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RESUMO

A doenca de Alzheimer é o tipo de deméncia com a maior prevaléncia na
populacdo idosa, afetando drasticamente a memodria e a autonomia dos
individuos acometidos. Patolégica e bioguimicamente, a doenca € identificada
através da presenca de emaranhados neurofibrilares e o deposito extracelular
de placas insoluveis, compostas por fibrilas provenientes da polimerizacdo do
peptideo 3 amiloide. Muitos marcadores astrogliais estdo alterados na doenca e
podem contribuir no metabolismo 3 amiloide. Dados sugerem a interacdo da
S100B, uma proteina produzida e secretada por astrécitos, com o peptideo 3
amiloide. A fim de estudar essa possivel interacdo entre ambos, conduzimos
experimentos a fim de avaliar se a S100B teria a capacidade de
desagregar/despolimerizar as fibrilas 3 amiloide previamente formadas in vitro,
visto que se observa a proteina co-localizada com as placas amiloides.
Avaliamos concentragdes baixas, na ordem de nM, e concentragdes elevadas,
na ordem de puM, de S100B a fim de identificar se o papel trofico e toxico
atribuidos a essas ordens de concentracbes poderia estar relacionado a
capacidade da mesma de desagregar/despolimerizar as fibrilas presentes. Como
resultado, identificamos que essa caracteristica € dependente, além da
concentracdo de S100B, do tempo de incubacdo com as fibrilas, sendo que a
concentracdo de 5 nM de S100B demonstrou manter essa propriedade por mais

tempo inalterada.



ABSTRACT

Alzheimer's disease is the most prevalent type of dementia in the elderly
population, drastically affecting memory and the autonomy of those individuals.
Morphopathologically and biochemically, the disease is identified through the
presence of neurofibrillary tangles and the extracellular deposition of fibrillary
plaques, composed of fibrils resulting from the polymerization of the 3 amyloid
peptide. Another marker used for the investigation of the disease is S100B
protein, mostly from astrocytic origin and found elevated progressively in the
disease course. Evidence suggests the interaction between S100B and R
amyloid peptide. In order to evaluate this possible interaction, experiments were
carried out to assess whether S100B would have the ability to
disaggregate/depolymerize pre-formed amyloid 3 fibrils, once S100B protein is
shown co-localized with senile plagues in studies in vivo and post mortem.
Hence, we evaluate from a low range concentration to a higher order (throphic:
nM; toxic: pum) values corresponding to a disaggregator/ depolymerizer role. As
result, we identified that this feature is dependent on S100B concentration and
incubation time with ab fibrils, in which the concentration of 5 nM of S100B

exerted this property for a longer time.



LISTA DE ABREVIATURAS

RA, Peptideo R-amildide

BHE, Barreira hematoencefélica

DA, Doenca de Alzheimer

GFAP, Proteina Glial Fibrilar Acida

MET, Microscopia eletronica de transmisséo

RAGE, Receptor de ligac&do de produtos de glicacdo avancada

SNC, Sistema nervoso central



INTRODUCAO

1. Deméncia

Deméncia, uma das condicbes de salude mais onerosas, pode ser
conceituada como deficiéncia cognitiva ou declinio cognitivo que compromete a
independéncia de um individuo (1) acompanhada de distirbios no humor,
comportamento e personalidade (2). Tais sintomas sdo consequéncia de uma
disfuncédo cronica e/ou progressiva das funcdes corticais e subcorticais (2).
Estima-se que a cada 4 segundos um novo caso de deméncia é diagnosticado,
resultando em aproximadamente 7,7 milhdes de casos por ano no mundo (3).

A deméncia é um dos achados clinicos de diversas doencas
neurodegenerativas (4), sendo a doenca de Alzheimer (DA) a condicdo na qual a
deméncia mais frequentemente se manifesta, correspondendo a cerca de 50-
70% dos casos (5). Além da DA, outras doencas neurodegenerativas também
sdo caracterizadas por declinio cognitivo, sendo a deméncia frontotemporal o
segundo maior diagnostico (6).

