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A Quick Biology Review

Transcription

DNA

(genes)

Prion (PRNP) Gene Sequence

ATGGCGAACCTTGGCTGCTGGATGCTGGTTCTCTTTGTGGCCACATGGAGTGACCTGGGC
CTCTGCAAGAAGCGCCCGAAGCCTGGAGGATGGAACACTGGGGGCAGCCGATACCCGGGG
CAGGGCAGCCCTGGAGGCAACCGCTACCCACCTCAGGGCGGTGGTGGCTGGGGGCAGCCT
CATGGTGGTGGCTGGGGGCAGCCTCATGGTGGTGGCTGGGGGCAGCCCCATGGTGGTGGC
TGGGGACAGCCTCATGGTGGTGGCTGGGGTCAAGGAGGTGGCACCCACAGTCAGTGGAAC
AAGCCGAGTAAGCCAAAAACCAACATGAAGCACATGGCTGGTGCTGCAGCAGCTGGGGCA
GTGGTGGGGGGCCTTGGCGGCTACATGCTGGGAAGTGCCATGAGCAGGCCCATCATACAT
TTCGGCAGTGACTATGAGGACCGTTACTATCGTGAAAACATGCACCGTTACCCCAACCAA
GTGTACTACAGGCCCATGGATGAGTACAGCAACCAGAACAACTTTGTGCACGACTGCGTC
AATATCACAATCAAGCAGCACACGGTCACCACAACCACCAAGGGGGAGAACTTCACCGAG
ACCGACGTTAAGATGATGGAGCGCGTGGTTGAGCAGATGTGTATCACCCAGTACGAGAGG
GAATCTCAGGCCTATTACCAGAGAGGATCGAGCATGGTCCTCTTCTCCTCTCCACCTGTG
ATCCTCCTGATCTCTTTCCTCATCTTCCTGATAGTGGGATGA

Translation

RNA — Protein

Prion Protein (PrP) Sequence

MANLGCWMLVLEVATWSDLGLCKKRPKPGGWNTGGSRYPGOGSPGGNRY PPOQGGGGWGQP
HGGGWGQPHGGGWGQPHGGGWGQPHGGGWGQGGGTHSQWNKPSKPKTNMKHMAGAAAAGA
VVGGLGGYMLGSAMSRPITHFGSDYEDRYYRENMHRYPNQVYYRPMDEY SNONNEFVHDCV
NITIKQHTVITTTKGENFTETDVEKMMERVVEQMCITQYERESQAYYQRGSSMVLESSPPV
ILLISFLIFLIVG

PrPC Structure:




Why Do Have PrP¢ To Begin With??
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The ‘Prion Principle’

PrPSc acts as a ‘seed’ that converts
PrPC€ into additional PrPsc

PrP¢ ——— Prp~>°¢ ———

‘Cellular’/normal ‘Scrapie’/disease
form of the form of the
prion protein prion protein,

aka ‘prions’




What is a Prion?

Conversion into a
dangerous shape

Normal protein movements




The ‘Prion Principle’

+ Spontaneous misfolding
Mutations in PrP

P rPC « Pre-existing PrPSc
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Misfolding

Self-propagation

PrPsSc acts as a ‘seed’ that converts
PrPC into additional PrPsSc




Prion Replication and Propagation
PrP¢ Prpsc
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misfolding
(normally
prevented by
energy barrier)

* Mutations in PrP
(increase
misfolding of
PrPC¢ or stabilize
PrPsc)

Small aggregates
(PrPSc “oligomers”)

Large aggregates
(PrPsc “fibrils”)




Visualizing Prions and Prion Replication in Cells

Extracellular vesicles

Dr. Szymon Manka/Ellie Hanzi Dr. Jakub Soukup
“Engineering human cells to propagate fluorescent “Higher-resolution visualization of prion fibrils in
prions for live monitoring of prion infection and neurons and extracellular vesicles using state-
high-resolution in situ prion structure determination” of-the-art Cryo-TEM and FIB-SEM imaging”




How do Researchers Distinguish
Between PrP¢ and PrPsc¢?

Normal  Prion-
brain containing
sample sample

Complete
elimination

— Proteinase K: - + +

PrP¢ — .
PK = Proteinase K . <«— Prpsc
. —

PrPsSc is resistant to
degradation by PKI




Prions Are Infectious Proteins

Inoculate mouse prions Inoculate hamster prions
intracerebrally intracerebrally
e o Spongiform change

N\ (vacuolation) PrPSe deposits

4\

Hamsters

Incubation periods
* Mouse prions: ~120-150 days
 Hamster prions: ~70-80 days




Prion Strains 0D sCJD

MM1  MM2
PrPse  Prpse

« Clinical and pathological variability in the prion diseases pﬁi{gi‘; T

(both in laboratory animals and humans) can be i

explained by the existence of distinct ‘strains’ of prions 20~

Smaller 1p-
proteins

Detection of PrP after PK treatment

° I I I I Sc
Prion strains represent distinct structures of PrP using an antibody

aggregates

ME7 mouse prion strain RML mouse prion strain

@ PrPC

N

-- -—w - y vV \
aggregates
-- - - y vV \

Strain ‘A’ Strain ‘B’ Strain ‘'C’

\= GPI anchor GPl anchor

Manka et al., Nature Chemical Biology, 2023




Prion Replication and the Species Barrier

Hamster prions

Poor Transmission
Human prions (Low transmission rates,
- . . .
pi= long incubation periods)

