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Abstract

Neurodegenerative diseasmused by prions afflict both humans and animals, and result
from conformational conversion dfie cellularprion proteinPrP-, coded for by th®RNPgene
to anisoform calledPrP. The infectious agent of PfPassembles intaggregatetructuresand
cancontinte the conversion of PfPsubstrate into the diseasausing formAggregation of
PrP*¢ causes neurodegeneration aedironaldeath However to dateeffective therapeutgare
lacking We set out to attenuate prion disease by modulating expmemsi processing of PrP
with the rationale that if the substrate for B either absent, or is in a neonvertible form,

then prion disease progress would be impeded.

In a first approachwe utilised CRISPR/Cas9 technology to knockRINPgene
expression through a figene dri veomeddtedaditsegy. G
to be passed on to offspring in an enhanced manner, essentially changing edited genes from a
heterozygous state to a homozygous state in all progeny. Walynikesigned guide RNAs
(gRNAS) to target the coding regionBRNPso that Cas®hduced edits would preclude the
production of PrPand generated expression plasmids encoding these designed gRNAs and Cas9
endonuclease. We used the T7E1 mismatch assajtbgether were not able to detect editing
events in the selected cell line. We infer that the complexity of targeting, low transfection
efficiencies, and restricted sensitivity of editing assessment would have to be overcome for the

development of a gerdrive for animal prion diseases.

A second approacto attenuate prion disease is modify PpPoteolysis Following
posttranslational modification PrRan remaininfud engt h form (FL) or <can

c | e a v adgeavage,rgenérating the C1 or @&giments, respectively. Unlike FL and C2 PrP,



C1 fragment cannot be converted toPsPo i n c rcd eesaivragy eU o «tleadages r e asi n g
could slow disease. We therefore performed a compound library screen to iderftify PrP

proteolysis agonists/antagonistising RK13 cells expressing Prive screened a Tocriscreen

plus mini library and measured Pritagment levels; we initially identified a total of nine

compounds that modulated Préteavage, seven of which increased C1 fragmentation and two

that decreasd C2 fragmentation. However, upon retesting to derive-gesgonse curves,

variability in fragmentation level confounded successful identification of a potential therapeutic

modulator of PrP cleavage.

Lastly, a third approachused a candidate drivemsat egy t o i elavage fy put
pr ot e-®Passs). Based upon the performance of Camostat mesylate, a genestas@on
specific) serine protease inhibitor and gene expression profiles we identified six type Il
membrane proteases as candidafesnsfecting protease expression plasmids in the presence of
PrP* substrate, TMPRSS1 (Hepsin) and TMPRSS2 were notable in lowering the amount of both
FL and C1 PrP. These two proteases exerted similar effects on other GPI anchored proteins such
as Shadoand Doppel (members of the PrP superfamily) and T;ipese data suggest a

pathway affecting biogenesis of G&hchored proteins that warrants further exploration.
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Chapter 1: Introduction

1.1: Prion disease cause, pathogenesis, treatmén

1.1.1: Discovery and initial characterisation of the prion protein and disease

Spongiformencephalopthes, transmissible dementias, and slow virus diseases are
previousdescriptorf prion diseases group offatal diseases characterised by
neurodegenerative conditidn®raeinaceousnfectiousparticles the origin of the worgbrion,
were nitially elucidated as the causative agent of scrapie, a neurodegenerative disease afflicting
sheep and godtsScrapiein sheepwas known in European agriculture fanturiesbut the
agent of disease was thought to be virusreJdteein ce t he ter m3Bronsow vi rus
were shown to be resistant to nucleic acid inactivation and sensitive to typical methods of protein
deactivationsuch as boiling withhe detergensodium dodecyl sulphat{&DSY* With the
causative agent of scrapie determined to be proteinaceous in, fatilner enrichment ah
purification resulted in identification of a protein between 27 and 30 kDa in size, subsequently
designated PrRPfion Proteiny®. A relatedcellular isoform of PrPRrF-) found in healthy tissue
was shown to be neinfectious and distinct in molecular properties to the infectienis®
(scrapie prion proteiff. We now understanérP>°to be the infectious agent causing a cohort of
neurodegenerative conditions in both humans and animaldir$theuman prion diseasés be
recognised includkuru, GerstmanstraussleiScheinkeisyndrome (GSS), and Creutzfeldt
Jakob disease (CJDand are described in greater detail bélovne animals that demonstrate
prion disease have extended beyond shegpisctoincludecows with bovine spongiform
encephalopathy (BSE), cervids with Chronic Wastlisgase (CWD), and mink with

transmissible mink encephalopathiaturalprioninfections, which typically originate from a



food borne or environmental sourcan bedescribed as havirtfiree distinct phasesnitial
infection and peripheral replication, neuroinvasion (migration from periphery to the central

nervous system (CNJ)and then neurodegeneratitin

1.1.2: Human Prion disease presentation, progression, and phenotgp&ctrum

Human prion diseases can be split into three etiological subtypes: inherited, acquired, and
sporadié. Clinical signsacross the rangsf human prion diseaseontain inherent heterogeneity
with the consistent core featurerapidly progressivecognitivedecline leading to dementfaln
terms of histological tissue analysise common features aspongiform

vacuolation/degeneration, neuronal loss, and agtooagtivatiort?*2
Acquired prion disease

Acquired prion diseases include kuru and iatrogenic CJD (iGlifgases which
originate from the consumption or inoculation of human pdontaminated materiat? Kuru is
afatal neurodegenerative disease found solely in the ForenrPapua New Guinéé Clinical
progression of disease can be categarinto three distinct stages: ambulant, sedentary, and
recumbent (with mextended terminal stafé) A prodrome of headache and joint pain typically
mark the subsequent onset afdmotor ataxi&. The progressive cerebellar ataxia that follows is
ultimately fatal, albeit wh some reported fluctuations in clinical ort$ét> The neuropathology
of kuru has fundameat features that are congruent with all prion diseasegronal
degeneration, vacuolation, astrocytic proliferation, and spongiform cHangesddition, the
subjects have "kurulgques" which are striking amyloid deposits that stain with Congo Red dye
to give green birefringené®!’. These histopathological changes are predominantly found in the

cerebellumwith otherbrain structuresand spinal cord still exhiting feature&®. The infectious



agent of kuru was transmitted through the practice of transomfaiannibalistic consumption of
deceased kinfolk) aneh turn, the intraspecies recycling of prions within the spedgregated
community amplified both the disease and disease ‘ajewith the ending of endocannibalism
in the mid1l 9 5 ,@ases of kuru dropped over subsequent decaatbsthe last case occurring

in 2005418

latrogenic CJD is the result ofoculation toprion agents through medical procedures or
treatment¥. The majority of iCJD sources are from human cadavers in which the pituitary
hormones or dura matter were harvested and injected/implantda method of inoculation
dictates the clinicabnset of disease with intracerebral having expected shorter incubation times
than peripheral (months/years versus decad&s$jurthermore, the presentation of disease for
intracerebr al i nocul ation presents as O0cl assi
peripheral similar to kuru (progressive cerebral atdtfalCurrent practices, such as improved
infection recognition and dinfection of surgical tools, have alloweat the practical elimination

of iCID™.
Inherited prion disease

Inherited prion diseases can be categorized into three phendgpésl CJD (fCJD
but now often referred to as genetic CJD, g dkerstmansStraussletScheinker (GSS), and
fatal familial insomnia (FF#. All of the abovementionedohenotypes have the same causal
root, autosomal dominant mutations in tpen reading frame (ORBf PRNP(coding region of
PrP), resulting inthe conversion of the cellar prion proteinRoP>¢2°?1 A wide variety of
mutations have been linked¢@JD, such apoint mutations€.g.,E200K), STOP codon

mutations €.g.,Y145X), and insertion mutatior{ectarepeat insertior?y. It can be dficult to



clinically distinguish €JD from sporadic CJD (sCJD) and thesnfirmation through genetic
exploration ofPRNPis neede®. GSS is characterised by a slowgressg ataxig ending with
dementia/cognitive declifé®. Even though therarea variety of mutations found faroducethe
phenotype of GSShe most common cause is the point mutation at codon 102 of a proline to a
leucine (P1021%%%° FFI presents as untreatable disturbances to thesigepcycle, insomnia,
hallucinations, and autonomic/motor dysfuncfi®#?2X The genetic mutation that gives rise to

FFl is D178N when segregating with methionine at cod@®9 if a valine is present at codon

129, the clinical diagnosis is typicallgCJD??2
Sporadicprion disease

Similar to inherited prion disease, sporadic disease also exhibits phenotypic
heterogeneit}$. Sporadic CJD (sCJD) is a rapidly progressive dementia, in wle&th occurs
within 2-3 months of disease onsahd accounts for approximately 80% of CJD caSes
Initial symptoms include abnormaés in slee@ndbehaviour cognitive deficitsgventually
progressg to ataxia and myoclonuthen finallyakinetic mutism and dedth'2 The phenotypic
range of sCJD is dependent on the genotype of the codon at position 129gMI\the size of
the PrP>¢ fragment*®. Investigators based in Italy and the UK proposeahaombinations
have their owrdistinct pathogenesis and presentgtiamd with slightly different classification

scheme¥2,

1.1.3: Animal prion disease presentation, progression, and phenotypic spectrum

Scrapie

A wide range of aninma present with prion disease; with the first identified being

scrapié. Scrapie isa naturally occurring disease that has been reported across the globe afflicting



sheep poducing regions albeit originating from the UK and continental Edrdpachieving
consensus onoevldwide incidence rates &aroven to be difficult to calculatas clinical

diagnosis and knowledge of disease can be lacking outside of countries with sufficient diagnostic
and teaching resourcéé®. In 2019, within the EU, 821 cases of classical scrapie were found in
325,386 sheep tested (0.25%), and 517 reported cases of 138,128 goats tested’{#5.3196)
name derivation andrinary clinical presentation of scrapieitehiness (pruritispf the animal

in which they compulsively scrape against the environment removing fleece in the Process
Other clinical signsncludebehavioural changeg.Q.,removing themselves frothe rest of the
flock), tremors, motor abnormaliti€s.g.,change in gajt and ataxi&"?". Acquisition of scrapie
disease irsheepappears to be through tloed route of exposure to th@ion agentwhere early
propagation occurs in lymphoreticular tissues befoeeventual spread to the central nervous
system (CNSY. Susceptibility to scrapie is dependentmissense polymorphismethin the

PrP geneoding sequencenostnotablyat positions 136, 154, ardd1282° The VRQ haplotype
(i.e., V136, R154 and Q171) is considered to be the most susceptible, but ARQ (the most
common genetic variant), can still develop scré& In contrast, the ARR haplotype is

resistant to classical scrapie, but is associated with anditfearse of sheep called Nof®8,
Bovine spongiform encephalopathy

Bovine spongiform encephalopathy (BSEdmmonly referred to avad cow disease
was originally characterised in 1986 as a novel progressive spongiform encephalopathy afflicting
cows3%. By 1988 a major epidemic of over 195,000 cases was experienced in theithK
cases also occurring in continental Euraggdrapolatory aalysis estimate that thmumberof
infected cattle tot&d several milliof*2 The disease origin is from cattle being exposeiti¢o

prion agent in supplementary feed containing contaminated meat and bone meal (MBM), and in



turn recycling of the agent into feed and the cattle popuf&tiéThe dinical signs of BSE are

like scrapie minus the pruritugnitially presenhg asbehavioural abnormalitiesuch as,

difficulties in locomotion, and atypical sensations (increased sensitivity to sound and touch)
beforethe onset oftaxia and death®> As per prion diseasén generala wide variety of

clinical symptoms can bencountered; some heterogeneities can be attributed to three varieties
of BSE (classical, #type and Htype)3!342¢ The only direct confirmation of BSE is through the
neuropathologic signs of vacuolation and immigtectionof PrP°c, with the latter technique in

western blot format distinguishing the G,and Htypes! 3436
Variant CJD

In 1996, a new form of CJD was reported in humans, variant CJD (¥CID)D is an
acquired zoonotic prion disease caused by the BSE agent present in contaminated beef and beef
product$®3°. vCJID diverges ithe clinical pathology from sCJEheonset is at an earlier age,
florid plaques are seen in the brain, @hdre is a slower progressitmdeath (14nonthaverage
versus 5 montA¥37-38 In nearlyall confirmed casesf vCJD, where genetic testing was
performed methionine is homozygous at codon position 12BRNP, with valine at position
129thought to attenuate the appearaoteCJD*®4%42 The dsease incidece has decreased
since the initial peak around 192900 due to praates eliminating exposure of the beef food

chain to the BSE agents (ban of MBM added to ruminant f&&tf}
Chronic wasting disease

Chronic wasting disease (CWD) is a prion disease afflicting cervids (f&aiydae),
with the first reported casen t he | at e ink&fve rduke deedocoileusi n g

hemionu¥*“¢ The presntation of CWD in tissue distribution, horizontal spread, and



environmental contamination is similar to scrapithoughwith enhanced horizornta
transmissiofr. CWD has had a very rapid spread in North America with 24 statee United
States,and 2 provinces in Canada (including Alberta) having cases of CWD in free ranging and
captive populatiorf$*8 Outside of NorthAmerica, there has been reported occurrence of CWD
in South Korea which has been attributed to importation ofti&imilarly, affected reindeer

and moose have been described in Scanditfaviahe epidemioloigal origin of CWD, either

in North America or in Scandinavihas not been elucidate@nehypothess suggestthat
spontaneous conversion of cerAd® to PrP° occurred(i.e., a sporadic origin), while another
suggestshat ascrapie straivariant arse in affected sheep and then spread to cépvidsthe

early and median stages of disease pathogemésisal symptoms can behallengingto

decipher from cervid seasonal changes/behavibudsice in the observed clinical state of
diseasecervids exhibit behavioural changes like isolation ftbmherd, depression, lowering of
ears and head, and weight [§88%°2 Other symptom#nclude teeth grinding ¢dontoprisi3,
excessive salivation (sialorrhea}axic head tremors, regurgitation, and polyuria/polydipsia
(excessive urination/thiré®%°2 Progression to the terminal state of disease can last weeks to
months with the final clinical signdeinglack of awareness, repetitive walking of enclosure
perimeter, and a fixed stafeThehistopathology is generally undeviating from othaimal

prion diseasedesionsareseen in grey mattealong withdispersed spongiform vacuolation,
neuronal degeneration, and presence of amyloid platjTies differences observed between
cervid speciesanbeattributed to strain selection Ingissense polymorphisnag codon 226 of
PRNP*. Glutamine is seen in deat position 226whereas elk have glutamate, which resint
divergent time to death post inoculation and immunohistochemistry pféfie$hepotent

horizontal transmission of CWD in both captive and wild populations is a result of prion agent



shedding and environmental pistence™>’. Peripheral tissues of CWD infected cervids have
substantial levels of infectiol®&PS with the symptomatic shedding of the agent through
polyuria,excessive salivatigmegurgitation, and decompositidhe environment becomes
contaminateavhich allowsfor the efficient horizontal transmission of dis€¢&se&>’

Furthermore, the resilience of the prion agent to degradation by conventional methods (heat,
proteases, and chemical disinfectants) holds true to inadequate environmental degradation and
therefore,shedCWD prions carpersist in the environment perpetuating infection within cervid
population$>°8. To datethere has not been a reported zdmntwansmission of the CWD prion
agent to humangut somein vitro studies have shown that human Banbe converted ta

misfolded state by CWD prionghus caution must be exercised with handling of CWD material

and consumption of untestedrvid materiaf.

