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Abstract

Transmissible spongiform encephalopathies (TSES) are a group of fatal neurodegenerative diseases caused
by the conversion of normal prion protein (PrP€) into an abnormal, infectious form (PrP¢). These diseases
affect various mammals, including Creutzfeldt-Jakob (CJD) disease in humans, bovine spongiform
encephalopathy (BSE) in cattle, scrapie in goats and sheep, and chronic wasting disease (CWD) in cervids.
This study investigated environmentally friendly electro-activated liquid chemicals (EALCSs) as alternative
prion disinfectants to the harsh chemicals conventionally used for decontamination. Brain homogenates
from CWD-infected elk were treated with various EALCs (four catholytes, five anolytes, commercial CAC-
717 and BrioHOCI), NaOH and bleach, all shown to be bactericidal. Treatment was followed by the
quantitative detection of residual seeding activity of PrPS¢ by real-time quaking-induced conversion (RT-
QuIC) and protein misfolding cyclic amplification (PMCA) assay. The results showed that Catholyte 4 and
CAC-717 achieved 1,000- to 10,000-fold reductions in seeding activity, while NaOH and bleach eliminated
detectable amplification. Other EALCs demonstrated variable efficacy depending on treatment
concentration and sample type, with BrioHOCI and Anolyte 2 showing greater reductions on surface-bound
PrPs¢ than in tissue homogenates. These findings support the potential of selecting EALCs as practical

alternatives for prion decontamination.



Acknowledgments

First, thank you to my supervisor, Dr. Wandong Zhang, for taking me on as a student and allowing me to
conduct this research. His continuous support and guidance were crucial in the successful completion of

this thesis.

I would also like to express my deepest appreciation to the CFIA and Dr. Hongsheng Huang for allowing
me the laboratory space and budget to conduct this work. Without him, neither this project nor this thesis

could have come together.

I would also like to thank my thesis advisory committee, Dr. Marc-André Langlois, Dr. Hsiao-Huei Chen,
and Dr. Gordon Mitchell, for their helpful feedback, suggestions, and support during each stage of this

research.

Furthermore, there is a long list of CFIA OLF individuals who have been instrumental in the design,
development, and execution of this project. Specifically, | would like to thank members from Dr. Mitchell
Gordon and Dr. Jiewen Guan’s laboratories, Maria Arifin, Tamara Morrill, William Pilot, and Andrei

Soutyrine, for sharing their extensive knowledge and always answering my questions.

Lastly, I would like to thank all those who have contributed to my personal growth and development. To
my mother, Elissa, thank you for your unwavering love and support at home. To my loved ones, friends,
and extended support system: thank you for celebrating my successes, lifting me during setbacks, and

helping me stay focused. Your love and spirit continuously pushed me to strive for my best.



Table of Contents

YA 1) 1 -1
ACKNOWIBAGIMENTS ..ttt e e e et e e e
AV ONS .. e
LISt OF TaDIES ..o
LISt OF FQUIES . e e
L0, INrOQUCHION ..o e e e e
L1, The Prion Protein ..o,

1.1.1. Definition and Characteristics of PrPSC ... ... ....cooiiiiiiiii e

1.1.2. Structure and Function of the Prion Protein ...,
1.2.  Mechanisms of Pathogenic Prion Propagation ...............cooiiiiiiiiiiiiiiiiieie e

1.3.

1.4.

1.5.
1.6.

1.2.1. PrP€to PrPSc Conversion Models .............cooviiriiiiiiii e,
1.2.2. PrPSc Aggregation Mechanisms ................ccooviiiiiiiiiiieiiiee e
1.2.3. PrPSStability ..o

1.2.4. Prion Strains and Variants ..

Transmissible Spongiform Encephalopathles (TSEs) Pathogenlc Prlon Dlseases
1.3.1. HisStorical OVEIVIEBW ......ouiitiiiiiii et
1.3.2. HUMAN PrION DISBASES ... .vieiniteieteteee et eee e et s

1.3.2.1. Kuru.

1.3.2.2. Creutzfeldt Jakob dlsease (CJD) ...........................................

1.3.2.3. Variant Creutzfeldt-Jakob Disease (VCID) ..........ccoovevieviniinnnnnn..
1.3.2.4. Fatal Familial Insomnia (FFI) ..........ccooooiiiii i,
1.3.2.5. Gerstmann-Straussler-Scheinker Syndrome (GSS) ................cc....

1.3.3.  Animal Prion Diseases ..
1.3.3.1. Scrapie ..

1.3.3.2. Bovine Sponglform Encephalopathy (BSE) ...............................
1.3.3.3.  Chronic Wasting Disease (CWD) ........ccccoviiiiiiiiiiiiiiieieeenee,
1.3.3.4. Transmissible mink encephalopathy (TME) .........ccc.cooooiiiinil.
1.3.3.5. Feline spongiform encephalopathy (FSE) ..............cooviviiiininn.n.
1.3.3.6. Exotic Ungulate Spongiform Encephalopathy (EUE) ...................
134, FUNQAl PIiONS ..ot
1.3.5. Prionsinthe ENVIFONMENt ... . ..o
The SPECIES BarTier ....ovii i e
1.4.1. The Prion SPeCIeS Barrier ... ....oviriniiiiie e e
I 3 o o] 174 T3 To ] £
Detection and Diagnosis of Prion DISEaSES ...........oueuiriiiiiiiiiiiiii e
Decontamination of PrPS and Treatment Approaches for Prion Diseases ..................

1.6.1. Current Decontamination Methods .

1.6.2. Current Treatments and Challenges in Treatment ....................................

1.6.3. Prevention and Control .

1.6.4. Need for Development of Enwronmentally Frlendly Prlon Inactlvatlng
ChemICAlS ... .



1.7.
1.8.
2.0.

3.0.

StatemeNnt OFf RAtIONAIE ... e e e e e 38

HYPOTNESIS ..ot 39

Materials and MethOdS ........oviniii e 39

2.1.  Selection and Characterization of Electro-Activated Liquid Chemicals (EALCs) ... 39

2.1.1. Chemical Procurement and Preparation .................cccooeiiiiiinn.. 40

2.1.2.  Composition OF EALCS ......oviiiiii e 42

2.2. Preparation of Prion-Contaminated Materials ....................cooiiii i, 43

2.2.1.  Cervid Brain Tissue Collection and Processing ...........c.ccoevevivinenn.n 43

2.2.2 Preparation of Chronic Wasting Disease (CWD) Brain Homogenate...... 43

2.2.3 Preparation of Steel Wire for PrPS¢ Binding Assays ..............cccceevevnn. 44

2.2.4 PrPS¢ Sorption onto Steel Wire: Incubation and Washing Protocols ......... 44

2.3.  Treatment of PrPS¢ Contaminated Samples With EALCS ................ccoviiniinnnnn.. 44

2.3.1. Treatment Conditions and Exposure Time ...........cooveiiiiiiiiiiinnn.n. 44

2.3.2.  Sample Recovery and Post-Treatment Washing of Steel Wire ............... 45

2.3.3. Controls and Validation of Treatments ........ccovvveeeimeeii e, 45

2.4, Real-Time Quaking-Induced Conversion (RT-QUIC) ASSay ..........ccovevvevennnnnn.. 46

2.4.1. RT-QuIC Reaction Components and Reagent Preparation ................... 46

2.4.2.  Sample Preparation and Seeding Conditions ................ccoeviiiiinnnnnne 46

2.4.3. RT-QUIC Assay Conditions ...........ccouiiiiriiiiiiiiie e, 46

2.4.4. Fluorescence Detection and Threshold Calculations .......................... 47

2.5. Protein Misfolding Cyclic Amplification (PMCA) ASSQY ........ovvveviririiinininnnn 47

2.5.1. PMCA ReaCtiON SEIUP ...vviiii e, 48

2.5.2. Preparation of Normal Brain Homogenate as a Substrate .................... 48

2.5.3. PMCA Sample Preparation .............cooeiiiiiiiiiiiiiiceiceeene, 49

2.5.4. Cyclic Sonication and Incubation Conditions ......................o.ooeeee. 49

2.5.5. PMCA Rounds and Sample Collection ................ccoooiiiiiiiiiiiiinnn 50

2.5.6 Validation of Amplification Efficiency ......................ocol 50

2.6.  Western Blot Analysis of PrPSC ... ... 50
2.6.1.  Sodium Phosphotungstic Acid (NaPTA) Precipitation for Prps

ENriChment ... 50

2.6.2.  Sample Preparation, SDS-PAGE, and Transfer to Membrane ................ 51

2.6.3. Immunoblotting with P4 Antibody ... 52

2.6.4. Detection and Image Analysis ...........ccoiviiriiiiiiiii e 52

2.7. Statistical and Data Analysis ...........coooiiiiiiiiii . 52

2.7.1. RT-QuIC Data Processing and Interpretation ...................ccooooeieinai. 52

2.7.2. WeStern BIOt ... 53

2.7.3. Statistical ANalYSIS ... 53

2.8. Safety and Decontamination ProCedUIES ...........oviiriniinie ittt 54

2.8.1. Biosafety Level 2 (BSL-2) Containment Measures ..................c..euvee. 54

2.8.2. Prion Decontamination Strategies ...........ccoeevvriiiiiiiiiiiineiieeeeneas 54

2.8.3. Handling and Disposal of InfectiousWaste ...................ccoiiiiiinnn, 55

RESUIES ..ottt 55

3.1 Evaluation of the Effects of EALC Treatment on PrP* in Brain Homogenate ....... 55



4.0.

5.0.
6.0.
7.0.

3.1.1. Seeding Activity of Untreated and Mock-Treated Controls ................... 55

3.1.2. Reduction in RT-QulC Seeding Activity Following EALC Exposure........ 59
3.1.3 Assessment of Treatment Replicability and Variability ...................... 66
3.2.  Evaluation of EALC Treatment of PrPS¢ Sorbed onto Steel Wire ...................... 68
3.2.1. Evaluation of Wire Preparation and Washing Protocol ........................ 69
3.22.  Confirmation of PrPS Binding Controls to Steel Wire Using RT-
QUIC . 70
3.2.3. EALC Efficacy Against PrPS° Contaminated Steel Wire ...................... 73
3.3.  Amplification of Residual PrPS¢ from Treated Samples using PMCA .................. 79
3.3.1. NaPTA Precipitation of PrPSC ... .. .. e 79
3.3.2.  PMCA of EALC-Treated and Control PrPSc ... ............ccooiiiiinii, 81
3.3.3. Differences in Amplification Kinetics Post-Treatment ....................... 87
3.4.  Correlation Between RT-QuIC and PMCA Findings ..........ccoiiiiiiiiiiniiiininn, 89
I3 ES 00U o] PP 92
4.1.  Effects of EALCs: Seeding Inhibition and Treatment Efficacy as Interpreted using
RT-QUIC o e e 92
4.1.1. Interpretation of Seeding Activity of EALC Treated Samples ............... 92
4.1.2.  Comparative Analysis and Biological Significance of Catholyte and
Anolyte EFfeCts ... 95
4.1.3.  Concentration-Dependent Effectiveness of Commercially Available
B AL S et 97
4.1.4. Implications of Complete Seeding Inhibition by Conventional
Treatments. . ceverrerernen 99
4.2. Effects of EALCs: Resrdual PrPSC Detectlon as Interpreted usrng PMCA .............. 100
4.2.1. Comparison of PrPS¢ Amplification Kinetics Post-Treatment ............... 100
4.2.2. Insights into Altered PrPS¢ Molecular Profiles after PMCA
Amplification ........... cevevreieereresereeenn, 103
4.3. Proposed Mechanisms of Actlon for Prlon Inactlvatron by EALCs ..................... 106
43.1. Differences in EALC Classes (Catholytes vs. Anolytes vs. Commercial
Agents) .. ) ceveeereieiennns 106
4.3.2.  Chemical Composrtlon and pH Effects on PrPSc Aggregates ................. 109
4.3.3. Role of Surface Chemistry and Matrix Interactions ............................ 110
4.4. Environmental and Practical ConSiderations .........oo.eeeeeeeeee e 112
44.1. Suitability of EALCs for Environmental Decontamination
Applications .. . ceveeereeereienenn, 112
442, Considerations for Use on Surfaces Equrpment and SOI|S .................... 113
4.43.  Comparison to Conventional Decontaminants (e.g., NaOH, Bleach) ....... 114
4.5.  Study Limitations of Using RT-QUIC and PMCA ASSaYS .........cvvviiiiirenananannnn. 115
CONCIUSIONS ..ot e e e e 117
FULUIE DIrECHIONS .\ttt e e e e e e 118
F AN o] 0L g0 | o= 121
7.1. Bactericidal Efficacy Of EALCS .....cviriiiiiii e 121
7.1.1.  Bacterial Strains and Culture Conditions ................c.cocoiiiiiiiiiinin, 121
7.1.2.  Treatment of L. monocytogenes and P. aeruginosa ...............c.c.c..oe.... 122
7.1.3.  Drop Plate Method for Viability Assessment ..............cc.covevivivenninnnne 122

Vi



7.14.

7.1.5
7.1.6

7.1.7.

7.1.8.

7.19
8.0. Bibliography

Quantification of Bactericidal Effects ..............cccooiiiiiiiiiiiiiin, 122

Viability of L. monocytogenes Post-Treatment ..............c.coceeveinininnn 123

Viability of P. aeruginosa Post-Treatment ................cocooiiiiiinn. .. 125

Comparative Susceptibility of L. monocytogenes and P. aeruginosa to

B AL CS oottt 127

Proposed Mechanisms of Action Responsible for Observed Effects of

B AL S et 128

Relevance to Environmental Decontamination Applications ................ 129
.............................................................................................. 131

Vii



Abbreviations

Ab-I
Ab-11
AD
AEM
ALS
ASO
BHI
BSC
BSE
cBSE
CD
CEM
CFIA
CFU
CID
CL-2
CNS
cryo-EM
CSF
CT
CWD
dH.0O
EALC
EEG
ELISA
EUE
fCJD
FFI
FSE
FT-IR
GPI
GSS
hGH
HOCI
IBH
iCJD
IHC
LAS
LB
MBM
MRI

Primary monoclonal antibody
Secondary antibody

Alzheimer’s discase

Anion exchange membrane
Amyotrophic lateral sclerosis
Antisense oligonucleotides

Brain heart infusion

Biosafety cabinet

Bovine spongiform encephalopathy
Classical bovine spongiform encephalopathy
Circular dichroism

Cation exchange membrane
Canadian Food Inspection Agency
Colony-forming units
Creutzfeldt-Jakob disease
Containment level - 2

Central nervous system
Cryo-electron microscopy
Cerebrospinal fluid

Cycle threshold

Chronic wasting disease

Distilled water

Electro-activated liquid chemical
Electroencephalogram
Enzyme-linked immunosorbent assay
Exotic ungulate spongiform encephalopathy
Familial CJD

Fatal Familial Insomnia

Feline spongiform encephalopathy
Fourier transform-infrared spectroscopy
Glycosylphosphatidylinositol
Gerstmann-Stréaussler-Scheinker Syndrome
Human growth hormone
Hypochlorous acid

Infected brain homogenate

latrogenic CJD
Immunohistochemistry
Lysosomal-autophagy system
Lysogeny broth

Meat and bone meal

Magnetic resonance imaging

Viii



NaOCI
NaOH
NaPTA
NBH
NMR
NSEP
NTC
oD
OLF
ORP
PBS
PK
PMCA
PPE
PRNP
PrP KO
Prp¢
Prpse
recPrP
RFU
RT-QuIC
sCJD
SDS
SNPs
SRM
sSNMR
SW
TAB
TgEIk
ThT
TIRFM
TME
TMTC
TSE
Tstdev
UK
UPS
vCJD

Sodium hypochlorite

Sodium hydroxide

Sodium phosphotungstic acid

Negative brain homogenate

Nuclear magnetic resonance

National Scrapie Eradication Program
No-template controls

Optical density

CFIA Ottawa Laboratory — Fallowfield
Oxidation-reduction potential
Phosphate-buffered saline

Proteinase K

Protein misfolding cyclic amplification
Personal protective equipment

Prion protein gene

Prion protein knockout

Normal cellular prion protein
Misfolded, disease-associated prion protein
Recombinant prion protein

Relative fluorescent units

Real-time quaking-induced conversion
Sporadic CJD

Sodium dodecyl sulphate
Single-nucleotide polymorphisms
Specified risk material

Solid-state nuclear magnetic resonance
Steel wire

Transient amyloid binding

Transgenic mice overexpressing elk PrP
Thioflavin T amyloid dye
Total-internal-reflection microscopy
Transmissible mink encephalopathy
Too many to count

Transmissible Spongiform Encephalopathy
Fixed fluorescence threshold

United Kingdom
Ubiquitin-proteasome system

Variant Creutzfeldt-Jakob disease



List of Tables

Table 1. RT-QuIC CT values for a 10-fold serial dilution gradient of CWD-positive elk brain homogenate.

Table 2. RT-QuIC CT values following a 1-hour treatment of CWD-positive elk brain homogenate with
selected EALCs and conventional decontaminants.

Table 3. RT-QuIC seeding replicability after a 1-hour CWD-positive elk brain homogenate treatment at the
1:1000 (v/v) brain homogenate: chemical treatment ratio.

Table 4. RT-QuIC detection of PrP5¢ seeding activity from steel wires contaminated with serial dilutions of
CWD elk brain homogenate.

Table 5. RT-QuIC CT values following a 1-hour treatment of PrP¢-contaminated steel wires with selected
EALCs and conventional decontaminants.

Table 6. Summary of PrPS¢ amplification across three PMCA rounds by chemical treatment and dilution.

Table 7. Efficacy of a one-hour treatment of EALCs at room temperature against L. monocytogenes.

Table 8. Efficacy of a one-hour treatment with EALCs at room temperature against P. aeruginosa.



List of Figures

Figure 1. Nuclear magnetic resonance (NMR) ensemble of the Elk prion protein PrP¢ from Cervus
canadensis nelsoni.

Figure 2. The main models hypothesized to be responsible for converting PrP¢to Prp=,

Figure 3. Clustal Omega multiple sequence alignment of the prion protein from human (Homo sapiens),
cattle (Bos taurus), elk (Cervus canadensis), white-tailed deer (Odocoileus virginianus), and
sheep (Ovis aries).

Figure 4. Representation of the Electro-Activation Reactor System.

Figure 5. Schematic representation of the PMCA assay.

Figure 6. The seeding activity of serially diluted elk CWD-positive and negative brain homogenates as
measured by RT-QuIC.

Figure 7. Effect of PBS mock-treatment on RT-QuIC detection of seeding activity of CWD-positive elk
brain homogenate.

Figure 8. Effects of selected EALCs and conventional decontaminants on CWD-positive elk brain
homogenate as quantified via RT-QuIC.

Figure 9. RT-QuIC assessment of steel wire preparation and washing protocol controls.

Figure 10. RT-QuIC detection of PrP* seeding from steel wires exposed to a 10-fold gradient of CWD-
positive elk brain homogenate.

Figure 11. RT-QuIC analysis of PrPS seeding activity on steel wires contaminated with CWD-positive elk
brain homogenate (102 to 10*“) following treatment with selected EALCs and commercial
chemicals.

Figure 12. Western blot detection of NaPTA precipitated PrPS in PBS mock-treated control samples at
various treatment dilutions.

Figure 13. Western blot detection of three 10-fold serial dilutions of PBS mock-treated NaPTA precipitated
PrP=¢ after three rounds of PMCA.

Figure 14. Western blot detection of three 10-fold serial dilutions of Catholyte 4 and Anolyte 2 treated
NaPTA precipitated PrP after three rounds of PMCA.

Figure 15. Western blot detection of three 10-fold serial dilutions of CAC-717 and BrioHOCI-treated
NaPTA-precipitated PrPS° after three rounds of PMCA.

Figure 16. Western blot detection of three 10-fold serial dilutions of 2N NaOH and 40% bleach-treated
NaPTA-precipitated PrPS after three rounds of PMCA.

Figure 17. Densitometric bar graphs PrP5¢ bands following Western blot assessment of EALC treated
samples.

Figure 18. Correlation between RT-QuIC CT values (blue circles, left axis) and detection round number
of PMCA (red squares, right axis) following treatment of CWD-positive elk brain homogenate
with selected EALCs and conventional disinfectants.

Xi



1.0. Introduction
1.1 The Prion Protein

Normal cellular prion protein (PrP®) is found on cell membranes attached via a
glycosylphosphatidylinositol (GPI) anchor and is most highly expressed and concentrated in neurons in the
central and peripheral nervous systems. Stanley Prusiner first identified this protein while investigating the
infectious agent responsible for several neurodegenerative diseases. He named it the prion protein (PrP)
and discovered that it existed in two forms: a normal cellular protein (PrP€) and a misfolded, disease-
associated variant (PrPs) (Prusiner, 1982). While the precise and complete role of PrP¢ is not as well
defined, its pathogenic, misfolded isoform, PrP¢, has been implicated in several mammalian diseases,
known as transmissible spongiform encephalopathies (TSEs) (Wulf et al, 2017), and is the infectious agent

of interest for this thesis.
1.1.1 Definition and Characteristics

PrPC is defined as a normal, endogenous prion protein expressed in several peripheral tissues but primarily
in the nervous system of all mammals (Ford et al, 2002), while PrP%° is the pathogenic form responsible for
disease. Though all mammals express PrP¢, only certain species of some families (Hominidae, Bovidae,
including subfamilies Caprinae and Bovinae, Cervidae, Felidae, and Mustelidae) may contract prion
diseases (Imran & Mahmood, 2011). PrP® possesses several characteristics that make it a unique protein
and have contributed to understanding protein-based infectious agents (Hughes & Halliday, 2017). These
characteristics include its ability to induce and catalyze the misfolding of PrP¢ into PrPS¢ (Kupfer et al,
2009), its resistance to proteolytic degradation and most disinfectants (Concha-Marambio et al, 2014), its
tendency to aggregate into amyloid fibrils (Soto & Pritzkow, 2018), and its capacity to cause transmissible
neurodegenerative diseases across different species (lgel et al, 2023). These characteristics challenge
traditional ideas of infectious diseases by showing that a misfolded protein, lacking genetic material, can

cause disease and emphasizing the importance of protein structure in disease pathology.



1.1.2 Structure and Function of the Prion Protein

PrPCis encoded by the prion protein gene (PRNP) and is composed of approximately 253-265 amino acid
residues (depending on the host species strain), forming a 32-35 kDa protein that is represented as an
unstructured N-terminus region and a structured C-terminus domain (Atkinson et al, 2016). The N-terminal
domain comprises three regions: a polybasic region, an octapeptide repeat region comprised of an
octapeptide sequence repeated five times, and the post-octapeptide repeat region (Hara & Sakaguchi, 2020).
As demonstrated in Figure 1, the C-terminal domain of PrP° is predominantly in the form of a-helices, as
opposed to the rather unstructured N-terminus. The C-terminus is the primary contributor to the stability of
the protein due to its GPl-anchor and contributes to maintaining its correct folding for the protein’s normal
function. PrPs is a conformational isoform of normal PrP€, meaning they share an identical amino acid
sequence, and are believed to originate through a tertiary structural change. During the conversion, the a-
helical core of PrPS¢ (42% a-helix, 3% B-sheet) condenses and is partially converted into B-sheets, resulting
in PrPS¢ with a significantly altered structure (30% a-helix, 43% B-sheet), which can aggregate and form an

amyloid fibril core (Wulf et al, 2017; Atkinson et al, 2016).

Figure 1. Nuclear magnetic resonance (NMR) ensemble of the Elk prion protein PrP€ from Cervus
canadensis nelsoni. Image from the RCSB PDB (RCSB.org) of PDB ID 1XYW (Gossert, A.D., et al.
(2005). Prion protein NMR structures of elk and of mouse/elk hybrids. Proc.Natl.Acad.Sci.USA 102: 646-

650).



The function of PrPS¢ has been explored more extensively than that of PrP€, which has been primarily
examined as the precursor protein for prion diseases. Over the last few decades, the role of PrP¢ has been
explored not only for its role in prion disease but also for its involvement in normal cellular processes,
including cell signalling, neuroprotection, and synaptic function (Westergard et al, 2007). PrP¢ has been
shown to interact with ion channels, receptors, and signalling molecules, contributing to synaptic
transmission and neuronal excitability (Panes et al, 2021). Additionally, it plays a neuroprotective role by
engaging stress-inducible proteins and activating pathways that mitigate oxidative stress, promoting
neuronal survival under adverse conditions (Lo et al, 2007). Notably, the pathological implications of PrP¢
extend beyond prion diseases. Contrary to its neuroprotective characteristics, in neurodegenerative
conditions such as Alzheimer’s disease (AD), PrP¢ has been identified as a mediator of toxic signalling
pathways triggered by B-amyloid oligomers, exacerbating synaptic dysfunction (Fulek et al, 2025). The
protein is thought to have many other applications and roles within the body; however, further research is

needed to fully understand the role of PrP¢,

Studies have worked to identify the roles of PrPC through experiments using transgenic prion protein
knockout (PrP KO) mice. Initially, though it appeared as the mice developed relatively typical, subtle
neurophysiological defects and behavioural abnormalities have since been noted. Most notably, PrP KO
demonstrated complete resistance to prion diseases. Originally designed to challenge the prion hypothesis,
these knockout models ultimately provided strong evidence in its favour. When inoculated with infectious
prions, all wild-type mice developed prion disease, whereas PrP KO mice remained unaffected,
demonstrating that endogenous PrPCis essential for contraction of the disease (Weissmann & Bieler, 2004).
Although PrP KO mice resist prion diseases, the absence of endogenous PrP¢ leads to physiological and
behavioural abnormalities. Many studies have found abnormalities in PrP KO mice are more likely to have
adverse cognitive effects, have difficulties with learning, social behaviour, and sleep regulation, show
increased levels of anxiety and depression, and even have increased trouble with locomotion (Schmitz et

al, 2014).



Overall, while research has provided valuable insight into the nature of PrP€ in both disease processes and
normal physiological functions, many aspects of this protein remain unknown. Further studies are needed

to fully characterize the functions of the PrP gene and the PrP€ protein.
1.2 Mechanisms of Pathogenic Prion Propagation

PrPS¢ propagation involves several important mechanisms, which are different from traditional pathogen
replication due to the absence of nucleic acids. The process begins with the initial conformational
conversion of PrP€ into PrPS involving the conversion of alpha-helices in PrP€ into B-sheets in PrPSc, Prpsc
then acts as a template, inducing the misfolding of other PrP molecules upon direct contact, which supports
a chain reaction as more PrP® molecules are converted into PrPS¢ (Kupfer et al, 2009). Misfolded PrPS then
aggregates into amyloid fibrils, which break into smaller fragments and act as seeds to convert additional
PrPC into PrP%¢, further contributing to the amplification of infectious PrPS¢ (Soto & Pitzkow, 2018).
Following exposure to PrP, it can be taken up by cells through endocytosis, and once inside the cell, PrPs
interacts with PrPC in intracellular compartments, promoting further conversion. Prions can then spread to
neighbouring cells via exocytosis or tunnelling nanotubes between cells (Alves et al, 2020). Inter-species
propagation has also been reported, though only a few prion strains and species have demonstrated real-life
evidence of this phenomenon (Houston & Andréoletti, 2018). Together, these mechanisms contribute to the
self-propagating nature of prions, leading to the progressive accumulation of PrPS¢ and the subsequent

progression of disease, resulting in neurodegeneration and eventually death.
1.2.1. PrP® to PrP* Conversion Models

The conversion of PrP® to PrP* is a crucial process in the progression of prion diseases and involves
structural changes altering the conformation of PrP® aggregates (Kupfer et al, 2009). As seen in Figure 2,
two main theories exist to explain the conversion of PrP¢ to PrP¢: the seeding/nucleation model and the
template-assisted model (Abid & Soto, 2006). According to the seeded nucleation model, PrP€ and Prpsc

isoforms naturally exist in equilibrium, with the correctly folded isoform being endogenously dominant.



Cellular production of more PrP® may alter the equilibrium, encouraging the conversion of more PrP¢ to
PrPSc (Atkinson et al, 2016). The production of tiny aggregates of misfolded protein is the gradual and rate-
limiting phase in the development of illness. Together, the aggregates, also called nuclei, attract and
transform PrPC to eventually create bigger fibrillar aggregates which convert further PrP€ inefficiently due
to the limited number of exposed ends compared to their infectious isoform. For continued propagation,
fibrils must fragment to generate new nuclei, or “seeds,” which accelerate PrPS¢ conversion through

fragmentation (Marrero-Winkens et al, 2020).

The template-assisted model describes that a conformational intermediate is formed during the interaction
of PrP€ and PrP¢ isoforms, which is catalyzed, and PrP€ is then given the refolding instructions contained
within the original PrPS¢, It has also been proposed that PrPS¢ possesses certain enzymatic properties capable
of catalyzing the conformational change of PrP¢. According to the template-assisted model, the primary
infectious unit is a monomer of PrPS¢, which initially forms a PrP¢-PrPS¢ heterodimer that transitions into
homodimeric PrPS capable of interacting with other PrPS molecules and forming large aggregates, though

large aggregates are not necessary for prion replication (Abid & Soto, 2006).

While both models describe important aspects of prion conversion, the seed nucleation model focuses on
the aggregation dynamics and the critical role of nucleation in PrP*¢ propagation, whereas the template-

directed model primarily addresses molecular interactions and direct conformational templating.
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Figure 2. The main models hypothesized to be responsible for converting PrP€ to PrPs. a) The

seeding/nucleation model suggests that PrP¢ and PrP*¢ naturally exist in equilibrium, with PrP€ being the

more stable and dominant form. Over time, small aggregates of PrP*¢ (called seeds) can slowly form. Once

formed, these seeds recruit additional PrPC and convert it into PrPS°, leading to larger fibrillar aggregates.

Fragmentation of these fibrils produces new seeds, allowing the process to continue and spread. b) The

template-assisted model describes a more direct mechanism, where PrP¢ interacts with PrPC and guides its

misfolding through a temporary intermediate structure. This interaction forms a PrP®-PrPs¢ heterodimer,

which transitions into PrPS homodimers capable of further conversion. These newly formed PrPsc

molecules may eventually cluster into larger aggregates, although large aggregates are not required for

prion propagation.



1.2.2 PrP*® Aggregation Mechanisms

PrPS’s characteristic loss of cellular PrPC functions, and its ability to form aggregates, represent a
fundamental aspect of its disease etiology. The increased P-sheet content of PrPS¢ demonstrates its
conformational differences from its endogenous counterpart, PrP¢, making it prone to aggregation

(Poggiolini et al, 2013).

Aggregation begins with nucleation which describes the spontaneous assembly of PrPS¢ monomers into
small, unstable aggregates that act as seeds. These initial seeds are responsible for recruiting further PrP¢
to PrP5¢, and nucleation is often the rate-limiting step in the aggregation process, as this step can take years
for some prion strains (Soto & Pritzkow, 2018). Once seeds form, oligomerization follows, with PrP¢ being
recruited and converted into PrP*, leading to the growth of protofibrils. (Foliaki et al, 2020). Once
protofibrils reach a certain size, they aggregate into larger structures called amyloid plagues, which can be
deposited in tissues and disrupt healthy organs and cellular processes, especially in the central nervous

system (CNS), causing neurodegenerative pathologies (Stefani & Rigacci, 2013).

The process of fragmentation also plays a crucial role in PrPS¢ propagation. Existing fibrils can fragment,
generating new seeds or nuclei that can initiate and accelerate further aggregation. Fragmentation enhances
the spread of prion aggregates within tissues and has been shown to increase the potential for cross-species
transmission in cases of zoonotic prion diseases (Marrero-Winkens et al, 2020). Because PrPS¢ aggregates
resist degradation, they accumulate over time, leading to cellular dysfunction and the progressive

neurodegenerative symptoms characteristic of prion diseases (Hughes & Halliday, 2017).
1.2.3. PrP* Stability

Endogenously, cellular protein control and degradation rely on two key pathways: the ubiquitin-proteasome
system (UPS) and the lysosomal-autophagy system (LAS). The UPS degrades misfolded or damaged
proteins by tagging them with ubiquitin and directing them to the proteasome for breakdown. The LAS is

initiated by the delivery of proteins through several endolysosomal pathways into autophagosomes, which



fuse with lysosomes for degradation. Once within the lysosome, many enzymatic activities occur, including
proteolytic enzymes capable of digesting PrPC (Goold et al, 2015). Despite these functional and practical
mechanisms for most endogenous proteins, PrPs¢ is resistant to both pathways due to its extreme molecular
stability, which regulates its infectivity, persistence, and resistance to degradation. The increase in B-sheet
structure promotes intermolecular hydrogen bonding, forming tightly packed amyloid-like aggregates that

resist unfolding and proteolytic degradation (Wille & Requena, 2018).