Devido ao carater incapacitante das deméncias, a projecdo de custos
para o ano de 2050 relacionados a terapia medicamentosa e ao manejo dos
pacientes acometidos corresponde a cerca de 1,1 trilhdo de dodlares (7). Tal
projecdo demonstra a urgéncia na compreensao da fisiopatologia da doenca a
fim de contribuir para o desenvolvimento de alternativas terapéuticas,
acarretando em um aumento da qualidade de vida dos pacientes acometidos e

contribuindo na diminuig&o dos custos envolvidos no cuidado dos acometidos.

1.1Doencga de Alzheimer

A DA, forma mais comum de manifestacdo das deméncias, pode ser
classificada genericamente em dois tipos. A DA pode ser familiar (tipo 1), na qual
se identificam mutacdes em genes especificos como, por exemplo, no gene

responsavel pela traducdo da proteina precursora amiloide (APP) e no gene que



traduz a proteina presenilina (PSEN1/2), sendo uma doenca de instalacao
precoce (8) (9). Também pode ser classificada como esporadica (tipo Il), sendo
uma doenca de instalacdo tardia e na qual se observa a influéncia de multiplos
fatores relacionados ao estilo de vida como, por exemplo sedentarismo,
utilizacdo excessiva de alcool, tabagismo, além de disturbios metabdlicos como
hipercolesterolemia, alelo € da apolipoproteina E, obesidade e diabetes mellitus
(9) (10).

Fatores genéticos vém sendo relacionados com o desenvolvimento da
DA, principalmente alteracbes em alguns genes que codificam proteinas chaves
no metabolismo do peptideo 3 amiloide, sendo 0os mais consistentes marcadores
da doenca o gene codificador da APP e da PSEN1l e PSEN2. Fatores
ambientais acrescidos de alteracBes nesses genes parecem ser responsaveis
pelo desenvolvimento e progressdo da DA, caracterizando a doenca como
multifatorial e, cujas manifestagcdes em pacientes, possuem diferentes graus de
severidade (11). Outra alteracdo genética importante para o desenvolvimento da
DA sao as mutacdes no gene codificador do receptor de disparo presente em
células mieldides (TREM2), achado que acarreta em um maior risco para
desenvolvimento da patologia (12).

Patofisiologicamente, a doenca é marcada por uma extensa perda
neuronal e reatividade glial intensa (13) (14), possuindo como marcas
fisiopatolégicas o0s emaranhados neurofibrilares intraneuronais, formados a
partir da hiperfosforilacdo da proteina tau, relacionada com a estabilizacdo dos
microtUbulos (15) e as placas senis, formadas a partir do depdésito do peptideo 3
amiloide insoltvel no meio extracelular (16).

A teoria da cascata amiloide postula que, as placas compostas pelas
unidades monoméricas e oligoméricas de [ amiloide polimerizados sao
unidades toxicas, sendo a sua deposicdo a primeira manifestacdo da doenca,
antes mesmo do inicio dos primeiros sintomas (17). As fibrilas depositadas na
forma de placas amiloides desencadeiam uma cascata neurodegenerativa. Uma
das alteracBes bioquimicas é a hiperfosforilacdo da proteina tau, responsavel

pela estabilizacdo dos microtubulos, alastrando essa cadeia de hiperfosforilacdo
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para neurdnios vizinhos através dos microtabulos, o que acaba levando a morte
neuronal (18). Apesar da teoria abordar com maior afinco a hipdtese da
toxicidade do [ amiloide ser devido a formacdo das placas em si, a
neurotoxicidade dos mondmeros, oligbmeros e fibrilas é discutida como
potencialmente mais relevante na instalacdo da doenca, sendo a placa um

reservatorio dessas unidades de menor tamanho molecular (19).

