows for the differentiation of
true positives from false.

When analyzed by determining time to florescence, the time at which a negative control
randomly aggregates is considered the cut off for positive samples. Any samples that aggregate
after the first negative control cannot be distinguished from random aggregation rather than
seeded. Also the requirement for 50% or more of the wells to reach time threshold florescence
prior to the first negative control reaching threshold makes detection of a false positive more
likely. The requisite running of suspected positive samples on a second plate to confirm also
increases accuracy of the assay. There is a low chance that on two separate plates a given sample
would randomly aggregate faster than the negative control 50% or more of the time. Results are
still pending in the histopathologic evaluation of the samples, which is considered the gold

standard and will be used to refine the parameters of the RT-QulC assay.
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The random nature of aggregation results in the need to analyze each plate individually.
While as many aspects of the experiment are as carefully controlled as possible the effects of
possible human error, batch to batch variation, seasonal effects, and any number of other
uncontrollable factors results in the need for standardization of each plate for individual analysis.
That standard is the occurrence of threshold florescence in a known negative sample. Failure to
wait for random aggregation to occur in a known negative sample could lead to missing positive
results in sample wells if there is a low concentration of pathological protein that would have
been detected if allowed to run longer. Hypothetically all samples will eventually aggregate, thus
the need for a cutoff point. No blank controls, although they had the same substrate protein
mixture, have aggregated. This could indicate potentially the need for some additional cellular
aspect to the initial assumption of pathological conformation. This can also occur because
substrate is slightly different from the original cellular protein and possibly is not able to initiate
seeding without the presence of an original cellular prion protein, or greatly reduces its ability to
do so. This is supported in several papers that have shown that aggregated recombinant protein is
not always able to reliably induce disease in vivo.

There are some further studies that would be useful to conduct. Samples of several tissues
from the specimens have been provided and characterizing the detectability of PrP® in various
tissues will give a better idea of potential risks associated with those tissues. Also, it would be
significant to find out if these tissue samples can experimentally induce a disease state, through
either intracranial or oral inoculation. If a disease state does occur comparing it to the protein
deposit patterns of well-studied TSEs could indicate what the original source of the TSE was or

if it is a unique variant.
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With the push in recent years for “free range” pork products, knowing if pigs are able to
contract, incubate, and spread TSEs has major implications on the pork industry and how the
food supply is safeguarded. If there is a porcine TSE in feral pigs, the risk of transmission to
domestic pigs should be evaluated. Follow up studies to determine likelihood of zoonotic
potential as well as evaluation of effective monitoring strategies would need to be conducted as
well. If the disease found in feral pigs originated in wild deer determining the risk to domestic
free range and confinement housed pigs in CWD positive areas would also be necessary. If
infectious and contagious proteins are found in other tissues or secretions the implications of
having nearly 20% of the tested samples positive could have significant impact for the pork
industry.
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Abstract

Parkinson’s disease (PD) affects approximately 1 million people in the USA, and nearly
10 million worldwide. The study of this disease has increased greatly with the diagnosis of
notable figures, including actor Michael J. Fox who was diagnosed at the very young age of 29
years and established the Michael J. Fox Foundation for Parkinson's Research. It is generally a
disease diagnosed later in life and currently there is no known cause although genetic and

environmental factors are thought to play a significant role. It is a neurodegenerative disease that
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currently is often diagnosed only once irreversible disability has occurred. This disability is
caused by degeneration and loss of the dopaminergic neurons of the substantia nigra, a result of
inflammation in the brain from the formation of aggregations of a-synuclein, one of the
hallmarks of the disease.

Aggregates of a-synuclein were easily identified as a common feature among patients
who displayed a typical set of symptoms prior to passing. That led to the investigation of these
abnormal formations that were shared between patients. Eventually it was confirmed that o-
synuclein does play an important role in the progression of PD, although that role remains to be
fully uncovered. One way to uncover that role is through in vitro and in vivo experiments.

Initially experimental treatments may have involved using lysate or purified extract from
diseased tissues. This can lead to questions of outside factors affecting the results of the
experiment. With the development of easy and efficient gene editing technology along with
bacterial culture systems it has become standard practice to grow selected proteins in a bacterial
host and purify the desired protein from the resulting culture. The number of potential protocols
for purification is as abundant as labs that wish to create their own protein for experimental use.
Unfortunately that can yield in results that are difficult to reproduce or possibly even lead to
conclusions that are a reflection of the qualities of the purification protocol used for the treatment
rather than as a result of the treatment. It is also difficult to find a complete modern protocol as
many published in the methods of even prominent papers either modify an older protocol without
full explanation of the original protocol, or even just eliminate lab produced protein for
expensive commercially produced. The protocol provided in this publication aims to offer a
modern, efficient, reproducible, and reliable method for producing recombinant human a-

synuclein. It includes guidelines for controlling batch to batch variation and quality control
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standards for comparing protein activity to help identify batches of unsuitable protein prior to use
in experiments.
Introduction

