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Symptomer og utbredelse

http://www.ancient-origins.net/

Midten av 20.
arhundre: 3000
dode av en
befolkning av 30
000

Kvinner og barn
mest utsatt (9 av
10 tilfeller
rapportert)

Tap av
koordinering,
skjelvinger, tap av
evne til a svelge,
«ufrivillig»
grat/latter



Endokannibalisme
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* Historisk sett ikke
uvanlig praksis i mange
stammesamfunn (og til
og med bysamfunn)

. Fore-stammeni Ny
Guinea praktiserer

" “begravelsesriter som
involverer kannibalisme

* Kvinner og barn mest
utsatt (9 av 10 tilfeller
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http://www.ancient-origins.net/




HVilke deler av Cerebral cortex:
hjernen er skadet i
Kuru?

Brain stem:

Kuru

http://learn.genetics.utah.edu/content/basics/prions/



Var smittestoffet i hjerne, som ble spist
som en del av ritualet?

Hiernemasse fra /

avdgde Kuru- \

pasienter.

Dr. Gajdusek (fornt left). New York: Raven
Press Books, 1981 and
https://becker.wustl.edu/about/news/jo
urnals-dr-carleton-gajdusek

Via diett og sar/kutt pa hendene - forklarer hvor
det var mest kvinner og barn som fikk
sykdommen

«Slow virus» mistenkt som smittestoff

Forklarer hvorfor kvinner og barn var mest utsatt
(9 av 10 tilfeller rapportert)

Nobel Prize in Medicine, 1976
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Glykos, CBE Life Sci Educ, 2011

BioPandit — Youtube




Vekselvirkninger/ e
bindingsdannelse i lgpet av
folding vil:
e Make small groups of

hydrophobic residues
e Link distant parts of the

polypeptide
e Expel water Condensation

e Sortresidues into core and
surface arrangement

e Optimize local configuration of
backbone and sidechains

e Form secondary structure to
provide H-bond opportunities for
the backbone

e Continuously compensate for loss
of entropy by releasing heat from
bond-formation

Petsko and Ringe, p. 21



At the level of the protein structural
hierarchy, folding involves...

* Fast collapse and Dénatiifed
secondary structure shates
formation (typical
timescale ms)

A

Transition
state

- A, i [
L | o
;’/\

* Molten globule formation

%
#

* Appearance of tertiary

structure, sidechains still 2
mobile (timescale ms-s)
* Final “crystallization” to
. . Native
native state (timescale <s) state

Lesk page 362-363 and 365 Compactness —————>



DNA folding and melting
observed in real time redefine
the energy landscape.

Ma H, Wan C, Wu A, Zewail AH.
Proc Natl Acad Sci U S A. 2007
Jan 16;104(3):712-6.

"



energy

Men hva skjer dersom noe «misfolder»?

L )
<) L\—"\/) k i > unfolded
r'y o '
[\
folding
intermediates
iathy . .
folded states M|5f0|d|ng may
i
e lead to loss of
function but also
gain of toxic
“function”
amylold fibrils
-5 > - .
intramolecular contacts intermolecular contacts

Jahns et al., FEBS, 2015



\_,\,__r‘ Unfolded states M m E’\f

Og hva om noe
promoterer misfoldede
konfigurasjoner?

Energy

Intermediate

—)
PrPC —)
Normalt fungerende —%
protein, aktivti mange
vevstyper.

_________

infection Q
elongation,

conformational

PrPScS
Aktivt skadelig, antatt a
veere smittesubstans

O Prpse I‘;h"“.“ge
PrPres O € O nucleation h | ull
- . :

PrP som er resistent PrPC Q w rephcatlon

mot proteaser, ikke- cycle
| funksjonelt. Smittestoff? U ||
&d on pdb-structure 1AG2,
org/pdb/explore/explore.do?structureld=1ag2 breakage breakage into multiple

new seeds



Prioner i nyhetene

http://www.sciencemag.org/news/2017/04/norway-plans-
exterminate-large-reindeer-herd-stop-fatal-infectious-brain-disease

Chronic Wasting Disease (CWD),
evidence indicates the disease

originated in Fort Collins, i Eia=3" &¢
Colorado, during the 1960's when Eaf SEFRSUSIES
wild deer were pennedina &
research facility next to sheep &4
with scrapie, a related prion
disease.

http://www.deerfriendly.com/deer-disease
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Misfolding and seeding is a shared feature
of many neurodegenerative diseases