1.2: Structure and function of the cellular prion protein

1.2.1: Characteristics of the cellular prion protein

Genomic location of the PRNP gene

The cellular isoform of the prion protein is encoded for byRR&Pgene which is found
on chromosome 20 in humans (chromosome 2 in naiceis significantly conserved across
mammal&®%2, Paralogous genés PRNP, SPRNandPRND, arethe othemembers of the
mammalian prion gene family and encode shadoo (Sho) and doppelré3pBctivel§®. A
scheme habeen proposed linking the prion protein family to a common ancestor, a member of
the ZIP (Zrtirt-like) metal ion transporter famf§f PRNPconsists of three exons in which the

open reading frame (ORF) is in exof.3



Primary to tertiary structure ofPrP¢

PrP* is synthesised as a2&mino acid precursor protein (human numbering) with C
and Nterminal signal sequencéSigure1A)®. The fina] mature protein consists of amino acids
23-231 from the original precursor prot9ft®’. The Niterminalsignal peptide (residues2R)
for processing in the secretory pathwagleavedoff duringtranslocation across the
endopasmic reticulum (ER) membranand the 23253 peptide isleaved off commensurate
with the ligation of aglycosytphosphatidylinositol (GPI) anch@Figure1B)®®®’ The GPI
andor tether®rP to the outer membrane of the plasma membrane cell surface, Wikeis
typically localise®®. In terms of posttranslational modificatiod®&P" exists in three forms

within the cell unglycosylatedmonacglycosylated, and eylycosylated with the glycosyl groups

A P o-cleavage Shedding
N2/C2 N1/C1 N3
| i |
R Vg I
| Y J
Octarepeats Glycan Glycan

(181) (197)

B Bcleavage *Cleavage Shedding
N2/C2 N1/C1 N3

1

| i

ooTTTTTETT TS 1

1 1

a2 a3
\ [ J

Octarepeats Glycan Glycan

(181) (197) GPI

Figure 1. Schematic representation of PrP¢ precursor and mature protein. Structural features (solid
lines and coloured boxes) and cleavage sites (dashed lines) of PrP¢ . SIG, N-/C-terminal signal
peptides; HD, hydrophobic domain; GPI, glycosyl-phosphatidylinositol anchor. A, PrP¢ precursor
protein with attached signal peptides (Amino acids 1-254). B, mature PrP¢ protein with signal peptide
removed and GPI anchor attached to phospholipid bilayer.




attachedo asparagine residues 181 and®19% Thedomainstructure ofPrP remains

remarkably conserved acrassmmaliarspecies; the Merminus is flexoly disordered, and the
Cterminus has a gl obul ahelsitcest-sttawe cOmMesi st hng
interconnecting loops, and a disulphide bond between residues 179 dhtf. ther features

include an octarepeat region consisting of five sequential repeats of the sequence PHGGGWGQ
(humanPrP with the first repeat omitting the histidinayhich can bind copper (tbugh

interactions with the histidine residyesge beloy and a conserved hydrophobic domain

involved inPrP dimerizatiori*®, The mature protein is summarisedrigure 1. Although

expression oPrP is found in many tissueshe highest levels are found in the CNShePrF

levels increasover development and peak in early lifgth a slight eclinebefae

adulthood®>"87®
Proteolytic cleavage dPrP¢

Following formation of the fullength mature protejriPrP can be proteolytically
processed -ByP®s @ apaeavhge betaeen tesidues 110 and(hiiinan
numbering) of PrPresulting in the designated @hembrane anchoredhd N1(soluble)
f r a g mePrPase c¢leaves between adjacent His and Gly residues within ttepeataegion
resulting in CAmembrane anchoredhd N2(soluble)fragmentgFigure 1§°%2 Alternative
cleavage sites within the hydrophobic domain have also been implicatédlé&mavage ané-
cleavage in systems using recombinant protéifife exact proteases that perfddm and b
cleavage havaot yetbeen fully elucidated. Studiéisst implicatedA disintegrinand
metalloprotease (ADAM), ADAM 10 as@r i mar y ¢ a n-BrPadaaith the poofeolytich e U
cleavage being constitutive or regulated by protein kin&%& Gowever, other studies found

that ADAM10 knockout did not lower the amount of N1/C1 present in cell culture or knockout
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mice’®858¢ ADAM10 is most likely a sheddase, a protease that leads to the shed@ir§ of

following maturation; shedding occurs between residue 227 and 228 (mouse numbering)
removing the GPI anchor and three adjacent residues which releases a fragment referred to as N3
into the extracellular mediuth®®®” The location of wherg-cleavage occurs in the central

region of the protein is also under debate and scrutiny; both a late compartment of the secretory
pathway independent of lipid rafts, and an acidic endocgicpartment have been

proposed®. The putative function of the C1 fragment has not been surmised, however it
demonstrates a neuroprotective function against prion disease and when generated in excess, it is
protective against accumulationfP°, and can signifiaatly increase time to disease

onsef*°%91 The neuroprotective aspect of C1 cleavage can also be extended Besfénd
accumulation, as the correspondindgexminal fragment, N1, has been shown to alleviate
neurotoxicity of amyloid beta (8) oligomers; furthermore, increased levels of C1 production are
seen with neurological strenuous circumstances, such as morphineawaft®3 The

neuroprotective aspect bfcleavage fragments in addition to the fact that C1 is the predominant
form of PrP in cellular pools, suggest that elucidatiob-ofeavage can allow for the production

of therapeutics impacting not only prion dise&sdscleavage derived C2 is longgan C1 and

in turn, does not demonstrate the same dominant, negative inhibifRsf®6ccumulation as it

can be converted to the prion disease 8g&hb-cleavage is dependent on the presenceubf

and reactive oxygen series (ROS) and seems to react to oxidatige $¥r&mnall amants of C2

fragment are found physiologically in the bt
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1.2.2 Functions of the cellular prion protein

Knockout models of prion disease

PrP* is implicatedin severaphysiological functionsather thara signaturesingular
process. One of the key assessmeniBf function is when wildtype prion protein production
is comparedo that of a knockout mouse. The first established Zurich 1 andANguknockout
mouse lines were derived using gene targeting strategies and had no developmental or behavioral
abnormalities attributed to the loss of the cellular prion prtéi Several more lines of
Prnp”®mice have been establishémweversome ofthese subsequent lineages identified
repercussions to ablatif®RNPwith the mice develdpg late-onset ataxia®1%2 This effect was
subsequently attributed downstream activation tiie neurotoxic pri@in Dplby alternative

splicingt®*1%, The issuédas since benrectified usingthe Npu or Zurich Il linesof Prnp®®

mice'%?,
Stress protection an@rP¢

A commonhypothesis for the function &frF* is to protectagainst oxidative stres
Cultured neuronal cells frornp”® mice were more susceptible to agents inducing oxidative
stressand Pri®° mice had increased levels of oxidative stress markers in thé®r&
Furthermore, studies show that lesion damage is increased under ischemic and hypoxic
conditions (conditions causing neuronal tiethirough oxidative damage) Rrnp®© mice
compared to wildtypethis again suggesPrP- plays a roldn alleviating oxidative stre$% 198 A
proposednechanism is tha&®rP- acts to modulate enzymes that conRE@S into less toxic
products as levels of superoxide dismutase (SOD) and glutathione peroxidase are lowé&fin PrP

mice and cell lin€$§%112 This hypothesis is not without its cavedtsweverassome studies
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have shown that the coppeependenSOD activity does not increase in PfRissues such as

thespleen, heart, and brata!4
PrPC is a copper binding protein

It has been observed that anothetential function oPrF is in the homeostasis of the
metal ion Cd&", with the histidinecontaining octapeptide repeat able to bind four copper ions
with ahigh affinity’>''> Futhermore, copper is able to conformationally change the disatder
N-terminal domain oPrF* at the celsurfaceallowing for three distinct coordination modes for
binding''®17 It has been suggest#tht the binding interaction jshysiologically relevant in
cells, as copper is able to stimul&@e* endocytosis (via clathrinoated pits}*811° Moreover,

PrF* serves as a recycling receptor forQeuptake, protecting cells from oxidative stress from
excess Ctf 111115 However there is contradictory evidendesplaying thephysiological

relevance of CtfandPrP binding interactiosin vivo (as all studies demonstrate the interaction

in vitro). Examinations into the metal ion content of wiyghe, PrP°, and Tga20 (1@old PrP
overexpression) mice were unable to find any differences in the whole brain or other subcellular
fractions and thePrP mediated C#' internalization only occurs when levels of Care

significantly exceeding the physiologiaancentration'$!114 Studies looking at the influence of
copper and zinc ions on the tertiary structure of Pive found that the ions are able to drive
interactions between the-fdrminal to the @erminal donains, which are weakened with disease

state point mutations and strengthened in protective mutida's
PrPC aids in neuronal function and maintenance

There have been reportsfiP aiding insynaptic function and myelin maintenance. In

PrP® mice (Zurich | and Npu micedlemyelination occurs ithe peripheral nervous system
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(PNS) leading to a latenset periperal neuropathwith conduction velocity changes, however
with noovertclinical symptom&2124 With ablation ofPRNP, a chronic demyelinating
polyneuropathy (CDP)n neuronss observed and can be in turn rescued by nespeuificPrP°
expressioft, Researclas shown that the-drminal region ofPrP* interacts with aarticular

G proteircoupled receptor (GPCRBprl126 within Schwann cellpromotingmyelin
homeostasi€®. Furthermoresomepatients suffering frormultiple sclerosis (MS), an
autoimmune disorder in which clinical demyelination occhase lower levels dPrF-
reiteratingthat neuronal expression BfF* is crucial for myelinhomeostasi€®. In addition,

PrF* is related tosynaptic function, growth, struetey and maintenanc&udies show that within
neuronsPrf is predominantly localised ithe pre-synaptic terminals and axdA&'°. During
neonaal mouse brairdevelopmenthigher levels of localisedrP- are seen alontpe axonal

fibre tracts implying thatPrP* is contributing to axonal elongatipalsowith addition of
recombinant PrP (recPrP) to cultured rat hippocampal neuaaignificant proliferation of
dendrites, axons, and synaptic contact o¢étits Moreover, inPrnp”°mice, hippocampal
reorganisation transpires with mossy fibres taking a form resembling epilepticndaskes

corroboragsthe hypothesis tha&rP is vital in typical neuronal organisatiti
PrP¢ and thepathogenesi®f other neurodegenerative disease

Anotherclosely studiedinding interaction oPrP is with A b g peptide that
accumuléeesdur i ng Al z hei nileroughghe dctios di-aasdgsecretabes
(endoproteases) on thenyloid precursor tein (APP)*33. PrP is one of the several cedlrface
proteins that have nanomol ar b ndAPPgdecgoes st ant
bcl eavagechgt Hse 1 to produce s APPDbDgseceetaser ag mer

resul ting °©. 8tudidsbhavp shown ih@téiss abl e to acti as an i
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secretasé; PrP overexpression inhibited the cleavageA#P and in turndecreased the levels
of ADb pepti de $€ Funhermad, dinvdrsa corretatioh éxists betweerP-

l evel s and¥Adoncldsopsaveré initially made that increaesF levels would in
tumpr ot ect or r ed yancthetefoeeould medoakad at as & tre#rbent for AD
136137 Having said thatnore recent data has questioned this ratioalgnetic ablation of
PRNPIn transgenic mice expreagi human wildtype APP did not change the amount of APP
proteolysis and in turthea mount of ®pOtheéragsearsh ekhibitaldat in

transgenic mice encoding familial AD, cognitive impairments were only presentRvRewas
expresseqif PrP° was not presenfAD would progressbut no detectable impairment in spatial
learning and memonywas demonstratétf. Furthermore, it has been suggested that the binding
interactonsb e t we e n Prik &ctivates dFyn kinasevhich is able to hyperphosphoryldsay,
accelerating AB*. A recent study has shown that soluble aggregatesiandJ-synuclein
(protein misfolding monomer of -infrobiliked ArB and 6 s
mouse cortical neurons in a fashion similar (Binding to the same #&rminal sites)*.
Additionally, it was demonstrated thatP" is needed for the toxic function ofbAtau, and}*
synucleirt*l. Altogether the evidence oPrP interaction with the disease progression of AD is
inconclusive asstudies have shown both alleviation an@ggeratiorof AD phenotypes
Regardless, the conclusion tiaP- has some function and physiological relevance in AD can
be made and substantiated, whether that be negatively or posiéilgeof note, the studies

above rarely considered the properties of different metabolically stable fragment§.of PrP