Human o-synuclein is the protein that has been implicated in the development of
Parkinson’s disease (PD) and several other neurodegenerative diseases. In the progression of
these diseases a-synuclein folds into a stable conformation and forms fibrils that trigger
inflammatory responses. Inflammation in the CNS often results in the loss of neurons, which
leads to visible neurologic symptoms such as tremors and diminished cognition. Another disease
linked to misfolded a-synuclein is dementia with Lewy-bodies (DLB). DLB is similar to PD but
is defined by dementia developing prior to any motor deficit, whereas PD shows motor
symptoms first that may progress into dementia as the disease develops. In both diseases
aggregates of a-synuclein fibrils form and are deposited in the brain. These deposits, known as
Lewy-bodies, are a histologic characteristic of both PD and DLB. Misfolding, tangling, and
formation of plaques by other proteins results in a host of other conditions but they do share
some common traits. Because the same protein can result in conditions that differ in appearance
it is important to try to study the same protein or type of protein in experiments.

The advancement of recombinant bacterial systems to generate greater amounts of
protein has led to more efficient production of the proteins needed to study proteinopathies but
because the exact mechanism behind the misfolding is still unknown generating misfolded
protein consistently can be challenging. Occasionally proteins generated using exactly the same
protocol do not induce the same results experimentally once aggregated or are unable to

aggregate at all.
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The need to quality control the recombinant protein generated in the lab has led to
development of a consistent protocol that effectively generates substantial amounts of functional,
predictable, protein for the generation of PFF’s for treatment as well as monomer for substrate in
aggregation assays. Inconsistencies were noted as possible batch to batch variation and while
often not statistically significant, in at least one instance there is no better explanation for the
failure of the protein to generate results similar to previously obtained and published results.
While all other aspects of the experiment could be verified to be within normal limits the
treatment protein has been identified as the most likely source of the inconsistency.

The process of producing the protein in quantity is limited by several factors. Current
facilities and restrictions allow production only of several liters at a time, which yields optimally
only about 30mg of pure protein per liter. Also the batch size processing capability of the
purification device along with its limits on protein concentration requires that protein be
processed in small batches. While batches can be combined at certain steps, if it is within the
limits of sample size and concentration, all of the steps in the process are time and temperature
sensitive. With the necessity of batch processing it is then essential that each batch be produced
in a consistent manner and is verified for quality prior to being released for experimental use.

In a recently published paper the effect of endotoxin on fibril formation and biological
response activity indicated that distinct forms of fibrils could be predictably generated from pure
monomer with or without the addition of LPS. These fibers showed statistically different abilities
to induce biological responses in vivo as well as significant differences as in aggregation assays.
With recombinant protein grown in bacterial culture using recombinant bacterial systems LPS is

introduced into the process from the very beginning. Removal of LPS contaminants occurs
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through the purification steps and finally concisely as the very last step prior to aliquoting and
either storage as monomer or PFF generation.

Methods used in this protocol include basic microbiological techniques along with
protein precipitation followed by anion exchange, size exclusion filtration, and endotoxin
removal. These are further followed by a set of tests designed to verify that the protein
characteristics and purity are consistent across batches, and finally implements a protocol for
storing samples for future referencing. Several protocols have already been published within
papers using some combination of these steps or other alternative methods of purification, but
none have addressed the potential for batch to batch variation and necessary steps to ensure
consistency and purity.

In labs that use significant amounts of in-house generated recombinant protein for studies
several batches will likely be generated for the course of any given experiment or series of
studies. Without adequate quality control checks in place and reference samples stored, the long
term ability to confirm or deny the batch variation of the recombinant proteins contribution to
any statistically significant findings is difficult at best. These quality control steps will also
ensure that valuable time and resources are not wasted if a batch of poor quality protein is
inadvertently produced and distributed for several studies within a lab. Between labs use of this
protocol and the quality control steps will help ensure that variations in proteins produced in
different labs can yield reproducible results. Having quality control guidelines will only increase
the integrity of the results obtained by experiments using in-house generated recombinant

protein.
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Experimental Design

Before beginning the protocol, a number of factors should be considered, including the
expertise and resources available in the lab. Other considerations should include vector and host
selected, and cell line selected for quality control steps. Each of these considerations is explained
below.

Expertise and resources

Basic microbiological skills are required for this protocol, as well as comprehension and
proficiency of sterile technique. Resources required are commonly found in most biomedical
laboratories but the materials and methods should be thoroughly reviewed prior to beginning the
protocol. While other protein purification systems are available this method has only be tested
with the products mentioned in the materials section. Deviation from these products could result
in lower yields or purity. Maintenance of equipment and columns is expected to be in accordance
with manufacturers recommendations. Despite potential equipment substitutions, quality control
measures should still be able to allow labs to detect protein batches that have significant variance
in character or purity from others produced following this protocol.