2. Amiloidose

Amiloidose é o termo utilizado para designar uma série de patologias de
ocorréncia rara, cuja caracteristica em comum é o dobramento incorreto de
proteinas levando a formacdo de agregados instaveis, predominantemente
formados por estruturas secundarias do tipo R folha (20). A origem do termo
provém da capacidade desses agregados amiloidogénicos corarem-se com uma
solugédo de iodo, tipicamente utilizada para coloracdo de solugbes contendo
amido (21). Nos diferentes 6rgdos em que podem ser formados, os agregados
acabam por se depositar afetando diretamente a estrutura do tecido, bem como
a sua funcionalidade (22).

Os mecanismos pelos quais ocorrem a formacédo desses agregados e
consequente depésito em diferentes tecidos ainda ndo € completamente
elucidada. Acredita-se que um determinado estimulo, ainda desconhecido e de
natureza especifica para cada tipo de amiloidose, esteja envolvido na alteracdo
da estrutura primaria dessas proteinas, desestabilizando-as ou ainda alterando a
concentracdo na qual se encontram. Essa proteina de origem instavel, pode ser
de natureza hereditaria ou adquirida (22).

Sao descritas e caracterizadas cerca de 20 diferentes proteinas que estao
relacionadas com a formacgéo de fibrilas amiloides in vivo e, em comum, todas

apresentam um estrutura 3 central (23).

2.1Envolvimento do peptideo [3-amiléide na Doenca de Alzheimer
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As placas senis, classicos biomarcadores da DA, sdo constituidas
majoritariamente pelo acumulo do peptideo R amiloide na sua forma
monomeérica, oligomeérica e fibrilar (24). O RA, por sua vez, provém da clivagem
errbnea da proteina neuronal transmembrana precursora amiloide (APP),
gerando um fragmento monomeérico insolluvel. Essa clivagem se da através da
acao consecutiva da enzimas R e Y secretase, liberando para o meio
extracelular o peptideo 3 amiloide que se polimeriza com outras unidades
monoméricas resultando na formac¢do de produtos insolGveis que culminam na

formacéo da placa em si (25).

A

Estresse
oxidativo

Neurénio

Figura 1. Mecanismo de formacé&o do peptideo 3-amiloide. Adaptacao de Bonet-
Costa (26).

A perda de memoria e disfuncdo cognitiva associada a doenca €
relacionada a deposicdo dessas placas insolaveis no espaco extracelular,
causando uma ruptura na transmissao de sinais entre neurbnios saudaveis (27).
Desta forma, progressivamente, ocorre uma perda de fungbes cerebrais e um
dano ao sistema nervoso central (SNC). Além da interrup¢do da transmissao
sinaptica, a placa exerce um papel crucial no processo de neuroinflamacéo,

acarretando na sobreposi¢cao de mais um dano nas células adjacentes (28).
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2.2 Ensaio da Tioflavina (ThT) para deteccéo de fibrilas amiloides

Atualmente, a técnica mais empregada para a identificacdo, quantificacéo
e monitorizacdo da cinética das fibrilas amiloides in vitro € o ensaio que se
utiliza da caracteristica fluorescente intrinseca da ThT. A técnica se baseia na
capacidade da molécula de emitir fluorescéncia fortemente quando em
contato com agregados ricos em folhas 3. Os comprimentos de onda de
excitacao e emissao sao, respectivamente, 440 nm e 490 nm. Por outro lado,
guando em solucdo aquosa, a molécula demonstra uma fraca fluorescéncia.
Desta maneira, baseando-se na diferenca de fluorescéncia detectada quando
a molécula estd adicionada a amostras ricas em folhas R, é possivel
identificar e quantificar o teor de fibrilas presentes nas amostras (30).

O mecanismo pelo qual a ThT interage com as fibrilas e altera a
intensidade de fluorescéncia emitida ainda ndo é totalmente compreendido.
Entretanto, as hipéteses mais bem aceitas discutem que a provavel interagéo
entre a molécula e as fibrilas se da através da intercalacdo das moléculas de
ThT dentro de sulcos entre as cadeias laterais das fibrilas amiloides (30).

Desta forma, o grande aumento na fluorescéncia de ThT resulta da

imobilizacéo seletiva de um subconjunto de conférmeros de ThT (31).