This molecular stability has direct implications for prion disease transmission and strain diversity.
Differences in glycosylation patterns and disulphide bond stability affect PrPS¢ aggregation kinetics and
structural resilience (Bosques & Imperali, 2003). Prion strains with tighter f-sheet packing and lower
susceptibility to fragmentation tend to be more persistent in the environment and within tissues. In contrast,
strains that are more prone to fragmentation may replicate more efficiently, influencing disease progression

and cross-species transmission (Cobb et al, 2013).

The stability of PrP° is reflected in its resistance to proteinase K (PK) digestion, a technique commonly
used to differentiate it from PrP¢ which PK readily degrades. While the N-terminal region is more
susceptible to PK digestion, the structured core of PrPS¢ (occasionally referred to as PrP 27-30, as this is the
molecular weight range of the truncated protein after digestion) remains intact. Differences in PrP5¢ strain
structure have been shown to influence the extent of PK resistance, with some strains exhibiting differing
levels of sensitivity, but this protease-resistant fragment has been shown to retain infectivity and serves as

a biochemical hallmark of prion diseases (Silva et al, 2015).
1.2.4. Prion Strains and Variants

Though all prion strains and variants are derived from the same protein, they are distinguished through
unique biochemical and biophysical properties that affect the pathogenesis and clinical symptoms of the
diseases they cause. Conformational variability of PrPS¢ is a determinant of strain diversity and has been

proven using advanced in-vitro imaging technologies such as cryo-electron microscopy (cryo-EM) (Hoyt



et al, 2022) and solid-state nuclear magnetic resonance (SSNMR) (Manka et al, 2023). These studies have
shown that the tertiary and quaternary structures differ distinctly from one prion strain to the next, proven
through the differential arrangement and alignment of the 3-sheet amyloid structure, affecting the overall
stability and fold of the prion protein, therefore giving rise to unique strains (Prusiner, 2013). Total-internal-
reflection microscopy (TIRFM) and transient amyloid binding (TAB) super-resolution microscopy have
also been used to analyze fibril morphology, distinguishing strains and further showing differences in fibril
diameter, length, elongation rate, and branching patterns exist between strains and affect the overall kinetics
of the fibril (Sun et al, 2023). The evidence of prion strains affecting the molecular and clinical outcome of
prion diseases has been compared to viral quasispecies. Viral quasispecies are a group of closely related
but not identical viral particles that arise due to the high mutation rate of their genomes, while prion
quasispecies have been hypothesized to describe a similar but not identical population of Prps
conformations (Bartz, 2016). In conclusion, the biochemical and biophysical differences among prion
strains highlight the complexity of this group of pathogens, suggesting that characterizing these variations

is important for advancing our understanding of prion diseases and their treatment.
1.3 Transmissible Spongiform Encephalopathies — Pathogenic Prion Diseases

Transmissible spongiform encephalopathies (TSEs), also known as prion diseases, are a group of fatal
mammalian neurodegenerative disorders largely believed to be caused by the accumulation of misfolded,
pathogenic prion protein, PrP*, in the CNS. These diseases include Creutzfeldt-Jakob disease (CJD) in
humans, bovine spongiform encephalopathy (BSE) in cattle, and scrapie in sheep and goats (Bartz, 2016).
Upon post-mortem investigation, the characteristic pathological features of TSEs include spongiform
changes in brain tissue where vacuoles form due to neuronal loss and gliosis from misfolded PrPs¢ amyloid
fibrils. The misfolding of PrP¢ to PrP*¢ is unique as it is attributed to the self-propagating nature of this
pathogen and its transmissibility, impacting the spread of disease within affected populations. Clinical
manifestations vary depending on the type of TSE, host species, and the specific strain of PrP¢, but typically

include rapidly progressive dementia, motor abnormalities, and in some cases, psychiatric symptoms
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(Poggiolini et al, 2013; Erafia et al, 2020; Desai & Purzycki, 2023). Continued research in all aspects of
prion biology and disease, from underlying molecular mechanisms to clinical therapeutic interventions, is

an expanding field and is important for future work to combat these devastating diseases.

1.3.1 Historical Overview

The term “prion” was first coined by American neurologist and Nobel prize winner Stanley Prusiner in
1982 and is derived from Prusiner’s description of the proteinaceous infectious particle responsible for the
first described TSE, scrapie, a neurodegenerative and fatal disease affecting goats and sheep (Prusiner,
1982). In actuality, the evidence for the existence of prion diseases dates back centuries before Prusiner
proposed his prion hypothesis. Scrapie was first documented in approximately 1732 in continental Europe
during the Spanish scrapie epidemic and reported in an agricultural guide published in 1750 (Ness et al,
2023). Over the next two hundred years, research was done to understand how scrapie moved through
flocks of animals, and by 1936 its transmissibility was conclusively demonstrated by Cuillé and Chelle,
who showed that the disease could be experimentally transmitted to healthy sheep and goats through

inoculation with infected brain material (Cuillé & Chelle, 1936).

The first human prion disease to be described, Creutzfeldt-Jakob disease (CJD), was noted in 1922, but at
this time, the true cause of its symptoms remained unknown (Henry & Murphy, 2017). The first human
prion disease to be formally recognized as a TSE was Kuru in 1957 by Dr. Carleton Gajdusek and Dr.
Vincent Zigas and was the first TSE to be transmitted to chimpanzees in 1965, though at the time its
pathogenic origin was unknown, and it was classified as a “‘slow unconventional virus disease” (Liberski et
al, 2019). In 1968, another research group, Gibbs et al, successfully transmitted CJD to chimpanzees,
sparking the idea that certain human neurodegenerative diseases, like scrapie in animals, were also
transmissible and shared a common underlying agent. In 1971, Dr. Stanley Prusiner was introduced to a
patient with CJD, which sparked his interest in “slow virus” diseases, leading to his prion hypothesis for
which he later won the 1997 Nobel Prize in Medicine and Physiology (Stanley B. Prusiner - Biographica,

2024). Shortly after his Nobel Prize-winning ideas were proposed in 1982, curiosity about prions and TSEs
10



skyrocketed in popularity among researchers and the public due to the 1986 outbreak of BSE in Great
Britain. By 1996, BSE was understood to be zoonotic and the cause of a new variant Creutzfeldt-Jakob
disease (vCJD), leading to the death of 233 people and the slaughter of over 4.4 million cattle in the United
Kingdom (UK) (Centres for Disease Control and Prevention, 2024). Since the early 2000s, ongoing prion
research and diagnosis has grown and expanded greatly, though many characteristics of TSEs are dependent

on the infected species and prion variant involved.
1.3.2 Human Prion Diseases

Human prion diseases are a group of rare, fatal neurodegenerative disorders caused by the accumulation of
PrPS¢, which induces PrP¢ to adopt the same misfolded structure, leading to progressively fatal brain
damage. The primary prion diseases in humans include Kuru, Creutzfeldt-Jakob Disease (CJD), variant
Creutzfeldt-Jakob Disease (vCJD), Fatal Familial Insomnia (FFI), and Gerstmann-Straussler-Scheinker
Syndrome (GSS). Neuropathologically, prion diseases are marked by spongiform changes, neuronal loss,
and gliosis in the brain (Soto & Satani, 2011). Clinical manifestations include rapidly progressive dementia,
myoclonus, ataxia, visual disturbances, and behavioural changes. Unfortunately, there is no treatment or
cure for any mammalian prion disease. Preventive strategies emphasize stringent infection control in
medical settings and monitoring animal prion diseases to prevent zoonotic transmission. Research is
focused on investigating prion propagation mechanisms, improving diagnostic methods, and exploring
therapeutic interventions, with broader implications for other proteinopathies like Alzheimer’s disease,

Parkinson’s disease, or amyotrophic lateral sclerosis (ALS) (Duyckaerts et al, 2019; McAlary et al, 2019).
1.3.2.1 Kuru

Kuru is a rare and fatal prion disease first reported in 1957 that was endemic to the native Fore people of
Papua New Guinea. “Kuru” translates to “to be afraid” or “to shiver” in the native Fore language and
describes the ataxia and involuntary tremors hallmarking the beginning stages of the disease (Gajdusek &

Zigas, 1957). When Kuru was first discovered, it was thought to be a hereditary disease determined by a
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single autosomal gene, dominant in women but recessive in men, as it occurred primarily in certain families
and communities with a particular affinity for children and women. Shortly after its initial discovery,
researchers came to understand that Fore kinship and social life involved a taboo custom: endocannibalism.
This custom was deemed likely to be associated with the spread of Kuru as all parts of its victims (except
for the gallbladder) were routinely consumed by family members (Liberski et al, 2019). At the time of
Kuru’s published description in 1957, TSEs had not yet been described, but the similarities between Kuru
and scrapie were beginning to be noticed by researchers at the Rocky Mountain Laboratory after the
transmission of Kuru to chimpanzees was successful (Hadlow, 2008). It is hypothesized that Kuru
originated from the unlucky chance consumption of a single individual with sporadic CJD, and this
hypothesis is supported by molecular and pathogenic similarities between the two diseases (Rossi et al,
2019). In the late 1950s and early 1960s, efforts to eliminate the practice of cannibalism were implemented
by Australian administrators and missionaries. As cannibalism ceased, the incidence of Kuru dramatically
declined (Alpers, 2008). However, Kuru has demonstrated a particularly long incubation period in certain
individuals with incubation periods found to be as long as 56 years from the date the infection was acquired.
It is estimated that Kuru’s death toll is around 2,700 individuals, with the last confirmed kuru patient having
died in 2005 (Alpers, 2005; 2008). After Kuru’s publication in 1957, it would take 25 years for the
infectious agent responsible for Kuru, prions, to be described in 1982 by Stanley Prusiner (Bonda et al,
2016). Kuru’s distinct epidemiology and extended incubation period shed light on the significance of

cultural traditions in the transmission of disease, as well as the detrimental effects of prion diseases.

1.3.2.2 Creutzfeldt-Jakob Disease (CJD)

Creutzfeldt—Jakob disease (CJD) was first described in Germany in 1922. It is a rare and progressive
neurodegenerative prion disease with an incidence rate of only about one person per million globally every
year, with about 350 cases diagnosed per year in the United States (Henry & Murphy, 2017; Sitammagari
& Masood, 2024). The typical age of onset of symptoms in patients with CJD begins in their 70s and

includes symptoms that are rather nonspecific and can be misdiagnosed as other common diseases
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associated with aging, such as Alzheimer’s disease or vascular dementia (Chitravas et al, 2011). Phenotypic
variability of CID symptoms is common, but classical illness features include neurological symptoms like
dementia, along with impaired motor functions, generalized weakness, and akinetic mutism, alongside
behavioural and psychiatric changes that progressively worsen over time (Katsikaki et al, 2021). There are
three different modes of acquisition of CJD, each with its own associated biochemical and molecular
profiles. Sporadic CJD (sCJD) descends from unknown, sporadic origins, and it is unclear as to why this
disease affects certain individuals. Familial CJD (fCJD) is genetic and originates from several possible
genetic mutations within the PRNP gene. Both iatrogenic CJD (iCJD) and variant CJD (vCJD) are acquired
exogenously as they both originate from exposure to materials contaminated with CJD PrP¢ (Centre for
Disease Control and Prevention, 2024). The most common CJD diagnosed is sCJD accounting for roughly
85% of cases. Recently, Western blotting has been used as a classification tool for distinguishing between
subgroups according to codon 129 methionine/valine polymorphisms of PRNP and profile of PrPsc,
resulting in the distinction of six subtypes: MM1, MM2, MV1, MV2, VV1, and VV2, each with their own
distinct set of molecular properties, disease progression timelines, and clinical manifestations (Bishop et al,
2010). Around 10-15% of CJD cases diagnosed are those of genetic origin, fCJD and typically present
earlier in life than sporadic strains with onset ranging from about 30 to 70 years of age. Several mutations
in the PRNP gene are associated with fCJD, including point mutations, insertions, and deletions that cause
misfolded PrP%¢. Mutations that are most associated with fCJD are E200K, D178N, and V2101 (Kim et al,
2018; Zerr & Schmitz, 2021). latrogenic CJD (iCJD) is spread through medical procedures and represents
an extremely small number of patients who have contracted the disease. Transmission of iCJD through
medical interventions includes several documented routes. Early cases of iCJD have been linked to the use
of cadaveric dura mater grafts, blood products, and human growth hormone (hGH), which were
contaminated with prions from donors with undiagnosed CJD (Heath et al, 2006). Contaminated
neurosurgical instruments that were inadequately sterilized have also been implicated in iCJD transmission,
as PrP% is notoriously difficult to inactivate and is not affected by hospital standard sterile disinfection

procedures (Bonda et al, 2016). vCJD is the human form of BSE originating from consuming contaminated
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beef products, which will be discussed in a subsequent heading. Overall, CJD is a rare yet deadly human
prion disease with several forms that each present individual molecular, biochemical, and clinical

characteristics.

1.3.2.3 Variant Creutzfeldt-Jackob Disease (vCJD)

Variant Creutzfeldt-Jakob disease (vCJID) presents several distinct characteristics distinguishing it from
other forms of CJD. First identified in 1996 as a result of the consumption of BSE-contaminated beef and
cattle products, vCJD is the only type of CJD that has been linked to zoonotic transmission with 233 cases
reported worldwide as of 2021, most of which occurred in the UK (Centers for Disease Control and
Prevention, 2024; National CJD Research and Surveillance Network, 2024). There have also been several
documented cases of vCJID transmission through donated blood products where recipients of blood products
from donors who later developed vCJD have contracted the disease themselves (USA Food and Drug
Administration, 2022). With the average age of onset of symptoms being just 28, this form of CJD typically
affects younger people. It frequently manifests with substantial psychiatric symptoms such as depression,
anxiety, and behavioural changes, of which the symptoms are less common in other CJD variations. As
opposed to the rapid neurological deterioration observed in sCJD, the disease course in vCJD typically lasts
14 months (Lizroth et al, 2015). Though a concrete diagnosis of vCJD requires post-mortem examination
of neural tissues, medical professionals use several techniques to diagnose vCJD. Diagnostic methods such
as EEG visualization or cerebrospinal fluid (CSF) 14-3-3 protein tests that prove to be useful for the
diagnosis of sCJD have unfortunately not demonstrated comparable usability for vCJD, demonstrating
variability between the forms of CJD (Connor et al, 2019). Genetic susceptibility to vCJD is significantly
influenced by polymorphisms in PRNP, particularly at codon 129 which encodes either methionine (M) or
valine (V). Individuals who are homozygous for methionine (MM genotype) at codon 129 are more
susceptible to vCJID. Heterozygous (MV) or valine homozygous (VV) individuals are recognized to be less
susceptible to vCJD, though it has not been shown that this phenomenon is due to a conferred resistance to

infection and could be attributed to an extension in the incubation period (Pauly et al, 2022). The number
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of diagnosed cases of vCJD continues to decline, which can be attributed to public health measures in the
UK and worldwide (Watson et al, 2021). Thanks to modern science and food safety measures, the relative
risk of contracting vCJD is extremely low, though it is important to continue research to further understand
zoonotic prion diseases, improve detection and decontamination methods, and ensure that preventive

measures remain in place for the sake of public health.

1.3.2.4 Fatal Familial Insomnia (FFI)

Fatal Familial Insomnia (FFI) is a rare, autosomal dominant prion disease characterized by a mutation in
the PRNP gene at codon 178 (D178N substitution), producing a misfolded prion protein. First described in
1986 by Italian professor Elio Lugaresi (Lugaresi et al., 1986), by 1998, 40 families were recognized as
carriers for FFI, most of which originated from European or Asian descent. In 2011, one additional family
was discovered to be of Egyptian descent, though most new diagnoses are occurring in China, where the
incidence rate of the disease has been increasing (Zhang et al, 2022). FFI causes progressively worsening
neurodegeneration, especially in the dorsomedial nuclei of the thalami, which play an important role in
regulating the circadian rhythm and various other autonomic functions. The median age onset of FFI is 48
and is marked by rapidly progressive and intractable insomnia resulting in a mean survival time of 13
months (Nafe et al, 2023). As the disease advances, patients experience a range of autonomic dysfunctions,
including hyperhidrosis, tachycardia, hypertension, and psychological disturbances, which contribute to a
dramatic decline in quality of life (Chu et al, 2022). The mutation responsible for FFI is a point mutation at
codon 178, where an aspartic acid (D) is replaced by an asparagine (N), represented as D178N. For this
mutation to induce FFI, a methionine must be present at position 129, as a valine in this position would
rather induce fCJD (Gambetti et al, 1995). Unfortunately, FFI is no different from other TSEs in that there
iS no cure or treatment currently available and disease management usually is centered around improving

quality of life.
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1.3.2.5 Gerstmann-Straussler-Scheinker Syndrome (GSS)

First described in 1936 in Austria (Zhao et al, 2019), Gerstmann-Straussler-Scheinker Syndrome (GSS) is
an uncommon, slowly progressing familial prion disease accounting for between 10% and 15% of cases of
human TSEs. It is not unusual for individuals with GSS to have an autosomal dominant family history of
unidentified illness causing death during the fifth or sixth decade, without receiving a definitive diagnosis
until genetic testing is done. For this reason, and due to the phenotypic variability of the disease, it is thought
that the number of GSS cases is likely underdiagnosed (Chen et al, 2023). As the disease progresses over
the average five-to-six-year life expectancy, symptoms progress from impaired motor functions and ataxia
to include psychological disturbances, parkinsonism, and usually dementia towards the end of life (Chen et
al, 2024). GSS is an inherited prion disease linked to several mutations within the PRNP gene. The most
common mutation associated with GSS is P102L (proline to leucine at codon 102), but as of late 2022, at
least 15 less common mutations within the PRNP gene have been reported in more than 50 families affected
by GSS including P105L, A117V, G131V, Y145stop, F198S, D202N, Q217R, and M232T (Chen et al,
2024). These mutations all result in the production of pathogenic PrPS¢ capable of forming aggregates
responsible for the neurodegeneration characterizing this class of diseases. Currently, there is no treatment
or cure found to be effective against GSS and early diagnosis via pre-mortem genetic testing is necessary
to avoid misdiagnosis. Once a diagnosis of GSS has been issued, palliative care typically ensues as

symptoms progress and focuses on improving quality of life (Chen et al, 2023).
1. 3. 3. Animal Prion Diseases

Though all TSEs originate from the misfolding of endogenous prion proteins into their pathogenic PrPs¢
isoforms, non-human TSEs and human TSEs differ in their host species, transmission dynamics, and
epidemiology (Moreno & Telling, 2017). Animal TSEs include scrapie, BSE, chronic wasting disease
(CWD), transmissible mink encephalopathy (TME), feline spongiform encephalopathy (FSE), and exotic
ungulate spongiform encephalopathy (EUE) (Imran & Mahmood, 2011). While many prion disorders are

often limited to a single or small group of closely related species, certain prions are not species-specific.
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Prion protein sequences exhibit strong evolutionary conservation across mammalian species (Figure 3).
This high level of conservation helps explain the fundamental similarities in prion biology across mammals

(Prusiner, 1998).

Fears regarding the transmission of TSEs heightened after it was shown that BSE is zoonotic, has a broad
host range, and can cross species barriers as transmissibility has been successful to several other mammals
such as sheep, non-human primates including lemurs and macaques, cats and others (Marin-Moreno et al,
2020; Simmons et al, 2016). Commercial sanctions related to outbreaks of animal TSEs have resulted in
billions of dollars of losses, as well as the loss of millions of individual animals (Petigara et al, 2011). These
factors have led to the implementation of control or eradication initiatives in several nations, targeting TSEs
affecting livestock to reduce and control the spread of these deadly diseases (Canadian Food Inspection

Agency, 2023).
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Figure 3. Clustal Omega multiple sequence alignment of the prion protein from human (Homo

sapiens), cattle (Bos taurus), elk (Cervus canadensis), white-tailed deer (Odocoileus virginianus), and

sheep (Ovis aries). Fully conserved residues are marked with an asterisk (*), conserved substitutions with

a colon (:), and semi-conserved substitutions with a period (.).
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1.3.3.1 Scrapie

Scrapie is one of the oldest documented TSEs, and affected species include wild and captive sheep (ovine)
and goats (caprine). One of the most characteristic symptoms of scrapie is the development of incessant
scratching which is responsible for the origins of the name of the disease (Henry & Schonburger, 2020).
Two types of scrapie have been identified, classical and atypical scrapie, which have distinctly different
epidemiologic findings and clinical symptoms. Classical scrapie was the first to be described, and it
maintains traditional diagnostic criteria for prion disease, including a long incubation period, resistance to
proteinases, high temperature, and formaldehyde treatment. Atypical scrapie was identified in 2003 and is
considered a sporadic disease as no current evidence supports its natural transmission. Genetically modified
transgenic mice and sheep have shown evidence of the ability to contract scrapie, but only under strictly
controlled experimental conditions that are unrealistic to be found in nature (Acin et al, 2021). Interestingly,
ovine genotypes play a large role in the susceptibility of the animal to contract classical or atypical scrapie
and have been studied more extensively than caprine genotypes. The ovine PRNP gene contains three major
polymorphic sites that are responsible for the susceptibility of the animal to classical scrapie: codons valine
(V) 136, arginine (R) 154, and glutamine (Q) 171 (VRQ haplotype). Codon 171 is considered the
polymorphic site with the most influence as sheep with QQ171 are at risk of developing classical scrapie,

whereas RR171 sheep are predominantly resistant (Teferedegn et al, 2020; Acin et al, 2021).

On the other hand, resistance to classical scrapie after natural exposure is enhanced by polymorphic sites
alanine (A) 136, histidine (H) 154, and arginine (R) 171. Regarding scrapie resistance, the five common
haplotypes from least susceptible to most susceptible are ARR, AHQ, ARH, ARQ, and VRQ (Greenlee,
2019). To mitigate the risk of scrapie transmission through farmed sheep, breeding programs and
regulations have been set to target selective breeding of scrapie-resistant genotypes, with some even
enforced by law in certain countries. In Canada, the National Scrapie Eradication Program (NSEP) exists
to eliminate scrapie from sheep flocks and goat herds to protect livestock and maintain confidence in

Canada’s sheep and goat industries. This program involves the identification of infected flocks and herds
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through surveillance, implementing disease control measures where scrapie-positive animals are found, and
delivering a Scrapie Flock Certification program (Canadian Food Inspection Agency, 2021; 2023). By
understanding the scrapie agent and prioritizing genetic testing and selective breeding to enhance resistance,
these efforts aim to eradicate scrapie, protect livestock health, and ensure the stability of the sheep and goat

industries worldwide.

1.3.3.2 Bovine Spongiform Encephalopathy (BSE)

BSE, commonly known as “mad cow disease,” is a TSE affecting cattle typically noticed through symptoms
such as nervous or aggressive behaviour, abnormal posture and coordination, decreased milk production,
and weight loss. Due to the lethal and transmissible characteristics of prion diseases such as BSE, they pose
a great agricultural and economic threat in many countries worldwide (Canadian Food Inspection Agency,
2023). In Canada, the discovery of BSE-positive cattle in May 2003 led to 34 countries banning the import
of ruminants and ruminant products from Canada (Le Roy & Klein, 2005), contributing to economic loss
in the billions, particularly for provinces that rely on agricultural exports such as Alberta (Petigara et al,
2011). BSE presents in two different forms: atypical and classical (C-BSE), which differ in epidemiology
and pathogenesis. Atypical BSE usually presents in older cattle and is without a common source of infection,
indicating that it is likely a sporadic form of the disease. Atypical BSE is subdivided into two distinct
strains: H-type and L-type, named for the higher (H) and lower (L) molecular mass of the protease-resistant
PrPSc fragments detected in these forms (Dudas & Czub, 2017). These strains are also distinguished by
different patterns of PrPS¢ deposition in the brain, suggesting distinct pathways of neurodegeneration
(Corona et al, 2017). Typically, both strains of atypical BSE present with depressed symptoms such as
dullness, drooping head posture, lethargy, and decreased nervousness (Konold et al, 2012). Contrarily, C-
BSE is considered to have an exogenous origin as it is associated with ingesting feed contaminated with
meat and bone meal (MBM) derived from prion-infected sources, though its precise origin remains
unknown. C-BSE is distinguished by changes in behaviour and lack of coordination, increased nervousness

and fearfulness, decreased milk production, and progressive wasting. The histopathological characteristics
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include neuronal and neuropil vacuolation, glial response, and the total absence of inflammatory lesions
(Canadian Food Inspection Agency, 2023). With a known, dangerous zoonotic potential, C-BSE is
responsible for the human variant Creutzfeldt-Jakob disease (vCJD), and as of May 2024, there have been
233 instances of vCJD recorded globally of which the intake of beef products infected with BSE has been
positively linked (U. S. Centers for Disease Control and Prevention, 2024). To control the spread of BSE
and consequently vCJD, several measures, such as the implementation of feed bans, surveillance programs,
and culling of suspected positive cases, were taken in afflicted countries and internationally that proved
successful as the number of vCJID diagnosis and classical BSE cases now have such a low incidence rate
that the World Organisation for Animal Health reports the disease as negligible and estimates the number
of diagnoses will soon approach zero cases per million bovines (Canadian Food Inspection Agency, 2013;
World Organization for Animal Health, 2023). In all, the discovery of BSE was an important step in
understanding prion diseases and the complexity of experiencing epidemics of such pathogens leading to
enhanced biosafety methods, improved regulatory measures, and a greater awareness of the mechanisms

underlying neurodegenerative disorders.

1.3.3.3 Chronic Wasting Disease (CWD)

Chronic wasting disease (CWD) is a TSE affecting members of the Cervidae family, such as deer, elk, and
moose, that was first noted in North America but can now be found worldwide. CWD was first identified
in Colorado in 1967 in captive farmed mule deer (Odocoileus hemionus hemionus) and one black-tailed
deer (Odocoileus hemionus columbianus) but is now found in both wild and captive animals in 34 U.S
states, four Canadian provinces, Finland, Norway, South Korea, and Sweden (United States Geological
Survey, 2024; Williams & Young, 1980). CWD was first identified in Canada in 1996 on an elk farm in
Saskatchewan. Since then, it has spread extensively throughout the province and into neighbouring Alberta,
affecting captive and wild moose, deer, and elk populations. In addition, cases of CWD have been detected

in wild deer in British Columbia and Manitoba. In eastern Canada, the disease has only been reported on a
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single red deer farm in Quebec, which was promptly depopulated. To date, there is no evidence of

transmission to wild populations in the region (Canadian Food Inspection Agency, 2024).

CWD maintains an average incubation period of approximately 16 months until the onset of clinical
symptoms including weight loss and overall decrease in body condition, hypersalivation, ataxia, recumbent
posture, and behavioural changes. In captive cervids affected by CWD, symptoms may be noted by farmers
and caretakers, but identification of sick animals is more difficult in wild populations, and in some regions,
CWD prevalence is up to 18.8% in animals sampled through surveillance programs (Environment and
Protected Areas, 2024). In members of the Cervidae family, PRNP is a highly conserved gene that
significantly influences the susceptibility, incubation period, and progression of CWD in different cervid
species (Moazami-Goudarzi et al, 2021). Notable species-specific single-nucleotide polymorphisms (SNPs)
include codon 96 (glycine to serine, G96S) in white-tailed deer (Odocoileus virginianus), codon 132
(methionine to leucine, M132L) in elk (Cervus canadensis), and codon 226 (glutamine to lysine, Q226K)
in mule deer. Certain PRNP polymorphisms, such as the S96 variant in white-tailed deer and the L132
variant in elk, have been linked to a lower incidence of CWD infection (Ishida et al, 2020; Moore et al,
2018). While animals with protective alleles may exhibit slower disease progression and milder clinical
symptoms, those with susceptible alleles typically experience rapid disease onset and severe neurological
symptoms (Arifin et al, 2021). PRNP genotype can also affect neuropathological variations, such as the
location and amount of PrPS¢ deposition and spongiform alterations in the brain (Otero et al, 2019). To date,
there is no research proving direct evidence of CWD transmission to humans. Potential zoonotic
transmission remains a concern, particularly in the United States as the expanding range of CWD continues
to include more of the nearly six million deer harvested by hunters each year (Groveman et al, 2024; NDA
Staff, 2024), as experimental studies have shown that CWD prions can convert human PrP in vitro,
suggesting a theoretical risk (Barria et al, 2018). In recent years, the number of CWD-positive animals and
increasingly expanding affected areas has revealed that the spread of the disease continues at a rampant rate

(United States Geological Survey, 2024), emphasizing the importance of ongoing efforts to control the
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spread, enhance surveillance, develop effective management strategies, and conduct further research to

better understand the mechanisms underlying this devastating prion disease.

1.3.3.4 Transmissible mink encephalopathy (TME)

Transmissible mink encephalopathy (TME) is a rare disease of captive-farmed mink (Neovison (Mustela)
vison) that was first noted in 1947 and described in detail by Burger and Hartsough in 1965 (Liberski et al,
2009). Six outbreaks of TME have been documented across North America between 1947 and the last
reported outbreak in 1985, several of which were linked to contaminated feed, classifying TME as a
foodborne TSE (Baron et al, 2007). Initially, TME was thought to originate from infected sheep by-products
in mink feed, but the 1985 Stetsonville, Wisconsin outbreak showed infected mink were fed fresh meat
from sick dairy cattle instead of ovine products. Other outbreak records support the link between downer
cattle meat and TME, and studies suggest TME in transgenic mice resembles L-type BSE rather than H-
type or classic BSE, supporting the theory that TME originates from a rare TSE in cattle. Experimental
transmission of TME to sheep with VRQ/VRQ genomes via intracerebral inoculation further supports L-
BSE as its origin. These findings imply L-BSE zoonosis may exist in the form of TME, warranting
continued concern over exposure to L-BSE and TME agents, which likely share a common source (Hamir

et al, 2006; Liberski et al, 2009; Cassman et al, 2019).

1.3.3.5 Feline spongiform encephalopathy (FSE)

Feline spongiform encephalopathy (FSE) is a TSE affecting captive, domestic, and wild cats in the family
Felidae. The first documented cases emerged from the UK in 1990, shortly after the UK’s BSE outbreak,
when five domestic cats exhibited progressive ataxia, aggression, and altered sensory responses (Wyatt et
al, 1991). Post-mortem analysis using western blotting and strain typing of brain homogenates from affected
cats and cows confirmed the FSE agent’s relation to BSE (Lezmi et al, 2003). This similarity suggests that
FSE is a foodborne TSE originating from BSE-contaminated meat in feed (Hilbe et al, 2009). FSE remains

rare, with only 87 confirmed cases in the UK and a few others worldwide (Lezmi et al, 2003). Following
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strict measures like banning meat and bone meal (MBM) in animal feed, FSE incidence has significantly
declined (Animal and Plant Health Agency, 2023). While BSE is linked to human vCJD, FSE’s zoonotic

potential is unproven, though cross-species prion transmission remains a concern (Mathiason et al, 2013).