15



1.3: The disease state of the prion protein

1.3.1: Information transfer in prion disease does not follow the central dogma of molecular

biology

The pathogenesis of prion disease stand from every othetransmissiblaliseaseas
the agent of infectiodoesnotcarrya nucleic acidyienomé2 It is a proteirstructure(PrP>9
which embodies information for the pathogenic processisathle to convert the nanfectious
protein PrP) into the infectious agent forming an extended fibriPo*° monomer&* In other
words,information transfer does natlfow the central dogma of molecular biolo@e.,
information flows from DNA to RNA to proteii}>. DNA does not code fastructural
information inPrP, yet PrP*¢is able to coercBrP into a new secondary,rtery, and
quaternary structus&®. To begin tounderstand this information transfer and disease

pathogenesjghe proposedstrudures of PrP*® must first beconsidered

1.3.2: Proposed structures ¢frPSC

b-solenoid model oPrpPse

Initial studies usingrystal electron crystallography, lesgsolution fiber diffraction, and
atomic force microscopy suggested tRac exists in a lefh a n d-ketical Btructur&®147
Using cryeelectron microscop{cryo-EM) and 3D reconstructions ahchorles®rP°¢ (deemed
PrP 2730, reflecting the protease resistant core and short connecting loegEdfa low
resolutionstructure has now been determined to be atioog b-solenoid( 4 R bw@h each
molecule to have a predicted height of ~172*?A*:14% X-ray fiber diffraction ofPrP* amyloid
fibrils confirmed both th& R bsBucture ad the 19.2A beta sheet structure of individBe*

monomers within an amyloid fib#®*>¢ Corroboration of thé R bsBucture can be found
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within studies exploring the biochemical and biophysical trair&f. Using mass

spectroscopy analysis of hydgn/deuterium exchange on brgierivedPrP, it was found that

theGt er mi nal prion Ocor eééeldaresitadoad shortb vi rt ual |
interconnecting loops/turtd. Fourier transform infrared spectroscopy (FTIR) and circular

dichroism also confirm the overwhelngib-sheet and loop content BFF*¢ demonstrating that

PrP¢is 436 1 %shéetand the resareloops/turns with i t t | elicalacontent?*5¢)

Overall its suggested thatP27-3 0 i s a mi xtur e ( sslpeptsamk i mat el y ¢
loops/turn$*®. Moreover, the data presented from limited proteolysRrBfr e i nf orrces t he
solenoid structurePrP°¢ wasshown to be proteinase K (PK) resistant, and this feature is

explainedby t he ¢ o mp a esblenoichcore anthetight loop strueturd'® Research

has proposed the concepat PrP° retains some of théomainstructure of the corertedPrP;

theGt er mi nus is the PK r esi sisdencidcardthgrieggon and cor
allowing for amyloid fibril formatior, whereas the natively disordereetdfminus is not altered

in PrP¢formation and remains susceptible to brspdctrum proteasts45
Parallelin-r egi st er i nsheetrmodell ecul ar b

Another postulated theory 8FP°¢structure is teparallelinr e gi st er i <Nt er mol e
sheetmodel (PIRIBS) in which individugPrP°° monomers stack on each other in a perfectly in
register mannér®. The PIRIBS modelvas initially thought to be incgmuentwith the xray
fiber diffraction and cryeEM data, specifically the height measurements establishedhand
stacking of individual meomers ignoring stereotaxic hindrances of the glycosylated side
chaing*6-148.157 However, followingin silico molecular dynamic (MPsimulations placing ti
antennary glycans on theliked glycosylation sites, the PIRIBS model does not have any

steric hindrances which was further corroborated through modeling based on a newly resolved

17



PrP amyloid structuf&®%®. Moreover, a recent study has derived the structure of the core region
of PrP¢ from brainderivedPrPfibrils through cryeEM to a resolution of 3.8%% The study
demonstrates th&rP> from the 263K prion strain with the full complement of sugars and GP!I
anchor forms a PIRIBS structure with proposed quintessential features such as the hydrophobic
iGreek keyo mdrsynhuclein), amiddbarem(residiues H12568 forming a

major hairpin), and a disulphidearch (between residues C179 and C#£4¥%2 In this new

structure, the disposition of thelked sugars is distinctly different from early models that

suggested steric clashes.

1.3.3 Conversion ofPrPC to Prpse

The wayPrP*° convers PrP* to the infectiousigent remained gquestioruntil recently
where molecular dynamic work was performed utilising theaXfiber diffraction and cry&M
datgand physiological/ steric constraints. The p
solenoid coe of PrP°® has at least one free and accessible rung which can act as a template; an
unfolded or partially unfoldeBrP molecule would be able to bind to this templating rung and
inturnunder go conver sion i ntsdenad compla withdsowrfred e f ou
templating runéf®. The proposed theory has been found todrapatiblewith the MD
simulations yielding a transition pathway in whichthé¢ @ r mi n al -solemogl startf ast he b
the initial conversion site d*rP° 13 The unstructured f&rminus ofPrF is able to bind the €
terminal rungfollowed by a cascade of conformational transitions resulting in templating rungs
converting the next section BfF* to the eventua@PrP>¢in an amyloid fibef®3. The MD
simulation adhered to all steric hindrancas well asestablising that the conversion happens in
a heado-tail manner, another question common to the conversi@mrfto Pr/- 145163 A

recent study suggested that the method of replication within the PIRIBS model is through a
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conformational change of thet€rminus, which becomes undistinguishable from the fourth rung
of tstod elhoi d model , and i n-solewidtemptatmgconversom i ous | vy
occurs (it must be noted that the authors believedina fidestructure of PrE*to be that of the

4 RDH'Y)

1.3.4: Transmission barries to prion disease

Currently, the only transmission of prion diseaséntonans is through acquired meaas
shown byiatrogenicCJD, kuru, and vCJD, with only BSE prion demonstra@mponoticorigin.
Even thougtPrF* is generally well conserved between animatia spread oPrP* between
species is not edg facilitated. Thishas previouslybeema | | ed t he O0transmi ssi
p h e n o méheratransmission is dependent on the degree of similagtween the donor
PrP°¢and the host PP%415 As the pathogenesis of prion disease revolves around the structural
change oPrP to PrPc, the transmission barrier would almost certainly be due to structural
differences in host prion protein to prioneag. Initial evidence using transgenic mice expressing
both hamster and mouse Rdend thatdepending on the inoculum (hamster or mouse prjons)
the mice would synthesize the corresponding prions demonstrating that the specificity of
conversion is dependaon the primary sequence of the hostP#® In addition, the generation
of rabbitmouse PrP chimeras were able to confer infection of rabbits intracranially challenged to
PrP¢ (a process that rabbits are resistant to), reiterating that regions“afgedhdary structure
are essential for PPPconversiort®”:1%8 Furthermore, general susceptibility of any animal to
prion disease is linked to the secondary structureréf, be it VRQ/ARQ/ARR haplotypsin
sheep scrapj@r codon 126 (E/Q) in cervié&®. Bank voles show little to zero resistance to
prion transmission being highly susceptible to human, sheep, mouse, and Ipaims¢ethis is

linked to the presence of isoleucine at the polymorphic codon 109Miihe aforementioned
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MD model ling demonstrati ngPRIBSEmodeisafsFFcl i t y of
structure could lead to clarification of the transmission barrier of prions between species; the
model can be used test the templating efficiency and tolerance of RoBt¢ to thePrP*

substrat&®1%3 With the rise of CWD over the last few decades question of posdib

zoonotic transmission remains a concdim date there hae been no reported cases of a human

developing CWD, and several studies have shown no evidence of transroigsatilities®.

1.3.5: Diagnosis and teatment methods for prion disease

Diagnostic tooldor prion disease

Since prion disease progresses quickly and with mostsieethrringafter only afew
monthsof observable clinical onset diagnostic tool able to detect disease before symptomatic
onset is crucial in treatment. Initial diagnostic somppliedpostmorteminvolved western blot
detection, enzyménked immunosorbent assay (ELISA), and the conformatigpmendent
immunoassay'*’® These methods came with procedural caveatteolytic removal oPrF°
wasneeded, only denaturéP>° wasdetectedand there wapoor antibody discrimination
betweerPrP andPrP>°10171 Moreover, theediagnostic tools can fail to determine the presence
of prion diseaseasPrP°°levels are not always detectable in some stages/types of disease
false negatives}>1’3 The limits of early prion disease diagnosis/detection have been rectified
through the development of prion amplification techniques. The most widely used amplification
techniques are protein misfolding cyclic amplification assay (PM@AJ reatime quaking
induced conversion (RQuUIC)"4 PMCA allows for the rapid conversion BfF- to PrP*° while
utilising: anexcess oPrP°, minute amounts d?rP°, sonication of aggregated unitsrf>c,

and a cyclic pattern of growth, sonication, and amplificaffoiRT-QuIC is similar to PMCA
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except it uses shaking instead of sonication, bacterial synthesised recPrP instead of brain
homogenate, a multiwell format, and a reale fluorescenteadoutwith a generic amyloid dye,
as opposed ta western bldt®1"” Utilising thesetechniques, it is possible to detect prion
seeding in a wide range of tissifesds such ascerebrospinal fluid@SH, nasal fluid, brain,
blood, urine, spleen, milk, and liver, eviéiseeding levelareincredibly lowt’’. These two
techniques have also been adapted and utilisatidatetection of CWDwith a recent study
utilising RT-QuIC to detect prion infection from ear pinna punches of asymptomatic-tefiiel

and mule deéf817®
Anti-prion compounds

In terms oftherapeutic$or prion diseasgthere are three avenusattenuatérP~°
productiort PrP* reduction,PrP¢ disaggregation, and inhibition 8P to PrP conversiof’.
Initial studieslooking for prion therapeuticexploredpolyanionic compounds and
amyloidogenic dyes, as they were able to gtoptro conversion and thughibit the
accumulation oPrP°17:181 Congo ed (CR) is one of the originally identified dyes that was able
to inhibit the accumulation d?rP°° however,as with other polyanionic compounagas only
effectivein cell culture modeldn vivo, CR provedtoxic and had poor efficacy and
pharmacokinetis (e.g., wasinable to crostheblood-brain barrier (BBB)}®?184 Due tothe
limitations of compound acassibility (crossing the BBB) and toxicity, endeavours moved to
identifying a compound that had shown human efficacy and an appropriate safety profile, thus
quinacrine was identifi¢d>. Quinacrine, ananthna | ar i al drug uywasghowsi nce t
to be a potent inhibitor d?rP* formation in cell culture, and due tiecades of previous use,
clinical trialsbeganquickly following compound identificatioli®1®> However, no significant

changsin survival rates between the control and experimental gneaps found andso
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quinacrine was halted as a potential prion distem@peutit®®!®, An identical result occurred
with doxycydine; the previously used tetracycline was effective in inhibiting the accumulation
of PrPin cell culture but in human clinical trials demonstrated no significant change to patient
survival timé®1% Altogether cell culture models haviedicatedcompoundshatare able to

inhibit theaccumulatiorof PrP°¢(especially for ndent prion sains), butunfortunatelyare poor
predictors of whamight be effectivein vivo, especially with the need to address human

infections that are less well represented in cell culture mddels
Immunotherapy of prion disease

Even though PrPand PrP¢share secondary structure and their epitopes are
immunologically indistinguishable, somminunotheraj@shave been shown to be effective
against protein misfolding diseases in gertétaf® Previously established evidence tRaF>
infectivity could be lowered by the presence of a polyclonal antibody was confirmenhwith
vitro studies where antiPrP antibodies were able to prevehtP>® accumulation in cell liné8*
196 Furthermore, antibodies were able to redid&® accumulation irapersistently infected
prion cell ling and a correlation between affinity of the antibod{?t6* and the efficacy was
establishet?” 1% Immunizationagainst prion diseasetise next logical stepbutthusfar, the
efficacy of developed antibodies has proven lackluster. In animal madgi&eimmunization
against priordiseaséhas showra delay to diseasonset, busome animals in a cohartay still
develop the disease or only achieve partial proteetsoevidenced by a longer incubation
period%2%% In one instance disease specific epitope vaccieeognisingonly elk PrP°°
unexpectediyacceleratethe disease ons&®. Activeimmunizationto prion disease is fficult to
achieveas the body is unable tieciphePrP°¢from PrP* due to both being recognised as

endogenous proteins and therefaraelf tolerance to the inoculatiendevelopet?!2% Some
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other caveats to immunotherapesticetheaccess of the antibodies to the C(p&ssage
through the BBB remains a challengand neuronal apoptosis caused by a subset of
antibodieg®3?%, There is potential that those with genetic prion diseases would find the
prolongation to disease onset worthwhile with actmenunization however due to the

aforementioned reasanm® human clinical trial isurrentlyunderway

So far, the only effecte mitigation of prion disease in human and animal populgison
through limiting the transmission, be it through ending of cultural practiogs askuru, or mass
culling strategies of cervid$2% The search for an effective treatment of prion disease is of
paramount importan¢and the refinement of previous experimental models and utilisation of

new technologies will be nded for newviable therapeutics.