Figura 2: Representacgéo da interagdo da ThT com fibrilas contendo 3 folha,

adaptacao de Gade Malmos (29).
13
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3. Astrocitos

Os astrocitos sao o tipo celular de maior abundancia no SNC, assumindo
diversas morfologias e sendo responsaveis por uma vasta e complexa série de
funcdes para manutencdo da homeostase cerebral (32). Dentre essas funcoes,
podemos citar o envolvimento dos astrocitos na migracdo e desenvolvimento
axonal de certos tipos de neuroblastos durante o desenvolvimento (33);
regulacdo do fluxo sanguineo cerebral, através da interacdo direta do astrdcito
com 0s vasos sanguineos (34); homeostase de ions, pH, neurotransmissores e
fluidos no espaco intersticial sinaptico (35), (36); atuacdo na transmissao
sindptica, lancando para o meio sinaptico moléculas ativas como, por exemplo,
glutamato, purinas, GABA, caracterizando a sinapse tripartida (37), (38), (39);
metabolismo energético da glicose, provendo substratos energéticos para 0s
neurdnios e atuando como repositérios de granulos de glicogénio (40) e por fim,
atuacdo do astrocito na formacdo e manutencdo da barreira hematoencefalica
(BHE), auxiliando que determinadas moléculas acessem o parénquima cerebral,
baseado na sua polaridade e tamanho (41).

A morfologia dos astrocitos e sua localizacdo permitem classifica-los
primariamente em duas categorias: protoplasmaticos, encontrados na
substancia cinzenta e que possuem numerosas ramificacdes e os fibrosos,
encontrados na substancia branca e que apresentam-se como longas fibras
(37). Histologicamente, esse tipo celular pode ser identificado através da
marcacao de uma proteina de citoesqueleto, a proteina glial fibrilar &acida
(GFAP), que, juntamente com a proteina vimentina, age como principal
componente do citoesqueleto astrocitario. Além das proteinas que compdem o
citoesqueleto astrocitario, a S100B — proteina expressa e secretada por

astrocitos — também é utilizada como marcador desse tipo celular (42).
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3.1S100B

O termo S100B refere-se a uma proteina cuja principal caracteristica
fisico-quimica é sua capacidade de ser 100% soluvel em uma solugdo saturada
de sulfato de aménio em pH neutro (43). A sua estrutura quaternaria é
constituida de um homodimero cujos mondémeros possuem cerca de 9-14 kDa
de peso molecular, sendo cada monémero estruturalmente constituido de um
dominio alfa helix-loop-helix (dominio EF-hand) com um sitio de ligacdo ao ion
célcio (44). A sua distribuicédo celular tem sido cada vez mais investigada, sendo
uma proteina expressa e secretada majoritariamente por astrocitos (45).

Esta proteina esta envolvida na formacao do citoesqueleto e proliferacéo
celular, além de exercer funcdes paracrinas e autdcrinas, tanto intra como
extracelularmente (45). Dentre essas funcdes, podemos elencar a regulacao da
fosforilacdo proteica, dinamica do citoesqueleto, homeostase do ion calcio,
atividade enzimatica de determinadas enzimas, fatores de crescimento celular,
diferenciacdo celular, além da participacgdo na modulacdo da resposta
inflamatoria (46).

Apesar do mecanismo ndo ser completamente elucidado, sabe-se que a
S100B é secretada para o meio extracelular e a mesma exerce funcdes aos
diversos tipos presentes nesse ambiente (47). Em relacdo aos neurdnios,
classifica-se a acdo da S100B como toxica ou trofica dependendo da
concentracdo da mesma no meio extracelular. Para concentracfes elevadas, na
ordem de uM atribui-se a S100B uma acao toxica, ao passo que concentracdes
mais baixas, na ordem de nM, atribui-se a proteina uma acao trofica (48).