1.3.3.6 Exotic Ungulate Spongiform Encephalopathy (EUE)

Exotic ungulate spongiform encephalopathy (EUE) is a TSE affecting captive Bovidae ruminants in zoos.
During the UK’s 1990s BSE outbreak, EUE was diagnosed in six greater kudu (Tragelaphus strepsiceros),
six elands (Taurotragus oryx), and several other species, including Arabian oryx, Ankole cattle, and bison
throughout the UK (Imran & Mahmood, 2011). Common symptoms across species included ataxia, tremor,
weight loss, and eventual death (Cunningham, 1991). Investigations linked EUE cases to ruminant-derived
meat and bone meal (MBM) in feed. Experimental transmission of EUE to mice using greater kudu brain
homogenates produced neuropathology like BSE, further supporting the suggestion that the diseases have
shared origins (Kirkwood & Cunningham, 1994). Greater kudu, however, can sustain horizontal
transmission, comparable to scrapie and CWD (Sigurdson & Miller, 2003). In 1998, the last death of a
positive animal occurred, and since the EU implemented a ban on animal-derived proteins in animal feeds,

new cases of EUE have ceased to emerge (Imran & Mahmood, 2011).

1.3.4 Fungal Prions

A fascinating area in prion biology involves fungal prions, which have been primarily studied in yeast and
filamentous fungi. Fungal prions, unlike their mammalian counterparts, do not cause disease in humans or
animals and primarily function as non-pathogenic, epigenetic elements that regulate cellular processes.
Fungal prions demonstrate the ability to replicate themselves by inducing a conformational change in
normal, soluble proteins into the aggregated, amyloid state and transmit from cell to cell, leading to heritable
changes in phenotype. Many prion proteins isolated from fungi appear to form very ordered amyloid fibrils
enriched in B-sheets that are quite like the aggregates typically observed in mammalian prion diseases,

though their biological consequences are very different (Wickner et al, 2007). Important fungal prions
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include [PSI+], [URE3], and [PIN+]. The self-propagating nature of the translation termination factor
protein Sup35p results in [PSI+] prions and in this form sequesters it into aggregates, decreasing its
availability and causing stop codon read-through. Under some circumstances, this may provide an
evolutionary advantage by generating phenotypic variety and enabling the selective appearance of latent
genetic variation (McGlinchey et al, 2011; True et al, 2000). In its aggregated form, the Ure2p protein,
which is involved in nitrogen catabolite regulation, is also recognized to be the [URE3] prion. In nitrogen-
limited conditions, the ability of the cell to use a wider variety of nitrogen sources can be beneficial since
the prion form [URE3] inactivates Ure2, resulting in the activation of nitrogen catabolic genes (Chen et al,
2011; Wickner et al, 2007). The [PIN+] (also referred to as [RNQ+]) prion affects the Rnglp protein, which
facilitates the formation of other prions, including [PSI+] through the overproduction of Sup35. [PIN+] is
therefore considered a “prion-inducing” factor as it can influence the prion-forming propensity of other
proteins (Serio, 2018). While both fungal and mammalian prions propagate through templated protein
misfolding, the species barrier between them appears absolute, with no evidence that fungal prions can
influence or interact with mammalian PrP (Chen et al, 2007). To better understand human prion illnesses
and other amyloid-related disorders, fungi that produce prions offer useful model systems for exploring the
fundamental mechanisms of prion formation, propagation, and transmission. Understanding fungal prions
holds promise for biotechnological uses, including creating prion-based synthetic biology inheritance
systems, modifying commercial yeast strains in a heritable way, and improving their usefulness in various

biotechnological procedures.
1.3.5 Prions in the Environment

Infectious PrP*¢ prions are deposited into the abiotic environment through various interactions, tissues, and
bodily fluids, posing a great concern for public health and ecological authorities due to their long persistence
and transmissibility (Pritzkow et al, 2021). PrPS¢ remains extremely resistant to inactivation and degradation,
even in extremely harsh conditions, and can transmit disease (Concha-Marambio et al, 2014). The most

common route of transmission for TSEs is oral transmission, and once replicated within intestinal lymphoid
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tissues, prions can be expelled through saliva, mucus, urine, feces, blood, milk, birthing materials, skin,
antler velvet, and more (Saunders et al, 2012). Contaminated tissues from infected animals, such as those
from the brain and spinal cord during decomposition, have high concentrations of PrP¢ and are released
into the nearby surroundings. These prions bind strongly to soil particles, with a particularly strong bond to
clay, which protects them from microbial degradation and environmental factors, enhancing their longevity
and infectious potential (Wyckoff et al, 2016). Clay-rich soils have a major impact on prions’ environmental
dynamics, mostly via the adsorption of PrP5, defense against degradation, and changes to mobility and
bioavailability (Schramm et al, 2006). The prions are efficiently anchored to soil particles by the adsorption
process, which also involves hydrophobic and hydrogen bonding interactions between the positively
charged peptides and negatively charged mineral surfaces. This protection is essential for the prolonged
persistence of PrPS¢ particles in the environment since it hinders their denaturation into non-infectious
fragments (Johnson et al, 2006). Prions bound to clay particles also remain bioavailable, posing a risk to
animals that ingest soil while foraging and grazing. This route of exposure is particularly relevant in regions
where prion diseases, such as CWD in cervids, are prevalent (Kuznetsova et al, 2014). Scavengers,
predators, and parasites, including birds, coyotes, cougars, ticks, and other animals, may unintentionally
help spread infectious prions across greater distances when they consume the remains of animals infected
with prion disease and excrete prions in their urine and feces, further contaminating new areas (Jennelle et
al, 2010; Inzalaco et al, 2023). It is also believed that rainfall can wash prions from the decomposing carcass
into nearby bodies of water, spreading contamination over a wider area. This environmental contamination
could create hotspots of infection, posing a risk to other animals that graze or drink in these areas,
perpetuating the cycle of prion disease transmission (Miles et al, 2011). Misfolded PrP¢ existing in the
environment has also been found to interact with both mycorrhizal and non-mycorrhizal plants, and it is
hypothesized that they may accumulate and translocate PrPS¢ within tissues, therefore acting as a vector of
disease transmission (Carlson et al, 2023). Beyond mere surface binding, plants absorb prions through their
root system through various soil compositions and mineral contents, which bind to the cell walls of cells in

the aerial tissues and remain infectious for long periods. This presents an unquantifiable long-term risk to
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other animals in the environment and presents the possibility of inducing further infectious prion diseases,
though the extent to which is not yet fully determined (Pritzkow et al, 2015). As non-human TSEs affect
many animal species farmed for various reasons (meat and milk production, fur, fiber, or hide farming, etc.),
it is not unsurprising that farming materials and equipment have been implicated in the harbour and spread
of PrP* particles found to be capable of infecting new herds of animals, particularly regarding scrapie and
CWD. Salt licks are a commonly used tool across Europe and North America in wildlife management and
livestock farming and when prion-infected animals use salt licks, their saliva and other bodily fluids
contaminate these surfaces. As other animals subsequently use the same salt licks, they encounter these
infectious prions, resulting in horizontal transmission of the disease (Plummer et al, 2018). Another method
of prion transmission that has proven responsible for infection is aerosolization as dust particles. This can
occur through activities that disturb contaminated soils, bedding, or feed, such as agricultural operations,
livestock movements, and wildlife activity. Once airborne, these prion-laden dust particles can be inhaled
or ingested by susceptible animals, leading to new infections (Denkers et al, 2013; Gough et al, 2015).
Studies have also pointed to shared feeding and watering stations as a source of horizontal transmission
between sick and healthy animals, and that these contaminated materials stay infectious for extended
periods. Studies have shown that prions can bind to a variety of materials, including metals such as stainless
steel and plastics used commonly to manufacture feed troughs and buckets, and even drinking from a water
trough used by scrapie-infected flocks was sufficient to transmit infection to clean sheep in a clean building
(Konold et al, 2015). Complicating the control process of TSEs in both natural and agricultural
environments is the uncertainty of the precise mechanism of transmission between individuals and the
length of time TSEs can persist in the environment, as previously discussed. For example, cervids
contracted with CWD contain sufficient prions in their blood and saliva to transmit the disease to other
cervids, but CWD prions existing in the environment are also attributed to infection (Mathiason et al., 2009).
A previous study found that scrapie prions are highly persistent and can be found in environments like soil
and hay feeds for as long as 16 years after the initial infected animals were removed and the environment

was disinfected (Georgsson et al., 2006). The environmental persistence of prions presents an ever-
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changing, complicated challenge for management and decontamination efforts in natural and agricultural
settings that requires the cooperation of many different parties. Therefore, the continuous efforts of many
governmental, scientific, and industrial parties are critical to mitigate and lessen the spread and effects of

prions throughout the environment.

1.4. The Species Barrier

An important aspect of prion diseases and their transmission between individuals is the “species barrier,”
which refers to the varying degrees of difficulty prions encounter when crossing from one species to another.
This barrier is influenced by several factors such as the molecular and structural compatibility of prion
proteins between species. Despite the inherent resistance posed by the species barrier, certain conditions
can facilitate cross-species transmission, posing significant challenges to disease control and public health
(Manson & Diack, 2016). Understanding these mechanisms behind the species barrier is essential for
developing strategies to manage and mitigate certain risks associated with prion diseases and contaminated

spaces.

1.4.1 The Prion Species Barrier

Evidence of the species barrier has been extensively examined through various prion strains and host types.
While prion transmission within the same mammalian species is generally efficient given the right
conditions, a species barrier usually affects transmission between species. This barrier results in rare
transmission with prolonged incubation periods before the onset of neurodegenerative symptoms after prion
inoculation (lgel et al, 2023). Several factors have been found to affect the ability of PrPs to transmit
between host species. The primary determinant of the species barrier of prion diseases is the amino acid
sequences of the potential prion proteins of the two species involved. Higher homology between sequences
usually results in a lower species barrier. For example, BSE prions have historically been linked to human
infection, resulting in vCJD, due to considerable similarity between bovine and human PrP sequences

(Manson & Diack, 2016). Species-specific polymorphisms of the host PrP gene also exist to prevent prion
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diseases from transmitting between individuals. As previously discussed, a well-documented instance of
this is the methionine/valine polymorphism at codon 129 of the human PRNP. This polymorphism
significantly influences the risk of an individual contracting vCJD. Individuals homozygous for methionine
(M/M) at codon 129 are more susceptible to developing vCJID upon exposure to BSE prions from
contaminated sources, compared to heterozygous (M/V) individuals, who have a reduced risk due to genetic
incompatibilities (Pauly et al, 2022). The structural plasticity of certain regions in the prion protein, such
as the B2-a2 loop of scrapie, BSE, and CWD prions, has also been shown to influence the species barrier
phenomenon. Studies examining the structural makeup of the PrP¢ to PrPS¢ conversion have uncovered that
the B2-02 loop maintains variable flexibility, and this flexibility affects the initial binding of PrP¢ to Prpsc
(Sulskis et al, 2023). Species-specific differences in the loop’s conformation can either facilitate or hinder
the binding process, further contributing to the species barrier. For example, the loop in cervids differs
structurally from that in cattle, which may explain the relative resistance of certain cervid species to BSE
prions (Kurt et al, 2014). Strain-specific characteristics of the host’s PrPC, the route of transmission, and
post-translational modifications of PrPC, including glycosylation and sialylation status, also shape the

species barrier and influence strain selection (lgel et al, 2023).
1.4.2 Prion Zoonosis

Prion zoonosis refers to the transmission of prion diseases from animal hosts to humans. The species barrier
in prion transmission significantly impacts the risk of human zoonotic diseases and is crucial for
understanding the potential for cross-species prion adaptation. To date, the only known animal prion disease
with demonstrated zoonatic potential is C-BSE in cattle, leading to human vCJD. There is no evidence to
suggest that typical or atypical scrapie, atypical BSE, or CWD are naturally capable of transmitting disease
to humans. However, extreme caution should still be exercised regarding these diseases as their invariably
fatal outcome has been demonstrated under strict laboratory conditions in some non-human primates and
human PrP transgenic mice, demonstrating possible zoonotic potential (Houston & Andréoletti, 2018). The

zoonotic potential of CWD has been followed closely since its recent increase in spread across geographical
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distribution in North America and Europe, and is of particular concern to many researchers, hunters, and
the public. Experimental transmission studies of CWD have shown their infectious potential in certain
species of primates, namely squirrel monkeys (Saimiri sciureus) who show a high oral attack rate of 92%
with an average incubation period of 68 months post-inoculation (Race et al, 2009). Although non-human
primates are not perfect models to represent human susceptibility to prion diseases, they corroborate the
results that emerge from research examining human PrP transgenic mice, in vitro studies and
epidemiological evidence to suggest that though the risk of CWD zoonosis is currently believed to be low
but cannot be ruled out as impossible (Wang et al, 2021; Saunders et al, 2012). One of the most concerning
aspects of prion zoonosis is the long incubation period of the disease before the onset of symptoms, which
can extend several decades in humans, combined with the lack of a robust immune response, making early
diagnosis and intervention difficult (Houston & Andréoletti, 2018; Alpers, 2005). Ongoing research into
animal prion diseases and their affiliated zoonotic potential is extremely important for understanding the
mechanisms of interspecies prion propagation, developing effective diagnostic and therapeutic strategies,
mitigating the risks of future zoonotic epidemics, and ensuring the safety of the public through improved

management of cultivated and wildlife populations.
1.5. Detection and Diagnosis of Prion Diseases

Traditionally, diagnosis and quantification of TSE in animals is based on herd history, clinical signs,
pathological observations, and immunodetection of abnormal PrPs¢ via immunohistochemistry, Western
blot, and ELISA on brain and lymphoid tissues (Moudjou et al., 2020; Gavier-Widén et al, 2005). However,
challenges arise as there is generally a low quantity of PrPS¢ in peripheral tissues and body fluids, the
bioassays are expensive, and lots of time and labour are required. This challenge has inspired the need for
rapid artificial amplification and replication of PrPs¢ from seed in-vitro to a detectable level by more
sensitive testing methods. Cell-free assays for the in vitro conversion of normal PrP¢to PrPs¢, which mimics
the in vivo process, such as protein misfolding cyclic amplification (PMCA) (Erafia et al, 2020; Moudjou

et al., 2020) and the real-time quaking-induced conversion (RT-QulC) (Kang et al., 2017), have emerged
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as useful methods (Moudjou et al., 2020). PMCA is a technique in which PrPS¢ replication occurs much
faster than normal due to several consecutive cycles of incubation and sonication. This technique is
advantageous as it can detect even extremely low concentrations of PrPS¢, down to as little as one attogram
for some prion species, and the products of PMCA are usually highly infectious (Erafia et al., 2020;
Moudjou et al., 2020). The RT-QuIC assay is another method to assess for PrPS also utilizing movement
to encourage seeding of PrPS¢ through multiple rounds of agitation and incubation. A notable difference
between PMCA and RT-QuIC is that PMCA mimics the natural process of prion replication. It involves
cycles of incubation and sonication to amplify small amounts of PrPS¢ by converting PrP€ into the misfolded
form, while RT-QuIC uses shaking or quaking to induce PrPs¢ to convert recombinant PrP¢ into the
misfolded state. RT-QuIC technology has improved significantly since its development in 2001 and is now
used as a key diagnostic tool when diagnosing TSEs such as CJD as it can detect minute amounts of PrP*
in cerebrospinal fluid (Orra et al, 2015). Importantly, these two assays correlate with infectivity (Moudjou
et al., 2020; Orr( et al., 2015; Kang et al., 2017), and the measurement of the reduction of PrP¢ is crucial
for the determination of the effects of any decontamination process for PrPS¢. European and certain national
medical agencies have recently implemented guidelines for prion inactivation of non-disposable medical
material and encourage or request the use of these cell-free assays to predict the value of the validated Prps°

decontamination methods (Moudjou et al., 2020).

Diagnosing prion disease in humans relies on clinical evaluation, electroencephalogram (EEG), magnetic
resonance imaging (MRI), CSF 14-3-3 protein detection, PRNP genetic testing, and definitive brain biopsy
or autopsy. Due to the similarity of prion disease symptoms to other neurological diseases, it is common
for a definitive diagnosis of prion disease to be unobtainable until a post-mortem examination can be
performed (Desai & Purzycki, 2023). For example, a positive diagnosis for vCJD must entail
neuropathological examinations, immunohistochemical analyses, Western blot for proteinase-resistant

PrPS¢, or confirmation of the presence of scrapie-associated fibrils (Connor et al, 2019). To date, the only
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versatile confirmation method for positive TSE infections, regardless of host species or TSE type, is the

presence of partially protease-resistant and aggregated isoform PrPS¢ (Erafa et al., 2020).
1.6. Decontamination of PrP*® and Treatment Approaches for Prion Diseases

The increasing quantity of research on prion diseases has increased awareness of the critical need for
efficient management and mitigation techniques. The challenges in early diagnosis of prion disease, their
resistance to standard decontamination techniques, and the recognition that they are universally incurable

stresses the importance of ongoing research in these fields (Bechtel & Geshwind, 2013).
1.6.1 Current Decontamination Methods

One of the challenges when working with TSEs is their unique ability to resist most conventional forms of
pathogen inactivation. This characteristic was discovered after vaccines derived from sheep CNS tissues
were administered to other sheep flocks to eradicate the looping-ill virus, which only allowed those sheep
to develop scrapie. These vaccines had been certified virus-free, but given that the affected sheep developed
scrapie, it was not possible that the scrapie prion protein was destroyed during decontamination efforts
(Giles et al, 2008). Over the years, tremendous efforts have been made to investigate effective ways to
inactivate abnormal prions (Sakudo et al, 2011; McDonnell & Burke, 2003; Taylor, 2000) The first attempts
to inactivate PrPS° were conducted in the 1960s using ionizing and ultraviolet radiation, but there was no
impact on prion infectivity. This failed decontamination method also led researchers to the idea that PrPs°
is a nucleic acid-free agent due to the nonresponse to nucleic acid-specific wavelengths, which was proven

to be true in later years (Prusiner, 1998).

TSE-infected livestock carcasses are a concerning biohazard, and it has been shown that composting can
reduce the quantity of infectious PrP* in tissues after only a few months. During composting the internal
temperature of the carcasses quickly rises to above 60°C then drops to ambient temperature (Huang et al,
2007), but microbes found in the gut of sheep have been shown to have an impact on the degradation of

PrPSc at room temperature and an increased impact at 60°C. This method may be effective, but there are
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many barriers including the requirement for deep land space, the length of time decomposition takes, and
only being able to use this method post-mortem which suggests different decontamination methods must

be explored (Huang et al, 2010).

Chemical decontamination using sodium hydroxide (NaOH) (combined with autoclaving) (Giles et al,
2008), sodium hypochlorite (bleach) (Williams et al, 2019), hypochlorous acid (HOCI) (Hughson et al,
2016), sodium dodecyl sulphate (SDS) (Peretz et al, 2006), and electrically charged disinfectant CAC-17
have all been shown to have some level of disinfectant against PrPS¢ Physical methods rely primarily on
heat and irradiation. Standard autoclaving at 121 °C is often insufficient for PrPS¢ inactivation, but extended
sterilization cycles at 134 °C for >18 minutes, especially when combined with detergents such as SDS or
acidic conditions, significantly reduce infectivity (Sakudo et al, 2020). Other approaches include
incineration (>1000 °C) (Brown et al, 2004), alkaline hydrolysis of tissues (Murphy et al, 2009), and
emerging technologies like non-thermal plasma (Sakudo et al, 2022) or vaporized hydrogen peroxide
(Sakudo et al, 2020). However, in a clinical setting, these methods can be very damaging to equipment and
may not be practical for frequent use (Sakudo et al, 2020). For this reason, it is important that ongoing
efforts attempting to inactivate or decontaminate prions not only focus on effectiveness but also on

practicality and safety for widespread use.
1.6.2. Current Treatments and Challenges in Treatment

Currently, there is no effective treatment against TSEs and ante-mortem diagnosis of TSEs proves difficult
due to the ambiguous and varied nature of the accompanying symptoms and the slow progression of the
diseases they cause (Erafia et al., 2020). As prions are distinctly resilient compared to other pathogens,
conventional antiviral or antibacterial treatments are ineffective; therefore, alternative therapeutic
techniques are being investigated (Sakudo, 2020). The generation of small oligomer modulator molecules
that either stabilize PrP° or prevent it from transforming into PrP*¢ is one potential field of study of recent
interest. In preclinical settings, compound anle138b is one example of a small molecule that has been found

to slow disease progression for other amyloidogenic neuropathies such as Parkinson’s in mouse models,
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and has demonstrated the ability to inhibit PrP¢ conversion, indicating potential use as therapeutic or
preventative treatments (Levin et al, 2014). Another avenue of treatment that has been investigated is the
use of antisense oligonucleotides (ASOs) that can be designed to PRNP mRNA leading to degradation of
mRNA through RNase H-mediated cleavage or preventing its translation into protein. This results in a
reduction of endogenous PrP¢ levels, therefore lowering the risk of its conversion to the disease-causing
PrPS¢ (Raymond et al, 2019). Inspired by the understanding of molecular chaperones and their role in
maintaining and propagating fungal prions in Saccharomyces cerevisiae (Rikhvanov et al, 2007), scientists
have investigated the use of other molecular chaperones for mammalian prion diseases. In 2019, researchers
managed to design a molecular chaperone, (N,N’-([cyclohexylmethylene]di-4,1-phenylene)bis(2-[1-
pyrrolidinyl]acetamide)), that was successful in not only delaying the progression of psychological
symptoms and neurological damage but also reduced the number of biomarkers associated with disease in
the CSF of male cynomolgus macaques (Macaca fascicularis) infected with BSE (Yamaguchi et al, 2019).
Unfortunately, while research on animal models continues to explore the use of anti-prion treatments, there
are no treatments currently approved for use in humans and clinical settings, and care plans for patients
with prion diseases consist of hospice care, typically focusing on improving the remaining quality of life
(De Vries et al, 2021). Overall, while considerable progress has been made in the understanding of prion
diseases, the development of effective treatments for humans remains in the experimental stages, with
research focusing on overcoming various biological, chemical, and technical challenges associated with

these illnesses.

Treating prion diseases poses several challenges due to their uniquely resistant properties and unclear
mechanisms. One of the main challenges associated with terminal prion illnesses is the latent appearance
of symptoms leading to late-stage diagnosis, in which case treatment would be too delayed to be optimally
effective. Most people diagnosed with prion diseases do not get a correct diagnosis until approximately
two-thirds of the way through the disease, or about the point at which symptoms of cognitive decline and

behavioural abnormalities due to irreversible neurological damage begin (Bechtel & Geschwind, 2013).

34



Treatment of human prion diseases is further complicated as more than 60 genetic alterations of TSEs have
been documented, each with distinct molecular features resulting in potentially unique clinical presentations
and specialized treatments (Erafia et al., 2020). Previous research using neuronal and fibroblastic cell
cultures has demonstrated that prions are also subject to accumulating mutations under selective pressures,
such as environmental changes or drug exposure. This leads to the emergence of different prion mutants
that can outcompete others depending on the conditions. The findings challenge the idea that prion strains
are stable and suggest they can undergo mutation and selection, posing challenges in creating a universal
treatment (Li et al, 2010). Also posing challenges to the treatment and control process of animal TSEs is
the uncertainty of the precise mechanism of transmission between individuals, and the length of time TSEs
can persist in the environment, as previously discussed. Treating the natural environment in which prions
are present is not currently possible. While conventional chemical decontamination methods such as
concentrated NaOH or concentrated bleach are effective, these chemicals are very hazardous and damaging
to the environment and can therefore not be used to treat environmentally bound prions (Sakudo, 2020).
The strong resistance of prions to traditional decontamination methods and treatments, their strain
characteristics and ability to mutate, and their environmental challenges emphasize the complexity
associated with treating pathogenic PrPS¢ prions. Though scientists have yet to uncover the answers to the
mysterious mechanisms of prions, these factors reinforce the importance of ongoing research into the
decontamination of the prion protein and the treatment of the diseases they cause for the betterment of

human and animal health.
1.6.3. Prevention and Control

Prevention and control of prion diseases is a challenge that typically requires response and cooperation
from several parties, such as farmers, hunters, government agencies, healthcare agencies, food processing
industries, and scientists. The BSE outbreak of the 1980s and 1990s fundamentally changed the world’s
understanding of prion diseases and reshaped strategies for their prevention and control. The crisis and its

zoonotic link to vCJD in humans brought to light significant gaps in knowledge of these pathogenic proteins,
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prompting significant changes in policy, regulation, and scientific research worldwide (Canadian Food
Inspection Agency, 2013). As previously discussed, preventing the spread of TSEs such as BSE, TME or
EUE is based on the exclusion of specified risk material (SRM) from animal feed. In Canada, mammalian
proteins, including SRM, have been banned from ruminant feed since 1997, and since 2007, it has been
prohibited from being included in any animal food or being used in fertilizers (Canadian Food Inspection
Agency, 2023). Surveillance programs can also be credited for preventing the prions from infecting non-
infected animals and spreading them from contaminated to unaffected areas. These programs are usually
specific to the TSE or the infected species, but they are all designed to track, detect, and monitor prion
diseases early, which permits the isolation of infected animals to prevent their spread (Watson et al, 2021;
Houston & Andréoletti, 2018). Surveillance efforts also focus on preventing the geographic spread of prion
diseases by monitoring animal trade and movement, imposing restrictions on exporting animals from
regions where prion diseases are endemic and implementing environmental monitoring in affected areas.
In addition to the ban on SRM, in Canada, measures have been taken to ensure that animal TSEs,
particularly CWD, remain under control and to minimize introduction and spread into new areas. For
example, Canada’s Health of Animals Act dictates that all suspected cases of TSE noticed from wild animal
populations (e.g., hunters encountering CWD) and farmed populations (e.g., CWD in cervids, BSE in cattle,
and scrapie in sheep or goats) must be reported to the Canadian Food Inspection Agency (CFIA). Canada
maintains strict national chronic wasting disease herd certification programs for farmed cervids, with the
focus on disease prevention and risk management and further requires that all farmed cervids over the age
of 12 months that are slaughtered in Yukon, Alberta, Saskatchewan, Manitoba, Ontario, and Quebec are
tested for CWD and that any animal testing positive for CWD is forbidden to be allowed into the

commercial food chain (Canadian Food Inspection Agency, 2024).

The prevention of prion diseases varies significantly depending on whether the disease is acquired or
genetic, with acquired TSEs such as CWD, BSE, iCJD, and Kuru being primarily prevented through

measures that minimize exposure to contaminated tissues or biological materials (Pritzkow et al, 2021,
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Watson et al, 2021). In contrast, for genetic prion diseases such as fCJD, FFI, or GSS, prevention focuses
on genetic counselling and research into therapies that may slow or halt disease progression (Goldman &
Vallabh, 2022). To err on the side of caution, it is recommended that animals suspected of prion disease be
culled, including others of the group that could have possibly been exposed as well. Unfortunately, no
current therapies have proven successful enough at preventing the development of genetic prion disease to
be used regularly in clinical settings, though clinical trials are constantly ongoing (Zerr & Schmitz, 2021).
Public awareness and education play a vital role in reducing risky behaviours that could lead to prion
transmission, particularly in hunting communities and regions where consumption of high-risk animal parts
is common. However, surveys have found that hunters who are more knowledgeable about CWD are more
likely to decrease their harvest rate, potentially contributing to increased CWD prevalence as fewer animals
are being hunted (Vaske et al, 2006). Overall, the search for effective measures to prevent the spread and
development of prion diseases continues, driven by ongoing research into diagnostic techniques, potential

therapies, and enhanced surveillance methods.

1.6.4. Need for Development of Environmentally Friendly Prion-Inactivating Chemicals

As discussed in the previous section, the current methods for the decontamination of prions may be effective,
but they are typically either very impractical for large-scale use (such as the incineration of farming
infrastructure and soil after a TSE outbreak) or very harsh and therefore not practical either. For this reason,
environmentally friendly prion-inactivating chemicals are of interest for decontaminating materials

contaminated with PrPse,

Electro-activated liquid chemicals (EALCs) represent a promising alternative, offering strong
decontamination potential while minimizing environmental and material damage. EALC solutions,
generated through the electrochemical activation of water and salt-based precursors, can be tailored to
exhibit antimicrobial (Liato et al, 2017) and protein-disrupting properties (Hughson et al, 2016; Sakudo et
al, 2020), making them an attractive candidate for prion decontamination. Unlike conventional disinfectants,

EALCs degrade into non-toxic byproducts, reducing long-term ecological impact (Iram et al, 2021).
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Additionally, their adaptability for in situ applications on various surfaces, including steel, soil, and
agricultural equipment, enhances their practicality for large-scale use (Thorn et al, 2012). Developing
EALCs as a prion-inactivating solution could provide a practical and sustainable alternative to harsh
decontamination methods. By balancing efficacy with environmental safety, these chemicals have the
potential to be implemented in real-world settings where traditional treatments are impractical, helping to

reduce prion contamination risks more feasibly and responsibly.
1.7. Statement of Rationale

Prion diseases, or TSEs, are fatal neurodegenerative disorders caused by the accumulation of the misfolded
prion protein, PrP%, in the central nervous system. PrP*¢ is extremely stable and can spread through
contaminated feed, bodily fluids, shared environments, and contact with infected surfaces, including
medical and laboratory equipment. In environmental settings, particularly in soil and on surfaces such as
stainless steel or plastic, PrPS¢ can persist in an infectious state for more than 15 years. Its resistance to heat,

enzymatic degradation, and conventional disinfectants, makes decontamination especially challenging.

Addressing contamination from CWD has become increasingly important, especially where infected
carcasses, tissues, equipment, or materials like soil and manure may still harbour infectivity. The CFIA has
recognized this as a high-priority research need through its TSE control program (Objective 1119), which
calls for the development of safe and effective methods to destroy prions in potentially contaminated
environments, including on farms, in abattoirs, and on transport equipment. While chemicals like sodium
hydroxide and bleach are effective, their corrosive and hazardous nature makes them difficult to apply
safely outside of controlled settings. This creates a gap where there is a pressing need for practical,

environmentally friendly alternatives suitable for real-world use.

This study aims to help fill that gap by exploring the potential of EALCs to inactivate PrPs¢ from CWD-
infected brain tissue and contaminated surfaces. By using RT-QulC and PMCA, this research aims to

determine whether EALCs can serve as more sustainable options to traditional disinfectants.
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In addition, the bactericidal efficacy of EALCs was evaluated using two representative bacterial species:
Gram-positive Listeria monocytogenes and Gram-negative Pseudomonas aeruginosa. The preliminary
results may also support the effects of EALCs on the abnormal prions. The details are explained in the

Appendices.

Identifying effective, field-compatible decontaminants has important implications for controlling the spread
of CWD and reducing the environmental burden of prion contamination. This research contributes to the
broader goal of developing practical and scientifically validated solutions for abnormal prion inactivation,

with potential applications in wildlife, agricultural, and biosafety settings.
1.8. Hypothesis

It is hypothesized that the if the selected EALCs are applied to CWD PrPs¢ sourced from both brain
homogenates and on contaminated surfaces, seeding activity of abnormal prions will be significantly
reduced or eliminated as measured by RT-QulC and PMCA. This effect is expected to be comparable to
that achieved by conventional disinfectants such as sodium hydroxide and bleach, but with the added

advantages of environmental safety and suitability for practical application in TSE-contaminated areas.
2.0. Materials and Methods
2.1. Selection and Characterization of Electro-Activated Liquid Chemicals (EALCS)

A comprehensive literature search was conducted to identify potentially relevant chemicals and relevant
studies on PrP%¢ inactivation. Databases such as PubMed, Google Scholar, University of Ottawa Library,

99 6

and ScienceDirect were explored using keywords such as “prion,” “inactivation,” “disinfection,

29 ¢

electro-
activated,” “chronic wasting disease,” and “environmentally friendly” to refine the search. The literature of
interest was primarily focused on articles published after the year 2010, although it was necessary to include
several published before that date. As a result of the literature search, two chemicals were selected to be
used as positive controls due to their well-established effectivity for the destruction of prions (Taylor,

1993): household bleach (Clorox, 8.25% sodium hypochlorite) and 2N NaOH (Thermo Fisher Scientific).
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Two more commercially available electro-activated liquid chemicals were selected for their previous use
in environmentally friendly geared settings: CAC-717 (Santa Mineral Co., Ltd. Tokyo, Japan) and
BrioHOCI (Briotech Inc., Woodinville, WA, USA). As this project is in collaboration with Laval University,
they were responsible for providing several EALCs that have shown promise for their bactericidal effects.
Nine EALCs (four catholytes and five anolytes) were therefore shipped to the CFIA Ottawa Laboratory —

Fallowfield (OLF) from Laval University.

