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Objetivos

. Introduzir mecanismos moleculares da Doenca de Alzheimer
(agregacao das proteinas BA42 e Tau);

. Modelos para o estudo da doenca de Alzheimer em levedura;
. Introduzir conceitos sobre a Doenca de Parkinson;

. Modelos para o estudo da Doenca de Parkinson em levedura,
. Introduzir conceitos sobre a Doenca de Huntington;

. Modelos para o estudo da Doenca de Huntington em levedura



Mecanismos moleculares da Doenca de Alzheimer
(agregacéao das proteinas BA42 e Tau)



Critério clinico para diagnostico da Doenca de Alzheimer

Declinio progressivo de funcdes cognitivas:

“*Aprendizado de novas informacoes
*Resgate de informacdes antigas

*»Afasia, apraxia, agnosia, perda da capacidade de
organizar, planejar e executar atividades
cotidianas

s AlteracOes graduais tornam-se mais severas

s Excluir outras condicdes que acusam demeéncia:
doenca de Parkinson, Huntington, hipotiroidismo
etc



Alzheimer Normal




Areas do cérebro afetadas na doenca de Alzheimer
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Como se formam as placas constituidas de agregados da
proteina B-amildide?



Mecanismo de clivagem da proteina p-amiloide

N&o-amiloidogénica ¢« ][ » Amiloidogénica

SAPP«a
SAPPS AB
p3 /
y-Secretase a-Secretase BACE-1 y-Secretase
¢ ¢ N — ) —
: g : Colesterol
IS ‘ 2 e Ta . > ) N N -

3 i'a's .

i
AR

LR g N )

Membrana o (AL | (AL AN I ‘l “{l\!ﬂ"{(j ﬁl(v"ﬁ‘ I(H
rafining phishadn! Relghel Wi ,»‘i‘ih\ﬂr‘ﬂ., | M‘lmﬁhﬁ'
) LR AANIR % 7 'v"'T“".-"&‘,ﬂk.

AN AXATAA NNAA AN ) PUS\P Ul
“c83 AZP Y99 AICIN
C49-50 .
AB EXpFESS&O

génica
nuclear

Proteina precursora amiléide (BAPP)

ENGL) MED 362;4 NEJM.ORG JANUARY 28, 2010



Mecanismo de agregacao da proteina B-amildide

Oligomeros
pre-fibrilares ou Fibras
protofibras

Placa
amildide




Como se formam os emaranhados neurofibrilares constituidos
de agregados da proteina Tau?



O citoesqueleto mantem a estrutura da célula

Nucleo

Citoesqueleto




Os componentes do citoesqueleto
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Proteina Tau Microtubulo
associada ao

microtibulo Fosforilacao da proteina Tau
promove sua agregacao
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Mecanismo de agregacao da Tau

Oligomeros
pre-fibrilares ou Fibras
protofibras
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A mitocondria e transportada nos microtubulos
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Como os agregados de AB42 causam lesao neuronal?

— ) :._-' i .-______..-"' ..._i__.-" - T _ _-\_:H-«.\

— _“_.-'J."r__ — ._____.-" "“-,_I -.'x -..___:-'._:
vaso _ ,,e--" o~
sangumeo _— y neurbnio

= /. [
| ollgomeros .: W/ ndcleo
[ Aﬂ' iy * |
A ey T rotofibras # .
< \ 43y o PO _ AN
H\:‘H“& ~ :;"'{.-. ,,f”:;’ N [
\\\. S .,"-.n. . B 3 --_-__;-..-__..-' |
‘neurbnio . ° e 1
_ TN 'sinapse
o _ @ o Placa amildide | ,.‘t:\\
sinapse - . N N
] ""-.__ Lk W
obstruida *=/ 1 J"l -
N emaranhados =4I\ W
= fx/neuroflbrllaresﬂi"' Zil? “%;f'
j .7 N \l RN -axobnio 'H
|II i - \":‘“x / — —— -""’:{
b ‘\.\_"-.l_ S




Budding yeast models to study effects of Tau



Human Protein Tau-4R Becomes Hyperphosphorylated
InYeast.