3.2Interacdo da S100B com o peptideo 3-amildide

Em analises do tecido cerebral post-mortem de pacientes acometidos
pela DA, evidencia-se um aumento no conteddo da proteina S100B (49). O seu
aumento €, na maior parte da literatura disponivel, explicado e associado a

atividade pro-inflamatéria da proteina através da ativacao do receptor de ligacéo
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de produtos de glicacdo avancada (RAGE). Alguns autores e estudos sugerem
gue a S100B atua como uma alarmina ou padrdo molecular associado ao dano
que, por sua vez, trata-se de uma sequéncia molecular endégena liberada por
células danificadas ou mortas, a fim de sinalizar um dano tecidual e/ou celular.
Essa sinalizacdo ativa a resposta imunolégica inata e, apesar dos efeitos
deletérios da S100B como alarmina, a acdo da mesma também esta associada
a efeitos benéficos (50).

Estudos recentes vém sugerindo que a S100B encontra-se elevada no
liquido cefalorraquidiano (LCR) de pacientes acometidos pela DA ja em estados
iniciais (51) (52), e interage fisicamente com o peptideo R amiloide a fim de
impedir a sua agregacgdo e toxicidade induzida pela formagdo de estruturas
oligoméricas (53). Quanto a esse comportamento da proteina discute-se a
possivel classificagdo da mesma como uma proteina com propriedades do tipo
chaperona, comportamento este que pode ser, em determinadas situacoes,
considerado benéfica a manutencdo da homeostase celular. A principal funcéo
de uma chaperona €, além da identificacdo de proteinas com suas
conformacdes terciarias errbneas, o auxilio no correto dobramento de proteinas,
impedindo que as mesmas assumam conformacfes espaciais incorretas.

Além da interacao fisica da proteina com o peptideo 3 amiloide, a S100B
demonstra possuir outras caracteristicas que conferem neuroprotecdo como a
guelacdo e tamponamento de metais, contribuindo para a prevencdo da

formacédo de estruturas oligoméricas e consequentemente agregacao (54).
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OBJETIVOS

Objetivo geral
Avaliar o efeito da proteina S100B na despolimerizacdo de agregados de
peptideo 3 amiloide previamente formados in vitro.

Objetivos especificos

Submeter os agregados de peptideo 3 amiloide pré formados a diferentes
concentracfes da proteina S100B (5 nM, 50 nM, 500 nM e 5 uM) e avaliar seus
possiveis impactos na despolimerizacdo dos agregados.

Avaliar a despolimerizacdo ap0s 12, 24 e 48 horas de contato da S100B
com os agregados.
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ABSTRACT

Alzheimer's disease (AD) is the most prevalent type of neurological disorder in
the elderly population. The main disease’s pathophysiological marker is the
amyloid plague, characterized by the deposition of fibrils formed by
polymerization of amyloid- peptide. Another important biomarker of the disease
is the S100B protein, an astrocyte marker that appears to interact with the
amyloid-B peptides and fibrils. This interaction between amyloid-3 and S100B
protein is supported in the literature by experiments that demonstrate the
protein's ability to interfere with amyloid-3 peptide aggregation and fibril
formation. In this work, it is hypothesized that the S100B protein has the ability to
disaggregate the amyloid-B fibrils formed in vitro, reinforcing the chaperone
behavior and being able to identify misfolded forms — the amyloid-@ fibrils — and
to disaggregate them. This hypothesis is supported by in vitro experiments
conducted by our group showing that the S100B protein in low concentrations
(nM) in the presence of amyloid-@3 fibrils has the capacity to depolymerize these
amyloid-{ fibrils previously formed. We conduced our experiments with amyloid-R3
fibrils at 5 uM and used different concentrations of S100B — 5 nM, 50 nM, 500 nM
and 5 pM — at different times — 12 hours, 24 hours and 48 hours of amyloid-R3
incubation with each S100B concentration. In 12 hours, all the S100B
concentrations tested were able to decreased the amount of fibrils detected,
being the 5 nM S100B concentration the only who has this ability preserved in 24
and 48 hours. The 500 nM and 5 uM S100B concentrations seems to increase
the amount of fibrils detected in 24 hours, being this capacity lost in 48 hours.
Differently from the mechanism proposed in the literature, we identified that,
beyond the S100B ability to interfere with the beginning of aggregation, the
protein can identify the fibrils already formed and degrade and/or depolymerize
them. If this interesting S100B behavior actually occurs in in vivo experiments,
the intriguing question to be answered is: how chaperone-like S100B behavior

could be involved with AD progression?
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Introduction