1.4: CRISPR/Cas9 technologies

1.4.1 New and emerging technologies such as CRISPR can allow for a fresh look at prion

biology, function and treatment

With conventional technologiethere has not been an appropriate treatment design or
therapeutic to tackle prion disease. Exploration of new technologies can serve to aid and
elucidate new treatments, or to adaptgxisting technologies teolve thecaveats of prion
disease treatmenin generalthe application of CRISPR/Cas9 technologies for the attenuation of
prion disease would be through modulation ofRiRNPgene expression; knockouts would
inhibit the production of PiPand thus, the propagation of disease and (temporallyotieat)
overexpression can allow for therapeutics to be deciphered whilst mitigating against features of

the prion protein, such as its metabolic stability.
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1.4.2 Discovery and development of CRISPR/Cas9 technologies

Function of CRISPR/Cas9 in bacteria

Newly developedRISPR(clusteredregularlyinterspacedhort palindromicrepeats)
basedechnologiesitilise a bacterial and archaeal defense mechanism against viraf®tfaok
CRISPRCas CRISPRasociated) system for defense against baaiteiruses (phage) can be
split into three distinct stages with the first being viral spacer acquisition; Cas 1 and 2 allow for
the integration of short sections of foreign DNA into the host genome between the CRISPR
locus/array repeat¥2% The acquired DNA sectiois dependent on the presence of a
protospacer adjacent motif (PAM), an AAG sequence that acts as a recogitéffdnThe
second step is the CRISPR expression, where an RNA polymerase transcribERESHR
RNA (precrRNA) which is processed into smaller CRISPR RN&&NAS), acting as a guide
and in turnhasbeen referred to as guide RNAs (gRNAY'2 The final step is the formation of
a CRISPRassociated complex for antiviral defense (CASCADE) consisting of the crRNA and a
series of Cas proteifis. CASCADE recognises arfindswith foreign DNA before cleavage
occurs by a Cas endonuclease, which is ahilediace a double stranded DNA cleavddeThe
acquired DNA can be transcribed whenever there is detection of a complimentary foreign DNA
sequenc@® Three types of CRISRRas systems have been characterised depending on
phylogeny, segence, content, and locus organization; each type consists of the universal Casl/2,
and typedependent/signature Cas protéiisType 1| CRISPRCas systems differ from the other
types in that they do not employ the entire CASCADE complex, but rather utilise crRNA and the
endonuclease Ca39 Moreover, type |l systems utilise a traaxtivating crRNA (tracrRNA) to

help the maturation of prerRNA into the guide crRNA®,
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Use of CRISPR/Cas9 as a gene editing tool

The type Il CRISPR/Cas system has been modified for use as a gene editing tool;
connecting the tracrRNA and crRNA into a RNA chimera was shown to be effective in inducing
sequenceaspecific DNA cleavage in bacterial cél% The technologyvas theroptimised for use
within mammalian cells, where the targeting RNA chimera is-auleotide gRNA strand that
contains a BRM recognition sequenc@ NGG sequenceand a Cas9 can induce sequence
specific double strand breaks (D$B¥!8 Following a CRISPR/Cas9 DSB, the DNA target
undergoes one of two pathways for DNA repair in mammalian cellshaomlogous end
joining (NHEJ) or lomology-directed repair (HDR}®22°. The repair options differ in the
componentry needed and the fidelity of repair; HDR requires a homologous DNA template but is
accurate in repair, whereas NHEJ cannot insure acddD&Berepair and does not require a
templaté'®?2% Both repair pathways can servpuapose in genetic editing. As NHEJ can leave
base pair insertions and deletions, the opportunity for frameshift mutations and stop codon
formation is present which in turn can be used to generate gene knétk@atsdDR can be
used to generate precise modifioag when in the presence of an exogenous repair
templaté?3224 Previously generated gene editing tools such asfiziger nucleases (ZFNs) and
transcription activatelike effector nucleases (TALENS) utilise the DNA cleavage domain of
Fokl endonuclease and a specific DNA binding domain for the editing of DNA (through NHEJ
or HDR); importantly, CRISPR/Cas9 induced genomic editing has advantaged-tN& and
TALENs?2>227 These advantages include multiplex genomic ediiimgroved targeting
efficiency, significant time and cost savings, and ease of target locus custorfi&ation

Limitations of the Cas9 system ahe necessity of a PAM recognition site (albeit in the human
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genome a PAM site occurs evenl 8 bp, on average) and dérget editing, as with a 20 bp

gRNA more than one targean be cuft’?18

1.4.3: Applications of CRISPR technologies

CRISPR/a can allow for inducibleregulation of select genes

Modifying Cas9 into a nucleaske f i ci ent version, referred t
allows for the system to be adapted for genomic targeting withoutagjeawhich enables
specific genetic | ocalization of a O0scaffold
of functiong??2° The initial studies demonstrating dCas9 CRISPR interference (CRISPRI)
showed that binding of dCas9 was able to inhibit gene expression in bacterial cells through the
blocking of RNA polymerase (RNAP) or transcription factor binding, when bound to pgomo
sequenced®230.23! Stydies also showed that dCas9 can serve as a platform/scaffold in which
transcripional effectors can be recruited and modulate gene expré&d<inin mammalian
cells, blocking of RNAP by dCas9 only achieved slight inhibition of gene expression, but when
bound with a fusion protein, such as the Kripgmdociated box (KRAB), enhanced repression
was achievett®?*2 Disadvantages of CRISPRI include possible downstream effects of dCas9
binding (activation or repression of ndarget genes), and for full repression or knockdown of
endogenougenes extremelyselectgRNA targeting imeeded due to the possible presence of

regulatory elements or the chromatin structure being inaccedgible

CRISPR activation (CRISPRa)soutilises dCas9 fusioproteinsas a platform for a
transcription effectorCRISPRa studies initially used viral protein 16 (VP16, transcriptional
activator of Herpes simplex), or p65 (transactivator domain of nuclear factor kappa B), fused to

dCas9 for targeted transcriptional activatiSnSome caveats of the initial CRISPRa technology
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were that multiple gRNA localisation sequences were needed for significant endogenous gene
activation, ad the activation by a single p65/VP16 did not cause a substantial increase of
expression of some ger&5. Developmentsn CRISPRa technology have allowed for
mitigation of some of the abovmentioned issues. Fusion of dCas9 to a caritexyinal

SunTag array allowed for the recruitment of multiple VP64 activators and significant gene
activation using a single gRNA. Another group developed a tripartite activator consisting of
VP64, p65, and Rta (EpsteBarr virus R transactivator) which improved CRISPRa of
endogenous gerdé Looking to thle gRNA design has also allowed for improved CRISPRa
systems, such as the synergistic activation mediator (SAM) system addsiMS2 aptamers

(short sequences of singg&randed nucleic molecules able to bind to target molecules) to
gRNA?38 The MS2 aptamers interact with the MS2 binding protein (MCP) which irigdused

to the activatodomain of p65 and heat shock factor 1 (HSF1), and by these means, significantly

improve transcriptional activation of a single gRIN®3°

To allow for the spatial and temporal control of CRISPRi/a systems, coupling of the
dCas9 and transcriptional effector domains to chemical and optical induced dimerization
domains has been shown to produce inducible transcriptional activation and repteSde
dCas9 and transcriptional effector are separately bound to inducible dimerization domains, which
under the correct conditionsjll dimerize and cause transcriptional activation/inhibition; some
examples include: the chemically inducible rapamycin FK506 binding protein 12 (FKBP12) and
FKBP rapamycin binding (FRB) domain, the blue ligiducible cryptochrome 2 (CRY?2) and
calciumand integrin binding 1 (CIB1) protein, and the red hgfttucible phytochrome B
(PhyB) and phytochrome interaction factor 3 (PPE%)¥2 Being able to have a system for

controllable expression of endogenous genes can allow for therapeutic applications.
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Consequently, a therapeutic can be tested while modulating nascent levels of a gene/protein,

perhaps previously found to be confounding.

Gene drivesystemsallow for a supe-Mendelianinheritance of an edited gene

CRISPR/Cas9 technology has been utilised to generate gene drive systems converting

typical Mendelianinheritance to supdvlendelianinheritance. In typicaMendelianinheritance,

the probability a specific gene allele is passed to offspring is 50%ith agene drivethis

probabilityis heavily driven to becomB)0%and thus, has been dubbed stidendelian

inheritance Figure2). Gene drives seek to force a modified allele (for the biological trait of

interest and containing
the gene drive
componentry) into a
population over the
wild type allele
through one of two
methods; one being
that the gene drive
element is able to copy
itself into the opposite
chromosome, changing
zygosity from

heterozygosity to

homozygosity for the

A Mendelian inheritance
Edited allele \
male + female
4 possible
types of
offspring 2/4
B Super Mendelian inheritance I I o I GRNA I_
Edited allele \ ':> Mobile genetic element or gene drive cassette
male + I I female
4 possible ‘
types of
offspring 1
- 4/4
[ e |y [y
Figure 2. Schematic representation of Mendelian and super Mendelian
inheritance. Bars indicate alleles with red representing edited allele, and
green arrow indicating editing occurring via mobile genetic element. A,
Mendelian inheritance schematicin which an edited allele only has a 50%
chance of passing on to offspring. B, super Mendelian inheritance schematic
in which an edited allele has a 100% chance of being present in progeny.
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gene drive element (resulting in 100% gene drive element presence in offspring), and in the other

method, the gene drive element will provide a fitness adganover the wild type allete.

The initial application of CRISPR/Cas9 technologies to gene drive was the generation of
the "mutagenic chain reactibim which a plasmid contains a cassette of a Cas9 coding region
immediately followed by the gRNA coding region, and either side of the Cas9/gRNA are
homology armgFigure 2B$*4. The gRNA tageting a genomic locus of interest will guide the
Cas9 to induce a DSB; following this, HDR will occur using the homology arms specific to the
adjacent sequences of the cleavage site in order to insert the Cas9/gRNA cassette into the
selected allefé”. In turn, the cassette will be able to induce cleavage and HDR of the second

allele resulting in homozygous edited alléfés

Sofar, the mutagenic chain reaction has been utilised to generate a highly efficient gene
drive system in yeasB@ccharomyces cerevisjaenosquitoesAnopheles stepherasind
gambiag, and fruit flies Drosophila melanogast§*4248. The progeny ansmission rates in
yeast, mosquitoes, and fruit flies are highly efficient with lowest being 91.4% effective
(Anopheles gambidgand the highest being 99% (yeast); yet the same cannot be stated for the
mammalian gene drivés247:249 |ssues have occurred when attempting gene drives in
mammalian models; the only published work achieved a transmission rate of 22.5%, where only
female mice underwent HDR for the gene drive cagé&tiEhe major complication of using a
gene drive in mice is that the window for which Cas9 expression occurs (during meiosis) needs

to be findy tuned to result in a DSB and HB1R 2

Gene drives have a potent capability to addgésisal ecological issues surrounding

health, agriculture, and conservafioh?®2 Issues such as insect borne diseaskpest
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management can be remedied using a gene drive; several studies have looked at targeting
mosquitos to block the transmission of malaria. Antimalarial or infertility genes have been
shown to be transmitted to approximately 90%nbphelesnosquitoprogeny through a gene

drive; enabling this population control/modification can result in the eradication of malaria
within hotspot regiorfé®247:253254Eyen though there has not been a successful mammalian gene
drive performed within a laboratory setting, gq@plication of population control and/or disease
management remains a future possibility for CRISPR/Cas9 mediated\deapédelian

inheritance.

1.5: Hypotheses

We wish to develop methods for the treatment and/or removal of prion disease through
modulation & PrF*. If there is not an appropriate conversion substrate fot’RHin prion
disease would be unable to perpetuate. We believe that a multipronged approach looking at
different features of PMproduction/processing with a variety of technologies @GFR/Cas9,
library screens, and candiddiased approaches) will provide us with an effective measure for

the attenuation of prion disease.

Utilising CRISPR/Cas9 technologies, we wish to develop a system in which we can stop
the spread of CWD within cervigbpulations. CWD is rapidly proliferating through North
America and being identified in new countries. So far there are no effective therapeutics, and the
only management is mass culling or-graptive harvest strategf@$2>> Gene drive
technologies are a potent method of forcing a null allele into a population, and we hypothesise
that disruption oPRNPthrough supeMendelianinheritance would stop the spread of CWD.

Without the production dPrP-, there can be no spreadrRiP, and as there are bvious
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phenotypic abnormalities iIRRNPknockout animals (e.g., mice, goats, and cows), we suggest
that a gene drive knocking oBtF- production in cervids would have no gross phenotypic

perturbatios whilst stopping the spread of the prion ag8it’

As CRISPR/Cas9 gene drives have yet to have been effattimarnmals, we decided to
simultaneously explore other avenues of prion disease treatment. Based upon a previously
developed assay using a capilldogsed western in the Westaway lab and successful hits within a
small compound library screen (unpublishethylave hypothesise that by exploring a larger
library, we will find compounds that are able to modulate the cleavagePafidentifying a
compound that can increase C1 fragmentation or decrease C2 fragmentation would be of
therapeutic potential, as itould increase the pool of neuroprotective PrP fragments and lower
those that can be convertedRI?®°. We expect five possible outcomes for a compound: C1
fragment increase, C1 fragment decrease, C2 fragment increase, C2 fragment decrease, and
mixed outcomes (two of the previous outcomes occurring simultaneously). Through
identification of compounds abte increase the fragmentation of both the C1 or C2 fragment,
there is also potential for elucidation or identification of thandb-PrPase (proteases

responsible fot} andb-cleavage oPrf).

As the C1 fragment of P¥Rs neuroprotective, decipheritige protease responsible
would be an invaluable asset for prion disease therapeutic derfdatmare performing a
candidate dri ven app fPPasednd we bypothedizeithattdeat i on o f
prospectivd)}-PrPase is a type || membrane serine protease expressed within neurological tissues
and is inhibited by the nedass specific protease inhibitor, Camostat mesylate. Through this
approach, we may also identify peases that are involved in the biosynthesis and functionality

of PrF-.
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Chapter 2: Materials and M ethods

2.1: Small moleculelibrary screen methodology

2.1.1: Cell culture and compound addition

A S3-PrP stable cell line generated from tregental rabbit kidney epithelial (RK13) cell
line, as per previously published methods, was used for the entirety of the compound library
scree®> The cells were cultured in Dulbeccoo6s
1g/liter D-glucose, 4 mM Ltglutamine, and 1 mM sodium pyruvate, supplemented with 10%
(v/v) fetal bovine serum (FBS), 50 unitd, penicillin, and 50 pghL streptomycin (all
manufactured by GibgoThe cells were grown in a T25 flagkadcon) at 37 °C in 5% C&and

95% humidity, and passaged every 3 to 5 days depending on confluency.