Vector and host selection

For vector selection there are known characteristics of several different mutations of this
protein that when compared against each other and the wild type are significantly different. The
quality control measures in this protocol were designed using a plasmid which is for a wild-type
human alpha-synuclein (WT Hu-a-synuclein). Use of other plasmids may result in significant
deviations from the values reported here, but this protocol should yield a repeatable
standardization procedure for batch generated proteins once enough replicates have been

characterized and quantified.
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Rosetta competent bacteria were selected for growing WT Hu-a-synuclein as the protein
has fairly toxic properties at high concentrations and finding a host robust enough to tolerate
growth of significant quantities is needed. Loss of plasmid does occasionally occur in stocks and
is more common in stocks that have undergone a number of freeze thaw cycles; hence it is
recommended that stock be regularly regenerated especially during times of frequent use. This
will ensure that if a stock fails there are backups available. It is also advised to store the current
working stock that is used for plate generation separately from the reserved stocks to reduce
temperature fluctuations in reserve stocks.

Cell line selection

In this protocol an immortalized mouse microglial cell (MMC) line and primary
microglia are used for quality control assays. The selection of this line was determined due to its
enhanced sensitivity to insults as well as its similarity in response to in vivo treatments as stated
in (Saukar). The MMC line has been shown to be of superior sensitivity compared to the BV2
cell line. Treatment levels are selected to illicit moderate response so that the variation in
response can be quantified to identify potentially over or under reactive protein. Neuronal cells
as well as astrocyte would not be suitable as they are not as consistently reactive; and other
peripheral cells lines would not normally be exposed to aggregated a-synuclein, thus their
reactivity may not be as predictable as the MMC or primary microglia.

Limitations of the method

The toxic nature of WT Hu-a-synuclein presents a challenge that limits host selection to
more robust varieties. This also causes plasmid loss to be a problem that must be managed more
diligently than with other vectors. Unlike some vectors and hosts that are known to survive

storage for several years after transformation, this combination shows an inclination towards a
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shorter than average lifespan in storage. Frequent regeneration of stocks as well as maintenance
of a plasmid stocks and competent bacteria for further transformations in the event of stock
failure is a simple answer to these challenges. The vector has been successfully multiplied and
the resulting plasmid successfully transformed into competent bacteria using a DH5a plasmid
propagation strain.

The nature of generating this protein in smaller batches and then reserving quantities for
quality control testing and reference storage does lead to further reduced protein available for
experimental use. The off set to this is that all protein available for use is known to be of similar
quality to batches previously used and it can be trusted that variations in results is a result of
experimental treatment rather than a possible batch variation in treatment protein.

Finally the most time consuming limitation to this protocol is the quality control
procedure itself. It requires not only the time to create the protein but also an entire week to
generate PFFs just for quality control purposes, even if done after initial tests indicate the protein
will reliably function as a PFF. It would still be important to test the PFFs themselves as a
treatment under conditions similar to typical experimental protocols to ensure that there is no
statistically significant difference from one batch to another. This requires that a lab either
maintain storage space for a enough protein to maintain supply while more batches are purified
and tested or plan far enough ahead that batches can be produced and tested prior to beginning an
experiment.

Despite the investment in time and resources to the quality control process the long term
payoff is that of reliable results, with variations that are unlikely to be occurring as a result of
differences in production from the WT Hu-a-synuclein. There is also a greatly reduced risk of

inadvertently investing time and resources to an experiment that is bound for failure due to a bad
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batch of protein. This fact is especially significant for experiments in vivo where there are
typically smaller sample sizes and greater investment of resources.
Procedure

Stage i- Bacterial culture and protein induction

Timing: Evening day 1 (create plate) through Morning day 3 (harvest)

1. Day 1-Create first working plate from either a fresh transformation or a frozen stock (see
Box 1)

a. Inoculate 4ml of untreated media from stock media using sterile loop

b. Incubate 1 hour in shaking incubator

C. Dilute 50ul of stock into 2ml of untreated media, swirl to mix

d. Apply 50ul of dilution on KC agar plate and spread evenly across plate with L-

shaped spreader

e. Incubate 12-18 hours at 37°C and check for isolated colonies
f. Wrap in plastic or parafilm and store at 4°C for up to 1 week
g. Generate subsequent working plates from frozen stock, see box 1 to make

glycerol stocks, or by inoculating Step a. with single colony from current plate

Phase i- Creating working plate

Incubate
Overnight

—_—

Stock Inoculate

LB Agar plate with antibiotic Working Plate

Incubate

1 Spread 50ul \
1lhour =

1:20
Dilution

15ml Falcon Tube

Figure 1: Step 1
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2. Morning Day 2- Generate mini culture by inoculating 50mls of media with 50ul of
kanamycin plus a single colony from the working plate and place in shaking incubator