2.1.1. Chemical Procurement and Preparation

All the chemicals previously discussed in Section 2.1 were procured to OLF and stored in their original

manufacturing packaging, light-blocked, and at room temperature.

The nine EALCs from Laval University were prepared by Dr. Mohammed Aider using a three-compartment
electro-activation reactor. The central compartment was separated from the anodic compartment by an
anion exchange membrane (AEM) and from the cathodic compartment by a cation exchange membrane
(CEM) (Figure 4). This configuration was essential to prevent interference between the acidic and alkaline
environments generated in the anodic and cathodic compartments, respectively. Electro-activation was

performed using a direct electric current intensity of 800 mA for 60 minutes.
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Figure 4. Representation of the Electro-Activation Reactor System. The diagram illustrates the three-
compartment electro-activation reactor used for generating the EALCs used in this study. The system
consists of an anodic compartment (left), a central compartment, and a cathodic compartment (right),
separated by an anion exchange membrane (AEM) and a cation exchange membrane (CEM), respectively.
lon migration, electrochemical reactions, and the formation of oxidative and reductive species are shown,

highlighting the generation of Cl., NaOCl, NaOH, and other reactive components under the influence of a
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2.1.2. Composition of EALCs

The four catholytes and five anolytes were composed of the following:

Catholyte 1: Electro-activated solution containing Na+ ions which electro-migrated from the central
compartment. The initial cathodic compartment was filled with water. The central compartment was

initially filled with 2 M NaCl solution.

Catholyte 2: Electro-activated solution containing 0.1 M CaCl2 solution and Ca2* ions which electro-
migrated from the central compartment. The cathodic compartment was initially filled with 0.1 M CaCl2

solution. The central compartment was initially filled with 1 M CaCl2 solution.

Catholyte 3: Electro-activated solution containing 0.2 M NaCl and Na* ions which electro-migrated from
the central compartment. The cathodic compartment was initially filled with 0.2 M NaCl solution. The

central compartment was initially filled with 2 M NaCl solution.

Catholyte 4: Electro-activated solution containing 0.1 M KCI solution and K+ ions which electro-migrated
from the central compartment. The initial cathodic compartment was filled with 0.1 M KCI solution. The

central compartment was initially filled with 2 M KCI solution.

Anolyte 1: Electro-activated solution containing Cl- ions which electro-migrated from the central
compartment. The initial anodic compartment was filled with water. The central compartment was initially

filled with 2 M NacCl solution.

Anolyte 2: Electro-activated solution containing NaCl and CI- ions which electro-migrated from the central
compartment. The initial anodic compartment was filled with a 0.1 M NaCl solution. The central
compartment was initially filled with 2 M NacCl solution. The cathodic compartment was initially filled

with water + 3 mL of 2M NaCl.

Anolyte 3: Electro-activated solution containing CaCl2 and CI- ions which electro-migrated from the

central compartment. The initial anodic compartment was filled with a 0.1 M CaCl2 solution. The central
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compartment was initially filled with 1 M CaCl2 solution. The cathodic compartment was initially filled

with 0.1 M CaCl2 solution.

Anolyte 4: Electro-activated solution containing 0.1 M sodium acetate solution and CI- ions which electro-
migrated from the central compartment. The initial anodic compartment was filled with 0.1 M sodium
acetate solution. The central compartment was initially filled with 2 M NaCl solution. The cathodic

compartment was initially filled with a 0.1 NaCl solution.

Anolyte 5: Electro-activated solution containing 0.1 M KCI solution and Cl- ions which electro-migrated
from the central compartment. The initial anodic compartment was filled with a 0.1 M KCI solution. The
central compartment was initially filled with 2 M KCI solution. The cathodic compartment was initially

filled with 0.1 KCI solution.

2.2. Preparation of Prion-Contaminated Materials

Materials and methods regarding bactericidal testing will be discussed in the Appendices.

2.2.1. Cervid Tissue Collection

CWD-positive and negative brain tissues were collected from two Elk (Cervus canadensis) individuals
originating from cervid farms in Saskatchewan, Canada, which were euthanized due to CWD suspicion and
sent to the CFIA’s Ottawa Fallowfield Laboratory for testing. Tissues that were sent for testing include
obex and lymph nodes, and the results of CWD status were determined via ELISA and

immunohistochemistry (IHC). Tissues were then stored at -80°C.

2.2.2. Preparation of Chronic Wasting Disease (CWD) Brain Homogenate

Obex tissues were initially received as coarse homogenates of pure samples and were further homogenized
in grinding tubes containing quarter inch grinding beads using a Precellys 24 Tissue Homogenizer (Bertin,
Paris, France) to form 15% wi/v (0.30 g of raw brain homogenate into 2 mL buffer = 150 mg/mL)

homogenates in sterile phosphate buffered saline (PBS).
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2.2.3. Preparation of Steel Wire for PrP*° Binding Assays

Stainless steel wire (Thermo Fisher Scientific), 0.51mm in diameter, was cut into segments 5 mm in length.
Wires were initially rinsed with distilled water and air-dried in a biosafety cabinet (BSC) overnight. Dried

wires were then stored in sterile 1.5 mL tubes at room temperature until use.
2.2.4. PrP* Sorption onto Steel Wire: Incubation and Washing Protocols

To establish a positive control gradient, ten-fold serial dilutions (102 to 10-®) were generated from a 15%
brain homogenate solution prepared in PBS. Wire segments were submerged in each dilution and incubated
at room temperature for one hour while rotating at 18 rpm. After incubation, wires were washed three times

by brief vortexing in 1 mL PBS, then air-dried overnight in a sterile Petri dish.
2.3. Treatment of PrP* Contaminated Samples with EALCs
2.3.1. Treatment Conditions and Exposure Time

EALCs were evaluated for their ability to degrade or inactivate PrPS in contaminated samples. Treatment
conditions, including concentration and exposure times, were optimized to assess the efficacy of EALCs
under various conditions. Experiments were designed to simulate both controlled laboratory conditions and
environmental scenarios relevant to prion decontamination. For each treatment condition, a minimum of 8

replicates were used in at least 2 independent experiments.

EALCs were used at their original stock concentrations, and various dilution ratios were tested to determine
both the minimum effective dose and the potential for concentration-dependent prion degradation.
Specifically, brain homogenate was treated with EALCs at ratios of 1:1, 1:50, 1:100, 1:200, 1:500, and
1:1000 (v/v, brain homogenate: EALC). Control groups included CWD-negative and positive untreated
samples, vehicle controls (PBS-treated), and positive controls treated with either 2N NaOH (Thermo Fisher

Scientific) or 40% bleach (3.3% sodium hypochlorite) (Clorox® Germicidal Bleach, 8.25% concentration).
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To ensure adequate distribution, samples were mixed with the EALCs via reverse pipetting followed by
gentle vortexing for approximately three seconds. All samples were exposed to treatment solutions for a
standardized duration of one hour at room temperature. These exposure conditions were selected based on
preliminary optimization experiments and existing literature on chemical prion decontamination (Herzog

et al, 2025).

To determine the efficacy of the selected EALCs in inactivating PrPS¢ bound to stainless steel, each wire
was placed in a sterile 1.5 mL microcentrifuge tube and fully submerged in 1 mL of EALC solution,
ensuring complete contact, and allowed to incubate at room temperature for one hour. Following treatment,
wires were carefully removed and immediately processed for post-treatment washing (Section 2.4.2).
Controls included untreated wires, phosphate buffered saline (PBS) “mock”-treated wires, and wires

exposed to conventional decontamination agents such as 2N NaOH and 40% bleach for comparison.
2.3.2. Sample Recovery and Post-Treatment Washing of Steel Wire

To ensure the removal of residual EALCs from the steel wire, a standardized washing protocol was used.
Each wire was transferred to a fresh 1.5 mL microcentrifuge tube containing 1 mL of sterile PBS and
subjected to three sequential washes. Washing was performed by gently vortexing the tubes for three
seconds per wash, followed by removal of the supernatant. For each wash, fresh PBS was used. After the

third and final wash, the wires were air-dried at room temperature overnight.
2.3.3. Controls and Validation of Treatments

To ensure any effects and reductions in PrP® seeding activity were due to the EALCs and no other

confounding factors, a series of controls were included in all experiments.

Untreated PrP*¢-contaminated wires were included as a baseline to compare the natural behaviour of Prps
throughout the duration of our assays of interest. To account for potential effects seen due to solution-based
incubation for both brain homogenate and steel wire samples, vehicle controls were included where samples

were incubated in PBS alone under identical conditions (one hour at room temperature). This allowed for

45



differentiation between spontaneous aggregate formation, chemical degradation, and any non-specific

protein removal due to liquid exposure and washing steps.

To evaluate how effective EALCs are at reducing the seeding activity of PrPS¢ compared to established
methods for prion decontamination, samples were treated with traditional prion-inactivating agents such as

2N NaOH and 40% bleach.
2.4. Real-Time Quaking-Induced Conversion (RT-QulIC) Assay

RT-QuIC was used to assess the seeding activity of PrPS following EALC treatment. This assay detects
prion-induced conversion of recombinant prion protein (recPrP) into amyloid fibrils, producing a

measurable increase in fluorescence over time.
2.4.1. RT-QuIC Reaction Components and Reagent Preparation

RT-QulIC master mix was prepared to allow each well to contain 300 mM NaCl, 1 mM EDTA, 10 uM ThT,
0.1 mg/mL recPrP, and 50 mM Na2PO4 (pH 7.38-7.4). The reaction master mix (95 pL) was added to each

well of a black-walled, clear-bottom 96-well plate.
2.4.2. Sample Preparation and Seeding Conditions

PrPSc-positive samples treated with EALCs were compared to all previously described controls (Section
2.4.3). Samples were subjected to 10-fold serial dilutions in 0.05% SDS and 5 pL of diluted sample was
added to the master mix contained within each well. Once added, the sample was mixed five times by

reverse pipetting, and the plate was covered with sealing tape.
2.4.3. RT-QuIC Assay Conditions

RT-QuIC reactions were conducted at 42°C in a BMG FLUOstar Omega plate reader (BMG Labtech,
Ortenberg, Germany). Each cycle lasted approximately 15 min, with seven repeats of a one-minute shake

at 700 rpm (double orbital) and a one-minute rest, followed by a one-minute reading. ThT fluorescence
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measurements were taken every cycle at a gain of 1000, excitation of 450 nm, and emission of 480 nm. RT-

QuIC ran for a maximum of 80 hours.
2.4.4. Fluorescence Detection and Threshold Calculations

The assay data was exported from Mars data analysis software (BMG Labtech) and processed in Microsoft
Excel (Microsoft 365) and RStudio (version 2024.02.29). The cycle threshold (CT) was defined as the time
when the ThT signal of a reaction surpassed a fixed threshold based on background fluorescence (Tstdev),
which was calculated using the average baseline or fourth cycle reading of all the reactions in relative

fluorescent units (RFU) plus ten standard deviations.

In our study, we adopted the 33-hour optimal assay duration for RT-QulC detection of CWD in white-tailed
deer obex tissues, as established by Yilmaz et al. (2024). Tswev Was determined to maximize sensitivity and
specificity in their optimization of the RT-QuIC assay. We used this 33-hour time point as cutoff criteria
for classifying replicates as positive. Specifically, replicates that crossed the CT within 33 hours were
considered true positives. Replicates that crossed the CT after 33 hours were not classified as true positives,
as they may represent background noise or non-specific amplification, consistent with the findings of
Yilmaz et al (2024). This approach allowed us to maintain consistency with validated assay parameters and

ensure the reliability of our CWD detection results.
2.5. Protein Misfolding Cyclic Amplification (PMCA) Assay

PMCA was used to amplify PrPS¢ from CWD-positive, EALC-treated samples to assess the persistence of
seeding activity following EALC treatment. This technique relies on cyclic sonication and incubation to

promote the conversion of normal PrP€ into its misfolded and infectious form (Figure 5).
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2.5.1. PMCA Reaction Setup

PMCA PMCA PMCA
(SEE‘d Stletrﬂte Round 1 Round 2 Round 3
CWD+, Tg1536
treated mouse /4‘,;?\\
samples) NBH) Sonication

Prpse

|

Figure 5. Schematic representation of the PMCA assay. A small amount of PrP¢-positive seed or
experimental sample is added to normal, healthy PrP¢ substrate derived from TgElk mouse brain
homogenate. The sample then undergoes round one of cyclic amplification in a sonicator programmed to
deliver repeated bursts of high-frequency ultrasonic waves. After round one of amplification, 8 pL is taken
and diluted into fresh substrate to begin the next round. This process is repeated multiple times (e.g., three
rounds shown here) to amplify even trace amounts of PrP°. In this study, each round involved 39 cycles of
sonication, each including a 40-second sonication burst (~200 W) followed by a 30-minute incubation

period, totaling 26 minutes of sonication time per round.
2.5.2. Preparation of Normal Brain Homogenate as a Substrate

Normal brain homogenate (NBH) used as the substrate for PMCA was prepared from healthy, non-infected
transgenic mice overexpressing elk PrP (Tg1536 line). These TgEIk mice express cervid PrP¢
approximately 2.5-fold higher than endogenous murine PrP (LaFauci et al, 2006). The Tg1536 line was
originally developed by Dr. Debbie McKenzie’s group at the University of Alberta, Canada, and provided

courtesy of their laboratory for this study.
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Perfused brains were harvested from Tgl1536 mice and homogenized into a 10% (v/v) solution in Soto’s
conversion buffer (PBS containing 150 mM NacCl, 1.0% Triton X-100, and Complete™ protease inhibitor
mixture) by manual homogenization with a Potter-Elvehjem PTFE pestle and glass tube at 4 °C.
Homogenates were centrifuged at 1000 rpm for 1 minute to remove insoluble debris and stored in 500 pL

aliquots at -80°C until use. Freeze-thaw cycles were minimized to prevent protein degradation.

2.5.3. PMCA Sample Preparation

PMCA sample preparation began with 10-fold serial dilutions of the sample of interest in 10% NBH done
in 1.5 mL tubes. Serial dilutions examined for our purpose were mainly 102 to 10*. An aliquot of 20 pL
from the initial serial dilutions was reserved and frozen at -80°C to be examined as the “pre-PMCA” sample.
This acts as a control for non-amplified reactions. In 0.2 mL microcentrifuge tubes, 8 L of each serially
diluted sample was added to 72 pL of NBH and carefully mixed by reverse-pipetting. Each tube was then
individually sealed using parafilm wrap and given a five-minute bath in 2% bleach before being rinsed and

loaded into the microtubule holder and placed in the horn of the sonicator.

2.5.4. Cyclic Sonication and Incubation Conditions

Cyclic sonication, combined with incubation, is a crucial step in the PMCA protocol, as it generates
mechanical and thermal forces that facilitate the conversion of PrP¢ into PrPS¢, Sonication was performed
with a Misonix Q700 sonicator (QSonica, Newtown, USA) set up with a horn and a disk-shaped rack
adaptor for processing a large number of samples in microtubes. The sonicator and associated horn were
placed within an incubator set at 37°C to mimic physiological conditions that optimize prion conversion
in-vivo. The sonicator was programmed to perform 40-second bursts of power at approximately 200 watts,
with 30-minute incubation intervals, for a cumulative total sonication time of 26 minutes per PMCA round.
A water bath was used to regulate temperature and prevent overheating during amplification. After each
PMCA round, sample tubes were decontaminated in 2% bleach for five minutes before being rinsed and

placed at -80°C.
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2.5.5. PMCA Rounds and Sample Collection

PMCA is performed in serial rounds, where 8 uL of the amplified product from one round serves as the
seed for the next. In this study, PMCA was conducted for up to four rounds. At the start of each passage,
samples from the previous round were retrieved from —80°C storage and thawed. An 8 pL aliquot was then
diluted into 72 pL of NBH to initiate the next round. Additionally, a 20 pL aliquot from each round was

collected in a 1.5 mL microcentrifuge tube for later analysis by western blot.

2.5.6. Validation of Amplification Efficiency

Analysis of PMCA products through Western blot was used to confirm successful PrPS¢ amplification.
2.6. Western Blot Analysis of PrP*

Western blot analysis was used to evaluate the effectiveness of EALCs against PrPS¢ in PMCA-amplified
samples. This technique relies on SDS-PAGE to separate proteins by molecular weight, followed by
transfer of the proteins to a PVDF membrane for immunodetection. The RIDA® monoclonal antibody P4
(Cedarlane), which specifically targets the N-terminal epitope 93WGQGGSH99 (ovine numbering) of the
prion protein (Harpaz et al, 2023), was used to detect PrPSc. By comparing banding patterns and signal
intensities, the technique enables qualitative and semi-quantitative examination of prion amplification and

the effects of EALC treatments on PrP>° stability.
2.6.1. Sodium Phosphotungstic Acid (NaPTA) Precipitation for PrP> Enrichment

To enhance the detection of PrPS by western blot, samples underwent sodium phosphotungstic acid
(NaPTA) precipitation before electrophoresis. NaPTA precipitation was carried out as described by Huang
et al, 2005. Briefly, 15% CWD-positive (enzyme-linked immunosorbent assay [ELISA] optical density
[OD]>3.5) and 15% CWD-negative (ELISA OD < 0.1) brain homogenate samples were thawed and treated
with each EALC at the respective treatment ratio for one hour at room temperature. Aliquots containing 20

uL of untreated CWD-positive and CWD-negative brain homogenates were reserved as positive and
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negative controls for both the PMCA assay, as well as assay controls for subsequent western blots. After
treatment, 100 pL of the sample was combined with 100 puL of a 4% sarkosyl solution and incubated at
37°C for 30 minutes. Next, 24 pulL of NaPTA was added to the sample to achieve a final concentration of
0.3%, followed by incubation at 37°C for 120 minutes while shaking at 400 rpm. The sample was then
centrifuged at 16,249 x g for 30 minutes, and the supernatant was discarded. The pellet was resuspended in
20 uL. PMCA Soto’s conversion buffer for subsequent PMCA analysis or in distilled water (dH20) for

direct western blotting. Samples were stored at -80°C for future use.

2.6.2. Sample Preparation, SDS-PAGE, and Transfer to Membrane

For proteinase K (PK) treatment, 1 mg/mL stock solution was prepared by dissolving 1 mg of dry PK
(Sigma Aldrich) in 1 mL storage buffer, which contained 12.1 mg Tris base, 8 mL dH-0, 1.1 mg CaCl2,
and 5 mL glycerol, adjusted to pH 7.5. For each sample, 2 uL of this stock was added to 20 pL of the sample
to achieve a final PK concentration of 100 ug/mL. The mixture was incubated at 37°C for 60 minutes.
Following PK treatment, 20 pL of XT sample buffer (Bio-Rad) and 4 pL of XT reducing agent (Bio-Rad)
were added to the sample, which was then heated at 95°C for five minutes to inactivate PK. The samples

were either processed immediately or stored at -20°C for up to 24 hours.

For electrophoresis, Criterion™ XT Bis-Tris Protein Gels were placed in a Criterion™ cell. The upper and
lower chambers of the cell were filled with 60 mL and 800 uL of XT MOPS migration buffer, respectively,
and each well of the gel was gently rinsed with migration buffer. Each well was loaded with 10 pL of the
sample, along with 10 pL of diluted kaleidoscope prestained standard and MagicMark. The gel was run for
50-55 minutes at 200V at room temperature. For protein transfer, a piece of 0.2 um PVDF membrane was
prepared by cutting it to the size of the gel, labelling it, and soaking it in ethanol, water, and transfer buffer.
After electrophoresis, the gel was equilibrated in a transfer buffer, and a gel sandwich was assembled by
stacking an extra thick filter stack, membrane, gel, and filter stack in the Trans-Blot® Turbo™ Transfer

system. The cassette was loaded into the blotting system and the transfer was run at 25V for five minutes.
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2.6.3. Immunoblotting with P4 Antibody

After protein transfer, the cassette was removed from the bay, and the membrane was carefully extracted
for development. First, the membrane was quickly fixed in ethanol, followed by a five-minute rinse in dH>O
and immediately incubated in blocking buffer (5% non-fat milk) for 30 minutes at room temperature or
overnight at 4°C. The blocking solution was then discarded, and the membrane was incubated with primary
monoclonal antibody (Ab-1) P4 (RIDA®, Cedarlane) diluted 1:5000 in wash solution 1 (10 mM PBS, 0.1%
Tween-20) for 60 minutes at room temperature on a rocker plate under medium agitation. After rinsing
twice, the membrane was incubated with secondary antibody (Ab-I1) goat anti-mouse polyclonal serum
conjugated with horseradish peroxidase (Bio-Rad) diluted 1:5000 in wash solution 1. After rinsing three
more times with wash solution 1, the membrane was rinsed a final time in wash solution 2 (4 mM PBS).
Excess liquid was drained from the membrane, which was then placed in a plastic folder and evenly
saturated with 2 mL of Clarity Western ECL substrate. The membrane was incubated in a dark cabinet for
five minutes to allow for signal development. Chemiluminescent images were captured using the

ChemiDoc™ Touch Imaging System under optimized exposure settings.

2.6.4. Detection and Image Analysis

Images were taken from the ChemiDoc™ and analyzed using the ImageLab software (Bio-Rad, version

6.1.0.07).

2.7. Statistical and Data Analysis

2.7.1. RT-QuIC Data Processing and Interpretation

Raw fluorescence data (ThT RFU) generated from RT-QulC were exported from the MARS software and
analyzed using RStudio (Version 2023.12.1), Microsoft Excel (Version 2502), and GraphPad Prism
(Version 10.4.1). Tswev for positive amplification was defined using a fixed fluorescence threshold set at 10
standard deviations above the mean baseline. The CT value was calculated for each well and used as a

guantitative measure of seeding activity. Data was visualized as amplification curves and frequency of
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positive replicates per treatment condition. Comparative analyses were conducted across dilutions and

treatment groups to assess PrPs¢ inactivation.
2.7.2. Western Blot

Western blot band intensities were assessed qualitatively by comparing the signal's presence or absence,
banding pattern shifts, and intensity differences relative to positive (PBS-treated) and negative (CWD-
negative) controls. Samples showing reduced or absent PrP® bands after PK digestion were interpreted as
evidence of partial or complete inactivation. Semi-quantitative interpretation (e.g., “strong,” “moderate,”

“faint,” or “no signal”) was used when comparing treatment efficacy across multiple rounds of PMCA.
2.7.3. Statistical Analysis

Statistical analyses were conducted to evaluate the efficacy of EALC treatments in reducing PrP¢ seeding
activity, as measured primarily by RT-QulC. All statistical analysis were performed using GraphPad Prism

(version 10.4.1), and a p-value < 0.05 was deemed statistically significant.

For RT-QuIC data, raw ThT RFU values were exported from MARS software and processed in Microsoft
Excel and RStudio (version 2023.12.1) to determine the time at which each reaction crossed Tsev (resulting
in a respective CT value). Before statistical testing, each dataset was assessed for normality using the
Shapiro-Wilk test. Since the data did not meet normality assumptions, non-parametric analyses were
employed, such as the Mann-Whitney U-test. This was used to assess pairwise comparisons between
treatment and control groups. In addition to the CT value comparisons, the proportion of positive RT-QuIC
replicates per treatment was calculated. This type of categorical data was analyzed using Fisher’s exact test,
as sample sizes were small, and some expected frequencies were below the threshold required for other

statistical methods.

Due to the qualitative nature of Western blotting, statistical tests were not applied to those data. Instead,

treatment effects were interpreted based on a visual comparison of band presence, intensity, and patterns
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between EALC-treated samples and controls. Emphasis was placed on assessing PrPS¢ degradation

following PK digestion, particularly across multiple PMCA rounds.
2.8. Safety and Decontamination Procedures
2.8.1. Biosafety Level 2 (BSL-2) Containment Measures

All experiments involving infectious prion materials were conducted under biosafety containment level 2
(CL-2) conditions in compliance with CFIA institutional biosafety regulations and National Canadian
biosafety standards for handling prion diseases. Upon entering the lab, it was required to always wear
personal protective equipment (PPE), such as a disposable gown, double gloves when working with positive
samples, and designated lab shoes. All work with infectious materials was performed in designated CL-2
work areas, which included BSCs (Class I1). Surfaces and equipment were routinely decontaminated using
a freshly made 20% bleach solution with a contact time of 10 minutes before and after handling prion-

contaminated samples to prevent contamination.
2.8.2. Prion Decontamination Strategies

Although this study is interested in exploring EALCs for prion decontamination across different
environmental surfaces, existing prion decontamination protocols must be used to maintain a
contamination-free environment. To achieve this, a freshly prepared 20% (v/v) bleach solution in dH-0 was
utilized. The bleach solution was applied to surfaces using a wash bottle and allowed to remain for 10
minutes to ensure adequate contact time. Following treatment, any residual bleach was removed using a
paper towel dampened with dH.0. To decontaminate any metal or glass instruments such as forceps or
tweezers, homogenization tools, and containers, a designated basin containing 20% bleach was used. The
instruments and tools were fully submerged in this basin and left to incubate at room temperature for one
hour. After the decontamination period, the instruments were thoroughly rinsed with dH.O and left to dry

before further use.
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2.8.3. Handling and Disposal of Infectious Waste Materials and Methods

Due to the nature of prions and their resistance to classical decontamination methods, all waste produced
in the CL-2 TSE lab at OLF must be disposed of through incineration. This includes all tissue samples,
regardless of prion status (positive or negative), as well as liquid waste generated during experimental
procedures such as Western blot, and solid laboratory waste, including packaging materials, gloves, pipette

tips, paper, and tubes.

To manage all solid waste, there are several biohazard step-on waste bins situated in each work area. These
bins are lined with autoclavable biohazard waste bags. All waste from the lab is deposited into these bags,
including the small biohazard bags kept within the BSC. Once a week, all waste is collected from the labs

and placed into a larger incineration barrel which is then transported to be disposed of through incineration.
3.0 Results
3.1. Evaluation of the Effects of EALC Treatment on PrP*® in Brain Homogenate

Following initial bactericidal testing (see appendices in Section 7.0), selected EALCs were evaluated for
their ability to reduce the seeding activity of PrP* derived from CWD-positive elk brain homogenate. Using
RT-QuIC, this section presents experimental results comparing the seeding amplification from untreated,

mock-treated, and chemically treated brain homogenate.
3.1.1. Seeding Activity of Untreated and Mock-Treated Controls

Untreated and mock-treated CWD-positive and negative brain homogenate samples were used to establish
the baseline seeding activity to which the EALC treatments are compared. PBS was selected as the mock-
treatment control because it is physiologically inert, does not alter prion structure or seeding properties, and

serves to replicate the dilution steps applied during EALC treatment.

As stated in the Materials and Methods, homogenates from CWD-positive and negative cervid brain tissues

were homogenized to 15% w/v (150 mg/mL) in sterile PBS. Samples mock-treated with PBS were
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subjected to a one-hour incubation at each indicated volume used for EALC treatment ratios. Each sample
was plated in quadruplicate, and two independent experiments were conducted to confirm the results.
Results show the average of these replicates, including their standard errors. Each plate also contained
quadruplicate samples of standard controls to ensure assay efficacy. These standard controls were 10
dilutions of CWD-positive and negative homogenate in 0.05% SDS, along with no treatment control wells

containing only master mix.

Serial dilutions examined via RT-QuIC confirmed that the assay can sensitively and selectively detect prion
seeds in elk brain homogenate (Figure 6). CWD-positive brain homogenate generated sigmoidal ThT
fluorescence curves and measurable CT values across six logio dilutions (10 through 10®), whereas all
reactions seeded with CWD-negative brain homogenate or no-template controls (NTC) did not amplify at
any point during the 75-hour run. Notably, the 102 dilution of brain homogenate resulted in fully inhibited
amplification, which will be further discussed in Section 4.2.1. Mean CT values rose from approximately
6 hours at 10 to approximately 46 hours at 108 (Table 1). This inverse correlation indicated a dose-
dependent relationship. No CT value could be produced for samples at or beyond the 10° dilution, but low-
amplitude ThT curves were still visible. Though still present, these low amplitude curves do not qualify as
positive due to failing to cross the fluorescence threshold (Tswev) Within the 75-h run and true amplification
appearing in fewer than half of replicate wells, and while conditions vary between testing facilities, criteria

such like this has been used in the past to verify positivity (Burgener et al, 2022; Holz et al, 2022).
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Figure 6. The seeding activity of serially diluted elk CWD-positive and negative brain homogenates
as measured by RT-QuIC. a) Relationship between serial sample dilutions (n = 4, 10to 10°°, containing
approximately 1.50 x 102 g/mL to 1.50 x 10° g/mL of brain tissue, respectively) of 15% elk CWD positive
(red) and negative (blue) brain homogenates seeded RT-QuIC reactions. The seeding activity was
detectable in positive CWD sample dilutions 107 through 108 with the CT values increasing as seed
concentration decreased, reflecting the expected dilution-dependent delay. Negative brain homogenate
produced no detectable signal at any dilution. b) Corresponding ThT fluorescence, as measured in relative
fluorescence units (RFU), curves over 75 hours for the same dilution series but including higher dilutions

10%and 10t Higher-concentration positive samples reached maximal fluorescence within the first 8 h,
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whereas more dilute samples exhibited progressively right-shifted and lower amplitude curves. All negative

controls and NTCs remained at baseline throughout the run.

To establish a baseline seeding response curve, untreated CWD-positive elk brain homogenate was serially
diluted from 102 to 10° and seeded into RT-QuIC reactions. Each dilution was tested in quadruplicate (n
= 4). Mean CT values (hrs) and standard error are reported in Table 1, along with the number of positive

replicates per dilution.

Table 1. RT-QulC CT values for a 10-fold serial dilution gradient of CWD-positive elk brain

homogenate.
o Mean CT Value Standard Number of positive
Sample Dilution (hrs) Error (%) replica?es

102 65.000 0.000 0/4

103 6.050 0.379 4/4

N 10 8.468 0.500 4/4

CWD-positive 145 11.002 0.199 44

ho;‘(‘)‘gg;g'tg 10% 15.294 1.099 414

107 34.401 7.931 3/4

108 46.397 8.321 2/4

10°° 65.000 0.000 0/4

To verify that no factors such as sample handling methods or the dilution of the sample during the treatment
itself compromised the detectable seeding activity via RT-QulC, mock-treatments were prepared by mixing
15% CWHD-positive or negative elk brain homogenate with sterile PBS across a range of dilutions (Figure
7). Although each treatment dilution starts with a different brain homogenate-to-chemical ratio (e.g., 2:1
(v/v) gives 10 % brain homogenate, 1:1 (v/v) gives 7.5 % brain homogenate, 1:1000 (v/v) gives 0.015 %
brain homogenate), it was important to ensure the same concentration of PrPS¢ brain homogenate was
included in each final RT-QuIC well. To achieve this, brain homogenate was treated at the indicated ratios
of PBS and allowed to incubate for one hour at room temperature. After treatment, an aliquot of each sample
is diluted into RT-QuIC reaction buffer (0.05% SDS) to result in a universal final concentration of 0.01%

brain homogenate (v/v), regardless of starting concentration. At this concentration, 0.01% brain
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homogenate (v/v) contains the same amount of PrP*¢ as the 10 dilution factor as seen in Figure 6. After
normalizing every sample to a final concentration of 0.01 % brain homogenate, all replicates at all PBS
treatment ratios (but one replicate seen after the 2:1 treatment) seeded with CWD-positive elk brain
homogenate crossed Tswev With a mean CT of approximately 10 hrs, which further supports the similarity to

the CT recorded for the 10 untreated positive control.

a) PBS-mock treatment controls b)
Number
70 . ) Mean CT  Standard of positive
» 604 Value (hrs) error replicates
E 50+ 2:1 7.518 1.542 7/8
2 a0- CWD-negative BH 1 8220 0.288 8/8
2 . CWD-positive BH,
£ 30- PBS-mock treated 1:10 8.830 0.313 8/8
§ 20- 1:50 9.127 0.181 8/8
o [ ]
10- i ° s ® ' ‘ ® ‘ 1:100 10.189 0.464 8/8
0 1:200 10.143 0.443 8/8
L] 1 L] T T L T L
‘\;:\ '\.'_\ N '@Q S H & 1:500 11.033 0.257 8/8
NN ,\'(J' \‘f’ N
N- 1:1000 10.440 0.692 8/8

Treatment Ratios (parts BH:parts chemcial)
Figure 7. Effect of PBS mock-treatment on RT-QulC detection of seeding activity of CWD-positive
elk brain homogenate. CWD-positive elk brain homogenate (n = 8) was incubated for 1 hour with PBS at
the indicated brain homogenate: PBS ratios (2:1 to 1:1000 [v/v]) and then diluted to a standard 0.01 % brain
homogenate (equivalent to the 10** untreated dilution or containing 1.50 x 10* g/mL brain tissue) before
RT-QuIC. a) Individual CT values for eight technical replicates are shown for mock-treated CWD-positive
and CWD-negative brain homogenate controls. Positive samples are clearly distinguished from negative
controls, and CT values trend linearly across dilutions. b) Summary table showing the mean CT value,

associated standard error (), and number of positive replicates for each tested ratio.
3.1.2. Reduction in RT-QuIC Seeding Activity Following EALC Exposure

Across all experiments, the PBS mock-treated controls amplified reliably between replicates (Figure 7).
Negative controls included on each plate were 10 dilutions of CWD-negative elk brain homogenate to act

as assay controls, and no positives were detected from any sample. Samples treated with various EALCs,
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and the standard chemicals used for decontamination (2N NaOH and 40% Bleach) showed varying levels
of success after the one-hour treatment. Samples were run in quadruplicate and were taken from two
independent experiments to verify accuracy. Log reductions were estimated from the linear regression of

CT versus 10-fold dilutions of untreated brain homogenate (R? = 0.97).