To begin the celbased screen, cells approaching confluency wepsinized(1x Liquid
0.25%Trypsin/1 mM EDTA,Gibco and used to seed a-8&ll tissuecultureplate(Facon) at a
concentration of 5000 cells/well, which wigien incubatedor 24 hours prior to the first
compound addition. The tested compound libr&B841 Tocriscreen Plus MiiTOCRIS
Bristol, UK), contained 1280 compounds fafissolved in DMSO at a concentration of 10 mM.
The compounds were prepared as a working stock at a concentration of 2 mM (DMSO) for the
addition to the gridded S3 RK13 cells within a 96 welbdtom micoplate (Greiner). The
compounds were added to the cells by a Perkin Elmer JANd@&omated liquid handling
system Experiments were performed at the University of Alberta Faculty of Medicine &
Dentistry High Content Analysis Core, RRID:SCR_019182a inal compoundconcentration
of 20 uM. Following the initial compound addition, the plates weoeibated aB7 °C, 5% CQ

and 95% humidityor 72 hours After 72 hours elapsed, the media was replaced, and a second
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addition of compounds occurred. 24 hoaft®erthe second compound addition (or 96 hours of

total compound exposure), the cells were lysed.

2.1.2: Cell lysis and PNGase F treatment

The cells were lysed iplate using radioimmune precipitation assay (RIPA) lysis buffer
(50 mM Tris, 150 mM NacCl (pH 7.4), 1% (v/v) NFD, and 0.5% (w/v) sodium deoxycholate)
supplemented with 1.3 mM EDTA, 0.32% (w/v) SDS, 26 mM DTT, Roche Complete Rroteas
Inhibitor Cocktail, and placed on ice for 15 min. To pellet the cell debris, the plate was
centrifuged at 1000 g for 10 min at 4 °C (Avanti-EE Centrifuge, Beckman Coulter). The
supernatants were transferred tev@&l microplates (Greiner) for PNGabgPeptideN-
Glycosidase Filigestion. All PNGase F digestion reagents were acquired from New England
Biolabs (NEB). The irplate deglycosylation occurred using a glycoprotein denaturing buffer
consisting of GlycoBuffer 2, 1.25% (v/v) N&D, and 5 units/u of PNGase F, as described

previously®®. Following the addition of PNGase F, the plate was incubated for 1 hour at 37 °C.

2.1.3: Capillary westernanalysis

Protein Simple Inc(San Jose, CA, USAjupplied all of the reagents and equipmuuitt)
the exception of thiysates and primgrantibodies. The cell lysates were mixed in a 4:1 ratio
with the Fluorescent 5X Master Mix, which provides a denaturing and reducing buffer
environment (1% (w/v) SDS and 40 mM DTT). The samples were then vortexed and denatured
at 95 °C for 5 min. 4 pL of the denatured samples were then loaded into the top rafvavel
30 kDa microplate that is prefilled with electrophoresis buffers and has 24 lanes for sample
electrophoresis. Following the manufacturer's instructions, the subsequent rows were filled with

Antibody Diluent 2, primary antibodies, secondary antibedchemiluminescence reagents, and
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wash buffer. The primary antibodies used were mouse mcAb Sha3Bi(Spic., A03213,

1:500 dilution) and antd-tubulin (Novus Biologicals, NB60036, 1:400 dilution) which were

diluted in Antibody Diluent 2The seconary antibodies used were aniouse secondary HRP
conjugate and 20X antabbit secondary HRP conjugate. Following-aiute centrifugation at

1000 xg at room temperature, the plate was loaded into the Wes machine; fresh capillaries were
also loaded athis time. The assays were performed utilising the Compass softwa@01Da
separation range protocol, with the separation time being adjusted from 25 min to 30 min.
Compass outputs data in the form of apparent molecular weight (MW) versus
chemiluminescace signal. The apparent MW is determined by Compass through establishing
ladder peaks to capillary positions and using the signal output from fluorescently labeled protein
standards present in the 5X Master Mix to adjust for capillary migration diffeseGoepass
software was then used to perform peak area calculations utilising the default Gaussian fit

method.

2.2: Experimental proceduresfor candidate-based proteasestudies

2.2.1: Plasmid preparatiorfor protease candidates

The expression plasmids emling proteases of interest are summarizetaible 1.
Following resuspension of the plasmid in accordance with manufacturer's instructions, the DNA
was transformed into DHEOneshotMAX Efficiency cells (Invitrogen)and plated on LB plates
(Difco) supplemented witmpicillin (100 ugmL, Sigma) The DNA purificationfollowing
amplification occurred using a maxiprep kit (Qiagen,lioronto, Ontaripabiding by

manufacturer's instructions. The DNA was diluted to aceatration of 1 mgnL).
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Protease expressed GeneScript ORF Accession ORF size (bp)

clone ID Number

TMPRSS1 (Hepsin) OMu01663  pcDNA3.1+/C-(K)-DYK NM_008281.4 1248
TMPRSS2 OMu20152  pcDNA3.1+/C-(K)-DYK NM_015775.2 1470
TMPRSS4 OMu82772  pcDNA3.1+/C-(K)-DYK NM_001364528.1 885

TMPRSS5 OMu08401  pcDNA3.1+/C-(K)-DYK NM_030709.2 1335
TMPRSS11D OMu20166  pcDNA3.1+/C-(K)-DYK NM_145561.2 1251

OMu19003 pcDNA3.1+/C~(K)-DYK NM_019564.3 1440

Table 1. Protease plasmids used for transfection experiments, and clone
information. The plasmids were purchased from GenScript and subsequently

transformed and maxiprepped prior to transfection. All plasmids used the vector
backbone of pcDNA3.1+/C-(K)-DYK.

2.2.2: Cell culture methods

Two cell lines were usefbr thein vivo assay of candidate proteases: RK13 ceilda

derivative encoding WTRrnp? mouse PrPRK13-WT10 cells Cell culture was completed as

per sectior2.1.1

2.2.3: Transfections and cdransfections

To initiate the transfections, cells approaching confluency weated with 0.25%
TrypsinEDTA (1x Liquid 0.25%Trypsin/l mM EDTA,Gibco) and ugd to seed a 9&ell

tissue plat€Fdcon) at a concentration of 15,000 cells/well in an antibiotic free medium
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(DMEM, 10% FBS), which was left for 24 hours in the incubator prior to the transfection. For
the cotransfections, the expression vectors abracentration of 1 mgiL were thawed and
prepared at 4X final concentration whilst limiting the total DNA to ~100 ng per well, using
OptiIMEM (Gibco) as the diluent. Theectors encodin@GPl-anchored proteswere as follows:
PCDNAS.PrP.wt, pBud.CE4.PrP.wEF1a), and pcDNA3.Thy1l (all generated within the
Westaway lab)All of the transfectionsvere performed usinthe Lipofectamine 300Kit
(Invitrogen). Following mixing of the DNA, Lipofectamine 3000, and P3000 reagent, the
solution was left for 15 min beffe gentle pipetting into the appropriate well. The cells were left
for 4-6 hours in a 37 °C incubator (5% &@nd 95% humidity), before the media was replaced
with growth media containing antibiotics. The cells were left for ~2 days before lysis and

processing.

2.2.4: Lysis andcapillary western

Both lysis and capillary westerns were performed as desaibeek 2.1.2and2.1.3,
with a fewnotedchanges to the capillary western for the stable cell di@msfection The
primary antibody used was Sha31, buatibulin (as an internal control) was omitted for the use
of the Total Protein Detection Module (purchased from Protein Simple). All samples ran with
Sha31 primary antibody were also ran using the Total Prottiecilon Module, as per the

manufacturero6s instructions.

2.2.5: Conventional westeriblot analysis

Following lysis and deglycosylation, the samples were reduced and denatured prior to
loading into a 12% Triglycine gel. The samples were separated by-BRSE using a BieRad

Mini-PROTEAN Tetra cell and transferred to a polyvinyl difluoride membrane (PVDF,
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Immobilon) using a BieRad SD semidry electrophoretic transfer c&f. The membrane was
subsequently incubated overnight at 4 °C with Sha31 primary antibody (diluted 1:30,000 in
TBS/0.5% Tween 20). After 3 washes with TBS/0.1% Tween 20, the membrane was incubated
at room tempeature for 1 hour with goat aathouse IgGHRP conjugate (Bidrad, 1766516)

diluted 1:10,000 in blocking buffer (5% skimmed milk in Hogffered saline (TBS) containing

0.1% (v/iv) Tween 20). After three additional washes, the membrane was visualiged usin
enhanced chemiluminescence reagdpisr¢e P132106). After exposure of the membran&+o

ray film, the films were scanned utilising a Fluor Chem E Imager (ProteinSimple Inc.). When the
primary antibodies of sPrPG228 (diluted 1:1000 in TBS/0.1% Twege&%0anilk) orU-Thyl

(diluted 1:2000 in TBS/0.1% Tween 20, 5% milk) were used, the membrane after transfer was
blocked using blocking buffer (TBS/0.1% Tween 20, 5% milk). The secondary antibody used for
sPrPG228 primary was goat ardbbit IJGHRP conjugge (Bio-Rad, 1721019) diluted

1:10000 (in TBS/0.1% Tween 20, 5% milk), and bfhy1 was goat antiat IgGHRP

conjugate (BieRad, 52042504) diluted 1:10000 (in TBS/0.1% Tween 20, 5% milk).

2.2.6:Collection and processing of conditioned media

Forthe experiments that required analysis of the conditioned cell culture migelidha
cells recovered in supplemented media following transfection, the media was changed for non
supplemented DMEMGibco). The cells were then left for approximately@rs at 37 °C in
5% CQ and 95% humidityFollowing this, the media was collected arshtrifugedat 300 xg
for 5 min at 4 °C to pellet any detached cells. The media was then transferred-teaahed
Amicon Ultra4 Centrifugal Filter Unit with a moleculzut-off of 3 kDa (MilliporeSigma) and

centrifugedat 4000 xg for 40 min at 4 °C.
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2.3: Inducible PrP/CRISPRa

Previously published methods for blue light CRISPRa were adapted for use as an

inducible PrP systeffr.

2.3.1: Cellculture

The cell line utilised for the inducible PrP/CRISPRa system was the human embryonic

kidney 293 T (HEK293T). The cells were cultured asérl

2.3.2: Plasmid preparation

All plasmids used for the blue light CRIPSRa PrP induction were purchased from
Addgene and provided as an agar stab. The plasmids were as follows:-SR¥2PHRp65
(catalogue numbes4124, NLS-dCasStrCIB1 (catalogue number 64119), and pgRNA
Humanized ¢atalogue number 44248). The plasmids wamefied following amplification
utilising a maxiprep ki{Qiagen) and prepared to a concentration of Inmhgiollowing
purificationof the pgRNAHumanized plasmid, DNA was linearized usBgfXI and Noti

restriction enzymes (NEB). gRNA inserts wertdsequently ligateito the linearizegblasnid

to create the Plasmid Name gRNA targetsequence |PRNP locus

gRNA expression | F e e etk Lk TTAAATTTTGAGGCGTAGAA  -143to -124

vectors using T4 | SIS RLITY] GGAAGCAATTTCTGGAACTT  -36 to -17
ligase (NEB) pgRNA-Humanized.gRNA3 GCAAAAAATTTTGCTTAACC -84 to -65
summarised in pgRNA-Humanized.gRNA4 ATAAATATTAATCTCAATCC -105 to -86

Table 2. gRNA | B AGGAATGAGGAAGCAATTTC -28 to -9

inserts were Table 2. gRNA vectors for the targeting of dCas9 to the human PRNP promoter.
The backbone vector of pgRNA-Humanized was purchased from Addgene (44248)
prepared through and the gRNA sequence was ligated into the linearized plasmid.
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theannealingof complimentaryDNA oligomers(with sticky endsypesigned to target a specific
region of interest of the hum&RNPpromoter Table 2). The oligomers were purchased from
Integrated DNA Technologies (IDT) and prepared to 100 uM concentration with buffer (50 mM
Tris pH 8.8, 100 mM NaCl, and 1 mM EDTA). Bmneakhe DNA oligosresulting insticky-end

overhangs, a linker protocol was used (95 °C for 2 min, 52 °C for 10 min, and a 4 °C hold).

Following insertionof DNA coding for the gRNAnto the expression vector, the
plasmids were transformed inbH5U ~ €shotMAX Efficiency (Invitrogen)cells, and plated
on LB plates(Difco) supplemented witampicillin at a final concentration of 100 pgL
(Sigma) TheplasmidDNA waspurified using a QIAcube (classic) automated machine (Qiagen)
and Dr initial confirmaion of gRNA insertion, we initially performed a digest wighoRI and
BamHI restriction enzymesThe reaction products were ran a 2% agarose gel at 50 V
utilising 0.5X Tris-BorateEDTA (TBE; 89 mM Tris, 89 mM Borate, 2 mMDTA) bufferand
visualised with SYBR Safe DNA gel stainl@vitrogen) within an agarose electrophoresis
apparatu¥®. The plasmidswere subsequently sent for Sanger sequencing with the Molecular
Biology Facility(MBSU, Department of Biological Sciences, University of édta) After
sequence confirmatiopjasmid purificatioroccurred using a maxiprep kit (Qiagen) following

manufacturer's instructions. The DNA was diluted to a concentration ofrilmg/

2.3.3: Transfection and blue light induction

Cells approaching conflmey were used teeed 6 well plates (Fan) and kept in a 37
°C incubator (with 5% C@and 95% humidity) until cell confluency was ~80Pior to
transfection, the media in the wells was replaced with OptiMEM m@&ikzc(). All

transfectionatilisedthe Lipofectamine 3000 k{tnvitrogen). The DNA for transfection was
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prepared in a 1:1:1 ratio of NLSXGRY2PHRp65,NLS-dCas9trCIB1, and pgRNA

Humanized (35) which was in a 1:1:1:1:1 ratio itself. Following mixing of the DNA,
Lipofectamine 3000, and BB0 reagent, the solution was left for 15 min before dropwise

addition into the appropriate well. The cells were left #& Hours in a 37 °C incubator (with 5%
CO: and 95% humidity) before the media was replaced with the typical growth media containing
antibiotics. The cells were left for ~2 days undére light irradiation(470+£20 nm) before lysis

and processing.