3. Monitor OD until >0.6, approximately 6-9 hours

4. Afternoon Day 2- inoculate maxi culture (see Box 2) with 10ml of mini culture
5. Incubate in shaking incubator for 18 hours
6. Morning Day 3- Divide equally into 250ml Nalgene jars, balance jars, and centrifuge at

4°C 4000G for 20min

7. Pour off supernatant and place jars into -80°C for at least 30 min or over night

8. Immerse bottom half of frozen jar briefly in warm water, knock jar firmly on counter top
to dislodge pellet and dump in to 50ml conical tube for storage until processing, or up to 6
months

** Critical Step: Protocol is tested and designed to process pellets from 1L of culture per batch.
Increasing batch size may effect concentration and can lead to an increased risk of contamination

in later steps. 1L of culture produces approximately 15 grams of raw bacterial pellet.**

Phase i- Culture, Induction, and Harvest -

Working plate

[ Inoculateadd | Incubate
aibionc; | 6-8hodrs 50ml- 20x M Buffer somi Tubeof pellets

20ml- 50x 5052 Buffer
2ml- 1M MgS0O4 Freeze &
| Add 1ml- Kanamycin stock Store

80ml Mini Culture

- Pellets
| Add 10m!
[c

AL

entrifuge & Remove
supernatant

Incubate
18 hours
Divide &
Balance

1L Maxi Culture

250ml jarsof
culture

Figure 2: Schematic of steps 2-8
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Stage ii- Pellet processing - unless noted all steps are performed on ice or at 4°C

Timing: Day 1 Steps 9-22 5 hours, Day 2 Steps 23-33 10 hours, Day 3 Steps 34-35 2 hours
Day 1- See Box 3 to begin equilibration of Gel Filtration column

9. Obtain pellets from storage and apply 15ml of room temperature, 25°C, lysis buffer per
liter (approx. 159) to pellets, incubate for 15min at RT gently mixing every 5min

10. Homogenize pellets with Omni blender at max speed for 5min. After 5min check for any
remaining pellet and homogenize for 2 min intervals until no pellets remain

** Critical: Ensure tip of homogenizer and outlet is fully submersed to reduce froth generation;
excessive froth will lead to loss of sample and protein**

11.  Optional additional step- sonicate homogenate for 2min with a 15sec on, 15sec off cycle
12. Loosen caps and place tubes in preheated uncovered water bath that is 90°C for 15min,
allowing temperature of homogenate to reach 80+/-2°C for approximately 5 minutes

13. Remove from water bath and place in ice bucket for 5min

14.  Centrifuge at 4°C 10,000g for 20min

15.  Transfer supernatant to ultracentrifuge tube with pipette or syringe and note volume to

the nearest 0.1ml, discard pellet

Phase ii- Protein purification steps 9-15

Add 15ml | ‘ Save supernatant
Lysis Buffer

Incubate
15min

Heat 90°C

- 15min
Homogenize

: \r'*ﬁ. U =
\ \\ Centrifuge
A N
) \

| \ Place on
Ice 5 min

Figure 3: Schematic of steps 9-15
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16.  Add 10mg/ml of streptomycin to tube and incubate on (name the equipment and settings)
for 10min

17.  Centrifuge for 20min at 26,500xg

18. Transfer supernatant to new tube

19.  Slowly add dry ammonium sulfate to create 25% w/v solution to the supernatant and
incubate for 1 hour on spin stick, then centrifuge at 20,000G for 20min. Calculator found the
following website may be used (http://www.encorbio.com/protocols/AM-SO4.htm)

20.  Transfer supernatant to new tube without disturbing pellet and note volume

21.  Calculate and slowly add ammonium sulfate to bring the mixture from 25% to 50% w/v
and incubate for 1 hour on spin stick

22. Centrifuge at 20,000xg for 20 min

23. Remove supernatant and wash pellet twice with 5ml of Milli-Q water

24.  Add 9ml of resuspension buffer to pellet, gently mix with pipette until fully dissolved
25. Inject sample into dialysis cassette and remove all air in accordance with manufactures’
directions.

26. Dialyze overnight in 2L/cassette of dialysis buffer

27. Day 2- Change dialysis buffer and continue to dialyze for an additional hour

28. Remove sample from cassette with syringe and needle, if volume exceeds 10ml use
centrifuge concentrators to achieve a final volume of 8-10ml

29. Flush sample loop with 20ml of filtered Buffer A and add sample

30. Run anion exchange protocol (See Box 3) collect peak fractions and place on ice
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Add
Streptomycin

L1
:

Phase ii- Protein purification steps 16-30

Incubate
10min

Centrifuge

/ ’-f"’
H-

Dialyze
overnight

and save
supernatant

Injectinto
dialysis cassette

> = ( ) — —
~ Add (NH,},S0,
Incubate
Add (NH,),S0, 1 hour Centrifuge
and save
supernatant ’
] h Incubate
1 hour
A R ,
—| —| —| € —|e
S0 resuspension supernatant
until dissolved
buffer