Treatment with each catholyte resulted in elevated CT values at most treatment ratios compared to PBS-
treated positive brain homogenate (Table 2), suggesting there is, at a minimum, some partial reduction in
seeding activity after treatment with these EALCs. For catholytes 1-3, modest CT increases were seen for
most treatment ratios, except for the 1:100 (v/v) treatment ratios of Catholyte 1 and 2, and the 1:10 (v/v)
treatment ratio of Catholyte 3 (Table 2) which proved statistically insignificant (p > 0.05) as assessed via
the Mann-Whitney U-test. Of all catholytes, catholyte 4 showed the strongest inhibitory effect on Prpsc
seeding activity with several treatments, particularly at the 1:1000 (v/v) ratios (mean CT = 23.247 + 1.201
hrs), where seeding was noticeably reduced and mean CT value were comparable to those found between
the 10%and 107 serial dilution of untreated brain homogenate as seen in Figure 8, or approximately a 1000-
fold reduction in activity. As Catholyte 4 at the 1:1000 (v/v) treatment ratio was the catholyte that showed
the most drastic and consistent effect on PrP°, it was further selected for simulation testing and mechanistic

assessment.

Across most treatment ratios, exposure to each anolyte solution varied in its impact on seeding activity
compared to the PBS-treated controls. As seen in Table 2, CT was most increased from ~10 hrs to ~18 hrs
when elk CWD PrP5¢ brain homogenate was treated with a 1:1000 (v/v) treatment ratio of Anolyte 2 (mean
CT =18.403 + 0.945 hrs). Under these conditions, seeding activity was comparable to the 10 serial dilution
of untreated brain homogenate as seen in Figure 8, or approximately a 100-fold reduction in activity. This
is the only anolyte that shows such a dramatic effect, as all others show CT values much more like those of
the PBS controls (Figure 7), meaning little to no reduction of seeding activity took place under most
conditions. Interestingly, some samples treated with anolytes had CT values lower than those of the PBS

controls and were statistically significant in doing so (notably 1:100 (v/v) treatment ratio using Anolyte 3:
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p < 0.05, Mann-Whitney U test), meaning the opposite intended effect of the chemicals was taking place
and PrP%¢ seeding and aggregation was happening rapidly (up to 39% faster as in the case of the 1:100 (v/v)
treatment ratio using Anolyte 3). This may reflect matrix effects from the EALCs that enhance nucleation,
though more investigation is needed into this mechanism. In the same manner that Catholyte 4 was selected
from all catholytes for further investigation, Anolyte 2 was selected from the anolytes to be used in further
experiments due to its comparatively strong inhibitory effect on PrPS¢ seeding activity, particularly at higher

treatment ratios, while maintaining consistent RT-QulC amplification across replicates.

After treatment with BrioHOCI (Figure 8, k), CT values are relatively similar to those of the PBS controls.
The 1:10 (v/v) treatment produced 7/8 positive replicates, but one replicate failed to amplify and caused an
increase in the mean of this condition. Interestingly, a similar pattern is observed with BrioHOCI treatment
as with some anolytes, in which CT values appear lower than those of the controls, and at the 1:500 (v/v)
ratio, treated samples are statistically significantly lower than PBS-treated samples. The only sample
presenting the statistical significance of reduction of seeding activity for BrioHOCI is the 1:1000 (v/v)
treatment, and it is right at the cutoff of significance with a p-value of 0.0449. CAC-717 shows a much
more distinct concentration effect. For ratios 1:1 and 1:10 (v/v) treated with PBS, samples are similar to
PBS-treated samples and do not show a statistically significant difference. 1:50 and 1:100 (v/v) treatments
result in slight increases in seeding activity, with seeding activity and CT values comparable to those found
between the 10 serial dilution of untreated brain homogenate, as seen in Figure 8 or approximately a 10-
fold reduction in activity. Higher treatment ratios of 1:500 and 1:1000 (v/v) produced much higher CT
values, with the 1:500 treatment reducing seeding activity by approximately 500-fold and the 1:1000 (v/v)
treatment reducing seeding activity by approximately 10,000-fold. 2N NaOH and 40% bleach were

completely effective at eliminating seeding activity from all samples at all treatment dilutions.

61



o]
—

PBS-mock treatment controls

704
® L ] L ] ® L ] L ] ® L ]
EGO-
=
550-
S
g 40+
E 301
g 20
&5 e
104 ™ ] . . . . .
c T 1 1 1 L) L] 1 1
K S S T T S Y
AEECAR AR & & (o
Vv N LS ,\-!\ .\'(]' ,\‘?’ \i\@
Treatment Ratios (parts BH:parts chemcial)
b) Catholyte 1 treatment
20'
w
£ 15+ e
L ]
E é $ ®
Z 104 ¢ ' .ttt s,
F s *
5
S 5
O
0 1 T T 1 T 1
N
N '\"‘\Q '\'?P _,§P .\'fPQ .'\@Q
e
Treatment Ratios (parts BH:parts chemcial)
d) Catholyte 3 treatment
204
w ®
£ 154
-
3 s .
2 10 3 & e ]
= [
o 5_
)
u T T T T L] 1
A ) & $» $
MoORY RN N?PQ \4@
Treatment Ratios (parts BH:parts chemcial)
f) Anolyte 1 treatment
20+
¥
£ 154
=
=] L L
L -
g 10, « ° * e
F * o* ® s
=2
S 54
[8)
0 L L) T | T T
N S 2 o ]
RN R
we

Treatment Ratios (parts BH:parts chemcial)

® CWD-negative BH

CWD-positive BH,
PBS-mock treated

C) Catholyte 2 treatment
254
5
£ 5nd .
CWD-positive BH, = 20 _ 4
Catholyte 1-lreated E 15+ ®
CWD-positive BH,  § ; - . g;}fr%ﬁ:t}:gi?eglt;a
PBS-mock treated - ™
é toqe ° ° . ] o CWD-positive BH,
E PBS-mock treated
O 5+
0 L] L L] Ll I I
N 2 n) & D ]
N '\"‘\ *\'9 ,\-f& ;\“.';} ,\“Q
N
Treatment Ratios (parts BH:parts chemcial)
e) Catholyte 4 treatment
30—
@ 25 )
£ b4
S 204 L] y

CWD-positive BH, < 'Y CWD-positive BH,

Catholyte 3-reated § , _ | - ®  Catholyte 4-treated

CWD-positive BH, "5‘ ® . CWD-positive BH,

PBS-mock trealed e 10 ° ° - . & . PBS-mock treated

= .
O 54
c T L L T T L
S o 0~ )
NN ,\-!\Q' R _\@Q
Treatment Ratios (parts BH:parts chemcial)
g) Anolyte 2 treatment
25+
% 204
E® .
b ’

o CWD-positive BH, B 154 o CWD-positive BH,
Anolyte 1-treated 2 ° Anolyte 2-treated
CWD-positive BH, £ 1048 45 _ o, ,® ° & _ CWD-posiive BH,

® PBS-mock treated @ a . PBS-mock treated

2 5.
L]
c 1 L] ] 1 ] 1
N S & H & &
e N by &
N TN P \.59

Treatment Ratios (parts BH:parts chemcial)

62



H Anol 4 treatment
h) Anolyte 3 treatment !) 20+ yte
20- _
w
- £ 15+
£ 154 2 ® e ¢ _
o 5 ) ] o " ° CWD-positive BH,
s e @ o CWD-positive BH, o 104 @ - . : @ L Anolyte 4-treated
s 10 P 0s 0 & 3 - e Anolyle 3-lreated S b CWD-positive BH,
g . o CWDposiiveBH, 2 | ® PBS-mock treated
@ ® PBS-mock treated 2
&
c Ll L] 1 L] L T
0 A o o o )
v T T T T T T we N Ko W o« N
N o o NOONRT RTN
S R »
A

Treatment Ratios (parts BH:parts chemcial)
Anolyte 5 treatment

Treatment Ratios (parts BH:parts chemcial)

j) 204
v
£ 15+
o
2 . * " CWD-positive BH
@ 10 s °og e & 3 * o Anolyte 5-treated
E . ° CWD-positive BH,
S 54 PBS-mock treated
-
O
3 L] L] T T 1 T
M 2 0 D
LS ,\-5 \“‘P \,}Q \.‘;f \‘.-\QQ
Treatment Ratios (parts BH:parts chemcial)
k) BrioHOCI treatment L CAC-717 treatment
25 ) 60+
) = 50 *
£ 204 £ w0 1
ae ° -
L) CWD-positive BH =
® * .8 CWD-positive BH,
G 154
g5 . BrooCt e 5 g o G
= -positive BH, it
| & L] Y CWD-positive BH,
E 10 Ve . ° 3 . . L] PBS-mock treated E 204 . ® oBS-mock treated
- o
o . L ]
5 5+ a 10+ oe % [ ] ° . *
T RN
N Q S o o o N N 5 L
NSNS P RO MoONMORT RTON
Treatment Ratios (parts BH:parts chemcial
Treatment Ratios (parts BH:parts chemcial) (P v )
m) NaOH treatment n) Bleach treatment
704 704
= L ] L ] L ] ] L ] L ] - L L] L] L] L] L
é 60+ é 60
T 50+ T 50 -
2 CWD-positive BH, 2 o CWD-positive BH,
w 40 ® 2N NaOHrealed 5 40+ 40% Bleach-treated
£ 304 CWD-positive BH, £ 39 CWD-positive BH,
5 ®  PBS-mock treated E ®  PBS-mock treated
g, 20 g 204
O
104 o ™ ° ] . . 104 , * ® L ¢ L
0 T T T T T T 0 T T T T T T
LS ) ) ) () (3]
. M b M & O & )
N eSS \_,@ NS N!@“ &S S

Treatment Ratios (parts BH:parts chemcial)

N

Treatment Ratios (parts BH:parts chemcial)

63



Figure 8. Effects of selected EALCs and conventional decontaminants on CWD-positive elk brain

homogenate as quantified via RT-QulC. a - n) CWD-positive elk brain homogenate was incubated for 1

hour with each respective chemical at the indicated brain homogenate: chemical ratios (1:1 to 1:1000 [v/v])

and then diluted to a standard 0.01 % brain homogenate (containing 1.50 x 10* g/mL brain tissue) before

RT-QuIC. Mean CT values from 8 replicates of each treated sample are plotted for each condition (red)

along with the PBS mock-treated control sample (green). CWD-negative brain homogenate controls (blue)

are only shown in the first panel.

Table 2. RT-QulC CT values following a 1-hour treatment of CWD-positive elk brain homogenate

with selected EALCs and conventional decontaminants.

Treatment Ratio
Chemical (parts brain

Mean CT Value

Standard Error

Number of positive

Treatment homogenate: parts (hrs) (€3] replicates
chemical [v/v])
1:1 8.220 0.288 8/8
1:10 8.830 0.313 8/8
PBS mock- 1:50 9.127 0.181 8/8
treatment 1:100 10.189 0.464 8/8
1:500 11.033 0.257 8/8
1:1000 10.440 0.692 8/8
1:1 10.654 0.698 8/8
1:10 11.237 0.742 8/8
1:50 12.842 0.695 8/8
Catholyte 1 4.199 10.223 1.289 8/8
1:500 12.225 0.378 8/8
1:1000 15.839 1.023 8/8
1:1 10.260 0.343 8/8
1:10 11.125 0.495 8/8
1:50 10.260 6.676 7/8
Catholyte 2 1.199 11.125 0.684 8/8
1:500 16.331 1.800 8/8
1:1000 19.290 1.233 8/8
1:1 7.052 0.153 8/8
1:10 9.300 1.114 8/8
Catholyte 3, 5, 11.927 0.458 8/8
1:100 12.993 1.052 8/8
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1:500
1:1000

1:1
1:10
1:50
1:100
1:500
1:1000

1:1
1:10
1:50
1:100
1:500
1:1000

1:1
1:10
1:50
1:100
1:500
1:1000

1:1
1:10
1:50
1:100
1:500
1:1000

1:1
1:10
1:50
1:100
1:500
1:1000

1:1
1:10

10.114
16.367

18.437
12.002

19.692
13.643
15.414
23.247

9.215
8.017

8.581
7.764
12.271
11.917

10.013
9.518
10.017
9.312
12.433
18.403

9.042
9.244

9.297

6.205

9.764
11.219

10.156
12.553

11.530
11.982
10.315
13.015

8.414
9.283

9.189
8.784
9.812
12.382

8.220
8.829

0.155
0.837

6.696
0.905

6.578
0.590
0.821
1.201

0.634
0.246

0.575
0.366
0.998
1.082

0.855
0.606

0.515
0.594
0.325
0.945

0.879
0.331
0.540
0.684
0.744
0.761

0.732
1.563

0.480
1.543
0.957
0.666

0.651
0.150

0.276
0.516
0.639
0.718

0.288
0.313

8/8
8/8

8/8
8/8

718
8/8
8/8
718

8/8
8/8

8/8
8/8
8/8
8/8

8/8
8/8

8/8
8/8
8/8
8/8

8/8
8/8

8/8
8/8
8/8
8/8

8/8
8/8

8/8
8/8
8/8
8/8

8/8
8/8

8/8
8/8
8/8
8/8

8/8
8/8
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1:50 9.127 0.181 8/8

1:100 10.189 0.464 8/8
1:500 11.033 0.257 8/8

1:1000 10,440 0.692 8/8

11 8.205 0.643 8/8

1:10 9.203 0.624 8/8

1:50 12.727 0.951 8/8

CAC-TIT 4900 14.076 1.230 8/8
1:500 21.255 1.492 8/8

1:1000 50.640 5.727 218

11 65 0 0/8

1:10 65 0 0/8

1:50 65 0 0/8

2N NaOH .19 65 0 0/8
1:500 65 0 0/8

1:1000 65 0 0/8

11 65 0 0/8

1-10 65 0 0/8

1006 Bleah 15 65 0 0/8
1:100 65 0 0/8

1:500 65 0 0/8

1:1000 65 0 0/8

CWD-positive brain homogenate was incubated for 1 hour at room temperature with each chemical at the
indicated brain homogenate: chemical ratio, then diluted to 0.01% and seeded into RT-QuIC reactions.
Each condition was tested in quadruplicate across two independent experiments (n = 8). The mean CT value
and standard error are shown for each treatment ratio. RT-QulC wells per treatment were scored positive

when their fluorescence crossed Tsiev Within the 33-h cutoff period.

3.1.3 Assessment of Treatment Replicability and Variability

RT-QuIC yielded high technical consistency between replicates and experiments when using CWD-
positive, EALC-treated brain homogenate. As seen in Table 3, PBS-treated controls demonstrated high
levels of amplification across all dilutions, and always remained positive (8/8 positives), confirming the

integrity of treatment and RT-QulC methods, while negative control brain homogenate remained devoid of
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PrPSc seeding activity (0/8 positives). For each of these treatments, Clopper—Pearson 95% confidence
intervals ranged from 63.1-100.0 % (for 8/8 positives) or 0.0-36.9 % (for 0/8 negatives), indicating

statistical uncertainty due to the small sample size, but supporting the qualitative outcomes of the replicates.

As seen in Table 3, all four examined catholytes, all five anolytes, and BrioHOCL demonstrated the same
level of replicability as the PBS-treated positive control, producing 100% positivity and showing no
detectable reduction in the number of wells classified as positive by RT-QuIC. In contrast, conventional
disinfectants, 2N NaOH and 40% Bleach, eliminated all replicates of PrPS¢ seeding activity (0/8 positives,

p < 0.001 vs. PBS-treated positive control, Fisher’s exact).

CAC-717 was the only chemical that displayed intra-treatment variability, with only 2 of 8 (25%) wells
generating sufficient amplification to cross Tswgey Within the 33-hour positivity cutoff period. This represents
a significant reduction compared with the positive control (p = 0.00699, Fisher’s exact). The confidence
interval for the CAC-717 1:1000 (v/v) treated PrPS ranged from 3.2-65.1 %, reflecting the appearance of
reduced seeing activity and the variability of positivity between samples. This likely reflects the differences
in how well the treatment worked across samples, or the persistent survival of a small number of prion

seeds after treatment.

Table 3. RT-QuIC seeding replicability after a 1-hour treatment of CWD-positive elk brain

homogenate at the 1:1000 (v/v) brain homogenate: chemical treatment ratio.

Number of -~ Numberof . ., Difference in

Chemical RT-QuIC RT-QuIC Positivity significance from Cl Lower  CI Upper
Treatment positive negative % Pos Control (95% (95%)
wells wells
CWD-negative,
PBS mock- 0 8 0% - 0 36.9
treatment
CWD-positive,
PBS mock- 8 0 100% - 63.1 100
treated
Catholyte 1 8 0 100% No difference 63.1 100
Catholyte 2 8 0 100% No difference 63.1 100
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Catholyte 3 8 0 100% No difference 63.1 100
Catholyte 4 8 0 100% No difference 63.1 100
Anolyte 1 8 0 100% No difference 63.1 100
Anolyte 2 8 0 100% No difference 63.1 100
Anolyte 3 8 0 100% No difference 63.1 100
Anolyte 4 8 0 100% No difference 63.1 100
Anolyte 5 8 0 100% No difference 63.1 100
BrioHOCL 8 0 100% No difference 63.1 100
Significant
CAC-717 2 6 25% decrease, 3.2 65.1
p =0.0070
Significant
40% Bleach 0 8 0% decrease, 0 36.9
p = 0.000155
Significant
2N NaOH 0 8 0% decrease, p = 0 36.9
0.000155

Eight technical replicates were treated with either EALCs or conventional disinfectants, and RT-QulC wells
per treatment were scored positive when their fluorescence crossed Tswev Within 33 h. Percent positivity was
calculated as (positive wells + 8) x 100. Uniform 8/8 or 0/8 outcomes suggest high intra-assay agreement,
whereas mixed positivity outcomes (e.g., 2/8) reveal variability between treated samples. The difference in
significance for each chemical compared to the PBS-treated positive control was calculated using a two-
tailed Fisher’s exact test. P-values listed are those < 0.05, indicating a statistically significant reduction in

positive replicates.
3.2. Evaluation of EALC Treatment of PrP* Sorbed onto Steel Wire

EALCs were further tested on steel wire artificially contaminated with CWD PrP% to simulate
environmental contamination scenarios. This section outlines the development and validation of a steel wire
sorption model, allowing the assessment of EALC efficacy on a solid surface similar to those found in field
conditions. The experiments began with optimization of the wire preparation and washing protocol to

ensure consistent PrPS¢ binding and removal of possible inhibitors. RT-QuIC was then used to confirm the
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presence and detectability of PrPS¢ bound to steel. Finally, the efficacy of each EALC in inactivating steel-
bound prions was evaluated, providing insight into their potential for use in decontaminating reusable

equipment and infrastructure.
3.2.1. Evaluation of Wire Preparation and Washing Protocol

To establish a reliable protocol for preparing PrPS°-contaminated steel wire, several wire pre-treatment and
washing conditions were evaluated to minimize non-specific background interactions while preserving
surface-bound seeding activity (Figure 9). Stainless steel wires were cut into 5 mm segments, rinsed with
distilled water, and left to dry until use. To evaluate whether the steel wire material itself had any influence
on RT-QuIC assay performance, control experiments were performed using uncontaminated wires that had
not been exposed to any elk brain homogenate. These blank wires were processed through the same washing
protocol and then directly added to RT-QuIC wells. In addition, the final PBS wash solutions from these
control wires were also tested independently in RT-QulIC to assess for any presence of inhibitory or
stimulatory contaminants. No amplification was observed in the blank wires or their corresponding washes
(n = 4), indicating that the wire material did not interfere with ThT fluorescence, recombinant substrate
stability, or overall assay performance. These results confirmed that any subsequent seeding activity
observed in test conditions was attributable specifically to PrPS¢ sorbed to the wire surface, not due to

artifacts from the wire or residual wash contaminants.
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Figure 9. RT-QuIC assessment of steel wire preparation and washing protocol controls. RT-QuIC
reactions seeded with the final PBS wash and pre-incubation wash solutions showed no amplification over
65 hours. Uncontaminated steel wires (NTC Steel wire) also produced no signal, indicating no background
interference from the wire material. In contrast, strong amplification was observed in wells seeded with
CWD-positive elk brain homogenate (POS elk BH), while no amplification was observed from CWD-

negative brain homogenate (NEG elk BH).

With the washing protocol validated and the background signal eliminated, subsequent experiments focused
on confirming the ability of RT-QuIC to detect PrPS® bound to steel wire following exposure to infectious

brain homogenate.
3.2.2. Confirmation of PrP* Binding Controls to Steel Wire Using RT-QuIC

Before assessing the effects of EALC treatments on PrPs¢-contaminated steel wire, a preliminary
experiment was conducted to confirm the successful adsorption of prion seeds to steel wire segments and
to determine the sensitivity of RT-QuIC in detecting wire-bound PrP°. To evaluate the relative amount of

PrPS¢ retained on the wire under our experimental conditions, a gradient series of wires were prepared using
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serial dilutions of the starting brain homogenates (ranging from 10 to 10%) and each applied to replicate
wires, followed by a mock treatment with PBS for one hour at room temperature, and washed before being
placed directly into RT-QuIC reaction wells (Figure 10). RT-QuIC was then performed under the same

conditions previously used for Section 3.2.

Amplification was observed for PBS mock-treated steel wires, which served as a control to simulate the
submersion and incubation steps used for chemical treatment of the steel wires without introducing any
inactivating effects. This confirmed that the chemical treatment process itself did not drastically affect Prpsc
retention. Compared to untreated brain homogenate controls, PBS mock-treated wires showed higher CT

values. For dilutions 102, 103, and 10, amplification maintained within the 33-hour Tsev cutoff.

CWD-positive contaminated steel wire (SW)
70~
® ®
60- 5 %
50+ E
40 * { CWD-negative BH
CWD-positive BH,
30+ § § g PBS-mock treated

® CWD-positive BH
204t

104

Cycle Threshold (hrs)

Dilution Factor

Figure 10. RT-QuIC detection of PrP* seeding from steel wires exposed to a 10-fold gradient of
CWD-positive elk brain homogenate. Steel wires (n = 8) were incubated for 1 hour in serial 10-fold
dilutions (107 to 10®) of CWD-positive elk brain homogenate, mock-treated in PBS for 1 hour, washed,
and transferred directly to RT-QuIC reactions to assess the retention of surface-bound PrPS¢, Amplification

was observed across dilutions 10 to 10, with increasing CT values at lower concentrations. Amplification
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was highly delayed after the 33-hour positivity cutoff for samples incubated in 10 through 107 dilutions.
No amplification was detected throughout the assay for samples incubated in 108, resulting in a final CT
of 65 hours. Controls included untreated brain homogenate dilutions (POS elk BH) and CWD-negative
brain homogenate (NEG elk BH). Wires incubated with CWD-negative brain homogenate did not produce
any amplification. Each point represents the mean CT value (n = 8), with error bars indicating the standard

error of the mean.

To more accurately assess RT-QuIC detection of PrPs¢ seeding from contaminated steel wires, the mean
CT values and their associated standard errors were calculated, and the number of positive replicates per
dilution was recorded in Table 4. As expected, the number of positive RT-QuIC replicates declined with
increasing dilution. At 102 and 103, all or almost all eight replicates crossed Tswev Within the 33-hour
positivity threshold (8/8 and 7/8, respectively). The number of positive replicates decreased as dilution
increased, and only three replicates amplified at 10° (3/8), while no seeding was detected within the
positivity cutoff period for 10 or 108 (0/8 each), and only one replicate of the 10”7 sample produced a CT
value within this time. This trend suggests that RT-QuIC is a viable method to detect PrP*¢ seeding activity
once sorbed to steel wire from an original CWD-positive elk brain homogenate up to the 10 dilution,

though with lower reliability at higher dilutions.

In addition to the reduced number of positive replicates at lower concentrations, greater variability in
amplification was also observed among steel wire replicates compared to untreated brain homogenate
samples. This was reflected in higher standard error values across all dilutions tested, particularly between
102and 104, where the standard error ranged from ~2.5 to 4 hours (Table 4). This variability may stem

from differences in PrP sorption efficiency across wires or amplification ability throughout the assay.
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Table 4. RT-QuIC detection of PrP* seeding activity from steel wires contaminated with serial

dilutions of CWD elk brain homogenate.

Dilution Mean(ﬁl:g)Value Standard Error (£) Numlk,):;“(fa?g: itive
102 23.035 4.276 8/8
103 29.092 4.076 7/8
Prpse 10+ 29.245 2.552 6/8
contaminated 10 52.021 3.999 3/8
steel wire 10 60.131 3.451 0/8
107 59.159 5.841 1/8
108 65.000 0.000 0/8

Steel wires were incubated in 10-fold serial dilutions of CWD-positive brain homogenate, washed, and used
to seed RT-QuIC reactions. The mean CT values, their respective standard errors, and the number of
positive replicates (n = 8) are reported for each dilution. Amplification was observed consistently at higher
PrPS¢ concentrations, while lower concentrations produced longer CT values and fewer positive wells. No
positive replicates were recorded from any wires exposed to wires incubated in 10 or 10 dilutions of

brain homogenate.

Overall, multiple positive replicates at higher brain homogenate dilutions support the conclusion that PrP=
retains its seeding activity following sorption to steel surfaces, validating the model for subsequent

decontamination studies.
3.2.3. EALC Efficacy Against PrP* Contaminated Steel Wire

For subsequent testing of EALC efficacy against PrPS¢ sorbed to steel wire, brain homogenate dilutions of
102 (1.50 x 102 g/mL brain tissue), 10 (1.50 x 10 g/mL brain tissue), and 10 (1.50 x 10** g/mL brain
tissue) were selected for wire contamination. These dilutions were chosen based on earlier gradient testing
(Section 3.3.2), which demonstrated reliable and consistent RT-QulC detection at these concentrations,
with all replicates (8/8) showing amplification at 10, 7/8 replicates positive at 1073, and 6/8 replicates

positive at 10, Mean CT values for these dilutions also crossed Tsev below the 33-hour positivity threshold,
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indicating concrete PrP*¢ seeding activity. Importantly, dilutions beyond 10 showed a steep decline in
positive replicates, making them less suitable for treatment evaluation. By selecting dilutions with defined
seeding activities, it was possible to evaluate EALC effects across a small range while maintaining
confidence that any differences in signals after treatment reflect a reduction of PrP*¢ activity rather than a

detection error.

Catholyte 4 and Anolyte 2 were both successful in decreasing the seeding activity of PrPS, particularly at
lower concentrations. Compared to PBS-treated controls, wires treated with Catholyte 4 resulted in a
noticeable but incomplete reduction of PrP*¢ seeding activity (Table 5). Amplification was still observed
with the 107 dilution, although CT values were higher than those of PBS controls. The delayed
amplification beyond the 33-hour Tsev SUggests that while seeding activity was substantially suppressed,
residual PrP¢ may still retain the ability to induce fibril formation. The presence of residual activity
warrants further investigation, especially to determine its potential implications for residual infectivity of
PrPS¢ from environmental surfaces. Anolyte 2 showed a similar inactivation pattern to Catholyte 4 but with
slightly milder effects. Though CT values were delayed relative to PBS controls, residual seeding activity
was measurably higher than the negative controls, indicating that Anolyte 2 was unable to eliminate the

ability of PrPS¢ to convert PrP¢ into PrPS¢ even after sorption to stainless steel surfaces.

Treatment of contaminated steel wires with BrioHOCI suppressed almost all detectable PrPS¢ seeding
activity, with CT values relatively comparable to those of negative controls. However, some replicates did
show evidence of low levels of amplification. CAC-717-treated samples also showed slight evidence of
residual seeding activity even after a 1-hour treatment. Though CT values for CAC-717-treated samples
were below the negative control at 65 hours, they were still significantly reduced compared to the PBS
controls. Interestingly, BrioHOCI being more effective than CAC-717 at reducing CT values of Prpsc-

contaminated steel wire is the inverse effect seen with brain homogenate-treated samples (Figure 11).
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Unsurprisingly, treatment with both 2N NaOH and 40% bleach led to a complete loss of detectable Prps
activity on steel wire. RT-QulC assays showed no amplification across all dilutions, with CT values

remaining at the 65-hour maximum.

From these results, there is a clear hierarchy of inactivation efficacy present depending on the EALC or
commercial chemical used. Treatment with 2N NaOH, 40% bleach, and BrioHOCI was all around the most
effective chemical for reducing the seeding activity of PrPSc-contaminated steel wires, followed by

Catholyte 4, CAC-717, and Anolyte 2, which, while they were still effective, managed to maintain seeding.
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Figure 11. RT-QuIC analysis of PrP* seeding activity on steel wires contaminated with CWD-positive
elk brain homogenate (102 to 10%) following treatment with selected EALCs and commercial
chemicals. a - g) Mean CT values and their associated SEM of steel wires (n = 8) were calculated following
a 1-hour incubation in 102, 10, or 10 serial dilutions of CWD-positive elk brain homogenate and treated
for 1-hour with either Catholyte 4, Anolyte 2, BrioHOCI, CAC-717, 2N NaOH, or 40% household bleach.
PBS-treated wires served as mock-treated controls. Following treatment, wires were washed with PBS,
dried, and placed directly into RT-QuIC wells to assess bound PrP¢, The seeding activity was consistently
detectable across PBS-treated controls. In all chemical-treated samples, CT values were dramatically

reduced, and in some cases, eliminated.

RT-QuIC analysis of PrPSc-contaminated steel wires revealed dramatic differences in inactivation efficacy
across chemical treatments, as summarized in Table 5. PBS mock-treated samples consistently produced
consistent seeding activity at all dilutions, with CT values crossing Tswev before the 33-hour positivity

threshold and many positive replicates. These samples served as references for statistical comparisons.

Catholyte 4 treatment of contaminated steel wire led to delayed amplification at all dilutions, with no
replicates crossing Tswev before the positivity threshold as the PrPS¢ concentration decreased. Mean CT
values for all dilutions were significantly higher than PBS controls (p < 0.05, Mann-Whitney U test).
Fisher’s exact tests also confirmed significantly fewer positive (p <0.05) replicates than PBS at all dilutions,
supporting a partial but incomplete inactivation effect. Anolyte 2 produced a similar trend to Catholyte 4.
Though similar, RT-QuIC CT values after Anolyte 2 treatment were faster than Catholyte 4 and more
positive replicates were observed. All dilutions maintained statistical significance, and Fisher’s exact test
showed a significant decline in the number of positive wells even though some replicates produced

amplification before the 33-hour cutoff.