2.3.4 Lysis ancapillary western

Lysis and capillary western analysis were performed aalpmre 2.1.2and2.1.3

2.4: Targeting of PRNP fo NHEJ knockout by CRISPR/Cas9

2.4.1:Culture of the MDB cell line

Mule deer brain (MDB) cells generated from mule deer brain tissue, transfected with a
plasmid containing the simian virus 40 (SV40) genome were housed in a dedicated incubator and
propagated as per previously publisédrhe cells were cultured in OptiMEM media,
supplemented with 10% (v/v) FBS, 50 umt/ penicillin, 50 pugimL streptomycin, and 1X
Glutamine (allmanufactured by GibgoCells were gown in a T25 flaskFacon) at 37 °C in 5%

COz and 95% humidity and passaged when at ~80% confluency.

2.4.2: Plasmid preparatiofior PRNP gene knockout

Plasmids expressirthe Cas9endonucleaswere nodified to include the gRNA

encoding region, thenmodified vector wapx330.U6eSpCasa.1 purchased from Addgene
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(cataloguenumber71814) The plasnid was initially linearized with thBbd restriction enzyme.

gRNA-encodingnserts were prepareahd inserted as abova.8.2.

2.4.3: Transfectionof CRISPR/Cas9 plasmginto the MDB cell line

Cells approaching 80% confluency were useseted 6 well plated-dcon) and then kept
in a 37 °C incubator (with 5% GQ@nd 95% humidity) until cell confluency was ~60%. Before
transfection, thenedia in the wells was replaced with OptiMEM medsabco). All

transfectionsvere performed as abov2.2.3.

2.4.4: DNA collection and T7E1 CRISPR cleavage test

To isolate the DNA for the T7E1 mismatch assay, cells were detached from the wells
using trypsin {x Liquid 0.25%Trypsin/1 mM EDTA,Gibco), and then neutralised using the
serum containing media. The cells were then pelleted at §36rn6 min at room temperature
and resuspendead PBS.Genomic DNA from the cells wasurified using a @agen DNeasy
Blood and Tissue kit. To detect genome editing by the CRISPR/Cas9 systéti:fh&enome
Editing Detection Kit (IDT)was used which utilised the T7 endonuclease 1 (T7E1) resolvase.
Primers for amplification of the DNA target region by P@Bre designedollowing
manufacturer's recommendations of attaining an amplicon of approximately 1000 bp with the

Cas9 cut site off centre of amplicon for fragment resolution by gel analysis.

Following PCR amplification using AccuPrime Tag DNA PolymerasghHtidelity
(Invitrogen o f t hDNA (ared dhe AR Geénome Editing KitControl DNA samples A
and B) the protocol for forming DNA heteroduplexes was followed as penstrictionwith
the deviation of a 30 min digest at 37 °C rather than 60 Tairstop enzyme activityhe

reactionswvere placed on ice, and 0.5 M EDTA (pH 8.0) was added to a final concentration of 20
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mM. For visualisation of the T7E1 mismatch detection results, the reaction products weme ran
a 1:2% agarose gel at 50 V utilising 0.5Xi§BorateEDTA (TBE, 89 mM Tris, 89 mM Borate,
2 mM EDTA) bufferand SYBRM Safe DNA gel stainlfivitrogen within an aarose

electrophoresis apparatf$
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Chapter 3: Results
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Figure 3. Targets to slow prion disease. Summary of strategies that can be undergone for attenuation
of prion disease looking at PrP¢ production and modulation. Specific strategies are presented in purple
boxes and corresponding chapters are included.

3.1: CRISPR/Cas9 based modulation oPrP® production

3.1.27 gRNA design for the PRNPRarget locus

We wished to utilise CRISPR/Cas@rived editing andon-homologous end joining
(NHEJ) to areatea loss of function mutatioim deerPRNP If there is no production of PrP
then there can be no presence ofPgPigure3). The implication is that if the gRNA and Cas9
combination are successful in our target region, the machinery can be adjusted for the design of a

mobile gengéc element or gene drive cassette to apply in a gene drive strategy against CWD.
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to the exon 3 splice acceptor

If we go too far right (3’), the truncated
PrP protein will look like pathogenic

i i site, Prnp primary stop codon alleles Y145X
p codon alleles , Q160X and
reglon COdIng for transcripts will splice over Y163X
the Prnp ORF and activate
residue 23 and 501 the downstream doppel Also, we may hit the protein octarepeat

gene region represented by 24 nucleotide

repeats and lose specificity

with a consideration

for three possible PRNP PRND

confounds Figure ( k \ ' \
4A). If an edit were H /-7
L N

to occur close to the

Exon1l Exon2 Exon 3

27121bp
56 splice|l acceptor
Figure 4. PRNP gene target area for CRISPR/Cas9 editing. A, target region for
of exon 3 ofPRNP, CRISPR/Cas9 edit to negate possible side effects. Corresponds to residue 23-50 of PrP.
B, distance of PRNPto PRND (27121 bp). Distances between exon 1, exon 2, and exon
3 are 2409 bp and 13836 bp (respectively).

the possibility of
downstreanPRNDgene activation through alternative splicing could occur, generating the

neurotoxic Dpl proteinRigure4B, as seen in several knockout enfnodelsy’*1%%, Furthermore,

if the editoccursto f ar 30 within the exon 3 ORF, a trur
nature based upon the behavior of pathogenic stop ailides Y145X, Q160X, and Y163X
(Figure4A)?62254 Attemptedediting in the octarepeat region of PrP would present aitzsthn

problem because the DNA sequences are not unique, but instead are arranged in five tandem
degenerate blocks. For these reasons, we focused our gene editinigeupamion encoding

amino aci@ 23-50 of mule deePRNPORF. As for design of the gRNA, we took the genome
regioncorresponding to peptide range-23 of mule deePRNP,uploaded it to the MIT gRNA

design tool (crispr.mit.edu), and selected two gRNA target sequences:
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GGGAGCCGATACCCGGGACAandGGAGGAGGATGGAACACTGG These sguences
were also cross referenced to another gRNA design tool recommended by the Zhang lab
(developers of crispr.mit.edu) under the url a@risp.org The sequences were labelled as
gRNA1 and gRNA2 (respectively) and correspond tar¢iggons of thd®RNPgene that encode

amino acids 384 and 3137 (respectively).

3.1.2: CRISPR/Cas9 editing plasmid construction

Following the design of gRNA1 and gRNAZ2, we ligated the inserts into px330 (a
Cas9/gRNA expressing vector originally designed and developbe inhang labigure5B)
by engineering sticky ends complimentarytie Bbd cut site Figure5A). After ligation into the

Bbd site, the site is no longer present allowing for confirmation thraligéstionwith Bbd and

wsse pept

(g

Homoduplex Con.
Heteroduplex Con.

DNA Ladder
ERNAT-1 =
gRNA1-2
gRNA1-3
gRNA2-1
gRNA2-2
eV

H20
gRNAL-1 =
gRNA1-2
gRNA1-3
gRNA2-1
gRNA2-2
ev

GFP

Figure 5. CRISPR/Cas9 px330 vector preparation and T7E1 gene editing assay. A, schematic showing the ligation
region for gRNA inserts into px330. B, sequence map of px330 (https://www.addgene.org/71814/) C, 1% agarose
gel demonstrating a double digestion with Bbsl and Agel of ligated gRNA inserts into px330 and px330 (empty).
Successful ligation is demonstrated by a single band, Bbsl cut site is no longer present. D, 1 % agarose gel analysis
of potential gene editing by px330.gRNA1/2 clones, PCR amplicon shown on the left and T7E1 assay results on the
right. eV, empty vector (px330). The homoduplex and heteroduplex controls were provided with the T7E1 assay
kit. The CRISPR/Cas9 plasmids were unable to generate editing of the PRNP gene.
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Agd. We found that four clondsr both gRNA1 and gRNA2 had successful ligation, as there
was a single band present at ~8500 bp in a 1% agarodeig#ie’C). This process was also
repeated for another Cas9/gRNA vector, px458, which is identical to px330 except for an EGFP
expression regiorHgure6B); the ligation was successful as we saw a band at ~93Fidyveg

6A). The abovementioned successful Bgjons were confirmed through Sanger sequencing with

MBSU at the University of Alberta.

A B

>

px458.gRNA1
px458.gRNA2
px458.gRNA3

—_
[}
o]
o
o
-
<
=
[a]

px458

<==~9300 bp

PSPCasd(BB)-2A-GFP (PX458)
9288 b

S

Figure 6. CRISPR/Cas9 vector px458 and gRNA inserts. A, 1% agarose gel demonstrating a double digestion with
Bbsl and Agel of ligated gRNA inserts into px330 and px330 (empty). Successful ligation is demonstrated by a single
band, Bbsl cut site is no longer present B, sequence map of px330 (https://www.addgene.org/ 48138 /).

3.1.3: Assessment of editing success through the T7E1 mismatch assay and primer design for

pseudogene exclusion

As we are interested in tliapabilityof CRISPR/Cas@lirectedediing on thePRNP
gene for attenuation of CWD in deer through a gene dggtem we utilised the MDB cell line
(from Dr. Gregory Raymond of RML) for initial experimefffs For editing assessment, we used

thepreviously published T7E1 mismatch asgaigure 7 adapted from Zischewskt al.
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(2017)2%. The assay detects mismatches in DNA sequences generated by NHEJ through use of
the T7E1 esolvase that cleaves heteroduplex DNA at the mismatch site (situated offscenter

that thetwo resulting fragmentill be dissimilain sizewhen resolved§®.

Homoduplexes

|=—oe==
PCR, — T7E1 WT Mutant
Mutant denaturation
o,  — — cleavage
__ annealing e -~
> Heteroduplexes — Mismatch cleavage =
C—a——

Figure 7. On target mutation detection with the T7E1 mismatch assay. Prior to performing the mismatch assay
the target DNA region is amplified, denatured, and then reannealed to form homoduplexes and heteroduplexes.
The T7E1 endonuclease recognises heteroduplex DNA bulges and digests the mismatch, the resultant fragments
can be resolved in an agarose gel. Figure adapted from Zischewski et al. (2017)2%5,

Mule deer have RRNPpseudogene which would give rise to a @wino acid
difference, if expressedrigure8A). The pseudogene does not have a pronmaeanintron
indicating itpresumably arsefrom the integration of RRNPmMRNA reverse transcrif’®. To
excludethe pseudogene frotreing amplified prior tsequencanalysis of edite@RNPcoding
sequences, we placed the forward primer for PCR amplification (prior to T7E1 enzyme
incubation) within intron 2 oPRNP as the pseudogene does not have this infFmue8B)°°.
The primer set (LA18) would generate a 985 bp PCR fragment and after T7E1 enzymatic
cleavage of edited DNA, wadillgenerate two fragments of ~630 bp and ~350-au(e8B and

C).

a7



A | Mule deer PRNP

MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGWGQPHEGGWGQPHGGGWGQPHGG
GWGQPHGGGGWGQGGTHSQWNKPSKPKTNMKHVAGAAAAGAVVGGLGGYMLGSAMNRPLIHFGNDYEDRYYRENMYRYPNQVY
YRPVDQYNNQNTFVHDCVNITVKQHTVTTTTKGENFTETDIKMMERVVEQMCITQYQRESQAYYQRGASVILFSSPPVILLISFLIFLIVG*

Mule deer PRNP pseudogene ‘

MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGWGQPHGGGWGQPHGGGWGQPHGG
GWGQPHGGGGWGQGGTHSQWNKPSKPKTNMKHVAGAAAAGAVVGGLGGYMLGSAMSRPLIHFGNDYEDRYYRENMYRYPNQVY
YRPVDQYNNQNTFVHDCVNITVKQHTVTTTTKGENFTETDIKMMERVVEQMCITQYQRESQAYYQRGASVILFSSPPVILLISFLIFLIVG*

CRISPR Target region
B (40902-40961) C

n -

Forward Primer ! ! Reverse Primer
(40299-40318) = S T T T T T TS Ssmssmssss (41264-41283)
PCR fragment: 985 bp
With CRISPR cleavage, T7E1 assay will
detect ~630 and ~350 bp fragments

DNA Ladder
Geno 50.0°C
Geno 52.8°C

v
o @
o ;
a0
o

= 2
v [}
o 8

LA18 PCR
Amplicon
(~985 bp)

Figure 8. Primer optimisation for the occlusion of the PNRP pseudogene. Mule deer have a PRNP pseudogene as a result of
retroelements. A, protein sequences of mule deer PRNP functional gene and pseudogene with peptide difference indicated in
red. B, schematic of primer design to exclude the pseudogene from analysis. C, LA18 primer set temperature optimisation, the
primer set was tested on genomic mule deer DNA.

Following transfection into MDB cells with our px330.gRNA1 and px330.gRNA2
plasmids and8 hours of incubatigrgenomic DNA was collected, amplified, and subjected to
the T7E1 mismatchssay. A positive result would be a total of three bands visitilee agarose
gel (as seen with the heteroduplex control), one being the entire amplicon and the other two
being fragments generated by the T7E1 resolMaiggi(e5D). We tested several fegates of

both plasmids and were not able to detect any editing taking place, as BapmréD.