Figure 4: Schematic for steps 16-30

31. Run a gel for Coomassie staining (See Box 4)

32. Discard stain and rinse with water, identify fractions with protein band at ~17kd

a. Optional step- use Nano-drop A280 with € of 5.69 and molecular weight of 14.xx

to identify fractions with clean peak, identify fractions with >0.5mg/ml

33. Use new centrifuge concentrating filter to reduce total volume of collected fractions to 8-

10ml

34. Inject concentrated protein solution into sample loop

35. Run size exclusion gel filtration (see Box 3) protocol collect peak fractions on ice
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36.  Runa SDS-PAGE gel. Need a box for SDS-PAGE and also for Coomassie staining- See
Box 4
37.  Discard stain and rinse with water, identify fractions with protein band at ~17kd
a. Optional step- use Nano-drop A280 with € of 5.69 and mw of 14.xx to identify
fractions with clean peak, identify fractions with >0.5mg/ml
38.  Pool and using a new filter concentrate fractions to approximately 4-6mg/ml
39.  Add sample to equilibrated Peirce endotoxin removal spin columns and incubate
overnight

a. Optional variation is to incubate for at least 1 hour then proceed to step 36

Phase ii: Protein purification steps 30-40

oy

' Concentrate SDS-PAGE |
IR Anion Exchange

V g \ Size Exclusion l

/ =1 | L

Concentrate
SDS-PAGE

Endotoxin Removal
Column
Incubate overnight

Figure 5: Steps 31- 40
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40. Day 3- Spin column and collect purified endotoxin free monomer
41.  Measure protein concentration on Nano-drop
42. Immediately aliquot into labeled tubes and freeze at -80°C for storage up to 1 year
43.  Setaside 2 aliquots 0.5ml, one for QC steps 41-44 and one for long term reference
storage
44.  Verify protein concentration via BCA for additional
45.  Verify endotoxin level via LAL kit
46.  Verify suitability as substrate for aggregation assays by running positive and negative
controls
47.  Verify suitability for treatment by generating PFFs (See Box 5)
a. Aliquot into units of appropriate size for lab experiments as well as 10 aliquots for
treating 6 well plates for comparison testing
b. Use one aliquot of new batch and one aliquot from each of the last several batches
to compare ability to induce cellular response in MMCs and primary microglia
I. Run a Greiss assay to quantify NO production
ii. RT-gPCR testing 18s, ERa, iNOS, IL-6, and IL-10
Troubleshooting
Troubleshooting tables are typically the easiest way to present the knowledge gained from

running this protocol repeatedly.
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Table 1: Troubleshooting steps 1-13

Step

Problem

Possible Reason

Possible Solution

No isolated colonies-
with growth

High CFU count

Further dilute culture, decrease
incubation time to 30min, streak
for isolation

No/few isolated
colonies- slow/no
growth

Culture to dilute

Decrease dilution

Contaminated culture

Ensure sterile technique, try new
culture

Incorrect antibiotic used

Double check antibiotic for
plasmid and concentration

Antibiotic in stock

Remake stock- generously
inoculate antibiotic free media
and grow until turbid then
proceed with Box 1: Steps 2-8
using 100ul of turbid media to
inoculate step 2

Bad stock

Ensure working plate has not
dried out, and is not expired,
make a new plate from fresh
stock

Use a different stock

Transform new competent
bacteria and create new stocks

Failure to reach OD

Stale culture

Ensure all flasks are thoroughly
washed and rinsed to ensure no
residual cleaners or soaps prior to
autoclaving for dry storage

Contaminated flask

Ensure settings are correct and if
using a 96well plate that the
appropriate amount of media and
correction factor for volume is
used*

Not enough sample for accurate
reading

Ensure correct mixtures and
concentrations of auto induction
buffers

No/Small pellet

Failure of bacteria to proliferate

Ensure correct antibiotic used

Wrong antibiotic

Ensure media is at room
temperature prior to inoculating

Fresh autoclaved media to warm

Create a fresh mini culture each
day, do not use cultures more
than 12 hours old, inoculate only
with isolated colony from the
working plate not from previous
mini culture

Dead mini culture

9 Ensure incubator is set to
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Table 1. (continued)

37°C+/-1C
Install thermometer to
independently verify incubator
temperature

Incorrect temperature

9 Ensure incubator comes up to
full speed before leaving

9 Ensure timer is not engaged
or is set for sufficient time for
incubation

Poor agitation during incubation

1 Ensure properly working
centrifuge and double check
settings, contact
manufacturer if not
operational

Centrifuge failure

T Respin

Table 2: Trouble shooting steps 13-44

Step Problem Potential Reason Potential Solution
13 Bursting cap or tube Did not loosen cap Loosen cap prior to boiling to
allow expansion and venting of
gasses
Sample boil over Too much froth generated during | Ensure tip of homogenizer and
homogenization outlet is fully submerged during
mixing
Too much sample in tube 9 After homogenization tube
volume should not exceed
40ml to allow for expansion
of gasses during heating.
9 Ensure excess supernatant is
removed prior to freezing
pellets in Step 8.
9 Divide pellets into 15g
batches for processing
9 Use alarger vessel for
processing
9 Use less lysis buffer (may
effect protein yield)
20 No or small pellet Protein precipitated with first Ensure careful and accurate

application of ammonium sulfate

measurement of supernatant and
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Table 2. (continued)