BrioHOCI treatment nearly eliminated all detectable seeding activity from steel wire samples. CT values
were at or very close to the 65-hour assay maximum across all dilutions, with only isolated amplification

events observed, and these values were not within the range to be considered positive. Mann-Whitney U
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tests showed significant differences from PBS at 10 (p = 0.0007), 10 (p = 0.0004), and 10* (p = 0.0004).
Fisher’s exact tests indicated significantly fewer positive replicates than PBS at all three dilutions (all p <

0.001), supporting strong inactivation efficacy for this sample type.

CAC-717 also produced delayed CT values and reduced amplification. Although seeding activity was
detected in some replicates, average CT values were significantly higher than PBS controls at all examined
dilutions of brain homogenate used to contaminate the steel wire (p < 0.05, Mann-Whitney U test). Fisher’s

exact tests confirmed significantly reduced positivity rates (p < 0.001).

All CT values for 2N NaOH and 40% Bleach were fixed at the 65-hour mark, meaning no amplification
occurred. These results were significantly different from PBS controls at the 102, 103, and 10* (all p =
0.0004, Mann-Whitney U test; all p=0.0002, Fisher’s test), confirming complete inhibition of PrP%° seeding

activity.

Table 5. RT-QuIC CT values following a 1-hour treatment of PrP%-contaminated steel wires with

selected EALCs and conventional decontaminants.

The Dilution Factor

Chemical of Brain Mean CT Value  Standard Error Number of
Homogenate used to (hrs) (€3] positive replicates
contaminate SW

107 23.035 4.276 8/8
PBS mock- 10 29.092 4.076 718
treatment 104 29.245 2.552 6/8
107 53.592 3.542 1/8

-3
Catholyte 4 10 63.637 0.705 0/8
10+ 64.326 0.674 0/8
107? 38.565 3.387 3/8

-3
Anolyte 2 10 50.089 3.797 1/8
10+ 51.159 2.002 0/8
107 61.222 2.557 0/8

-3
BrioHOCI 10 65.000 0.000 0/8
10+ 63.552 1.448 0/8
CAC-717 102 50.286 4.587 1/8
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103 57.257 4.310 1/8

10 59.261 3.001 0/8
102 65.000 0.000 0/8
NaOH 103 65.000 0.000 0/8
10* 65.000 0.000 0/8
102 65.000 0.000 0/8
Bleach 103 65.000 0.000 0/8
10* 65.000 0.000 0/8

Steel wires (SW) were contaminated through a 1-hour incubation with CWD-positive elk brain homogenate
at the indicated dilution (10 to 10*%), treated for 1 hour with each chemical, washed, dried, and transferred
directly into RT-QuIC reaction wells. PBS-treated wires served as mock-treated controls. Each treatment
condition was tested in eight technical replicates (n = 8). The mean CT value, standard error, and number
of RT-QuIC positive replicates are reported for each treatment and dilution. RT-QuIC wells were

considered positive when their fluorescence crossed the Tswev Within the 33-hour cutoff period.
3.3. Amplification of Residual PrP* from Treated Samples using PMCA

To complement RT-QuIC findings and further investigate the presence of residual prion seeding activity
following chemical treatment, PMCA was used to allow for visualization of PrP*¢ if any seed remains
present after treatment. Prior to amplification, PrPS was enriched from treated samples using NaPTA
precipitation to improve sensitivity and reduce background interference. PMCA was then conducted to
compare amplification profiles between control and EALC-treated samples, with particular attention to
differences in the timing and intensity of PrPS® signal emergence. This data offers additional insight into

the effectiveness of each treatment and the potential for residual prion activity.
3.3.1. NaPTA Precipitation of PrP*

Initial NaPTA precipitation and Western blot analysis were performed directly on post-treatment samples
at the same dilutions used for RT-QuIC (1:1 to 1:1000 [v/v]) without PMCA amplification (Figure 12).

Based on visual analysis of Western blot results, PrP>¢ was detected in the PBS-treated 1:1 (v/v) sample,
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which exhibited a strong triplet banding pattern between 20-30 kDa, indicating a high concentration of
PrPS¢ retained in the sample following treatment. Faint bands were also visible in the 1:50 (v/v) dilution,
suggesting that although the protein concentration was lower, residual PrPS¢ remained detectable. No signal
was observed in the 1:500 or 1:1000(v/v) dilutions, indicating that the quantity of PrPS¢ present was below
Tswev for this assay. Though given that RT-QuIC could detect residual seeding activity in samples treated
at the 1:1000 (v/v) dilutions and knowing that RT-QulC has much higher sensitivity than Western blotting
(Atarashi, 2023), it became clear that amplification of aggregates present within treated samples was
required to improve PrPS¢ detection via Western blot. Based on this, NaPTA precipitation was performed
after treatment, and several rounds of PMCA followed to increase sensitivity and improve downstream

detection.

The normal brain homogenate (NBH) negative control showed no bands, confirming assay and antibody
specificity, while the NBH non-PK control showed a strong signal, indicating total PrPC content. The
positive infected brain homogenate (IBH) control displayed the expected PrPS¢ banding pattern between 20

and 30 kDa, validating the assay and transfer efficiency (Figure 12).

a) Before NaPTA Precipitation b) After NaPTA Precipitation

I

40 - 40 .. . -
30 -
30 @
20
20
-
e i -
w =
o W 0w w © o o -
ggm(pmm o ki = S o o3 o & & 7 s
Eos Siotal e 2 B Rie Tnin @t 8
oD ©® © 0 ®o ¢ ©® O - 3 3 3 7 & & S 2
> ¥ 2 280 Q3 B oo gidig du gl T ta e
= § 9 oe®e 3 2o 2 T > =2 2 : g :
£ a'aa g 2 =z (TR T I~ e 2 Y o <
e R g o 8o o & 2 B
20.—.1_;_;_1 00 = e RS e @ O Q =
- e T T i Sl e o el AT TR AR
a e e SRS =R Nen ey e o = = s
3 28 & § = Rk = = = =1 =
O Dt = 2 5

Figure 12. Western blot detection of NaPTA precipitated PrP in PBS mock-treated control samples

at various treatment dilutions. a) Samples of 15% CWD-positive brain homogenate were mock-treated
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with PBS at several treatment dilutions (1:1 to 1:1000 [v/v]) for 1 hour at room temperature and examined
directly. b) Samples of 15% CWD-positive brain homogenate were mock-treated with PBS at several
treatment dilutions (1:1 to 1:1000 [v/v]) for 1 hour at room temperature. After treatment, samples were
NaPTA precipitated, PK treated (100 ug/mL), subject to electrophoresis followed by immunoblotting, and
finally imaged. Controls include PK and non-PK treated normal brain homogenate (NBH), as well as CWD-

positive infected brain homogenate (IBH). Molecular weight markers (kDa) are as indicated.

3.3.2. PMCA of EALC-Treated and Control PrP*

To increase the sensitivity of detection for low levels of residual PrPs¢ following chemical treatment,
samples were subjected to PMCA. As previous RT-QuIC results demonstrated anywhere from partial to
complete suppression of seeding activity depending on the treatment, PMCA was used to complement these
results and to assess whether any residual PrPs¢ remained amplifiable following exposure to selected
chemicals. Western blot analysis of PMCA results may also provide insight into the mechanisms of

chemical inactivation responsible for the effects seen.

Preliminary experiments were done to establish the PMCA assay. In contrast to the blots seen in Figure 12,
Figure 13 shows the same 1:1000 (v/v) NaPTA-precipitated CWD PrPs samples after undergoing three
rounds of PMCA. In round 1, faint bands were observed across all 3 dilutions, indicating that PMCA
resulted in sufficient amplification for detection. In round 2, the PrP*¢ signal became more evident, with the
presence of bands around the expected ~20-30 kDa region. This is consistent with the characteristic
migration profile of protease-resistant PrP%¢, even though bands were not as clear as with non-PMCA
samples (Figure 12). By round 3, signal intensity increased dramatically, with darker and more defined
bands appearing in the examined dilutions original seed dilutions. Of note, the band appearance for round
3, dilution 1, appears unusually faint. One potential explanation for the absence of a detectable band for
this sample is pipetting or loading error during Western blot preparation. Another possible reason for this
could be experimental variability, such as loss of seeding activity or uneven amplification, which may have

contributed to the lack of detectable PrP¢ in this replicate. These results highlight the enhanced detection
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limit of Western blot by PMCA, confirming its use to detect any PrP*¢ that remains following EALC

treatment.

Interestingly, the banding profile of PMCA amplified samples differed from the typical PrP** triplet pattern
observed in non-amplified samples. Instead, PMCA samples displayed more smeared bands, and the
classical three-band architecture was not distinguishable (Figure 13). Notably, an additional high molecular
weight band appeared above 30 kDa in the PMCA samples, which was not observed in the corresponding

non-PMCA lanes, as seen in Figure 12, despite both being PK-treated.
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Figure 13. Western blot detection of three 10-fold serial dilutions of PBS mock-treated NaPTA
precipitated PrPs after three rounds of PMCA. Samples of CWD-positive elk brain homogenate were
mock-treated with PBS at a 1:1000 (v/v) dilution for 1 hour, subjected to NaPTA precipitation, and
amplified through three successive rounds of PMCA. At the end of each round (R1-R3), 10 pL of amplified
material was digested with proteinase K, electrophoresed, and immunoblotted for PrPS¢ detection.

Molecular weight markers (kDa) are indicated.
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Next, PMCA was used to amplify and analyze the effects of EALCs to inactivate PrPS. For Catholyte 4
and Anolyte 2, NaPTA-precipitated samples treated with each chemical at a 1:1000 (v/v) ratio were
subjected to three rounds of PMCA and analyzed by Western blot (Figure 14). Compared to the PBS mock-
treated control samples (Figure 12), which produced detectable PrPS¢ presence as early as round 1 and
strong, visually striking bands by round 3, the chemically treated samples showed reduced amplification
efficiency. In Catholyte 4-treated samples, PrPS¢ bands were largely absent in round 1 and only faintly
visible in the second round, suggesting a substantial loss of seeding activity, particularly shortly after
treatment. Anolyte 2-treated samples displayed a slightly bolder amplification profile, with stronger bands
beginning to emerge by round 2 and becoming more distinct by round 3, although still less intense than
PBS controls. These results indicate that both Catholyte 4 and Anolyte 2 reduced PrP*¢ seeding activity,
with Catholyte 4 showing the most decreased seeding activity across all dilutions and PMCA rounds. This

correlates with the suppression observed via RT-QulC detection of treated samples.
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Figure 14. Western blot detection of three 1-fold serial dilutions of Catholyte 4 and Anolyte 2 treated
NaPTA precipitated PrP* after three rounds of PMCA. CWD-positive elk brain homogenate was
treated for 1 hour with either Catholyte 4 or Anolyte 2 at a 1:1000 (v/v) ratio, then subjected to NaPTA

precipitation and three successive rounds of PMCA. After each round (R1-R3), 10 pL of amplified product
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from three serial dilutions (D1-D3) was PK-digested, run on electrophoresis, and immunoblotted to

visualize residual protease-resistant PrPS°. Molecular weight markers (kDa) are shown for reference.

Comparison of CAC-717 and BrioHOCI (Figure 15) to PBS mock-treated controls (Figure 13) highlights
differences in residual PrP seeding activity following treatment. Compared to PBS controls, CAC-717-
treated samples showed reduced bands throughout all rounds and dilutions, with a very weak banding
appearance by round 3. This shows not only a high level of reduction of seeding activity, but this reduction
is maintained through multiple rounds of amplification. BrioHOCI-treated samples also show a reduced
ability to amplify through PMCA, with bands appearing only in one dilution of round 2, but becoming

distinct by the end of round 3.
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Figure 15. Western blot detection of three 10-fold serial dilutions of CAC-717 and BrioHOCI-treated
NaPTA-precipitated PrP% after three rounds of PMCA. CWD-positive elk brain homogenate was
treated for 1 hour with either CAC-717 or BrioHOCI at a 1:1000 (v/v) brain homogenate: chemical ratio,

followed by NaPTA precipitation and three rounds of PMCA. At the end of each round (R1-R3), 10 pL of
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amplified material from three serial dilutions (D1-D3) was digested with PK and processed for analysis

using Western blot. Molecular weight markers (kDa) are shown for reference.

Compared to PBS mock-treated controls (Figure 13), which displayed clear PrPS¢ amplification from round
1, both NaOH and bleach treatments significantly reduced seeding activity (Figure 16). NaOH-treated
samples showed the most complete inactivation, with no detectable PrPS¢ across all samples, except round
3, dilution 3, which produced one very faint band. Bleach-treated samples demonstrated some residual
activity, with faint bands appearing in round 3, though still much less prominent and consistent than PBS
controls. These results support the results seen via RT-QuIC and justify the use of conventional

decontaminants as strong anti-prion chemicals.
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Figure 16. Western blot detection of three dilutions of 2N NaOH and 40% bleach-treated NaPTA-
precipitated PrPs after three rounds of PMCA. CWD-positive elk brain homogenate was treated for 1
hour with 2N NaOH or 40% bleach at a 1:1000 (v/v) ratio. Proteins from each sample were then selectively

precipitated using NaPTA, and PMCA was run for three rounds. At the end of each PMCA round (R1-R3),
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10 pL of amplified material from three serial dilutions (D1-D3) was digested with PK and analyzed using

Western blot. Molecular weight markers (kDa) are shown for reference.
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Figure 17. Densitometric bar graphs of PrPs¢ bands following Western blot assessment of EALC-
treated samples. Western blot band intensities from CWD-positive brain homogenate treated with EALCs
or conventional chemicals were quantified using densitometry and normalized to the PBS mock-treated
positive control (set as 1.0). Data represents the mean and standard error obtained from the second dilution
of the third PMCA round from three independent experiments. Unpaired t-tests with Welch’s correction
were performed to compare each treatment group to the PBS mock-treated positive control. Treatment with
2N NaOH and 40% bleach resulted in a complete and highly significant reduction compared to PBS controls
(p < 0.0001 and p = 0.0097, respectively). Catholyte 4 and CAC-717 also showed significant reductions (p
= 0.044 and p = 0.013, respectively), whereas Anolyte 2 and BrioHOCI did not differ significantly from

PBS (p > 0.05).

These results show that the tested EALCs and conventional treatments varied in their ability to eliminate

PrPs¢ seeding activity. While all chemicals showed some level of suppression compared to PBS controls,
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clear differences appeared in the degree and consistency of amplification across rounds after treatment
(Figure 17). Commercial, conventional decontaminants NaOH and bleach stood out as the most effective,
with little to no detectable amplification, even after three rounds. In contrast, CAC-717 and BrioHOCI
allowed some PrP*¢ to persist and seed, as shown by the faint bands that appeared in later rounds. All
together, these results not only support the reliability of RT-QuIC but also demonstrate how PMCA can
provide added resolution in distinguishing partial from complete prion inactivation, strengthening the case

for select EALCs as promising anti-prion agents.
3.3.3. Differences in Amplification Kinetics Post-Treatment

To assess how chemical treatments impacted the rate of PrPS¢ seeding, Western blot results (as seen in
Section 3.4.2) from three rounds of PMCA were examined at the 1:1000 (v/v) treatment ratio for each
chemical of interest. Differences in the timing of PrP detection can provide insight into residual seeding

activity and the extent of prion inactivation by each chemical.

As seen in Table 6, highlighting differences in amplification kinetics and residual seeding activity, the
precise dilution and round at which amplification becomes evident as visualized through Western blot
depends greatly on which EALC or commercial chemical was being used. PBS mock-treated controls
displayed rapid amplification, with PrPS¢ detectable within the first round of PMCA, and increasing signal
intensity over time. The early and consistent signal that was produced after mock treatment reflects the
strong residual capability of seeding activity and serves as a benchmark for examining the effects of other
EALCs and chemicals. Catholyte 4-treated samples showed a lack of bands detected in round 1, and only
weak signals appeared in rounds 2, becoming more defined during round 3. This suggests partial
inactivation with reduced seeding activity. Similarly to samples treated with Catholyte 4, those treated with
Anolyte 2 displayed a similar but slightly stronger amplification potential, with PrPs¢ absent during round
1, but appearing much more defined after round 2 than PBS or Catholyte samples. By round 3, all samples

showed a high concentration of PrP*¢ as evidenced by increased band density. These results point to a slight
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reduction in seeding activity after treatment, but we can see that the chemicals are not able to fully inactivate

all PrPS¢ seeds as amplification resumes and intensifies over rounds.

BrioHOCI-treated samples also delayed amplification, with no PrPs¢ signal observed in round 1. During
round 2, amplification became slightly more apparent, but only dilution 3 produced a distinct signal. During
round 3, signals became much more apparent, and amplification was undeniable at this point. These results
point to a higher level of seeding activity than those seen with experimental EALCs, Catholyte 4 and
Anolyte 2, but PrPS¢ seeds were not eliminated and seeding resumed at a high rate after just a few rounds
of amplification. In CAC-717-treated samples, amplification was more strongly inhibited, with faint signals

appearing only in one dilution for rounds 1 and 2, and present yet indistinct bands for round 3.

NaOH treatment demonstrated the most potent effects of all chemicals examined, with no detectable PrPs°
in rounds 1 or 2 and only a single very faint and unclear band emerging in round 3, which may reflect a
small amount of residual PrPS that was unable to be previously amplified, or experimental variability.
Bleach-treated samples also resulted in distinct inhibition of seeding activity throughout, with bands

apparent only during round 3 of PMCA.

Table 6. Summary of PrP¢ amplification across three PMCA rounds by chemical treatment and
dilution.

Dilution Absence (X) or Presence (v') of PrP by Round

Chemical Round 1 Round 2 Round 3
PBS k v v v

mock-
treatmnent 4 4 4
v v v
1 X v v
Catholyte 4 X 4 4
X v v
X

Anolyte 2 v v
2 X v v
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3 X v v

1 X X V4

BrioHOCI X X v
X v v

X X v

CAC-717 v v v
X X v

1 X X X

2 X X X

NaOH 3 X X Y

1 X X v

Bleach X X v

X X v

Western blot detection of PrPSc was assessed at three seed dilutions (D1-D3) following PMCA
amplification of NaPTA-precipitated, chemically treated CWD-positive elk brain homogenate. Each

sample underwent three PMCA rounds (R1-R3), and the presence (v) or absence (X) of PrPS¢ was visually

determined from immunoblots. PBS mock-treated samples served as positive controls.

Overall, mock treatment using PBS showed rapid and distinct amplification, strong NaOH and bleach
showed the most distinct suppression, with delayed PrPs¢ detection. All other chemicals (Catholyte 4,

Anolyte 2, BrioHOCI, and CAC-717) demonstrated varied impacts on PrPsc,
3.4. Correlation Between RT-QuIC and PMCA Findings

To investigate the correlation between RT-QuIC and PMCA to detect PrPS¢ from CWD-positive samples
of brain homogenate after decontamination with selected chemicals, results from both assays were directly
compared. Results from RT-QuIC, as indicated by relative seeding activity measured through changes in
CT values, were compared against the round number at which amplification was observed via Western blot

following PMCA.
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Figure 18 illustrates the relationship between RT-QuIlC CT values and the round at which PMCA
amplification of PrPS® was first detected for each chemical treatment tested. The PBS mock-treated brain
homogenate control showed the lowest CT values, which correspond with early PMCA detection as seen
inround 1. Alternatively, samples that were treated with bleach and NaOH resulted in the highest CT values
and demonstrated delayed detection using PMCA, signifying significant reductions in prion seeding

capability.

EALCs Catholyte 4, Anolyte 2, BrioHOCI, and CAC-717 showed variable CT values (20—40 hrs) and
differing PMCA detection rounds depending on the specific chemical treatment, reflecting partial efficacy
in prion inactivation, or differences in their underlying mechanisms of action and interaction with Prps
during amplification assays. Among the chemical treatments tested, Anolyte 2 and BrioHOCI showed a
notable difference between the timing of seeding activity detectable by RT-QulC and PMCA. Both
treatments resulted in relatively low RT-QulC CT values (18.4 and 10.4 hrs, respectively), suggesting that
PrPS¢ seeding activity was still present and detectable early during the assay. However, corresponding
PMCA results indicated delayed PrPS¢ amplification, with detection only appearing by round 2. This
difference implies that while low levels of seeding activity remain after treatment (as seen via RT-QuIC),

they may be insufficient to trigger immediate amplification in PMCA.

Directly comparing CT values of RT-QuIC and round number of PMCA (Figure 18) demonstrates a pattern
of correlation between increased RT-QulC CT values and delayed PMCA detection, supporting the idea
that both methods are capturing similar changes in PrPS® seeding activity and can be used together to

evaluate the effectiveness of prion-inactivating treatments.
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RT-QuIC CT Values vs. PMCA Detection Rounds
for Chemical Treatments of CWD-Positive BH
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Figure 18. Correlation between RT-QuIC CT values (blue circles, left axis) and detection round
number of PMCA (red squares, right axis) following treatment of CWD-positive elk brain
homogenate with selected EALCs and conventional disinfectants. CWD-positive elk brain homogenate
was treated for 1 hour at a 1:1000 (v/v) ratio, then assessed using RT-QulC or PMCA. Higher CT values
reflect lower prion seeding activity, and higher PMCA detection rounds indicate delayed amplification and

reduced seeding efficiency. Each CT value represents the mean of 8 replicates.
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4.0 Discussion
4.1. Effects of EALCs: Seeding Inhibition and Treatment Efficacy as Interpreted using RT-QuIC

The purpose of this thesis was to evaluate the potential of the selected EALCs as environmentally friendly
decontaminants against infectious prions, with a particular focus on CWD-associated PrPS¢. By comparing
experimental catholytes and anolytes alongside commercially available EALCs and classical
decontaminants, this study aimed to investigate which chemicals were most effective against CWD-infected

brain homogenate and contaminated steel wires as well as the potential mechanisms of action.
4.1.1. Interpretation of Seeding Activity of EALC Treated Samples

To understand how EALCs may be helpful in field and industrial settings, in-vitro preliminary testing to
evaluate the inactivation potential of these liquid chemicals against PrPSc-positive brain homogenate
provided initial insight into their effects. As examined using RT-QuIC, results indicate a treatment-
dependent hierarchy in PrPS¢ inactivation potential among chemicals. An extended lag phase, marked by
elevated CT values following treatment, was interpreted as resulting from reduced PrPS¢ seeding activity
and potential chemical efficacy (Wilham et al, 2010). Across all EALC treatments, a common trend
emerged demonstrating that prion inactivation is highly variable and dependent on the chemical and
concentration at which it was being used and the composition of the sample matrix. However, when
comparing results across homogenate and solid surfaces (steel wire), important differences in inactivation

potential and reliability emerged, highlighting the complexity of PrPS¢ inactivation attempts.

A serial dilution gradient of CWD-positive elk brain homogenate was used to obtain a concentration
gradient to validate the sensitivity and specificity of the RT-QuIC assay before testing chemically treated
samples. By correlating CT values of treated brain homogenate with those seen in this untreated dilution
series, the approximate fold-reduction in prion seeding activity caused by each treatment can be inferred
(Hughson et al, 2016). The data presented in Figure 6 demonstrates a strong dose-dependent relationship

between PrPs¢ concentration and RT-QuIC amplification kinetics. CWD-positive brain homogenate
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dilutions at 102 have been observed to contain sufficient inhibitors (such as lipids and proteases) to suppress
detectable fluorescence via RT-QuIC (Yilmaz et al, 2024), and this is supported by the results seen in Figure
6. Typical sigmoidal kinetics include a lag phase, exponential phase, and plateau phase characteristic of
RT-QuIC amyloid amplification, which were seen from the 102 to 10 dilutions, complementing the
progressively increasing CT values at lower concentrations. Though the 10 dilution did not produce any
CT values within the assay cutoff period, weak ThT fluorescence signals were still observed (Figure 6b),
likely reflecting spontaneous aggregation of recPrP rather than PrP seeding, as has been previously

reported under conditions of high dilution (Yilmaz et al, 2024; Hughson et al, 2016).

Confirming that the treatment ratio did not affect RT-QulC detection or sensitivity, mock-treated PBS

samples, as seen in Figure 7, show no significant impact on the CT value of differentially treated samples.

Commercial decontaminants showed greater capability to inactivate PrPS® overall than experimental EALCs.
Unsurprisingly, both 2N NaOH and 40% bleach eliminated RT-QuIC detectable fluorescence at all
treatment ratios, supporting their use as gold-standard decontaminants. Their efficacy likely results from
aggressive denaturation and hydrolytic cleavage of PrPS aggregates, rendering the protein non-functional
as a seed (Bauman et al, 2006). BrioHOCI and CAC-717 demonstrated dose-dependent effects. BrioHOCI
showed little efficacy in reducing PrPS¢ seeding activity, with slight CT value increases at higher treatment
ratios. However, at some ratios (1:1, 1:100, 1:500 [v/v]), it was unsuccessful in delaying amplification
compared to PBS controls and instead increased it. This limited effect may be due to strain-specific
differences in PrPS¢ conformational stability, as previous work examining BrioHOCI for anti-prion activity
was done using CWD from infected mule deer (Hughson et al, 2016) while this study focused on elk.
However, these two species have been shown to have distinct structural differences between their C-
terminals, possibly impacting the stability of the protein (Slap$ak et al, 2019). CAC-717 was more effective,
especially at the 1:1000 (v/v) ratio, producing one of the highest CT shifts among all chemicals tested. It
successfully reduced the number of replicates classified as positive, as seen in Table 4. CAC-717 is known

to generate hydroxide ions and maintain a high pH, which can disrupt proteins, but prions have shown a
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particular resistance to damage from these conditions unless their core f-sheet structure is entirely disrupted
(Sakudo et al, 2020). Overall, CAC-717 showed good promise in inactivating PrP> and may pose as a

suitable decontamination option for areas of low prion exposure.

When examining the effects on direct homogenates of CWD-positive elk brain, Catholyte 4 was the
experimental EALC responsible for producing the most effective and consistent suppression of PrPsc,
particularly at the highest treatment ratio of 1 part brain homogenate to 1000 parts chemical (v/v). Under
these conditions, CT values suggest upwards of a 1000-fold reduction in seeding activity. Between EALC
classes, overall anolytes were less effective than catholytes. Of anolytes, Anolyte 2 still demonstrated a
statistically significant decrease in seeding activity at the highest treatment ratio, with CT values
demonstrating a 100-fold reduction. These results suggest that under controlled, in-vitro conditions, some

EALCs can disrupt PrP*¢ seeding and reduce the formation of aggregates detectable via RT-QuIC.

While Catholyte 4 and Anolyte 2 proved to be the most promising EALCs in reducing PrP*¢ seeding activity,
the remaining catholytes and anolytes demonstrated variable and more limited efficiency. Trends seen in
Table 4 suggest Catholytes 1-3 produced slight but consistent increases in CT values relative to PBS-treated
controls, particularly at higher treatment ratios, indicating a concentration-dependent effect, but failing to
eliminate detectable PrPS°. Among the anolytes, most (Anolytes 1, 3, 4, and 5) induced minimal changes in
CT values across treatment ratios. Interestingly, some anolytes at several treatment ratios consistently
appeared to accelerate aggregation, with CT values averaging lower than the PBS control, suggesting a
potential increase in PrP® seeding activity. This may be explained by the components within the anolyte
EALCs that stabilize partially unfolded PrP conformers or encourage nucleation, similar to interactions seen
boeckerafter exposure to cofactors such as polyanions and metallic ions (Chang et al, 2023; Polano et al,
2008). These findings highlight the importance of characterizing chemical efficacy and unintended effects

due to specific EALC formulations.

To simulate real environmental contamination, examination of the EALCs was conducted using steel wire,

which is a well-established model for assessing prion surface adherence and resistance to inactivation
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(Simmons et al, 2024; Orru et al, 2024; Mori et al, 2016; Zobeley et al, 1999). Before treatment, the steel
wire washing protocol was validated to confirm that no detectable PrPS¢ was being leached into the wash
solutions, ensuring that any detectable RT-QulC signal was due to surface-bound prions or that the absence
of signal was not due to the detachment of PrPS¢ during washes. This was followed by binding control
experiments, which quantified the CT values of elk PrPS¢sorbed onto stainless steel. This phenomenon has
been previously documented and attributed to the protein’s hydrophobic and electrostatic interactions with

metal surfaces (Toni et al, 2017).

When 2N NaOH and 40% were used to treat stainless PrPS¢-contaminated steel wire, there was no evidence
of amplification in any replicate, as expected. Though these chemicals provide consistent decontamination,

their harshness limits practical use in many field or equipment settings, as previously discussed.

When the same group of EALCs was applied to PrP5 sorbed onto steel wire, the kinetics and consistency
of inactivation changed. Catholyte 4 and Anolyte 2 performed better than other EALCs, and their effects
were more inactivating when used to treat steel wire than when applied directly to brain homogenate. This
may be due to several factors. First, the total quantity of PrPS¢ present on the steel wire is lower overall than
that in raw brain homogenate, reducing the burden on the chemical to achieve complete inactivation. More
importantly, the adsorption between PrP*¢ and the steel wire may contribute to conformational or structural
changes in the protein and aggregate, which has been alluded to in previous studies (Giles et al, 2017; Fichet
et al, 2004). Despite their success, the persistence of some residual seeding activity even after treatment,
particularly at lower dilutions, as has been previously seen in other studies attempting to decontaminate
PrPSc (Orr0 et al, 2024; Booth et al, 2021; Herzog et al, 2025), reinforces the need for thorough assessment

of possible persistent infectivity and highlights the resilience of PrP=.,
4.1.2. Comparative Analysis and Biological Significance of Catholyte and Anolyte Effects

The differences in prion inactivation efficacy between catholytes and anolytes observed in this study

demonstrate the importance of chemical class and their specific properties when determining treatment
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outcomes. While both categories of experimental EALCs demonstrated some capacity to reduce PrPsc
seeding activity, catholytes consistently showed more reliable and dramatic inhibitory effects compared to

anolytes when assessed by RT-QuIC.

As previously discussed, the catholyte and anolyte that produced the most notable anti-PrPS¢ activity of all
that were tested were Catholyte 4 and Anolyte 2, respectively. Though these EALCs were dominant in their
decontamination potential, they could not eliminate all seeding activity, and residual PrPS amplification
was noted in both brain homogenate and steel wire samples. The contrasting performance between
catholytes and anolytes suggests fundamental differences in how each class of EALC interacts with Prpsc,
While both classes are produced through electrolysis, they differ in their chemical characteristics, such as
pH, redox potential, and ROS content. In this study, catholytes are strongly alkaline, while anolytes are
acidic and oxidative, and contain HOCI and other reactive chlorine derivatives (Guo et al, 2024; Kim et al,
2019). These differences influence PrPS¢’s structural stability and aggregation state through distinct
mechanisms, which will be discussed further in Section 4.2. The greater consistency observed with
catholytes suggests that alkaline conditions may better promote destabilization or partial degradation of
prion aggregates, particularly in brain homogenate exposure (Hirata et al, 2010). Although acidic anolytes
can neutralize upon contact with biological material (Boecker et al, 2023), the initial low pH exposure may
still passively promote prion amyloid fibril formation, as acidic conditions have been shown to enhance
aggregation under certain circumstances (Lee & Chang, 2019; van der Kamp & Daggett, 2010; Gerber et

al, 2008), potentially counteracting the intended inactivation effect.

While any prion decontamination attempt aims to inactivate PrPS¢ entirely, this is not always realistic due
to the resistant nature of prions. Even so, chemicals that produce even partial inhibition of seeding activity
may still hold important biological relevance, particularly in natural environments, such as soil, vegetation,
and equipment surfaces, where the amount of PrPSthat is concentrated is likely much lower than would be
possible to obtain in laboratory settings (Saunders et al, 2008). An increase in RT-QulC CT values, as

observed with treatments like Catholyte 4, Anolyte 2, or CAC-717, still reflect a meaningful reduction in
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the concentration or structural integrity of PrPS and may potentially lower the infectivity below the
threshold required for horizontal transmission. As such, using moderately effective but safe and scalable
decontaminants may represent a practical solution that minimizes environmental persistence and disease

propagation while avoiding corrosive or toxic chemicals unsuitable for widespread field applications.
4.1.3. Concentration-Dependent Effectiveness of Commercially Available EALCs

BrioHOCI and CAC-717 showed clear chemical concentration-dependent effects on PrPS¢ seeding activity.
While both demonstrated prion-inactivating potential, their mechanisms and effectiveness differed

significantly, especially at higher treatment ratios.