3.1.4:Blue light CRISPRa inducible PrP system

Another way to control PfPsubstrate for prion replication is pharmacologically, by
modifying its pattern of proteolysis. As a tool to help these types of investigationsgnedio
have a system for inducible productionRsf; de novanduction of wild type PrPcan allow

for explorationof nascent protein whilstvoiding the confounding effectd pre-existingPrP
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fragmens, two of which aremetabolically stable (see also below, Chapt&?”-2¢8 We decided

to adapt an optogenetic system in which inducible expression of endogenous protein is possible
through CRISPRa for the use RfF expressioff’. The system invols two fusion proteins: the

6anchordé (dCas9/ Cl B1), 24 ThaetingoeCaglasacthievedbly the 0

gRNA (based on complementarity to the consensus DNA sequencetherblue light
irradiation allows foheterodimerization of CRY2 and CIB% Finally, the p65 transcriptional

activator allows for the expression of tRRNPgene Figure9A)?*!, We designed five gRNA

sequencesitilising the MIT gRNA design tool (crispr.mit.edup target the CRISPRa apparatus

to the promoter region ¢tRNP(in this case humaRRNR, Figure9C). The eésigned gRNA
sequencewere inserted into thegRNA.Humanizeexpression vectandconfirmed via a

restriction digestiomsingBanH| andEcaRI (Figure9B), and Sanger sequencing (MBSU,

University of Alberta).The plasmids mcodingthe CRISPRa machinery were transfected into

HEK293T cells, which were then irradiated with blue liglaer a 48hour period The cell

lysates were tested on a conventional western system as well as a capillary \Wegpieed GA

A Blue light (470420 nm) B

Empty vector

.

[
T
o

]
-
<
z
a

gRNAL
gRNA2
gRNA3
gRNA4
gRNAS

PRNP promoter region PRNP gene
gRNAL gRNA3 gRNAS
-143 -124 -84 -65 -28 -9
tgtcctttctacgocte tcaatccaggttaagcaaaatttatttgetctectetttagaaatttctggttgecaaagttec mnprmtr
-105 -86 -36 -17
gRNA4 gRNA2

Figure 9. A blue light CRISPRa inducible PrP system. A, schematic representation of the blue light inducible
CRIPSRa system for the induction of PrP. B, 1% agarose gel showing a double digest (EcoRl and BamHlI) of
pgRNA.Humanized vector with gRNA1/2/3/4/5 inserted. C, schematic of gRNA targeting loci on PRNP for dCas9.
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and B). Unfortunately, the gRNA and optogenetically activated systemuwmable to induce
PrP° expression clearly above the level of control samples, a result that may relate to the intrinsic

complexity of this gene regulation systéas discussed further below, chaptet.4.

A S B < s
o c == o =
s E £ m o> § s B 2
dCas9/CIB1, 2. &5 $£¢ ki dcas/cBl, Fo & 8, desyasy, o 8§,
CRY2/p65, and all Q i:’;__ E g2 2 . CRY2/p65,andall O 8 E 2 5 CRY2/p6S5, and all -'l"_:x‘:it E % b
gRNA 29 3 = £3 gRNA 28 3 =2 gRNA 2g 3 s =
=] 2 ] 8% ° % O x ]
2l ~N o0 %!-:ES : Zrn 0 33 =5 & =°8 A
- (A = O g O 66 -
i mEEER-
— o
. 3 . ' il EEEEEN
25— oo
g
20 =t 40 - . |
[ [
15=—= sha31 Anti B-tubulin
Figure 10. Western analyses of lysates from HEK293T cells transiently co-transfected with blue light
inducible CRISPRa machinery. Plasmids expressing dCas9/CIB1, CRY2/p65 fusion proteins, and gRNAs were
transfected into HEK293T cells. A, western blot of lysates probed with Sha31 1° antibody (1:30000, 10
minute exposure). B, capillary western lane view of lysates, with loading control B-tubulin on the right most
lanes. The CRISPRa machinery was unable to induce an increase in PrP€ production.

3.2: Using a compound library screen for eluddation of PrP¢ cleavage

The CRISPR/Cas9 technologies we explored for modulation &fS9rRhesis were of a
genetic manner and looked specifically at diminishing the production &ff@rEhe purpose of
limiting substratdevelsfor conversion to Pr®(Figure3). Another way of inhibiting the
conversion of PrPto PrP¢is through pharmadaogical approaches that modulate the pattern of
PrPpr ot eol ys i sleavagenwoudmesllt in incrdased neuroprotective C1 fragment
levels and dimirshedC2 fragment levelsvhich would lower the amount of cellular FfP
convertible substratd-{gure 3). Wantingto test an expansive set of potential pharmacological
modulators of PrPproteolysis, we decided to explore commercial compound libraries. Dr.
Andrew Castle of the Westaway lab has previously explored a protease inhibitor library (Apex

Bio Discovery set, Apex Bio Houston Texas; unpublished data) providing the initial framework
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for exploration of a larger library screen. We expdthat a library of compounds tested on S3
RK13 cells, which express significantly increased levels of C2 fragiment(compared to

wildtype RK13), will provide five possible outcomes: increase in C1 fragmentation, decrease in
C1 fragmentation, increase in C2 fragmentation, decrease in C2 fragmentation, and mixed

outcomes.

3.2.1:Compound screen selection

Prior toperforming a compound library screen, careful consideration is needed in the
development of the assay in which the compounds will be tested; the assay must be robust,
replicable, relevant, and reliabf& Utilising previously published methods for testing
compounds ofPrP cleavage in 96 well plates and elucidation with capitaaged western
technology, we arrangemlr assay with four steps: initial compound addition at a concentration
of 20 uM (in well) by a JanusPerkinElmer) liquid handling robot designed for accurate
delivery of small sample volumes, a-fi@ur incubation to limit the effects of pexisting
metabolically stable C1 fragment, in plate lysis and PNGase F digestion, followed by
determination of fragment abundance using a capillary western sySigune(11A)%°8279 After
defining the assay for compound explorafime asked questions essential for prospective
screens such athe cost of the screen, who will be managinglittrary, sophistication and
range of compounds provided, and relevancy to the #sdpon consideration of these factors,
we purchased th#5841 Tocriscreen Plus Miscreening library, which contains 1280
compounds prelissolved in DMSQat a concentration of 10 mM, several of which are
neuroactive compounds (relevant to the assay and active at a range of pharmacological targets).
The library was donated to and managed by the High Content Analysis (HCA) Core at the

University of Alberta. he breakdown of how plates were separated and tested is summarised in

51



Figure11B, with the capillary western breakdown summariseBigure11C. Each Tocris

compound plate contains 80 compounds which were tested alongside DMSO (vehicle), positive
(Linagliptin), and negative (nothing added) controls. The Linagliptin positive control is &#iDPP
inhibitor, identified by Dr. Andrew Castle (Westaway), that consistently lowers the

production of the C2 fragment BfF (unpublished data).

A B 1 2 3 4 5 -1 7 8 9 10 11 12
.Stef,ll%e(ed,ngofgs __ " NONONONONONONONONONONG)
| plate(s) Legend
ool “ ||®eoococo0ococo0o0o00e
trat ompound (1-
Egﬁﬁfﬁerl?smr?ﬁsooo o o] 1@ OOOOOO0OOO0O0O0O0
cells/we
* Step 2- Initial compound PUS't"fecumml - {ONONONONONONG) 000 @)
addition with Janus Negative Control @
LPerkm—EImerﬂ‘uld QO0OO0O00O0O0O00O0e
andling robot in HCA)
. gﬁnng%ounds diluted in FQ O O O O O O O O O O .
* Step 3- Redapplicationof ‘@ O O O O O O O O O @) @
compounds
+ 72 hours following ‘@ O O O 000 O ONO) @) @
initial addition
* Step 4- Cell lysis and C Ladder Compounds DMSO Control
ﬁgﬁlr\;cosylatlon after 96 (Lanel)  (Lane2-22) (Lane 23-25)
. D°’§-’f-"”;p§‘itpi‘ﬁ"t§}a Wes Plate X.1/2/3 . I ' , ] |
moairie urrer
* PNGase F treatment O O O O - 0 0 )
* StepS Assess levels of Ladder Compounds E?)Sr:::'\ﬁ b::zgrlattrls;e DMSO Control
Prl.: f:;arlgmn;en::::sgldles of (Lane 1) (Lane 2-18) (Lane 19-20)  (Lane 21-22) (Lane 23-25)
5hg3i|:rYPrP) and anti B- Wes Plate X.4 p ] : r | \ ‘_1_\ l_l_\
e O 0—0 @ @ ® @ 0 0 O

Figure 11. Compound library screen workflow and plate layout. A, workflow of TOCRIScreen plus mini library
compound screen. B, layout of 96 well plate seeded with S3 RK13 cells for compound addition. There is a total of 16
TOCRIS plates with 80 compounds per plate. The center 80 wells have the compounds added and the outer columns
have the controls (DMSO (vehicle), positive (Linagliptin), and negative (nothing added)) C, layout of Wes plates for
lysate analysis, each 96 well compound addition plate gets separated over 4 Wes plates with the first 3 containing
21 compound lysates, 3 DMSQ (vehicle) control lysates, and the final plate containing the remaining 17 compound
lysates, 3 DMSO controls, 2 positive controls, and 2 negative controls. X denotes TOCRIS compound plate, 1-16.
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3.2.2:Defining target compound hits

Within the Tocriscreen library, compounds that are defined as a "hit", that is to say compounds
that impact levels of Prfragments, preet parameters must be met that control for problematic
functionalities, possible toxicity effects, and set baseline changes for compound effectiVeness
To ascertain compounds that were not toxic, we compared the peak bBitedowlin (within the
capillary Wes spectra data) in DMSO controls to the compounds of interest, and initially
assigned a ratio of 0.5 or more (of compoortdu bul i n t o DMSO -tloulntisr ol ) a
a microtubule subunit involved in many cellulan€tions and thus, can be used as an indicator

of cell healtR’% Furthermore, the detection of Br# n dtubblin can be multiplexed without

band interference on Wes capillary anakpSiF-ollowing elimination of toxic compound data

we compared the area under the peak of the C1 and C2 fragiméimé corresponding full

length (FL)PrP peak and determined the percentage change of fragmentation compared to the
DMSO controls. Initially, we set a change ad hoc of £25% as a threshold for defining a
compound of interest. We then separated the camgmof interest into four categories: C1
increase, C1 decrease, C2 increase, and C2 deckedisaving furtherdatafiltering based on

i ncreasing t h-+ubulinoavoda 0.7% andrpercestage changebvalues in which
changes were only seenane category (percentage change in other category is within £7.5%,
essentially removing mixed outcomgse established a preliminary set of compounds for each
category. Subsequently, these setsderwent spectrscrutinywith removal of compoundn

which the spectra @repoor or abnormal in comparison to the DMSO control spectra. The

filtering process is summarisedkigure12A.
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Figure 12. Filtering process of capillary western data to determine a compound hit. A, each parameter must be
passed before a compound is deemed worth being retested. B, number of compounds following filtering
parameters. A total of 9 compounds fulfilled parameters for retesting (7 increasing C1 cleavage, and 2
decreasing C2).

3.2.3: Compounds that modulate C1

Following b-tubulin ratio filtering (0.75)168 compounds increas#ite C1 to FLPrP ratio over
25% and 8 less tha25%, for a total of 176 compounds that modulate C1 fragmentafigule
12B). After filtering for compounds that only increased or decreased C1 levels (with C2 levels
changing witln £7.5%) and removing poor and abnormal spectra in comparison to their
corresponding DMSO control specfspectra in which the peaks were poorly resolved or had
low signal across all PrP peaks)e found a total 06 compounds that increased C1 productio
and none that decreased CL1. It must be noted that we added the conipbumaksed on the
spectraFigure 13K)even though C2 production was above a 7.5% increase (13%lirial a

total of 7 compoundd={gure13, Table3). In Figure13, the compound ggtra are presented on
the left (with a visible increase in C1 peak), and their corresponding DMSO control spectra

overlap on the right. The percentage change in fragmentation compared to DMSO controls is
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presented imable3, with a range of 34% (S 1888&) 109% (C1) increase in C1 production

across the 7 compounds. To establish if there is any significant variation between controls and to
ascertain precision of the assay, we calculated the coefficient of variation of the area under the
curve of tie DMSO control peaks (Table 4); we arbitrarily set a level of <10% as an indication of

limited variation.

Compound Name Basic C1/FL C2/FL FL PrP/B- Total PrP/B- B-tubulinvs
information tubulin tubulin DMSO control

NMDA antagonist, acts

Felbamate on glycine site 62.2 2.5 9.8 18.2 0.81
. Kir6 (KATP) channel
Repaglinide blocker 53.2 7.0 -12.5 -5.5 0.84

Inhibitor of neuronal
voltage-gated Na+

Carbamazepine channels; anticonvulsant  39.1 4.4 0.5 6.0 0.75
GLI1 antagonist; inhibits

GANT 58 Hedgehog (Hh) signaling  55.3 -1.6 2.1 6.2 0.89

NK 252 Nrf2 activator 72.4 7.5 1.5 13.8 0.95
Protein kinase C

C-1 inhibitor 109 13 -17 1 0.87
Potent thromboxane A2

S 18886 (TP) antagonist 34.0 -2.5 8.9 12.2 0.78

Table 3. Percentage change of fragmentation compared to DMSO controls. Table showing the percentage
change of PrP fragments, and B-tubulin ratio versus the DMSO controls. The basic information of compound
action is alsoincluded.
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Figure 13. Capillary western spectra and analysis of $3 RK13 cell lysates following 96 hours compound addition in

which C1 fragmentation increased. A-N, Wes spectra using Sha31 (PrP detection) and a-p Tubulin of S3 RK13

lysates with PrP fragments and B- tubulin indicated. A, C, E, G, |, K, M, spectra of

Felbamate/Repaglinide/Carbamazepine/GANT 58/NK 252/C-1/S 18886 (respectively) treated S3 RK13 cell lysate. B,

D, F H, ), L, N, overlapping spectra of DMSO treated control S3 RK13 lysates corresponding to

Felbamate/Repaglinide/Carbamazepine/GANT 58/NK 252/C-1/S 18886 (respectively) compound addition plate.