(first pellet would appear large)

accurate entry into
recommended website

Protein has not yet precipitated

Recalculate and ensure 50% w/v
solution, bring solution to 50%
w/v, incubate for an additional
hour and centrifuge if needed

Induction was not successful

(confirm by running a gel of
discarded samples from all steps
15-21, suspend pellet samples in

resuspension buffer, stain with
coomassi to attempt to observe
band at ~17kD)

Ensure accurate measurements
of maxi culture auto induction
media, use graduated cylinder
and pipettes.

Ensure at least 15-18 hours of
incubation

Ensure stock used to generate
working plate is able to express
protein (see Box 1) retest stocks
as needed to ensure no loss of
plasmid or expression

27

No UV peak during
elution

Improper set up of protocol

9 Ensure proper column is
selected in protocol set up

9 Ensure protocol includes a
linear gradient of Buffer B
during elution and collect
fractions

9 Ensure column is equilibrated
with NO SALT Buffer A to
prevent protein being flushed
into waste prior to elution

Line B not placed in proper buffer

Ensure Line B is placed in filtered
Buffer B and reaches the bottom
of the flask

No/very dilute protein present

1 Check integrity of dialysis
cassette, if punctured protein
could have been lost during
dialysis. Dry exterior of
discarded cassette and
attempt to fill to maximum
capacity, observe for leaks
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Table 2. (continued)

l Table 2. (continued) ‘

9 Coring of cassette from
repeated injection of sample
can lead to loss of protein
during dialysis

9 Check filtrate in concentrator
tube, if a failure occurred or
filter punctured protein may
be present in filtrate

28

Band at 17kD not
visible

Incorrect fractions

Test all fractions in or near a UV
peak

Stain too dark

T Rinse with water after
pouring off stain, float in
shallow water on a slow
rocker, add a kimwipe to
absorb free stain

9 De-stain with 80% H20 20%
Methanol solution for 5-20
min

9 Allow to de-stain until gel

background is clear to
confirm no band

Over ran gel

Re-run gel

32

No UV peak

Improper set up of protocol

Ensure proper column is selected
in protocol set up.

Protein loss during concentration

Check filtrate for protein, if
present re-concentrate in new
filter

34

Band at 17kD not
visible

See Troubleshooting for Step 28

35

Concentration to high

Over concentrated

Dilute with appropriate amount
of filtrate or a solution of 80%
Buffer A and 20% Buffer B

38

Low protein yield

Concentrator failure

Check protein concentration in
filtrate, if present re-concentrate
filtrate in new tube
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Table 2. (continued)

Retained in endotoxin removal
resin

See package insert with ET
removal spin columns

41 BCA result significantly Technique error Double check math, protocol, and
different than Nano- technique
drop . .
Machine error Service Nano-drop to ensure
calibration and functional
42 High ET level See package insert for ET removal
columns
43 Failure to aggregate Failed batch Discard all protein
positive controls
Aggregation of Possible ET contamination 1 Ensure sterile technique and
negative controls ET free reagents and
equipment
T Re-test with different
negative control
9 Re-test ET level of substrate
9 If problem persists discard
batch
44 Failure to induce iINOS | Possible ET contamination prior | Discard all aggregated units from

to aggregation

the batch

iNOS over induced

Possible contamination during
cell culture process

9 Ensure sterile technique at all
times

1 Double check treatment
calculations

I Retest concentration

9 Re-test against previous
batches
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Anticipated Results

Endotoxin level quantified by LAL Assay

One of the primary goals of the protocol is to produce pure protein that is uncontaminated
with bacterial endotoxin. The maximum tolerance for endotoxin when quantified with
commercially available LAL assay is 0.5EU/mI. The intrinsic endotoxin level after purification is
approximately 1.5EU/ml. This is further reduced to approximately 1EU/ml when processed on
the pierce endotoxin removal spin column, incubated overnight in a 0.4M NaCl Tris buffer.

Additional processing through column is required to reduce endotoxin level below 0.5EU/ml.