BrioHOCI showed very modest and consistent minor reductions in seeding activity for some treatment
ratios but also demonstrated accelerated seeding activity compared to PBS controls at other ratios. These
findings are consistent with its known activity as a stabilized HOCI solution, demonstrating antimicrobial
efficacy through oxidative damage to proteins, lipids, and nucleic acids (Block & Rowan, 2020). However,
its oxidative potential may be limited by short-lived reactive species or neutralization by the high content
of tissue in brain homogenates (Teng et al, 2018). The observed effectiveness of BrioHOCI in this study
was much less promising than the results initially described by Hughson et al. (2018), which inspired the
inclusion of BrioHOCI in our current investigation of EALCs. In that study, BrioHOCI effectively reduced
prion seeding activity by between 10° and 108-fold from contaminated brain homogenate and eliminated
infectivity from steel wire. However, the specific formula that BrioTech™ used to manufacture the
BrioHOCI as described by Hughson (2018), although marked under the same trade name, was not the same
that was used by the company in 2023 when the BrioHOCI used in this study was purchased. Consequently,
the chemical composition and concentration of reactive HOCI or free chlorine may differ between these

formulations and batches, potentially explaining the reduced efficacy observed here.

Regardless of the treatment ratio, the data obtained for BrioHOCI revealed a minimal effect on PrPS¢ seeding

activity as indicated by relatively stable RT-QulC CT values across the tested treatment ratios. Unlike the
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distinctive concentration-dependent effects observed with other EALCs, BrioHOCI exhibited minor and
statistically insignificant increases in CT values compared to PBS mock-treated controls, indicating
incomplete inactivation. This suggests that the active oxidative species within this BrioHOCI formulation
may rapidly decline or be neutralized in the presence of CWD-positive brain homogenate, limiting its
effectiveness based on matrix interactions, regardless of treatment concentration. Additionally, the lack of
concentration-dependent efficacy may reflect differences in reactive chlorine species’ chemical formulation

or stability compared to previously studied BrioHOCI formulations (Hughson et al., 2018).

In contrast to the relatively minor effects on seeding activity seen using commercially available BrioHOCI,
CAC-717 showed a much greater ability to increase Tsgev and demonstrated a clear dose-dependent
relationship. This relationship was observed after treatment with CAC-717, both in brain homogenate and
steel wire-bound prion models, and it suggests a threshold-driven mechanism of PrP* inactivation. This
mechanism is likely reliant on the cumulative structural interactions between the chemical and PrPsc,
possibly due to alkaline-induced denaturation of prion proteins or the adsorption and structural
modifications by mesoscopic crystals within CAC-717 (Sakudo et al, 2025), which may explain the
required minimum sufficient contact time and concentration to demonstrate clear anti-PrPS¢ effects. The
mesoscopic structures present within CAC-717, composed of carbon and calcium, may function similarly
to soil mineral particles, such as montmorillonite, which have been reported to adsorb prions and influence
their structural properties and infectivity (Booth et al, 2021). These observations reinforce the need to
consider the physicochemical properties of the EALC’s composition and the dose at which it is applied

when designing effective prion decontamination techniques.

These findings show that not all commercially available EALCs perform equally, even under identical
conditions. Although BrioHOCI was originally selected based on promising results from earlier studies, the
results shown here appeared to have limited impact on PrP5¢ seeding activity, possibly due to changes in
chemical composition since the original product was evaluated. In contrast, CAC-717 demonstrated a strong

dose-dependent effect.
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4.1.4. Implications of Complete Seeding Inhibition by Conventional Treatments

The complete inhibition of seeding activity after treatment with concentrated NaOH and bleach supports
the longstanding and well-supported regimen of these classical prion decontamination techniques. In this
study, 2N NaOH and 40% bleach consistently eliminated seeding activity as measured via RT-QulC. They
were equally as effective when used against infected brain homogenates as when used against contaminated
steel wire. This absence of detectable RT-QuIC signal indicates a total loss of seeding-competent PrPsc,

indicating that these treatments can eliminate biologically active PrPS¢ under the tested conditions.

When examining RT-QuIC results, complete inhibition of amplification is highly significant, as this assay’s
sensitivity allows it to detect extremely low concentrations of prion seeds. Since there was a consistent lack
of amplification across all replicates, it can be suggested that the treated samples likely fall below the
threshold for initiating template-directed fibril formation. Given that there has been a positive correlation
that has been demonstrated between RT-QuIC results and infectivity in vivo (Hay-Petersen et al, 2025;
Baranova et al, 2024; Mok et al, 2021), it is fair to assume that samples treated with NaOH and bleach no
longer pose a substantial infectious risk and that horizontal transmission of disease would be prevented.
However, it is worth noting that while RT-QuIC provides a reliable method for quantifying seeding activity,

it cannot directly measure infectivity, and in vivo bioassay confirmation would still be required.

As previously mentioned, despite their effectiveness, the practicality of using NaOH and bleach is often
limited by their harsh, corrosive, and hazardous properties. These chemicals are highly damaging to many
surfaces and equipment and toxic to living tissues, making them unrealistic for use in sensitive
environments such as medical equipment, field tools, or porous substrates where material integrity must be
preserved. If improperly handled, these chemicals’ harsh pH and oxidative properties also pose risks to

human and animal health and the environment.

Therefore, the results demonstrated here confirm a critical trade-off between potency and practicality.

While NaOH and bleach remain good options for decontamination in high-risk or controlled settings such
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as laboratory environments or decontamination of disposable materials, there remains a clear need for
alternative chemicals that are effective but also more applicable to diverse environments with minimal side

effects. This is the gap the experimental EALCs tested for this study aimed to fill.
4.2. Effects of EALCs: Residual PrP% Detection as Interpreted using PMCA
4.2.1. Comparison of PrP* Amplification Kinetics Post-Treatment

This study also conducted PMCA to support the results obtained using RT-QulC. Following PMCA, the
kinetics of PrPSc amplification revealed differences in residual seeding activity after treatment from the

selected EALCs, providing important validation and further insight into each chemical's efficacy.

According to previous studies, RT-QulC and PMCA results are generally agreeable in terms of specificity
and detection of prion seeding activity, but they differ in sensitivity, strain compatibility, and practical
application, meaning a perfect comparison between the assays is not always possible. Despite this, there is
generally a positive correlation between the two assays. (Thomas et al, 2024; McNulty et al, 2019; Haley

et al, 2017).

When samples were mock-treated with PBS, PrPS¢ was apparent after the first round of PMCA, indicating
that amplification was not disrupted, and took place rather rapidly. This steady signal appearance is
consistent with prior studies showing that even small quantities of PrPS¢ can reliably seed further misfolding
during PMCA under optimized conditions (Erafia et al., 2020). Understanding how brain homogenate is
treated at a ratio of 1:1000 (v/v) serves as a benchmark for assessing the extent to which various EALC

treatments under the same conditions delayed or suppressed amplification.

As expected, treatment with conventional decontamination, 2N NaOH and 40% bleach resulted in the
strongest prion inhibiting effects of all examined chemicals. No bands were detected in rounds 1 or 2 for
either treatment, while a very faint signal appeared in round 3, dilution 3, for NaOH-treated samples, and
weak amplification was observed in bleach-treated samples also during round 3. These signals were

significantly delayed and diminished relative to PBS controls. While no amplification was observed via
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RT-QuIC in samples treated with NaOH and bleach, the variation likely reflects the difference in
amplification mechanisms and sensitivity between the two assays. RT-QuIC relies on recombinant PrP and
is optimized for rapid detection of seeding-competent aggregates (Orru et al, 2015), whereas PMCA uses
brain-derived PrP¢ and includes mechanical disruption that may facilitate detection of low-abundance or

structurally altered PrPS¢ species (Erafia et al, 2020).

CAC-T717-treated samples exhibited a more distinct suppression of amplification, with faint bands detected
by the third round of PMCA, and a complete absence of signal across most dilutions. This delayed and
inconsistent amplification supports the previous suggestion that CAC-717 may interfere with PrPS on a
structural level, limiting the availability or effectiveness of remaining seeds. The disruption in seeding
activity after treatment supports this model and suggests that, under optimized conditions, CAC-717 may
offer more consistent reduction in prion activity than other EALCs tested. These results are further
supported by the previously discussed RT-QuIC results, which revealed significantly delayed CT values
following CAC-717 treatment and a notable decrease in positive wells at the 1:1000 (v/v) dilution. RT-
QuIC detected residual seeding activity in only 2 out of 8 replicates at this ratio, like the low and inconsistent
band intensity in PMCA. The consensus between assays for CAC-717-treated samples strengthens the
conclusion that it may be more effective than other EALCs in reducing PrPS¢ seeding activity by delaying

amplification onset and reducing the overall quantity or structural integrity of active seeds.

After treatment with BrioHOCI, results amplified through PMCA display a different kinetic profile. While
amplification was impacted as seeding activity was absent in round 1 and essentially undetectable in round
2, it became consistent and much more intense in round 3, suggesting that residual PrP*¢ required multiple
amplification cycles to seed enough for detection. This implies that BrioHOCI-treated samples retain more
intact seeds than those treated with CAC-717, though still suppressed after the initial treatment. From a
kinetic standpoint, BrioHOCI appears to impair PrP®’s ability to convert substrate temporarily. However,
this can be overcome with repeated rounds of sonication during PMCA, suggesting partial rather than

permanent protein disruption. This is consistent with RT-QuIC results, where BrioHOCI-treated samples

101



displayed relatively low CT values (comparable to or even lower than PBS controls at specific ratios),
indicating that while seeding activity was initially present, the chemical may have affected the efficiency

or accessibility of seeds rather than inactivating them entirely.

While Catholyte 4 and Anolyte 2 treatments were not successful in inhibiting amplification entirely, they
were successful in delaying the round at which amplification began, suggesting that while some PrP=
survived treatment, aggregation required more time and the introduction of additional CWD TgEIk
substrate to amplify to detectable levels. In Catholyte 4-treated samples, bands were undetectable or weak
in rounds 1 and 2, respectively, but appeared distinctly by round 3. Anolyte 2 treatment resulted in similar
results, in which bands were undetectable during the first round of PMCA but became much denser and
more distinctive during the second round compared to Catholyte 4 treatment. These results suggest partial
inactivation of PrP¢ likely by the disruption of its templating efficiency, consistent with previous studies
showing that chemical stressors can impair the conformation and accessibility of prion seeds, consequently
slowing their ability to induce conversion (Shim et al, 2022; Heinzer et al, 2024). This is also consistent
with the results reported in Section 4.2, where, when assessed through RT-QuIC kinetics, experimental
EALC-treated samples demonstrated delayed CT values. Still, these delays were insufficient to classify the
sample as negative. This observation is also supported by the results seen post-PMCA amplification, where
lower RT-QuIC CT values correspond to stronger band intensity and earlier detection in PMCA, which
reinforces the ability of Anolyte 2, which, while partially inhibitory, leaves behind more amplifiable Prps

than Catholyte 4.

This similarity between kinetic delay seen using RT-QuIC and the reduced biochemical amplification using
PMCA highlights the benefits of combining both assays to assess the presence of residual PrPS¢ and their
relative seeding efficiency. In this study, Catholyte 4 appears more effective than Anolyte 2 at suppressing
PrPS¢ seeding activity, not solely because of a longer lag before detection, but due to the lower quantity or

quality of seeding-competent aggregates that survive treatment.
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Differences in the findings between RT-QuIC and PMCA can be attributed to their different biochemical
environments and substrate compositions. RT-QuIC uses a truncated recombinant prion protein (recPrP)
from Syrian Hamster (residues 90-231), which is highly purified and lacks native post-translational
modifications. When used in RT-QuIC substrate, recPrP favours the formation of amyloid fibrils and
enables real-time detection via ThT fluorescence, offering high specificity but potentially limited sensitivity
to certain prion strains (Bistaffa et al, 2019). PMCA uses brain homogenate from transgenic mice
expressing elk PrP, providing a full-length, post-translationally modified substrate that more closely mimics
the naturally found environment. This allows PMCA to amplify native-like PrPS¢ conformers with greater
strain specificity and sensitivity but introduces a greater likelihood of variability and background noise
(Erafa et al, 2020; Brandel et al, 2019). Similar findings have been reported in previous studies, where
PMCA detected residual prion seeding activity in samples deemed negative by RT-QuIC or infectivity
bioassays (Thomas et al, 2024; Davenport et al, 2018). These results do not necessarily imply the
persistence of infectious prions but rather demonstrate the increased sensitivity of PMCA for some sample
types and its practicality in identifying trace quantities of partially inactivated or misfolded PrP aggregates.
Therefore, the same sample may exhibit slightly different result kinetics between these assays, as was seen

during this study.
4.2.2. Insights into Altered PrP*® Molecular Profiles after PMCA Amplification

Western blot analysis of NaPTA-precipitated PrPs¢ following PMCA revealed differences in the banding
profiles of EALC-treated samples compared to mock-treated controls. In untreated or PBS-treated controls,
PrPSc was observed between 19 and 30 kDa and its appearance was constant, consistent with protease-
resistant core fragments. In treated samples, however, this banding profile was disrupted. Many exhibited
smeared, diffuse, and higher molecular weight bands, suggesting structural changes to PrP¢ aggregates or
demonstrating the existence of intermediate conformers during amplification. These changes indicate that
chemical treatment may influence PrP5’s state of aggregation, potentially explaining the change in

biochemical properties and seeding behaviour.
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One of the most prominent results was the appearance of high molecular weight bands (>30 kDa) in PMCA-
amplified samples, apparent in almost all treated samples by the third round. These bands were absent in
non-PMCA, PBS-treated controls despite being PK-treated, indicating that the changes were a product of
PMCA-induced aggregation rather than simple incomplete digestion. This suggests that treatment may lead
to the formation of PrP*¢ that retains seeding activity but differs in size, structure, and protease accessibility
from untreated PrP¢. Similar situations have been observed previously using immunoblotting techniques,
where certain prion strains exhibit distinct biochemical profiles, including accumulating higher molecular
weight protease-resistant PrPS, For example, Klingeborn et al. (2006) demonstrated that different mouse-
adapted scrapie strains produced strain-specific PrPS¢ banding patterns due to their altered sensitivity to PK,
with some strains showing additional higher molecular weight bands, likely reflecting conformational or
aggregation state differences. The loss of the classical triplet banding pattern and the appearance of smeared
bands may also indicate heterogeneous PrPs¢ populations, possibly reflecting differing chemical cleavage
sites due to conformational changes, or changes in the accessibility of PK-sensitive regions after treatment.
This could happen if chemical treatment introduces partial unfolding, oxidation, or aggregation states that
either mask necessary epitopes or produce misfolded intermediates distinct from native PrPSc. These
changes were distinctly more apparent after PMCA, suggesting that repeated amplification cycles may
favour the propagation of altered prion conformers, a phenomenon described in previous strain adaptation

studies (Kim et al, 2010; Deleault et al, 2012).

As mentioned, on a Western blot, PK-treated PrPS typically appears as a triplet of bands between ~19 and
30 kDa, representing the different glycoforms of the protease-resistant core of the protein. The uppermost
band, around ~27 and 30 kDa, corresponds to diglycosylated PrPS¢with two N-linked glycans attached, one
at each glycosylation site. The middle band between ~23 and 25 kDa represents monoglycosylated PrPsc,
which contains only a single glycan at either site. The lowest band falls between ~19 and 21 kDa and is
what remains of any unglycosylated PrPS¢ and represents the core fragment of the protein resistant to PK

digestion (Huang et al, 2006). Alterations to this typical triplet banding pattern following chemical
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treatment and PMCA amplification can provide valuable insight into the mechanisms of PrPS¢ inactivation

or modification.

In this study, the diglycosylated band was consistently the most prominent across all samples, including
untreated and chemically treated conditions. This is consistent with what is typically observed in CWD and
many other prion diseases, where the diglycosylated isoform tends to dominate the glycoform ratio (Heisey
et al, 2009). The persistence and intensity of this upper band across treated samples suggests that
diglycosylated PrPSc may be the most stable and protease-resistant of the glycoforms, possibly due to steric
protection offered by its dual glycans (Schilling et al, 2023). Notably, the dominance of this band even after
treatment implies that residual seeding activity is primarily associated with the diglycosylated isoform,
which may be more resilient to chemical inactivation. This could help explain why certain treatments, while

reducing overall signal intensity, still allow amplification to resume over time.

Interestingly, while all samples were subjected to identical PK digestion and amplification conditions, the
uppermost PrP¢ band (~33 to 35 kDa) remained detectable in all experimental and commercial EALC-
treated samples but was absent in bleach-treated samples. The persistence of this upper band implies that
EALCs and commercial chemicals (e.g., BrioHOCI, CAC-717) can partially disrupt the protein’s sensitivity
to PK digestion. Mechanistically, several things may be happening, including oxidation of amino acid side
chains or modification of glycan linkages, ultimately leading to destabilization of the protein’s overall
structure, resulting in heterogeneous PrPS aggregates that interact differently during PMCA and
electrophoresis. The smearing or broadening of the band may also indicate aggregation of chemically
altered PrP*¢ species or the propagation of non-native conformers during amplification (Erafa et al, 2024).
It is also possible that the epitope recognized by the P4 antibody becomes disrupted, leading to this
appearance. Further investigation is needed to determine the specific mechanism of action responsible for
the effects seen from each EALC. In contrast to the results seen with other treatments, bleach-treated

samples were unigue in showing a complete absence of the upper band across all dilutions and PMCA
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rounds. This suggests that bleach not only disrupts PrPs¢ structure but can also degrade some of the most

PK-resistant and structurally sturdy glycoforms.

In summary, the molecular profiles of PrPS¢ observed after EALC treatment and PMCA amplification reveal
that chemical treatment does more than simply suppress amplification kinetics, but it can induce structural
changes that alter protease resistance, glycoform state, and molecular weight. The only treatment that
resulted in complete loss of all detectable PrPS¢ bands was 2N NaOH, followed in order of effectiveness by
40% Bleach, CAC-717, BrioHOCI, Catholyte 4, and Anolyte 2. While PrPs¢ remained detectable after
EALC and commercial treatments, its altered band appearance and the persistence of high molecular weight
bands suggest, at a minimum, that some partial disruption of the protein’s structure is taking place, and the
potential formation of non-native conformers is possible. PMCA consistently amplified these changes. This
highlights the need for further studies into the precise mechanisms of EALCS, possibly through tools such

as mass spectrometry for examining protein structure.
4.3. Proposed Mechanisms of Action for Prion Inactivation by EALCs
4.3.1. Differences in EALC Classes (Catholytes vs. Anolytes vs. Commercial Agents)

The fluctuating performance of the different EALCs observed in this study can potentially be explained, in
part, by differences in chemical class composition. While all EALCs are generated through electrolysis of
mineral-enriched water, the resulting catholyte and anolyte fractions differ substantially in pH, oxidation-
reduction potential, and ionic content. These characteristics are likely responsible for differences in PrPs

inactivation efficiency.

The complete inactivation of PrPs¢ observed following bleach treatment in this study is consistent with its
well-documented oxidative mechanism of action. In aqueous solution, the active ingredient in bleach,
sodium hypochlorite, exists in equilibrium between OCI- and HOCI, with HOCI being the more reactive
species. HOCI targets susceptible amino acid side chains within PrP, leading to oxidation, chlorination,

and disruption of critical hydrogen bonding and hydrophobic interactions that stabilize the protein’s -
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sheet-rich conformation (Hawkins et al, 2003), therefore preventing the protein from seeding further
amyloid formation. Similar inactivation was seen after treatment with 2N NaOH. At high molarity, NaOH
creates a strongly alkaline environment capable of disrupting the hydrogen bonding and hydrophobic

interactions that stabilize PrP¢’s B-sheet-rich structure (Bauman et al, 2006).

Catholytes are typically alkaline electro-activated solutions and can influence prion stability due to their
high pH, which promotes protein destabilization through denaturation and base-induced hydrolysis (Aider,
2023). In this study, Catholyte 4, derived from a KCI solution, consistently produced the most significant
delay in PrPS¢ amplification across RT-QulC and PMCA. In contrast, Catholyte 1, generated from water
and Na" ions, and Catholyte 3, containing NaCl and Na* ions, showed less consistent effects, indicating that
sodium-based catholytes may be less potent than potassium-based catholytes in destabilizing PrPsc.

Catholyte 2, containing CaCl. and Ca?" ions, also demonstrated limited efficacy.

Unlike catholytes, anolytes are acidic and often contain oxidative species such as Cl~ ions, HOCI, or free
chlorine (Aider, 2023). While anolytes were less effective overall, Anolyte 2, composed of NaCl and CI~
ions, could be recognized for its ability to delay amplification to a higher degree than other experimental
anolytes. This suggests that some anolytes derived from sodium can exert sufficient oxidative stress or
conformational pressure on PrP% to alter its seeding potential, even under low pH conditions. Other
anolytes, such as Anolyte 1 (composed of water with CI~ ions), Anolyte 3 (derived from CaCl. and Cl"ions,,
Anolyte 4 (sodium acetate based), and Anolyte 5 (KCl-based), showed variable effects with no chemical
demonstrating clear superiority, highlighting the impact of ionic composition and oxidative potential in
prion inactivation. It has previously been shown that in vivo, acidic environments, like endosomes or
lysosomes, promote PrPC to PrP*¢ conversion (Majumder & Chakrabarti, 2017). This is partly because low
pH can destabilize the native a-helical structure of PrP¢, making it more prone to misfolding into B-sheet-
rich oligomers (Tian & Viles, 2022). In vitro, however, the situation is more complex. While low pH can
also destabilize proteins, PrP* is already highly stable, especially in its aggregated form. So, simply treating

PrPs¢ with a low pH does not guarantee degradation or inactivation.
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Among the commercially available chemical agents tested, BrioHOCI and CAC-717 demonstrated partial
prion inactivation under some conditions, but likely through distinct mechanisms reflecting their chemical

composition and pH profiles.

BrioHOCI is a stabilized solution of HOCI, a reactive chlorine species generated through electrolysis. HOCI
has long been known to be a potent oxidizing agent known to disrupt microbial membranes and denature
proteins by targeting nucleophilic amino acid side chains such as methionine, cysteine, and tryptophan
(Hawkins et al, 2003). While widely effective against a broad range of bacteria, viruses, and fungi, prions
are considerably more resistant to oxidative stress, and there is currently no direct evidence that HOCI alone
can fully inactivate PrPS¢ (Boecker et al, 2023). In this study, BrioHOCI treatment successfully produced
delayed amplification kinetics in RT-QuIC and altered Western blot banding profiles after PMCA. These
effects suggest that HOCI may partially denature or alter the structure of the protein. This is enough to
impair, but not eliminate, seeding activity. Mechanistically, BrioHOCI likely destabilizes PrPS¢ aggregates,
reducing templating efficiency during early amplification cycles. This is supported by the delayed
appearance of PrP5¢ bands in PMCA rounds 2 and 3, and by what has previously been established in
literature (Hughson et al, 2016). In practice, HOCI may be helpful in other prion-inactivating approaches,
especially when combined with other decontamination methods such as heat or autoclaving, which could

enhance its overall impact.

CAC-717 is a calcium bicarbonate-based electro-activated solution with a high pH (~12.3) and strong redox
potential. Its effects are believed to be due to alkaline hydrolysis and oxidative stress, a dual mechanism
that can compromise protein stability more effectively than through oxidation alone. The high alkalinity of
CAC-717 promotes cleavage of peptide bonds and may interfere with hydrogen bonding and B-sheet
formation that are critical for PrPS¢ structural integrity and seeding activity (Sakudo et al, 2020, 2025;

Kirisawa et al, 2022; Onodera et al, 2022).

These findings highlight that prion inactivation may be affected by the characteristics of the class of

chemicals used for PrP*¢ inactivation. The differences in performance among catholytes, anolytes, and
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commercial chemicals reveal the complexity of destabilizing PrPsc. It suggests that complete inactivation
may require specific chemical formulas or multiple treatments. Recognizing these differences may help
create EALCs that exploit specific chemical traits for their PrPS¢ inactivating properties as effectively as

traditional decontaminants like NaOH or bleach.
4.3.2. Chemical Composition and pH Effects on PrP* Aggregates

The susceptibility of PrPS¢ aggregates to chemical inactivation depends largely on environmental pH and
the ionic makeup of treatment chemicals. These factors can change the structural integrity of prion
aggregation by impacting hydrogen bonding, electrostatic interactions, and backbone stability. (Hosszu et
al, 2020; Lee & Chang, 2019; van der Kamp & Daggett, 2010). In general, extreme pH conditions can
induce conformational changes by disrupting the forces that stabilize B-sheet structures within PrPs¢, as
mentioned, but the effectiveness of these changes depends on whether the treatment conditions enable

irreversible structural damage.

Under basic conditions, such as those created by catholyte solutions or NaOH, an increased hydroxide ion
concentration has been shown to promote hydrolysis of peptide bonds and alter the ionization states of
amino acid side chains (Whitaker & Feeney, 1983). This can weaken the hydrogen bonding networks that
maintain the B-sheet-rich structure characteristic of PrPS¢, Additionally, deprotonation of polar residues
under high pH can increase electrostatic repulsion between domains of the fibrils (Zhou & Pang, 2019),
under which the same mechanisms can be thought to destabilize aggregates. These combined effects likely
explain why strongly alkaline treatments produced the most remarkable delays in amplification in this study,

as PrPSaggregation under these conditions would exhibit reduced and delayed seeding efficiency.

Acidic conditions, such as those created by anolyte EALCs, can disrupt PrPs seeding through protein
denaturation, which can partially unfold protein domains or alter aggregate arrangements (Peretz et al,
2006). However, for existing PrP fibrils, low pH alone is not sufficient for complete denaturation because

these aggregates are held together by strong hydrophobic bonds and -sheets that remain stable (Appel et
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al, 2006). This may explain why anolytes, despite containing oxidative properties, demonstrated a more
limited effect than catholytes. The ability of certain anolytes, such as Anolyte 2, to suppress seeding activity
suggests that pH-driven destabilization should be used in tandem with other methods for prion

decontamination instead of relying on its abilities.

The chemical composition of EALCs also determines their buffering capacity and the nature of their ROS,
which can affect interactions between PrPS¢ molecules. For example, the presence of potassium or calcium
ions can alter aggregation dynamics by influencing charge shielding, while chloride-based EALCs may
trigger oxidative reactions that complement pH effects to destabilize the protein (Toni et al, 2017; Concha-
Marambio et al, 2014). The differences in PrP inactivation seen between EALC chemistries likely reflect
a combination of these properties rather than pH alone, highlighting the complexity of treating highly

resistant prion proteins.

Together, this supports the idea that pH acts as a primary factor of conformational stress and variability of
PrPSc after treatment, but complete inactivation is likely to generally require additional mechanisms or

inactivation steps.
4.3.3. Role of Surface Chemistry and Matrix Interactions

Prion inactivation efficacy is highly influenced by the physical and chemical environment in which Prps
is targeted. Interaction with surfaces and surrounding matrices can affect prion stability, accessibility to
treatments, and overall resistance of PrPS¢ to degradation. These factors are relevant when comparing
contaminated solid surfaces like stainless steel with biological material like brain homogenate. PrP
exhibits strong affinity for solid surfaces, particularly metals, through hydrophobic and electrostatic
interactions that drive adsorption (Konold et al, 2015). Once bound to metal, it has been shown that
aggregates can adopt a flattened or partially unfolded conformation, different from their structure in tissues,
and potentially exposing otherwise hidden regions to inactivation attempts (Migliorini et al, 2018). This

structural rearrangement, combined with the reduction in competing organic molecules, likely explains why

110



EALCs demonstrated greater suppression of amplification on steel wire compared to brain homogenate in
this study. When prions are surface-bound, treatment agents can interact more directly with exposed protein

domains, and localized microenvironments at the steel interface may promote chemical accessibility.

In brain homogenate, a complex organic matrix mix poses challenges when attempting chemical
inactivation. Proteins, lipids, DNA and RNA, and other biomolecules have been thought to be responsible
for increasing the difficulty of the chemical in penetrating tissues, reducing the effective concentration
available for prion modification. This effect has been previously seen in inactivation attempts (Williams et
al, 2019; Baune et al, 2023; Yilmaz et al, 2024) and is reflected in this study by the inhibitory effects
observed in RT-QuIC at lower dilutions of brain homogenate, such as 102, where excessive matrix
complexity likely interfered with assay kinetics and chemical accessibility. In experimental settings such
as those tested for this study, this inhibitory effect is not hard to overcome, and dilution of the original
sample is typically successful in eliminating inhibitory effects as measured through traditional prion assays.
In environmental contexts, such as those the experimental EALCs in this study aim to target, large, tissue-
dense hotspots of infection are unlikely to be as concentrated with PrPS¢ as what is reported in laboratory
environments. In nature, the concentration of PrP is likely more similar to the conditions modelled in our
steel wire experiments, making these results a more practical reflection of real-world decontamination

potential.

These findings highlight how strongly the surrounding environment influences prion inactivation. Whether
sourced from a biomolecule-rich matrix like brain homogenate or attached to surfaces like soil or steel,
PrPSc does not exist independently, and its surroundings can influence its structure, accessibility, and
chemical treatment. The results from this study suggest that surface-bound prions, particularly on stainless
steel, are more susceptible to EALC inactivation than those within tissue homogenates. While certain
EALCs under laboratory conditions show promise, ensuring effective environmental decontamination will

require strategies that account for these interactions in real-world settings.
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4.4. Environmental and Practical Considerations
4.4.1. Suitability of EALCs for Environmental Decontamination Applications

EALCs were developed as safer, more environmentally friendly alternatives to conventional prion
decontaminants such as NaOH and bleach. Their non-toxic by-products, which are composed primarily of
water and salts, and their reduced corrosivity, make them good candidates for prion decontamination in
wildlife habitats and sensitive environments. The results of this study support their use for these purposes.
Specifically, Catholyte 4 and Anolyte 2 demonstrated measurable reductions in PrPS¢ seeding activity in
brain homogenate and stainless-steel surfaces, with inhibitory effects reaching up to 1000-fold decreases in

amplification kinetics under certain conditions.

In addition to their environmental applications, EALCs, especially HOCI-based formulations, are
considered safe for use on human skin. These solutions usually have a neutral pH or are slightly acidic and
mimic the natural antimicrobial agents made by the human immune system. Due to this, they are non-toxic,
non-irritating, and safe for repeated use, even on sensitive skin or open wounds. HOCI has been previously
used in wound care, hand sanitizers, and skin disinfectants, and is formulated to avoid oxidative damage
and ensure it is safe for use on skin (Boecker et al, 2023). When manufactured and applied correctly, EALCs

offer a safe option for environmental decontamination.