Deer prions e

Sheep prions

“Species Barrier”

Inoculate CJD
brain extract

Efficient Transmission
—_—
No Species Barrier
Dr. Alyssa Block
“Refined transgenetic approaches to investigate
selective adaptation of human prions during
intracranial and peripheral transmissions”

Transgenic Mouse
Expressing Human PrP¢




Prion Replication in Cultured Cells

Mo Ha

Infection: Ctrl prions prions
Infect cells with

kDa
prions 30—

CAD5-PrP-

cells expressing
mouse PrP

20—
Passage cells to
remove original

CAD5-PrP+*
prions 30—

cells expressing
hamster PrP

Cells that O Uninfected cell
express PrPC¢ @ Prion-infected cell

. ‘}: S
+ PK Dr. Joel Watts
Arshad et al., J Neurochem, 2023 “Engineered biosensors for
improved prion detection”




Using Patient-Derived Cells to Study
Mechanisms of Prion Toxicity

—a Reprogramming Induced

' — > pluripotent stem
4112127
‘ Somatic cells

cells (iPSCs)
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Hematopoietic cells Islet cells Neural cells

Cardiomyocytes

\\ | A I HWV g
Dr. Jose Andres Alepuz Guillen
“Characterization of synaptic

abnormalities in iPSC-derived
neurons from E200K carriers”




Prion Detection Using RT-QuIC

e FVB

e FVB-RML Prion-infected
"ull . I mouse brain

Healthy
mouse brain
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Thioflavin T: Becomes fluorescent when
bound to protein aggregates

Addition of PrPS¢ to recombinant PrP¢ and
incubation at 37°C with shaking results in the
production of PrP aggregates that can be
detected using Thioflavin T fluorescence

RT-QuIC is extremely sensitive: it can detect
minute quantities of prions in the CSF, olfactory
swabs, and skin from sporadic CJD patients

Dr. Gianluigi Zanusso
“Multi-center assessment of olfactory swab procedure
performed by non-otolaryngologists for improving and
simplifying human prion disease diagnosis”




Prion Disease Diagnosis and Biomarkers

* Imaging biomarkers:
« Magnetic resonance imaging (MRI) IR BFN i ot . Newrology, 201
» Electroencephalogram (EEG) gt <
« CSF biomarkers:
» Not-so-specific for prion disease:
« Tau protein levels
* 14-3-3 protein levels
* Neurofilament light chain (NfL) levels
« Specific for prion disease:
* RT-QuIC positivity
* PrP levels (for PrP-lowering therapies)

Dr. Pei Ying Lee
“Assessing retinal function as a potential early
biomarker for Creutzfeldt-Jakob Disease (CJD)”




The Search for Prion Disease Therapeutics
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Strategies for Reducing PrP¢ Levels

Transcription Translation

DNA *mMRNA > Protein

PrPC protein

Translation
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Blocking PrP¢ Trafficking to the Cell Surface

PrP¢ at the L
cellsuface &~ | )~ Cytoplasm

X

Endoplasmic

Endoplasmic reticulum

reticulum j

Golgi
apparatus

|

Cell Dr. Nina Oberbeck

“Assessing efficacy of a PrP-
lowering Molecular Gate as a
therapeutic for prion disease ”

apparatus
PP surface




Neurodegenerative Diseases

Prion disease
. Location: diffuse cortical

‘a Macro: cerebral atrophy
i Micro: spongiosis, PrP deposits

FTD S = - "

Location: frontotemporal - = ,; > q <6l Locatlon temporoparietal
Macro: cerebral atrophy <= N J'fj« Macro: cerebral atrophy
Micro: tau deposits, Pick bodies S Micro: AB plaques, tangles

LBD
Location: frontotemporal > N iy |
Macro: cerebral atrophy W > | ' . '*'% PD
Micro: Lewy bodies T S Location: midbrain
. Macro: pallor of substantia nigra
Micro: Lewy bodies

HD B :
Location: basal ganglia == ===
Macro: neostriatal atrophy

Micro: neuronal loss and astrocytosis

Bertram and Tanzi, 7 ALS
Location: motor cortex, brainstem, spinal cord

J Clinical Investigation, Sl ] = Macro: atrophy of motor neurons and muscles
2005 Micro: inclusions (Bunina bodies, Lewy body—like)

« Common themes in neurodegenerative diseases: Dr. Ignazio Cali

111

« Loss of neurons in the brain or peripheral nervous system Investigating prion protein seeding

activity in non-prion disease

+  Protein misfolding and t
rotein misrolding ana aggregation dementia”

* Protein co-pathologies




» Largely monogenic

disorder

+ Rapidly

progressive

Overlaps Between CJD and Other
Neurodegenerative Diseases

CJD AD/ADRDs

+ Progressive dementia
* Protein misfolding and
aggregation
* Neurodegeneration, synapse
loss, and neuroinflammation | ¢ Largely polygenic
- Self-propagating protein disorders
aggregates * More S|OW|y
* Protein co-pathologies progressive
« Disease variants caused by
aggregate strains
« Potentially transmissible
in rare circumstances

research can lead to major
advances in our ability to

\ diseases!

/ Fundamental prion disease \

understand, diagnose, and treat
other human neurodegenerative

/

Watts, Sigurdson, Yobs, and Soto, Trends in Molecular Medicine, 2026




ANY QUESTIONS??
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