Curve=0.992
Batch 3- 1.534EU/mI*
Batch 4- 0.904EU/mI
Batch 5- 1.141EU/mi
Batch 6- 0.963EU/mI
Batch 7- 0.973EU/mI
Batch 8- 1.365EU/mI**
A *n=1
A **not processed in
ET removal
column, represents
pre-ET removal

Too o T T T I I

Protein vield with estimation at purification, NanoDrop, Bradford, Gel

Protein yield can be estimated early in the purification process by dividing the UV peak
obtained during Anion Exchange by approximately 7.20. This estimation can be useful to verify
that previous steps were successful in recovering the protein from the bacterial lysate. This
represents an estimation of total raw protein as measured on Nanodrop that will be recovered by
the anion exchange process which is made of approximately 80% a-synuclein. The practical
application of this step is to determine if further investment of resources is warranted for a

particular batch. A particularly low result would indicate protein was either never produced or
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was lost at a prior step during processing. Further processing of such a batch would not be
recommended.

Differences in protein yield can be quantified rapidly during several steps of purification by use
of a Nanodrop. While there is significant variability between concentration results from
nanodrop compared to the Bradford colorimetric assay and the gel method, the nanodrop is able
to reliably detect the difference in a sample with high concentrations of protein from samples
with very low protein concentration. During the purification process this can be used to rapidly
select fractions for concentration and further processing and may indicate relative purity if later
tests show little difference between nanodrop results and colorimetric results.

The Bradford colorimetric assay has been used for decades as a fast and accurate way to quantify
protein concentration. It is a pH sensitive assay but is suitable for use with a-synuclein monomer.
Provided the protein is pure the Bradford assay is the most accurate way to test batches of
protein.

The colorimetric gel method involves creating a known standard curve and testing batches of
protein against the known curve. The intensity of the curve and samples is quantified on imaging
software and allows for selection of only the desired band to be measured. This method also
offers the opportunity to visualize contaminant proteins and a-synuclein and to quantify the
purity of a given batch. Additional information, such as materials, images of processing, and
other data is provided in Appendix A as it would accompany the publication but is not a part of

the method.
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CHAPTER 4

SUMMARY AND CONCLUSIONS

This chapter contains a general summary of the results and topics discussed in this thesis.
Individual results can be found in the specific chapter’s results sections. This will primarily
discuss the relation of the CWD study to the a-synuclein protocol and how each compliments
each other in regard to study of proteinopathies.

In the study of pig brainstem the assay selected for analysis was the RT-QulC assay. This is
a general protein aggregation assay that uses a broad principle that applies to most
proteinopathies, that aggregates of the abnormal protein can be amplified and then detected and
quantified under experimental conditions. This type of assay has been applied not only to the
study of TSEs, but also PD, Alzheimer’s disease (AD), chronic traumatic encephalopathy (CTE).
This can also represent an example of translational medicine at its finest, as TSE’s are generally
studied in animals, but upon definition of protein aggregate in other human disease, assays
developed for the study of animal disease can be adapted and refined for eventual use as a
diagnostic tool for human medicine. Continued study of TSEs may lead to further advancements
in human disease by the same mechanism.

The protocol for production of human a-synuclein was also an adaptation of current poorly
defined protocols from various publications and the more refined prion protein purification
protocol in use in this labs study. The broad principles of protein purification are then refined

and clarified in an easy to follow format that will allow other labs to generate protein of the same
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quality and character as the proteins used in current studies. It is well established that variance in
isoform can lead to increased resistance or susceptibility to abnormal behavior by a protein, and
can even be linked to distinct forms of diseases. Misfolding of a given protein into one
phenotype may result in one disease type, while misfolding into and alternate form can lead to
development of a completely different disease. By defining the protocol to generate and test
recombinant protein researchers can be more confident that the results they are getting in vitro
are a better representative of the disease in vivo. Hence the study of protein misfolding diseases
opens researchers to advances made in other applications that can be readily applied to their own

condition of study.
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APPENDIX. PROTEIN PURIFICATION REAGENTS, EQUIPMENT, AND MATERIALS

Table Al-Reagent and equipment list for purification of human

Iltem Catalog Number Supplier
Chemical Reagents
Ammonium Sulfate A4418 Sigma-Aldrich
Hydrochloric Acid Al44C-212 Fisher Scientific
Sodium Hydroxide 221465 Sigma-Aldrich
2-Mercaptoethanol M6250 Sigma-Aldrich
Sodium Chloride S271 Fisher Scientific
Tris Base BP152-1 Fisher Scientific
Potassium Phosphate Monobasic P285 Fisher Scientific
Lactose L5-500 Fisher Scientific
Brilliant Blue BP101-50 Fisher Scientific
Glacial Acetic Acid A38-212 Fisher Scientific
Methanol A412P-4 Fisher Scientific
LB Broth 12780029 Thermo Fisher Scientific
LB Agar (Lennox) 22700025 Thermo Fisher Scientific
Sodium Phosphate Dibasic S3264 Sigma-Aldrich
Sodium Sulfate Anhydrous S421-500 Fisher Scientific
Ammonium Chloride A661-3 Fisher Scientific
Dextrose Anhydrous BP350-500 Fisher Scientific
Magnesium Sulfate Heptahydrate M80-500 Fisher Scientific
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Table 1A. (continued)