1. Human tau-4R and tau-3R did not affect growth rate
2. Alkaline phosphatase treatment reduced the tau-3R and

tau-4R subspecies to single proteins
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Vandebroek et al. (2005)Biochemistry 44: 11466-11475



Decrease of epitopes AD2 and PG5 in mdslA4 yeast is
restored by human GSK-3B[S9A]

1. Mdsl is an orthologue of mammalian GSK-3/

A Tau-5 AD2 PG5

Vandebroek et al. (2005)Biochemistry 44: 11466-11475



The importance of Ser409 phosphorylation for Tau
aggregation
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Oxidative stress triggers an aggregation mechanism parallel
to hyperphosphorylation

(d)

- + e
SinT . . . .. <75 kDa
SolT “. “. <75 kDa

/ Radical hidroxil

Fe* + H,O, —> Fe3" + OH* + OH- Reacdo de Fenton

Vanhelmont et al. (2010) FEMS Yeast Res 10: 992—-1005



Peptidyl prolyl cis/trans isomerase (PPIl) Pinl

PPlase domain
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. Phosphorylation of protein tau on Thr231-Pro232 slows down
the conversion from the cis to the trans state, ultimately
making this tau residue a less favorable target for the trans-
dependent phosphatase PP2A,

. Thr231-phosphorylated tau in the cis-state, but not trans-state,
IS unable to promote MT assembly and is more prone to
aggregation, besides being more resistant to
dephosphorylation;

. Pin1~~ mice display an age-dependent full-blown tau
pathology whereas a decreased Pinl expression/activity is
reported in case of AD;

. Essl de S. cereviaise € o homologo de Pinl



De Vos (2015)AIMS Molecular Science 2:144-160

The effect of Ess1 depletion and tau expression on the
growth of yeast cells
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De Vos (2015)AIMS Molecular Science 2:144-160

Phosphorylation pattern of tau in wild type and ess1® cells
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De Vos (2015)AIMS Molecular Science 2:144-160

Visualisation of tau inclusions in WT and ess1ts cells.
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Budding yeast models to study effects of AB



Overall structure of human y-secretase.

Linfeng Sun et al. PNAS 2015;112:19:6003-6008

©2015 by National Academy of Sciences
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Estimate of reconstituted PS1 or PS2 -secretase activity

In yeast
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Yeast Display and flow Cytometry
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Park et al. (2004)Neurosci. Lett. 357, 63-67,

Yeast Two-Hybrid

Amyloid Precursor Protein (APP)
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Caine et a.. (2007) FEMS Yeast Res 7: 1230-1236

Microscopy of yeast with GFP-AB
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Introducéo a Doenca de Parkinson

Tremor

Postura inclinada
para frente

Expressao facial
como mascara

Rigidez muscular

Quadris e joelhos

levemente flexionados
Tremor

Passos curtos, com dificuldade



Caracteristicas clinicas importantes da
Doenca de Parkinson

Tremor de repouso

Bradicinesia

Rigidez muscular

Alteracao dos reflexos posturais
Postura flexionada para frente

Bloqueio motor



Areas do cérebro afetadas na doenca de Parkinson

Nucleo caudado

Globus pallidus
Talamo

Cerebelo

Amidala

Substancia
negra



Os niveis de dopamina em neurdnios
normais e afetados com doenca de Parkinson

. Movimento
Neurénio Normal Normal
doapamina
receptores
Neurdnio afetado com Movimento
’ Prejudicado

Doenca de Parkinson




Doenca de Parkinson

Substancia negra normal



Doenca de Parkinson

Substancia negra com Parkinson



Doenca de Parkinson

Substancia Negra

Parkinson




Doenca de Parkinson

Substancia negra com Parkinson



Corpusculos de Lewy

egacao de a-sinucleina




Mecanismo de agregacao de a-sinucleina

(\_.D..—_*

a-sinucleina

Oligdmeros
pré-fibrilares ou
protofibras

Fibras

Corpusculo

de Lewy




Como os agregados de a-sinucleina causam a
Doenca de Parkinson?



a-sinucleina liga-se as vesiculas sinapticas

sinapse

a a-sinucleina

Normal 5%

vesicula

%

b
Parkinson Qg %




Toxicidade da a-sinucleina em neurénio dopaminérgico

intracelular

1 conc.local de A
a-sinucleina J trafego

Dopa, vesiculas
radicais livres

Neuritos e
Corpodsculos
de Lewy

Elevada
taxa respiratoria |




Yeast models to study Parkinson’s disease
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Cells expressing Syn accumulate lipids.
Syn overexpression perturbs the distribution of vesicular
A A53T A30P pools

. WT aSyn AS3T A30P Hitt
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Clearing of -synuclein aggregates by autophagy and vacuole
function rather than proteasome
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S129A aSyn is more toxic for yeast cells than the WT aSyn
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Tenreiro et al. (2014) PLoS Genet 10: €1004302
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Introducéo a Doenca de Huntington

Inicio tardio

Perda de neurdnios do tecido estriado

Perda de peso

Doenca com heranca autossomica dominante

Disfuncao motora, psiquiatrica e do sistema cognitivo
progressiva — morte



Areas do

Amidala

cerebro afetadas na doenca de Huntington

estriado
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Atrofia do tecido cerebral com o progresso da doenca