Homologous
protein as Homologous

substrate  aggregates PhﬂSt?:S 2~ 3
(e.g., Ap) E , _,
m - st m,;
+ = —_ —_— + Dﬂ D = Er;h - el
g ~
oy Alzheimer’s disease

seed ¥ 00

(e.g., AB) OOC} g ﬁ Stages 3—4
(™) = (03 .
Heterologous —'B i g §D 2
protein as O — AR 4 TR
substrate ™~ o A g S .. 7
(e.g., a-Syn) o @
Heterologous Parkinson’s disease

aggregates

Soto and Pritzkow, Nature Neuroscience, 2018. Also, Martin Jakubec



Neurodegenerative diseases including
Prionic Diseases

Loss of neurons and
neural connections,
gain of motoric

Bertram and Tanzi, 2005
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Prion-Alzheimer link

200 individuals has developed
Creutzfeldt—Jakob disease
(CJD) worldwide from
treatment with growth
hormone contaminated with
prions.

This continues to emerge due
to long incubation times of
prionic diseases.

Autopsies of 4 patients
showed amyloid- (AB)
pathology in grey matter and
in brain blood vessels.

Did not co-localize with prion
protein deposition.
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https://www.nature.com/articles/nature 15369



Protein misfolding affects 1 in 7
proteins in the cell

mRNA -- Proteostasis network counteracts this
Ribosome
l A %9 ~
oo
Misfolded/ Oligomeric
S/ metastable ”
Properly folded "'1’;;:::-'5-""' ' '
ppro)’:ein Fibrillar
I | | || | | |
Folding Conformational Aggregate Clearance by
maintenance formation degradation

Slide adapted from Martin Jakubec; Balchin et al., Science, 2016; Chiti and Dobsons, Annu. Rev. Biochem.,2017



The proteostasis network - robust
and complex

Core fitness genes
of K562 cells
(1658 genes)
Cytosol [HSR] RIBOSGIE Actin filament Nucleus [HSR] \
- Chaperome
332 genes
A (332 genes)
= Actin@ﬂ;ic . Proteasome
- ER [UPRER]
- -
k. Properly\.t sHSP oligomer | o
~afolded protein’y, s ! , HSP90 e .
pua == U & Tg <
< X \ N ' _ICALR '
o M - bor R
{ k \ S : > JCANX
L Misfolded = = i il
Assembled protein/ ( ) orilnn Rl b (- / “)
l functional complex P ' 4 <D 2 4
: # EROYY 4B
Macroautophagy ; HSP110 ‘ 4 3 5 4 > d Gﬁpgﬁ
Mitophagy l / P AepY
l Phagophore L 7 4
(VSP34, BECN, Protein ) S D
! SQSTM1, NBFH) aggregates  deps G v @ JNPH'UFD‘
S ' activation, p .
Lysosome/,.. . @ BAG3HSPBB @ A v
/,_. - @' E3 Ub ligation o ‘g%
Micro- . Autol s L
autophagy{ LAMB2ERY " ©Y>0some

Autophagosome
formation  aA1Gs ATG7, ATGS) 4

Chaperone-s\" .

mediated
autophagy

- - - - -—

Labbadia and Morimoto, Annu. Rev. Biochem., 2015



Are there any cures for misfolding?

Could we target all or parts of the folding/misfolding/regulation complexity?

MRNA : ‘-\ downregulate
translation drugs
ribosome O
RAC (Hsp70/MPP11 )

afNAC ,
activate
stalled RQC__ degradation
Hsp70/Hsp40 translation 2 (UPS)
Pfd R.0 .
S
y 5 = N
o3 amorphous
aggregates
% Hsp70/Hsp40/
s

folding
intermediate Hsp110

degradation
misfolded/ (autophagy)

metastable

Hsp70/Hsp40 .
Hsp90 , activate
Pfd/TRIC L:pregulate Ollgomers aUtODhagy
chaperones l e

native state yloid fibrils
From Balchin et al., Science, 2016



Downregulate translation drugs

Transthyretin Amyloidosis —an amyloid disease
* mMRNA reduction— Preclinical —Coelho et al., N Engl J Med, 2013

* RNAi antisense oligonucleotides — Clinical Trials —=Benson et al.,
Amyloid, 2010

e Degrading TTR mRNA to ameliorate TTR amyloidosis
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Normal |E".-'E'-lF. of TTR protein Reduced |EUF;E:{'Jf-|TE protein



Stabilization of correct fold

Aromatic amino acid hydroxylase — enzyme family

Phenylketonuria —hereditary diseases in some cases code for marginally
stable proteins

Small molecular chaperons — Preclinical trial

Aurora Martinez Hole et al., Current Drug Targets, 2016
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