In addition to their promising properties, EALCs are relatively inexpensive to produce. They are typically
generated by passing a dilute salt solution through an electrolysis cell, which is a process that can be scaled
from small portable units to large industrial systems. Unlike NaOH or bleach, which require careful
transport and handling due to their hazardous nature, EALCs can be made on-site using readily available
materials, reducing logistical and regulatory risks (Aider et al, 2012). In a relatively simple process,
combined with the low cost of raw materials and minimal energy requirements, EALCs offer a cost-

effective alternative to traditional chemical disinfectants. These advantages, combined with their safety,
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efficacy, and environmental compatibility, further enforce the strong potential of EALCs as practical and

sustainable decontaminants for widespread environmental use.
4.4.2. Considerations for Use on Surfaces, Equipment, and Soils

The practical use of EALCs for PrPS¢ decontamination requires consideration of substrate type,
environmental conditions, and operational constraints. The properties of the contaminated surface, such as
whether it is non-porous equipment, porous organic materials, or soil, strongly influence the impact of

chemical inactivation of PrPSe,

One of the most promising areas of use for EALCs is the decontamination of surfaces such as stainless steel,
concrete, and plastic, as well as equipment commonly used in cervid management. In this study, EALCs
demonstrated greater inhibition of PrPS® seeding on stainless steel than brain homogenate, as discussed in
Section 4.3.3. Unlike conventional agents such as NaOH and bleach, EALCs are considerably less corrosive,
which minimizes the risk of structural damage during repeated cleaning cycles, and this factor is quite
important for industry professionals concerned about preserving expensive infrastructure and tools. Despite
this, limitations remain for applications to porous or irregular surfaces like soil, wood, or certain rock types.
These surfaces may restrict penetration of the chemicals or create environments that protect prions from
direct contact (Pritzkow et al, 2018). Further investigation into the effects of EALCs on these materials

when contaminated is necessary to understand their potential applications.

In the natural environment, soil is one of the most likely sites for contamination. Extensive evidence shows
that soil components, particularly clay minerals like montmorillonite, can adsorb prions with high affinity,
induce conformational stabilization, and significantly hinder chemical degradation (Johnson et al., 2006;
Cooke et al., 2006; Booth et al., 2021). Humic substances in soil have also been found to interfere with
detection and may provide additional protection against inactivation (Smith et al., 2014). These findings
are similar to the matrix effect observed with brain homogenate in this work, reinforcing that both the

source material of PrPS¢ and surface adsorption can shield the protein from chemical effects. While EALCs
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such as Catholyte 4 and Anolyte 2 demonstrated promising results under laboratory conditions, it is
reasonable to anticipate more challenges when treating soil-bound prions. Effective soil decontamination
may require higher chemical volumes, longer contact times, or repeated applications, which introduce

potential logistical and ecological considerations.

Though EALCs show promise in controlled in-vitro studies, verification of successful decontamination of
complex environmental materials remains difficult, and each of these materials presents a specific set of
challenges when adapting conventional prion detecting assays. Soils, for example, present challenges as
they maintain a reducing extraction efficiency and can physically shield aggregates from exposure, while
simultaneously containing inhibitory compounds that interfere with assay performance (Smith et al, 2011).
In this study, RT-QulC and PMCA addressed these limitations on a small scale by promoting highly
sensitive detection of residual seeding activity after treatment. However, applying these detection and
decontamination techniques to large-scale environmental surveillance remains impractical, highlighting the

critical need to improve effective inactivation methods and reliable field assays.
4.4.3. Comparison to Conventional Decontaminants (e.g., NaOH, Bleach)

While the primary objective of this study was to investigate the potential of EALCs as alternatives to
conventional decontaminants, it is important to recognize that concentrated NaOH and bleach have a much
stronger ability to inactivate prions when used in controlled conditions. Both chemicals have successfully
eliminated PrP%¢ infectivity when applied at high concentrations and prolonged contact times (Williams et
al, 2019; Giles et al., 2008). In this study, NaOH and bleach-treated samples showed minimal residual

amplification during PMCA and no detectable seeding activity in RT-QuIC.

While EALCs such as Catholyte 4 and Anolyte 2 effectively reduced seeding activity by several log-fold
under certain conditions, they did not achieve the same degree of inactivation as NaOH and bleach. Even

after treatment, residual PrPs¢ was still detectable in PMCA after multiple amplification rounds. This aligns
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with previous literature, which emphasizes that prion inactivation often requires highly aggressive and

harsh treatments due to the unique structural stability of PrPS® (Concha-Marambio et al, 2014).

Despite these differences, EALCs remain attractive for field use where traditional chemicals may be
impractical or dangerous. Rather than serving as a replacement for NaOH or bleach, EALCs may offer a
complementary method for decontamination, suitable for mitigating environmental contamination or for

use in wildlife management practices, provided that their efficacy is optimized for use.
4.5. Study Limitations of Using RT-QuIC and PMCA Assays

This study used two in vitro amplification techniques, RT-QulC and PMCA, to detect and evaluate residual
prion seeding activity following chemical treatment. Though both assays offer advantages over

conventional detection methods, they also present limitations that must be considered.

One of the primary concerns regarding RT-QuIC is its strain-dependent sensitivity, as it has been shown
that certain prion strains may not seed efficiently under standard assay conditions, leading to false negatives.
This is partly due to the use of recombinant PrPC as a substrate, which lacks native post-translational
modifications such as glycosylation and GPI anchoring, which may affect its ability to interact with some
PrPs¢ conformers (Atarashi, 2023; Vascellari et al, 2012). Additionally, RT-QuIC detects the ability of
prions to seed amyloid formation, which has been shown to correlate with infectivity, but amyloid formation
is not a direct indicator of disease per se. Therefore, a positive RT-QuIC result cannot be used to guarantee
infection, and similarly, a negative result does not rule out the presence of infectious prions (Caughey et al,
2017). RT-QuIC is also sensitive to assay environmental conditions and changes in pH, salt concentration,
and shaking parameters, which can significantly influence the kinetics and efficiency of amplification
(Atarashi et al, 2011). Collectively, these factors limit the RT-QulC’s ability to serve as a standalone

validation tool for all prion inactivation studies.

For this project, some preliminary work was done using soil as an environmental matrix. However, it

quickly became evident how challenging it can be to optimize environmental samples for RT-QuIC analysis.
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While RT-QuIC is highly effective for sample types like brain tissues or cerebral spinal fluid (Mosko et al,
2021), applying it to assess complex substrates such as soil is far less straightforward. Other studies have
demonstrated that detecting soil-bound prions is possible but often requires extensive optimization and
specialized protocols to remove assay inhibitors (Grunklee et al, 2025; Genovesi et al, 2007). Achieving
that level of optimization was beyond this project’s practical scope, reflecting an important limitation of
RT-QuIC. Despite its sensitivity, not all sample types can be readily assessed without significant

modifications to the assay.

PMCA complements RT-QuIC by amplifying residual PrPS¢ over multiple rounds, simulating the natural
conversion processes in-vitro. Despite this, PMCA shares similar limitations of RT-QuIC. PMCA is also
subject to strain-dependent sensitivity, as it may preferentially propagate certain prion strains over others,
which could result in incomplete detection profiles after treatment (Castilla et al, 2008). Though unlike RT-
QuIC, the products of PMCA are widely recognized to be infectious and have been shown to transmit
disease with a sensitivity comparable to those of animal bioassays (Wang et al, 2021). However, repeated
sonication cycles during PMCA introduce a risk of spontaneous aggregation of the substrate in the absence
of seeds, which can lead to false positives (Makarava et al, 2020); hence, only the first three PMCA rounds
for this study are used. Due to its high sensitivity, PMCA is also highly susceptible to cross-contamination,
which can compromise assay reliability if sufficient controls are not in place (Cosseddu et al, 2011). On a
technical level, PMCA is also considerably more complex and time-consuming, requiring specialized
equipment and more hands-on labour, making it less practical for routine diagnostics compared to RT-QuIC,
though it does remain ideal for investigations into infectivity, preserving prion strain characteristics,

amplifying low-titer or peripheral samples, or validating inactivation protocols.

While both assays show high sensitivity and offer valuable insights into residual seeding activity, they
cannot fully confirm whether treated material remains infectious after treatment. For any decontamination
method to be considered thorough, in vivo studies must be conducted using animal models to confirm total

loss of infectivity, which is beyond the scope of this study.
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5.0 Conclusions

This study set out to investigate the efficacy of environmentally friendly EALCs for the inactivation of
CWD PrP*¢, The primary objective was to assess whether selected EALCs could significantly reduce or
eliminate PrP% seeding activity in both CWD-infected brain homogenates and surface-bound
contamination models. The secondary objective involved investigating potential mechanistic changes to
PrPS¢ following treatment. To complete these objectives, the primary assays of interest were RT-QuIC and

PMCA.

Across all experiments, conventional disinfectants sodium hydroxide and bleach consistently eliminated
detectable prion seeding activity under the tested conditions. Among the EALCs tested, Catholyte 4 and
CAC-717 were the most effective in reducing PrP5¢ seeding activity, while BrioHOCI and Anolyte 2
showed variable performance, with notably greater reductions in prions sorbed to stainless steel than in
brain homogenates. Mechanistically, based on current and previously published literature, it seems as
though EALCs may affect the structure or aggregation state of PrPS¢ in ways that affect the proteins' ability
to initiate amyloid formation, rather than completely degrading or inactivating all present protein. As
evidenced through PMCA, even though the EALCs can delay seeding activity, amplification of residual
PrP=c still took place, concluding that complete inactivation of all PrPs¢ after treatment with EALCs is not

yet possible.

This research fills a gap in abnormal prion decontamination studies by evaluating the effects of multiple
EALCs using homogenate and surface-bound prion models using two complementary in vitro amplification
assays. The combined approach strengthens the conclusions by verifying treatment effects across
independent methodologies and allows for deeper exploration into possible mechanisms of action. The
findings suggest that while some EALCs have promising anti-prion potential with significant reduction of
PrPs¢seeding activity, their performance is formula- and condition-dependent, and further optimization of

these chemicals would be ideal.
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6.0 Future Directions

While this study provides valuable insight into the prion-inactivating potential of EALCs, several avenues
for future investigations could strengthen the conclusions formed from current work and further reinforce

their practical application.

While this study provides important insights into the ability of EALCs to reduce detectable prion seeding
activity in-vitro, the interpretation of these results must be carefully considered when looking to apply
EALCs for further investigation. As discussed in Section 4.6.1, both assays detect residual seeding activity
in-vitro but cannot fully predict whether treated samples remain infectious in vivo. Since it has been shown
that residual infectivity may persist even when amplification is undetectable (Caughey et al, 2017; Lasméza
et al, 1997), follow-up studies using animal bioassays remain essential to confirm true prion inactivation.
This is particularly relevant for samples treated with the experimental EALCs, as they showed delayed or
partial amplification rather than complete suppression, and these conditions could still harbour low levels

of pathogenic PrP*¢ capable of initiating disease.

In addition to validation via animal bioassay, further mechanistic studies should aim to investigate how
EALCs interact with PrPS and PrP% aggregates on a deeper molecular level. Specifically, better
characterization of the structure of the protein after treatment would provide deeper insight into the specific
mechanisms underlying each EALC. Advanced imaging techniques like circular dichroism (CD)
spectroscopy, Fourier transform-infrared (FT-IR) spectroscopy, cryo-EM, or NMR spectroscopy may be
used for this purpose. Any changes seen using these methods could potentially be associated with reductions
in infectivity and could help provide evidence of molecular markers of prion inactivation, which could

reduce the need for long-term animal bioassays.
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In the future, environmental simulation experiments involving more complex and diverse materials should
be further explored and combined with in vivo experiments to better reflect real-world contamination
scenarios. While this study included a steel wire model, actual environmental conditions where
contamination of PrPS® would be likely to occur often involve many substrates, such as soil, organic debris,
and porous materials that can influence the performance of the chemical treatments, as well as detecting
the residual PrP¢ seeding activity. Since these chemicals are intended for use in environmental scenarios,
future studies should also evaluate meteorological factors, including the temperature of the chemicals
during application, the ambient temperature of the environment, sunlight and the humidity of the
contaminated materials. Incorporating these matrices into experimental designs, followed by in vivo
bioassays to confirm lack of infectivity, would provide a clearer picture of EALC efficacy in field
conditions. This would ensure thorough verification, ensuring the chemicals are scientifically validated and

practical for wildlife management, agricultural, and industrial settings.

Another area of interest is evaluating EALCs in combination with other decontamination strategies to
enhance their overall prion-inactivating potential. This could involve sequential or concurrent use with
physical methods such as autoclaving or dry heat, which may help destabilize PrPs¢ aggregates and improve
chemical penetration (Sakudo et al, 2020). Extended contact times or repeated chemical applications could
allow for more complete disruption of resistant PrPS¢ that might survive a single treatment. To improve
overall inactivation, pairing EALCs with other methods, such as enzyme-based treatments (Saunders et al,
2010) or other prion-inactivating cleaners (Heinzer et al, 2024; Sakudo et al, 2020; Race & Raymond, 2004)
could also be explored. These techniques have shown promise for their anti-PrP¢ properties in the past, so
their use in combination with EALC treatment could result in additive or synergistic effects by targeting
different structural features or stability mechanisms of PrP. It is possible that these integrated approaches
have the potential to overcome the limitations of a single treatment and may be particularly useful for
decontaminating complex or heavily contaminated materials, where achieving thorough penetration and

contact with all potentially infectious material is challenging. Evaluating these combined strategies under
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laboratory and simulated environmental conditions would provide critical insight into their feasibility,

efficacy, and practicality for large-scale or field applications.
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7.0 Appendices

7.1. Bactericidal Efficacy of EALCs

To preliminarily evaluate the effectiveness of EALCs as broad-spectrum disinfectants, their bactericidal
activity was assessed using two representative bacterial species: gram-positive Listeria monocytogenes and
gram-negative Pseudomonas aeruginosa. These organisms were selected based on their differing structural
features, environmental relevance, and varying resistance profiles and serve as model microorganisms for
evaluating the antimicrobial capacity of the EALCs. In addition, this model could be used to assess the

stability or shelf-life of the selected EALCs in the future.
7.1.1. Bacterial Strains and Culture Conditions

The QUANTOM Tx Microbial Cell Counter (Logos Biosystems) was used to determine total and viable
cell counts for Listeria monocytogenes (ATCC 7644) and Pseudomonas aeruginosa. Cultures of L.
monocytogenes were grown on brain heart infusion (BHI) agar and in BHI broth, with the agar plate
incubated at 30°C and the broth culture incubated overnight in a rotating incubator. P. aeruginosa was
cultured under similar conditions but with Lysogeny Broth (LB) as the growth medium and an incubation

temperature of 37°C.

Bacterial colonies were suspended in PBS and adjusted to an approximate concentration of 10° CFU/mL
based on standard comparisons. A serial dilution was performed to 108, with the 10 dilution selected for
cell counting. Agar-derived cells were suspended in PBS for total staining or Viable Cell Buffer for viable
staining. Overnight cultures were centrifuged, resuspended in PBS, and then diluted to 101, Four sample
conditions were analyzed: (1) total stain from agar, (2) total stain from overnight culture, (3) viable stain

from agar, and (4) viable stain from overnight culture.

Total cell counts were performed using the QUANTOM™ Total Cell Staining Kit (Logos Biosystems).
Bacterial samples were mixed with the staining enhancer and total stain, incubated at 37°C for 30 minutes,

and then combined with cell loading buffer before loading onto the counting slide.
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Viable cell counts were examined using the QUANTOM™ Viable Cell Staining Kit (Logos Biosystems).
The viable cell staining dye was added to each sample and incubated at 37°C for 2-3 hours. Following

incubation, a cell loading buffer was added, and the mixture was loaded onto the counting slide for analysis.

7.1.2. Treatment of Listeria monocytogenes and Pseudomonas aeruginosa

For both L. monocytogenes and P. aeruginosa, 25 L of the respective bacterial suspension at the intended
dilution was treated with 225 pL of the EALC treatment (10% v/v). Each treated sample was placed into a

1.5 mL microcentrifuge tube and incubated for one hour at room temperature.

7.1.3. Drop Plate Method for Viability Assessment

Following the incubation, five 20 uL drops of each treated suspension were plated onto BHI agar for L.
monocytogenes and onto LB agar for P. aeruginosa. Plates inoculated with L. monocytogenes were
incubated at 30°C overnight, while those with P. aeruginosa were incubated at 37°C overnight. Colonies

were counted and photographed the following day to assess the effectiveness of the EALC treatment.

7.1.4. Quantification of Bactericidal Effects

To quantify the bactericidal activity of each EALC treatment, colony-forming units (CFUs) were manually
counted from each of the five 20 pL drops plated per condition. Counts were recorded for each drop, and
the average number of colonies per drop was calculated. This value was used to estimate the bacterial

concentration (CFU/mL) for each treatment using the formula:

CFU L_Meancolonycount Dilution Fact
/mL = 002 L x Dilution Factor

Where 0.02 mL corresponds to the volume of each drop plated.

Viable bacterial counts from treated samples were compared to PBS-treated controls and bactericidal

activity was expressed as the logio reduction in CFU/mL, calculated as:

LogReduction = Log10CFU /ML ontror — 108 1 0CFU /MLtyegtment
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A log reduction of >3 was considered indicative of significant bactericidal activity, corresponding to a

99.9% reduction in viable bacteria.

For bacterial viability testing via drop plate assay, CFU counts were first log-transformed using the equation
logio (CFU + 1) to normalize the data and allow for meaningful comparisons in the presence of zero values.
At a chosen dilution (typically 107¢), log-transformed CFU values for each treatment group were compared
to PBS-treated controls. If normality and equal variance assumptions were satisfied, data were analyzed
using one-way ANOVA with Tukey’s test. If not, the Kruskal-Wallis test with Dunn’s multiple
comparisons test was applied. Log reductions in CFU/mL were also calculated as descriptive measures of

bactericidal efficacy but were not statistically tested directly.
7.1.5. Viability of L. monocytogenes Post-Treatment
This section presents the quantification of L. monocytogenes (ATCC 7644) following treatment.

The data was obtained using the QUANTOM Tx Microbial Cell Counter. It compares microbial counts
from colonies grown on BHI agar plates and overnight broth cultures. Concentrations are reported as
colony-forming units per millilitre (CFU/mL). Total cell counts yielded concentrations of approximately
4.18 x 107 cells/mL for colonies grown on BHI agar plates and 8.44 x 10" CFU/mL for overnight broth
cultures. Viable cell counts were lower, measuring 1.20 x 10" CFU/mL for plated colonies and 1.48 x 10’
CFU/mL for overnight cultures. Therefore, in future experiments, only the viable counts for plated colonies

were used to represent bacterial concentrations.

The effectiveness of selected EALCs against L. monocytogenes was evaluated using a standard drop plate
assay. As shown in Table 7, PBS control samples showed abundant colonies at higher dilutions, with colony
counts decreasing at lower dilutions from 1.20 x 10°. Treatment with 2N NaOH, 3% bleach, and BrioHOCI
inhibited bacterial growth at all tested dilutions, indicating strong bactericidal efficacy. All tested catholytes
and most anolytes (Al, A2, A3, A5) also fully prevented colony growth. CAC-717 displayed limited

bactericidal activity, with observable colony growth at intermediate dilutions of 1.40 x 102and 1 x 10
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Anolyte 4 also demonstrated partial efficacy, reducing bacterial growth at intermediate dilutions from 6.00

x 102, These results demonstrate the varied bactericidal responses of L. monocytogenes to different EALCs,

exemplifying the importance of targeted chemical selection when addressing pathogens.

Table 7. Efficacy of a one-hour treatment of EALCs at room temperature against L. monocytogenes.

Chemical

Estimated Concentration before

Concentration after

Treatment (CFU/mL) Treatment (CFU/mL)
>1.20 x 10° TMTC
PBS m°°k‘”eaté%rft?j 1.20 x 102 1.20 x 10°
1.20 x 10! 2.00 x 102
1.20 x 10° 3.00 x 10!
7 0
9N NaOH 1.20 x 10'—1.20 x 10 0
7 0
3% Bleach 1.20x10'—1.20 x 10 0
7 0
BrioHOCI 1.20x10"—1.20 x 10 0
>1.20 x 10? TMTC
CAC-717 1.20 x 10t 1.40 x 10?
1.20 x 10° 1.00 x 10!
Catholyte 1 1.20 x 10" —1.20 x 10° 0
Catholyte 2 1.20 x 107 —1.20 x 10° 0
Catholyte 3 1.20 x 107 —1.20 x 10° 0
Catholyte 4 1.20 x 10’'—1.20 x 10° 0
Anolyte 1 1.20 x 10’—1.20 x 10° 0
Anolyte 2 1.20 x 10’—1.20 x 10° 0
Anolyte 3 1.20 x 10" —1.20 x 10° 0
>1.20 x 10° TMTC
1.20 x 10* 6.00 x 10?
3 1
Anolyte 4 1.20 x 10 2.00x 10
1.20 x 102 1.00 x 10!
1.20 x 10'—1.20 x 10° 0
7 0
Anolyte 5 1.20x 10'—1.20 x 10 0

TMTC = Too Many to Count
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PBS mock-treated positive controls allowed substantial bacterial growth at higher dilutions, gradually
decreasing at lower dilutions. No bacterial growth was observed after treatments with 2N NaOH, 3% bleach,
BrioHOCI, Catholytes 1, 2, 3, and 4, and Anolytes 1, 2, 3, and 5. Anolyte 4 and CAC-717 showed partial
bactericidal activity, reducing bacterial growth at higher dilutions but failing to eliminate it at higher

bacterial concentrations.

Statistical analysis was conducted using Fisher’s exact test to evaluate whether treatment with EALCs
resulted in significantly reduced bacterial growth relative to PBS controls. Results showed that treatments
with NaOH, 3% bleach, BrioHOCI, all catholytes, and several anolytes (Al, A2, A3, A5), respectively,
each significantly inhibited the growth of L. monocytogenes compared to PBS (p < 0.001 for all
comparisons), supporting the results from the visual drop plate assessment. CAC-717 and Anolyte 4 did

not significantly differ from PBS at intermediate dilutions (p > 0.05).
7.1.6. Viability of P. aeruginosa Post-Treatment

To evaluate the impact of treatment on P. aeruginosa (ATCC 27853), total and viable cell populations were
measured using the same methods used in Section 3.1.1 for L. monocytogenes.
P. aeruginosa was quantified using the QUANTOM Tx Microbial Cell Counter to quantify both total and
viable cells in agar-derived colonies and overnight cultures. The growth on LB plates resulted in total cell
counts reaching 6.70x107 cells/mL for colonies and 3.70x107 cells/mL for broth cultures. Viable cell counts
were lower at 9.90x10° cells/mL and 8.72x10° cells/mL, respectively. As with L. monocytogenes, only the

viable counts for plated colonies were used to represent bacterial concentrations in future experiments.

To better understand how each chemical affected the survival of P. aeruginosa, colony counts were
performed across serial dilutions following a one-hour treatment at room temperature. The PBS control
showed higher bacterial growth with visible colonies detected at nearly all dilutions. Treatment using most
EALCS, including all catholytes and anolytes, 2N NaOH, 3% bleach, and BrioHOCI inhibited colony

growth. The only exception was CAC-717, which allowed for limited survival at intermediate
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concentrations after treatment. Some colony growth was seen as 1.00 x 10* CFU/mL, comparable to the
level of growth seen in the PBS control. This suggests that while CAC-717 may overall reduce the survival

of most bacteria, it cannot be guaranteed to fully eliminate P. aeruginosa under these conditions.

Table 8. Efficacy of a one-hour treatment with EALCs at room temperature against P. aeruginosa.

Chemical Estimated Concentration before Concentration after
Treatment (CFU/mL) Treatment (CFU/mL)
>0, 10? TMT
PBS mock-treated POS 990 x 10 c )
Control 9.90 x 10* 2.10x 10
9.90 x 10° 2.00 x 10!
9.90 x 10! 1.00 x 10!
2N NaOH 9.90 x 10°—9.90 x 10" 0
3% Bleach 9.90 x 105—9.90 x 101 0
BrioHOCI 9.90 x 10°—9.90 x 10! 0
0
>9.90 x 10 1,00 % 10°
CAC-717 9.90 x 100 ! 0
9.90 x 10!
Catholyte 1 9.90 x 106—9.90 x 10* 0
Catholyte 2 9.90 x 10°—9.90 x 10! 0
Catholyte 3 9.90 x 106—9.90 x 10* 0
Catholyte 4 9.90 x 106—9.90 x 10* 0
Anolyte 1 9.90 x 106—9.90 x 10* 0
Anolyte 2 9.90 x 106—9.90 x 10* 0
Anolyte 3 9.90 x 10°—9.90 x 10! 0
Anolyte 4 9.90 x 106—9.90 x 10* 0
Anolyte 5 9.90 x 10°—9.90 x 10! 0

TMTC = Too Many to Count
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Concentrations are presented as CFU/mL. A standard drop plate assay was also used to evaluate the effects
of EALCs on P. aeruginosa. PBS control samples grew dense and distinct colonies across nearly all
dilutions, with countable colonies detected down to intermediate dilutions, and complete inhibition only at
the lowest dilution. Of all EALCs, CAC-717 exhibited only partial antimicrobial efficacy. All other EALCs,
including 2N NaOH, 3% bleach, and BrioHOCI, effectively eliminated all viable P. aeruginosa across

every dilution tested.

Fisher’s exact test was used to determine whether EALC treatment significantly reduced bacterial viability
compared to the PBS control. Chemicals that achieved complete inactivation of P. aeruginosa (NaOH,
bleach, BrioHOCI, all catholytes and anolytes) were all significantly more effective than PBS (p < 0.001).
Even though CAC-717 did not eliminate all growth at one dilution, overall, it also significantly differed
from PBS at the same dilution (p < 0.001), indicating that its partial reduction in viable cells was sufficiently

statistically distinguishable from untreated conditions.

7.1.7. Comparative Susceptibility of L. monocytogenes and P. aeruginosa to EALCs

Listeria monocytogenes (Gram-positive) and Pseudomonas aeruginosa (Gram-negative) were chosen for
this study because they (i) represent the two bacterial cell wall structures, (ii) are recognized biofilm formers
that show heightened tolerance to oxidative and alkaline disinfection techniques (Rohilla et al, 2024; Kim
et al, 2016), and (iii) are considered challenging organisms to disinfect (U.S. Environmental Protection
Agency, 2024; World Health Organization, 2018). Examining the susceptibility of these bacteria to the
EALCs provides a quick, inexpensive, and relatively safe model to preliminarily gauge the broad-spectrum
antimicrobial effects of the chemicals before proceeding to high-containment prion experiments. By
establishing bactericidal efficacy against resilient bacterial species, this assay is an important screening step

to prioritize EALCs with the most significant potential for environmental decontamination applications.

A side-by-side comparison of the drop-plate data shows that P. aeruginosa was slightly more susceptible

to the EALC panel than L. monocytogenes. All acidic and oxidizing chemicals (BrioHOCI and anolytes)
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and alkaline and reductive (catholytes, CAC-717, 2 N NaOH, 3 % bleach) solutions achieved complete
disinfection of both organisms at every dilution tested. Still, only L. monocytogenes retained detectable
levels after exposure to Anolyte 4 (6x102 CFU mL* at 10%) and CAC-717 (1.4x10%? CFU mL™* at 10),
whereas P. aeruginosa was fully eradicated by Anolyte 4 and showed merely trace survival with CAC-717
(10 CFU mL? at 10°). Fisher’s exact tests confirmed that both partial failures were statistically
distinguishable from the PBS control, yet the higher residual counts for L. monocytogenes indicate a modest,

but repeatable, resistance edge.

The observed difference in susceptibility between bacterial species is likely reflective of their different
species-specific cell-envelope types. L. monocytogenes is gram-positive and possesses a thick, highly cross-
linked peptidoglycan cell membrane that can buffer pH and scavenge reactive chlorine species (Bucur et al,
2018). The cell membrane of P. aeruginosa is gram-negative and thin, and under the same conditions, it
becomes rapidly permeabilized, increasing the amount of damage done to the cells (da Cruz Nizer et al.,

2020).

Overall, these results demonstrate that EALCs can effectively target resilient bacterial species, providing
preliminary evidence of their potential to act against other resistant pathogens. This supports their selection

for subsequent evaluation against CWD prions in the present study.
7.1.8. Proposed Mechanisms of Action Responsible for Observed Bactericidal Effects of EALCs

EALCs exert their antimicrobial activity through two chemically distinct pathways formed during
electrolysis. Acidic anolytes contain a high amount of free available chlorine, mainly in the form of HOCI.
In contrast, alkaline, strongly reductive catholytes contain many hydroxide ions and oxidative species

(Nyamende et al, 2023).

The primary bactericidal pathway for acidic EALCs involves HOCI-mediated oxidation. Because HOCI is
electrically neutral and only ~1.5 A in diameter, it crosses the cell membrane relatively easily. Once inside,

it oxidizes membrane lipids, unfolds proteins, and induces irreversible protein aggregation. It produces
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toxic secondary reactive oxygen species (ROS), all cumulating to result in the deadly loss of membrane
integrity and enzyme function (Dianty et al, 2023; Andrés et al, 2022). For alkaline EALCs such as
catholytes, extreme pH (> 11) hydrolyses ester linkages in cell membrane phospholipids, converting fatty
acids to more water-soluble lipids and causing rapid membrane breakdown. Such high alkalinity also

disrupts peptidoglycan cross-linkages and denatures surface proteins (Ndjomgoue-Yossa et al, 2022).

As mentioned, the observations described in Results section 3.1 can likely be attributed to each bacterial
species’ membrane structure and stress response capacity. The porous, outer-membrane-free peptidoglycan
mesh of L. monocytogenes does not offer much resistance to neutral HOCI and secondary ROS, allowing
these oxidants to reach and disrupt the cytoplasmic membrane almost immediately (Bucur et al., 2018).
Contrarily, P. aeruginosa initially benefits from a thick outer membrane that slows oxidant ingress and
from inducible catalase, peroxidase, and efflux systems that detoxify reactive chlorine species (da Cruz
Nizer et al., 2020). This physical barrier delays but does not prevent damage. Once it becomes destabilized
by a high oxidation-reduction potential (ORP) and alkaline pH, the cell’s internal components become

vulnerable, and both organisms are ultimately eliminated within the one-hour EALC treatment.

7.1.9. Relevance to Environmental Decontamination Applications

L. monocytogenes and P. aeruginosa, two microorganisms uncommonly recognized as “difficult to
disinfect,” are good models to provide preliminary proof-of-concept that EALCs can meet broad-spectrum

disinfection requirements within realistic contact times for use in practical settings.

EALCs also demonstrate excellent compatibility with the operational needs of wildlife-management sites,
abattoirs, and mobile decontamination units, making them good contenders for all-purpose cleaners.
Because they are generated on-site from simple ingredients derived from salt and water, there is no need to
transport or store large volumes of hazardous chemicals, and spent solutions quickly revert to benign NaCl
and H.O, minimizing potential secondary side effects on the environment (Gnatko et al, 2011). High ORP

anolytes and strongly alkaline catholytes target a wide variety of cellular components including lipids,
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proteins, and nucleic acids, encompassing the possible diversity of contaminants that could be found in
farming environments and on processing surfaces (Dianty et al, 2023). Importantly, our one-hour EALC
exposure achieved statistically significant bacterial reductions for most concentrations tested, supporting

further research examining their potential as prion inactivating chemicals.

Previous research examining material compatibility has shown that repeated applications of electrolyzed
water on stainless steel only resulted in minimal corrosion (Ayebah & Hung, 2005), supporting the
practicality of these chemicals for routine use on equipment such as metal tools, transport trailers, or wildlife
necropsy benches (Aider et al, 2012). Due to the relatively safe nature of EALCS, there is an opportunity
for the delivery format of EALCs to be optimized to their ideal location. This could include low-pressure
fogging for stalls and transport trucks, immersion baths for small instruments and tools, and pre-saturated
wipes for hunters’ knives or sampling probes. In addition to the other benefits of EALCs over traditional
decontaminants, the solutions are also non-flammable, produce no toxic chlorine gas at working
concentrations, and generally do not require extensive safe handling measures, broadening the possibility

of uses outside high-containment laboratories.

Finally, the same oxidative and alkaline actions that disrupt bacterial membranes also oxidize methionine
and tyrosine residues, cleave disulfide bonds, and destabilize the B-sheet-rich fold of PrPS¢ (Sakudo et al.,
2024). Bacteria and prions can both persist in the environment, often sharing the same contaminated
surfaces, soil, or water sources, particularly in agricultural, wildlife, or food-processing settings. If an
EALC can inactivate both, it offers a more universal tool for decontamination, capable of addressing
multiple hard-to-remove pathogens in a single treatment. Overall, EALCs provide a novel avenue for the
environmental decontamination of pathogens that routinely survive conventional disinfectants, proving

their practicality, while being an environmentally friendly alternative to classical decontamination methods.
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