Huntington Normal




Huntingtin structure and transformations

Chromosome 4 67 exons

Transcription I:HF:D —HIHHHHHHHRHHTF Transcription
and RNA HTT gene and RNA
processing @

H]T mRNA HTT exonl mRNA
Trans IEI'IIIGI'I Translation
Ribosome
Proteolytic

@ processing

H'lTNT
cleava PolyQ
PRD
G % . 2r=[§ a=ﬂ r=6 = :
Proteolysis
Full-length Huntingtin
huntingtin * fragments

Toxicity from polyQ repeat length-dependent changes in

» Monomer conformation?

» Interactions with other molecules and cellular structures?
» Formation of ocligomers and larger aggregates?




Mutacao por expansao de sequéncias de
trinucleotidios repetidos

DNA original — cédigo para sequéncia de aminoacidos

Basesdo "CATTCACAGGTAATCATGCTA
DNA

~{ His H Ser H Gin H Val H ile H Wet H Leu }-

T
Aminoacido . Trinucleotidio repetido (CAG)
—— ¥ v ‘
ST T LT L LD T 1 el il 1 1.0 &+ 1.1 °
CATTCACAGCAGCAGGTAATC

-{ His_ H Ser H 6in HESTEHEEIEH Vai H ile -
e T

Trinucleotidios repetidos adicionam
uma cadeia de glutaminas (Gln) a proteina

.S HNational Librang of Medicins



Estrutura da Huntingtina

Sitio da
Endopeptidase

, Caspase
PO”Q lll}‘(7 HH2 (15) M NES HH4 (12)

100 ﬂ 700\\ 113044 1720 4 250044 2750 3144
16 421 536 1181 12 2076 2653 2657
ALT ASVKDEISGELAASSGVSTPGSAGHDITEQPRSQHTLQADSVD LASCDLTSSATDG
DEEDILS HSS _SQVSAVPSDPAMDLND , GTQASSPISDSSQTTTEGPDSAVIPSDSSE IVLD, GT
53 552 586
Quantidade de repeticoes CAG Fendtipo
menos de 35 normal
de 36 a 39 aumenta o risco (penetrancia incompleta)

mais de 40 desenvolve a doenca




Mecanismo de agregacao da Huntingtina

Oligomeros
pre-fibrilares ou Fibras
protofibras




Budding yeast models for the investigation of the mutant Htt-
Induced toxicity



Expression of Htt fragments in yeast
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Overexpression of Hspl104 reduces Htt aggregation
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The loss of Hsp104 affects Htt aggregation
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Deletion of the proline-rich region in the amino-terminal
region of Htt alters aggregation of expanded poly(Q) in yeast.
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Dehay and Bertolotti (2006) J Biol Chem 281:35608-35615



Deletion of the proline-rich
region in the amino-terminal

region of Htt provokes

cytotoxicity of expanded
poly(Q) in yeast
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Dehay and Bertolotti (2006) J Biol Chem 281:35608-35615



Deletion of the proline-rich region in the amino-terminal
region of mutant Htt bypasses the requirement of Hsp104 for
aggregate formation
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Reintroduction of Hspl104 in hsp104-deleted cells restores the
shape of Q47, Q72, and Q103 aggregates observed
In wild-type cells
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Saccharomyces cerevisiae oxidative phosphorylation
complexes
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Mitochondrial functional characterization of the wild-type
yeast strain W303 expressing wild-type and mutant PolyQ
domains from integrative plasmids.
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Steady-state concentrations of mitochondrial respiratory
chain components
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Mitochondrial distribution is altered in cells expressing 103Q
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Resumo

. Em doencas neurodegenerativas ha formacao de agregados
proteicos;

. Fuséo de Tau, AB42, a-synucleina ou huntingttina com GFP
mostraram formacao de agregados por microscopia de fluorescéncia;

. Em levedura, mostrou-se que Tau ¢é hiperfosforilada e que a Ser409 é
um determinante de sua agregacéao;

. Yeast Display permitiu identificar fragmentos de anticorpos que inibem
a clivagem de BAPP;

. Aformacao de agregados de a-synucleina depende do nimero de
coOpias expressas; 0s agregados sao depurados majoritariamente por
autofagia e a mutacdo S129A é mais toxica que a—syn WT,;

. Expressao de Htt em levedura mostrou que a agregacao depende de
Hspl04; o PRD inibe a formacao de agregados e Htt-GFP diminui as
atividades dos complexos Il e |l da cadeia respiratoria;