With life expectancy on the rise, Alzheimer's disease (AD) has become the
most frequent form of dementia in the aging population — estimated 60% - 80% of
dementia cases [1] — and which, until now is a comorbidity without a cure.
Patients affected by AD suffer from a progressive and irreversible deterioration of
cognitive functions such as language, personality and memory, resulting in
impaired social coexistence and impaired individual autonomy [2].

Physiopathologically, the changes observed in an autopsy of a post-
mortem brain are neuronal loss — specifically in areas involved in memory and
learning,  neurofibrillary  tangles composed by truncated and/or
hyperphosphorilated tau protein and extracellular senile plagues, which are
formed mainly by the polymerization of the amyloid-B peptide, specifically the 42
amino-acid isoform [3] [4]. The amyloid cascade hypothesis postulate that the
accumulation of amyloid-B peptide in the brain is responsible for the
pathophysiology of AD [5], and the plague works as a trigger promoting
neurofibrillary tangles formation, leading to cell dysfunction and death [5] [6].
Amyloid-B peptide formation in pathological conditions occurs through the
sequential cleavage of the amyloid precursor protein present in the cell
membrane, by enzymes called 3 and y secretases [7]. This inadequate cleavage
generates fragments that have 38 to 43 amino-acid residues, being the fragment
formed by 42 amino acid residues considered to have the greatest
amyloidoigenic potential, forming the amyloid-@ fibrils that are deposited in the
extracellular matrix in the form of senile plaque [8].

Astrocytes are the most abundant cells in the central nervous system
(CNS), with about 1.4 astrocytes for each neuron in the human cortex [9]. In AD
is observed an intense astroglial reactivity, characterized by a hypertrophy of the
cell body of astrocytes, being these localized around and between senile plaques
and whose main markers are glial fibrillar acidic protein (GFAP) and the S100B

protein [10]. In these neuropathological conditions, these cells assume a toxic
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behavior, secreting into the extracellular environment molecules considered as
pro-inflammatory cytokines and reactive oxygen species [11].

S100B is a protein belonging to the S100 protein class that has two EF-
hand binding sites with Ca?*, having two helix-turn-helix motifs connected by a
central region [12]. In the CNS this protein is produced and secreted by
astrocytes, and its presence in the extracellular environment it is able to
modulate the activity of several cell types such as neurons [13], microglia [14],
vascular endothelial cells [15] and even the astrocytes themselves in an
autocrine way [16] [17]. It is being extensively discussed in the literature if the
effects resulting from the S100B signaling can be trophic or toxic depending on
the concentration in which it is found in the extracellular environment [18].
Experiments using neuronal cell culture indicate that in low concentrations
S100B acts as a trophic factor, promoting the extension of neurites and cell
survival. In contrast, high concentrations could be toxic to the cellular
environment, leading to the production of free radicals and consequent cell death
[18].

The hypothesis

The increased expression of S100B in AD patients [19] that co-localizes
with senile plaques suggests that the protein interacts with the amyloid-@ fibrillar
aggregates. It has been already demonstrated that S100B can interact with
amyloid-B monomers, preventing primary and secondary nucleation, acting in a
very significant way preventing 3 aggregation [20] [21]. However, here we
hypothesize that S100B protein acts depolymerizing the amyloid-g fibrilar
aggregates that are localized in the senile plaque, releasing amyloid- fragments
or even amyloid-B monomers and/or oligomers themselves to the extracellular
compartment. We also hypothesize that S100B behavior depends on its
concentration in the extracellular compartment, which could help to explain and
understand the previous findings showing the dual S100B behavior (trophic or

toxic) being related to its concentration (micro or nanomolar). Therefore, the
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chaperone-like behavior may happen as a consequence of the amount of S100B

present in the compartment.