~ Coefficient of variation of DMSO controls

CompoundName C1/FL  C2/FL  FLPrP/B-tubulin Total PrP/B-tubulin
Felbamate 5.5 3.0 12.0 11.0
Repaglinide 6.7 22 4.2 2
Carbamazepine 6.7 2.2 42 3.7
GANT 58 14.0 3.8 7.1 5.9
NK 252 9.7 7.5 11.4 7.1
c1 14 5.0 18.4 16.1
$ 18886 26.6 7.7 125 10.8
Table 4. DMSO controls coefficient of variation. Table showing variation within
DMSO controls of respective plate in which compound was tested.
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3.2.4: Compounds that modulate C2

Following b-tubulin ratio filtering (0.75)57 compounds increaséiie C2FL PrF* ratio over

25% and 23 less tha@5%, for a total of 80 compounds that modulatf@éagmentationEigure
12B). After filtering for compounds that only increased or decreased C2 levels (with C1 levels
changing within £7.5%) and removing poor and abnormal spectra in comparison to their
corresponding DMSO control spectra, we found 2 compounds that decreased CHA@rpdut

failed to find compounds that increased C2 productidgufe14). The compound spectra are
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; Percentage change vs DMSO controls F
Compound Info C1/FL C2/FL FL PrP/B- Total Pre/B- B-tubulinvs Compound
Name tubulin  tubulin DMSO control Name C1/FL C2/FL  FL PrP/B-tubulin Total PrP/B-tubulin
Benzodiazepine
FG 7142 inverse agonist 2.8 27.3  -15.3 254 0.92 EGRL 2 SB) | 2 15 B8
nor- Standard kappa par .
Binaltorphimine selective B!naltorphlmllne
dihydrochloride ~ antagonist 08 -280 -30.2 383 1.06 diinyrrochlorice=g AR B0 58] 1

Figure 14. Capillary western spectra and analysis of $3 RK13 cell lysates following 96 hours compound addition in
which C2 fragmentation decreased. A-D, Wes spectra using Sha31 (PrP detection) and a-B Tubulin of S3 RK13 lysates
with PrP fragments and (- tubulin indicated. A, C, spectra of FG 7142/nor-Binaltorphimine dihydrochloride
(respectively) treated S3 RK13 cell lysate. B, D, overlapping spectra of DMSO treated control $3 RK13 lysates
corresponding to FG 7142/nor-Binaltorphimine dihydrochloride (respectively) compound addition plate. E, table
showing the percentage change of PrP fragments, and B-tubulin ratio versus the DMSO controls. F, table showing
coefficient of variation of DMSO controls.
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presented ifrigure14 (A and C)on the left (with a visible decrease in C2 peak) and their
corresponding DMSO control spectra overlap on the (igt#ndD). The percentage change in
fragmentation compared to DMSO controls is presentédguare 14E, with a 27% decrease in
C2 fragmentation for FG 7142 and a 28% decrease feBmaltormphimine hydrochloride. The
coefficient of variation of the DMSO contrpeaks are summarisedfigure14F to establish if

there is any significant variation between controls.

3.25: Serial dilution of potential target compounds

Following the identification of 9 compounds which fulfilled our parameters of modulBtiftg

U or b-cleavage (changing the levels of detected C1 or C2 cleavage), we tested these compounds
in a serial dilution over five concentrations (30 uM, 10 puM, 3 uM, 1 uM, and 0.3 uM) (Table 5).
The workflow and experiments were performed asHigure11A. In only one condition did the
compound/concentration pass our parameters, and that was for a 30 uM concentration of nor
Binaltorphimine dihydrochloride, which produced a 26% change in C2 production compared to
DMSO controls (with a8% change in C1 productiprFor all other compounds and

concentrations, we see a drift from the previous results or mixed outcdaids b).For

example, both € and Carbamazepine have a dose response correlation in which we see
increased C1 production across concentrationsalbathave a mixed outcome where C2

production levels are chang@eigure 15)
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Concentration 30 UM 10 pM 3 uM 1um 0.3puM | Previous Results (20 puM)
Percentage change in ratio (vs DMSO Control) |C1/FL|C2/FL|C1/FL|C2/FL|C1/FL C2/FL|C1/FL|C2/FL|C1/FL|C2/FL| C1/FL C2/FL
Compound

FG 7142 -28 -1 23 30 -17 | -24 53 51 5 -5 -3 -27
nor-Binaltorphimine dihydrochloride -8 | -26 | 24 13 23 14 -4 | -12 | 12 6 1 -28
Felbamate 54 45 -6 | -10 | 26 31 -7 6 61 77 62 3
Repaglinide 47 | 69 | 118 | 143 | 127 152 | 71 | 109 | 30 | 37 53 7
Carbamazepine 330 | 446 | 173 | 157 | 30 48 15 32 14 12 39 4
GANT 58 NA | NA | -14 | -24 | -14 | -23 | NA | NA | 55 20 55 2
NK 252 19 15 83 12 -10 | -28 31 36 3 -21 72 8
Cc-1 89 72 76 82 11 5 -2 -1 =1 10 109 13
S 18886 13 -34 17 -32 NA | NA | -10 | -11 | -14 | -36 34 -3

Table 5. Percentage change in fragmentation of target compounds retested at a range of concentrations. Results
represent change versus DMSO (vehicle) controls. Table of the 9 target compounds tested in a serial dilution on 53
RK13 cells showing the percentage change in ratio of C1/FL and C2/FL. Blue indicates compounds expected to have
decreased percentage change (C2/FL). Green indicates compounds expected to have increased percentage change
(C1/FL). Red/NA indicates where tested lysate gave no result on capillary western. Previous results from the initial
screen are presented in last two columns.

>

Dose-response curve of Carbamazepine B Dose-response curve of C-1

Percentage change vs. DMSO controls
'
Percentage change vs. DMSO controls

10 15 20 25 30 35

Concentration of compound (uM) Concentration of compound (uM)

--@--C1/F c2/r --8--C1/FiL --®--C2/FL

Figure 15. Dose-response curves of Carbamazepine and C-1. Compounds were retested at concentrations of 30, 10,
3, 1, and 0.3 uM. Blue curve indicates percentage change in C1 fragmentation levels. Orange curve indicates
percentage change in C2 fragmentation levels.

3.3: A candidate-based response for Cprotease elucidation

Due to the variability of results in the library screen and inability to identify a modulator
of PrP cleavagewe still wished to probe the capabilitiesldfandb-cleavage as therapeutic
targets and decided to pursue a candibased approach. Based on preliminary data completed
by Dr. Andrew Castle, we identified a general (fotgss specific) serine proteasdibitor,
Camostat mesylate, which was able to induce a dose response chidtgairage oPrF-

(unpublished data). Looking to the literatuegardingtype || membrane proteases present in the
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brain that Camostat mesylate initslor has the potential to inhibit, we identified six proteases as
potential-PrPases: TMPRSS1 (Hepsin), TMPRSS2, TMPRSS4, TMPRSS5, TMPRSS11D, and

HTRAL.

3.3.1: Testing candidate proteases &P U-cleavage

Next, we tested the cleavagp § 3
QU Q
| & E§ 8
capabilities of the aforementioned S S« S 4 9 5
v £ & s § £ 88 ¢z
5 & & & S 5§ & a &
proteases on Br/° substrate. We o § 2 £ £ & § 2 R &%
a
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PrP~ (pcDNA3.PrP.wt). Through
Figure 16. Western blot analysis of lysate from RK13 cells transiently co-
. transfected with a PrP expressing plasmid and plasmids expressing serine
probing cell lysates fdiull-length proteases. A plasmid using the pcDNA3 backbone expressing PrP was co-
transfected with plasmids expressing TMPRSS1 (Hepsin), TMPRSS2,
: TMPRSS4, TMPRSS5, TMPRSS11D, HTRA1L, and a control pcDNA3 (Empty)
Prli and its fragments (after a vector. Lysates were PNGaseF treated. Blot was probed with Sha31 1°
. antibody (1:30000, 15 minute exposure), FL and C1 PrP species are
glycosylatlon step), we found that | indicated. Hepsin and TMPRSS2 behaved differently from the other
proteases studied here. Figure is representative of 3 repeat experiments.

Hepsin and TMPRSS2 behaved

differently from the other proteases; Hepsin caused little to no FL PrP signal with a significant
loss of C1 signal (compared to controls), and TMBR8aused an overall significant loss of FL
and C1 signalKigure16). Next, we performed a transient transfection of the proteases into a
stable cell line that expresses PrP (RKA310). When testing the lysates, we found that neither
Hepsin nor TMPRSSZlieited the same loss of signal as seen in thgamsfection, both in

conventional western analysiSigure17A), and capillary western analysiBigurel7B). The
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western analyses demonstrated little to no change across the proteases (and contidits) teste

the amount of FL and C1 PrP producEdy(ire17).
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Figure 17. Western analyses of lysates from RK13-WT10 cells transiently transfected with plasmids expressing serine
proteases. Plasmids expressing TMPRSS1 (Hepsin), TMPRSS2, TMPRSS4, TMPRSS5, TMPRSS11D, HTRA1L, and a control pcDNA3
(Empty) vector were transiently transfected into RK13-WT10cells. Lysates were PNGaseF treated. A, western blot of lysates
probed with Sha31 1° antibody (1:30000, 5 minute exposure). B, capillary western of TMPRSS1, TMPRSS4, and TMPRSS5
lysates. C1 and FL peak are indicated with arrows. Stable transfection does not give a similar result to the acute transfection.

Due to published data describing Hepsin as an activator ehptox metalloproteinases,
we wanted to test whether both Hepsin and TMPRSS2 were causing activation of ADAM10, a
metalloprotease that results in shedding ofPrFo explore this hypothesis, we collected the
meda from transiently cdaransfected cells and probed for both PrP (Sha31) and PrP that has
been shed (using a 1° antibody sPrPG228, which can specifically detect the Gly at position 228
resulting from ADAM 10 shedding-{gure1A)). The results irFigure 18 show that once again
Hepsin and TMPRSS?2 are providing signals that are different to the other proteases and controls.
Figure18A demonstrates that the amount of PrP (as probed by Sha31) in the media is lower in
Hepsin and TMPRSS2 doansfections. Moreovethe patterning is more reminiscent of PNGase
F-treated lysate, as there are discrete PrP species rather than the smears seen in other
experimental conditions that leaveliNked antennary sugar structures int&etjure 188 shows

there is no signal in thHepsin and TMPRSS2 lanes for shed PrP.
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Figure 18. Western blot analyses of concentrated media from RK13 cells transiently co-transfected with a PrP
expressing plasmid and plasmids expressing serine proteases. A plasmid using the pcDNA3 backbone expressing
PrP was co-transfected with plasmids expressing TMPRSS1 (Hepsin), TMPRSS2, TMPRSS4, TMPRSS5, TMPRSS11D,
HTRA1, and a control pcDNA3 (Empty) vector. The media was collected and concentrated. A, western blot of
concentrated media probed with Sha31 1° antibody (1:30000, 2 minute exposure). B, western blot of concentrated
media probed with sPrP 1° antibody (1:1000, 60 minute exposure). Hepsin and TMPRSS2 again behaved differently
from the other proteases studied.

3.3.2: Hepsin and TMPRSS2 exert their effect on other G&hchored proteins

As PrP shares two paralogous proteins in the fafm$ho and Dplwe wished to see if
Hepsin and TMPRSS2 have similar effects on these protein "cousins” of PrP. We performed a
transient ceransfection with the protease expressing plasmids and a plasmid expressing Dpl or
Sho. We found that there is a loss of signal Hepsin and TMPRSS2) when lysates are
analysed on a western blétigure19A and B, experiment performed by Dr. Serene
Wohlgemuth). Next, we wanted to decipher if Hepsin and TMPRSS2 act more broadly to affect
the production of other GRInchored proteingutside of the PrP superfamily, so we performed a
transient ceransfection with our protease expressing plasmids and a plasmid expressing Thyl, a
diglycosylated and GRAnchored proteinHigure20A). Again, we found that Hepsin and
TMPRSS2 are lowering éhsignal within protein lysates when probed on a western blot (in

comparison to other tested proteases and controls) for Hiylré20B).
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Figure 19. Western blot analyses of lysate from RK13 cells transiently co-transfected with Dpl or Sho
expressing plasmids and plasmids expressing serine proteases. Plasmids expressing Dpl (FLAG tagged) or Sho
(HA tagged) were co-transfected with plasmids expressing TMPRSS1 (Hepsin), TMPRSS2, TMPRSS4, TMPRSS5,
TMPRSS11D, and HTRA1L. A, western blot of lysates with a-FLAG 1° antibody (1:1000, 60 minute exposure). B,
western blot of lysates probed with a-HA 1° antibody (1:2500, 60 minute exposure). Blot analysis performed
by Dr. Serene Wohlgemuth. Sho blot was over exposed to reveal signals within Hepsin and TMPRSS2 lanes.
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Figure 20. Thyl is a di-glycosylated GPI anchored protein. A, schematic of Thyl protein following GPI linkage. Signal
peptides 1-19 and 131-161 are replaced by the GPl anchor. B, western blot analysis of lysatse from RK13 cells transiently cof
transfected with a Thy1 expressing plasmid and plasmids expressing serine proteases. A plasmid using the pcDNA3
backbone expressing Thyl was co-transfected with plasmids expressing TMPRSS1 (Hepsin), TMPRSS2, TMPRSS4, TMPRSSS5,
and a control empty pcDNA3 and pcDNA3.GFP vector. Blot was probed with a-Thy1 1° antibody (1:1000, 30 minute
exposure). Blot was stripped and reblotted with a-Beta actin. Hepsin and TMPRSS2 again behaved differently from the
other proteases studied in interaction with Thy1.
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3.3.3: Hepsin and TMPRSS?2 exert their effect independent from the protein promoter

As all the tested plasmids expressing @Rthored proteins contained the CMV
promoter, and since competition for shared transcription factors may affect net protein levels, we
tested the protease plasmids in aremsfection on a plasmid expressing PrP under the EFla
promoter, considered to have housekeeping gene prop@iied. CE4.PrP.wt (EF)a Yet
again, we found that Hepsin aftMPRSS2 behave differently to other protesaaed controls
with the C1 signal being greatly reduced or absent inotlbnventional westerriF{gure21A)

and capillary western analysésgure21B and C).
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