Glycerol G6279-1L Sigma-Aldrich
Kanamycin Sulfate K4000-25G Sigma-Aldrich
Streptomycin Sulfate 61224-0500 ACROS Organics
Chloramphenicol C0378-25G Sigma-Aldrich
Equipment

Scale Large PL202-S Mettler Toledo
Scale Small P1-225D Denver Instrument
pH Meter AB-15 Fisher Scientific
Thermomixer Thermomixer R Eppendorf
Intelli-Mixer RM-2L Elmi

Benchtop centrifuge

Microfuge 20R

Beckman Coulter

Nanodrop NanoDrop 2000 Thermo Scientific

Plate Reader Synergy 2 BioTek

gRT-PCR QuantStudio3 Thermo Fisher Scientific
Thermal Cycler Veriti 96 well Thermo Fisher Scientific

Centrifuge Sorvall Legend XFR Thermo Scientific
Materials

15ml Tube 430790 Corning

50ml Tube 430828 Corning

Glass Tubes 14-961-27 Fisher Scientific
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Table 1A. (continued)

Clear 96 well plate

ASPlate-PS-96-F-C

AG Advangene

Petri dish 351029 Corning/Falcon
14ml Culture tubes 352051 Becton Dickerson
SOC recovery media 15544-034 Fisher Scientific
L-shaped Spreader 14-665-230 Fisher Scientific
Innoculating loops 22-363-599 Fisher Scientific
Nalgene bottles-250ml 2104-0008

Basic Equipment/Supplies

Assorted glassware

Pipette set: 0.5ul-1000ul

Pipette Aid w/ 5-25ml pipettes

Hot plate w/ magnetic stir function

Assorted magnetic stir bars

Autoclave

Benchtop incubator 37°C

Shaking incubator 37°C

Plastic wrap/Aluminum foil

Ice Buckets

Cold storage: 4°C, -20°C, -80°C

Kim wipes

Cryo storage tubes 2ml
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Solution preparation for protocol:

Kanamycin stock (1000x): 50mg/ml, sterile filtered, 1ml aliquots
Chloramphenicol stock (1000x): 25mg/ml, sterile filtered, 1ml aliquots
1M MgSO4

Buffer list Note- all buffers are prepared in Milli-Q water unless otherwise noted

Table 1B: Buffer compositions

Buffer Volume | Shelf life Components Notes
20x M Buffer 1L 6 months 0.5M Na;HPO, Dissolve all ingredients
@RT 0.5M KH,PO,4 and adjust pH. Bring to
1M NH,CI final volume and filter
0.1M Na,SO4 through 0.2um prior to
pH 6.8 storage
50x 5052 Buffer | 500ml 1 month 1259 Glycerol Filter through 0.2um prior
@RT 12.5g Dextrose to storage. Discard if
50¢g a-lactose solution becomes cloudy
monohydrate
Lysis Buffer 500ml | 6 months 50mMTris Dissolve all ingredients
@RT 500mM NacCl and adjust pH. Bring to
pH 7.6 final volume and filter
through 0.2um prior to
storage
Resuspension 50ml 1 month 20ml Lysis Buffer Final concentration of
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Table 1B. (continued)

Buffer @RT 30ml H20 20mM Tris, 200mM NacCl
pH 7.6
Dialysis Buffer | 15L 1 Week 20mM Tris Check and adjust pH prior
@4C pH 7.6 to each use
Buffer A 3L Filter Fresh | Dialysis Buffer Filter through 0.2um filter
prior to use in purification
protocol
Buffer B 1L Filter Fresh | 20mM Tris Filter through 0.2um filter
1M NaCl prior to use in purification
pH 7.6 protocol
Coomassie Stain | 500ml | 12 months | 125mg Brilliant Blue Dissolve brilliant blue in
@RT H20 H20 first, then add acetic

Methanol

Glacial Acetic Acid

acid and methanol

LB-Lennox media- mixed according to manufactures directions, sterilized. Sterile media is good

for up to 6 months.

Caution: Any cloudiness, turbidity, or precipitation indicates contamination. Any contaminated

media should be discarded in accordance with local guidelines.

Agar plates- prepare LB Lennox agar in accordance to manufactures directions; allow 8-10mls

per plate. Autoclave agar to sterilize, add kanamycin and chloramphenicol from stocks at 1ul/ml

of media just prior to pouring. Store plates by wrapping in plastic and keeping upside down at
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4C. Plates are good for up to 6 months if not allowed to dry out and no growth is noted on or in

agar.

Images of Coomassie stained gels and associated graphs from Atka Pure:

Batch 4- Post Anion Exchange
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Batch 4- Post Gel Filtration

Lane
Fraction
Concentration mg/ml Total
Collected 13.2mg
a-Synuclein
MH B4(636832284027798260)
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Bacterial pellets after centrifugation in 250ml bottles

Bacterial lysate during precipitation (Left) and the resulting pellet (Right)