Evaluation of the hypothesis and empirical data

Previous studies demonstrate that elevated levels of the S100B protein
content are found in patients with different neurological disorders such as, in the
serum of schizophrenic patients [22] and in the CSF of patients in the early
stages of AD [19]. Since astrocytes are the origin of S100B production and
secretion in CNS, it is believed that these cells may play an important role in the
face of these pathologies and also other neurodegenerative diseases. However,
the role that astrocytes play in pathological conditions, especially in AD, and the
significance of the high levels of S100B in the CSF [19] and serum [23] of these
patients is still not fully understood.

Trying to understand the nature of the interaction between S100B protein
and amyloid-B, we conducted in vitro experiments that consisted of adding
different concentrations of S100B protein to an amount of 5uM of already formed
amyloid-B fibrils. We expected to see whether S100B could interact with the
fibrils and if this interaction could be modulated by its concentration.

After 12 hours incubation of amyloid-p fibrils, as seen by transmission
electronic microscopy (TEM) images (Figure 1), with different S100B
concentrations (5 nM, 50 nM, 500 nM and 5 pM), it was observed that 5 nM (p =
0.0230, n = 4-5), 50 nM (p = 0.0485, n = 3-5), 500 nM (p = 0.0274, n = 4-5) and 5
MM (p = 0.0200, n = 3-5) S100B protein concentrations were able to decrease the
fluorescence intensity detected by the Thioflavin T (ThT), which, in turn, is
proportional to the amount of fibrils presence (Figure 2). In this way, we
demonstrated that after 12 hours incubation, the different options of S100B
concentration are able to disaggregate and/or depolymerize the amyloid-(3 fibrils.
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Figure 1. Amyloid-R fibrils obtained after aggregation. Representative image
of Amyloid-[3 fibrils obtained by TEM in the beginning of polymerization (B) and
after 48 hours of aggregation (C) in acidic pH. Aggregation in neutral pH did not
result in fibril formation (A). Scale bar = 10 nM, 10.000x magnification.

A B

150 150+

2 100+ £ 1004
j= E=
=] * =]
1 5

£ s0f £ 50
£ £
< <

0- 0

$100B 5nM S100B 50nM
Amyloid-B 5pM Amyloid-B 5uM
¢ D

150 150

£ 100- £ 100+
= =
=] =1
2 * e

£ s0- S s0-
o o
S ™
< <

0- 0-

S100B 500nM S100B 5uM

Amyloid-R 5pM Amyloid-8 5uM

Figure 2. Incubation for 12 hours of Amyloid-B fibrils in the presence of
different concentrations of S100B. Disaggregation of amyloid- fibrils (formed
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at acidic pH) after incubation with all different concentrations of S100B for 12
hours at physiological pH. In the presence of 5 nM (A), 50 nM (B), 500 nM (C)
and 5 uM (D) of S100B. * indicate statistical difference by the Student's t-test,

with data expressed as mean + standard error, assuming p <0.05.

After 24 hours of incubation of fibrillar aggregates with different
concentrations of S100B, it was observed that S100B at a concentration of 5nM
preserves the ability to possibly disaggregate the fibrillar assemblies in the
incubation solution (p = 0.0059, n = 4 -5). The fluorescence intensity generated
after incubation of the aggregates with S100B at a concentration of 50 nM was
not different statistically from that generated by amyloid- aggregates in the
absence of the protein, indicating that in this concentration and incubation time,
there is no difference between both groups (p = 0.5790, n = 4-5). However, the
fluorescence intensity generated with S100B at concentrations of 500 nM and 5
MM is statistically higher than that generated by isolated amyloid-B aggregates
(500 nM: p=0.0209, n =4-5; 5 yM: p=0.0404, n =4-5) (Figure 3), demonstrating

that in these conditions, there was an increase in the formation of aggregates.
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Figure 3. Incubation for 24 h of amyloid-B fibrils in the presence of different
concentrations of S100B. Disaggregation of amyloid-B fibrils (formed at acidic
pH) after incubation with different concentrations of S100B for 24 hours at
physiological pH. In the presence of 5 nM (A), 50 nM (B), 500 nM (C) and 5 pM
(D) of S100B.* indicate statistical difference by student's t-test, with data

expressed as mean * standard error, assuming p <0.05.

S100B at a concentration of 5 nM, after 48 hours of incubation with fibrils,
still preserves the ability to disaggregate them (p=0.0169, n=5). Likewise, at a
concentration of 50 nM, the S100B preserves the behavior found in 24 hours
(p=0.6130, n=5), without changing the aggregation. While, after 48 hours of
incubation with S100B at concentrations of 500 nM and 5 pM there was no
change in aggregation (Figure 4) (500 nM: p=0.4647, n = 4-5; 5 yM: p=0.2169, n
= 4-5).
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Figure 4. Incubation for 48h of amyloid-B fibrils in the presence of different
concentrations of S100B. Disaggregation of amyloid 3 fibrils (formed at acidic
pH) after incubation with different concentrations of S100B for 48 hours in
physiological pH. In the presence of 5nM (A), 50nM (B), 500nM (C) and 5uM (D)
of S100B.* indicate statistical difference by student's t-test, with data expressed

as mean = standard error, assuming p<0.05.

Consequences of the hypothesis and discussion

Considering all the evidences in literature showing S100B alterations in
AD [24] [25] [26], it has become increasingly necessary to understand the nature
of the interaction of S100B with amyloid-p fibrillar aggregates and senile plaques
to be possible, in the future, to clearly elucidate the mechanism of the disease's
onset and, thus to establish therapeutic targets that can assist in the treatment of
AD.
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To clearly characterize S100B as a chaperone, we aimed to understand
the possible interaction between S100B and fibrillar amyloid-R3, in order to verify if
the protein had the ability to disaggregate misfolded structures such as amyloid-f3
fibrils. To conduce our experiments, we used S100B concentrations that have
antagonistic effects (trophic or toxic) according to the classic literature, to, in this
way, verify if the S100B concentration could influence in its possible chaperone
property and if these antagonistic effects of different S100B concentrations could
be somehow related to its chaperone behavior.

Is already available in the literature experimental [21] e computacional [27]
data demonstrating that S100B acts as a chaperone, affecting amyloid
aggregation pathways [21] but is still unclear if this property remains unchanged
towards fibrillar aggregates. Trying to understand the nature of S100B chaperone
property is extremely necessary to elucidate how could S100B contribute to the
disease progression or decline and even if targeting the protein and its clients
could be a promisor therapeutic strategy.

In our experiment, we aggregate amyloid-3 monomers to obtain amyloid-3
fibrils as we can visualize by our TEM images. The protocol used by our group
was able to generate amyloid-R fibrils used to evaluate the possible S100B
chaperone-like behavior. Twelve hours after incubation of different S100B
concentrations (5 nM, 50 nM, 500 nM and 5 pM) with amyloid-f fibrils, different
S100B concentrations analyzed were able to dramatically disaggregate and/or
depolymerize the aggregates, decreasing the detected amount of fluorescence
by ThT assay. The lower concentration of S100B analyzed against the amyloid-8
aggregates - 5nM -, seems to preserve the ability to disaggregate the amyloid-3
fibrils in the three different times (12, 24 and 48 hours after incubation).

Previous experiments using neuronal culture attributed to S100B in low
concentrations, in the nM range, as a trophic effect [18]. However, while the
S100B 5 nM disaggregates amyloid- fibrils, it is believed that the product of their
disintegration could be the oligomers and monomers. The most supported
hypothesis in the current literature is that the oligomeric amyloid-B forms are the

most toxic and related to the cellular signals that trigger the progression of AD
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[28]. In this way, one could consider contradictory that the lower concentration, 5
nM, whose classical literature attributes a trophic action, is the responsible for a
greater disaggregation of fibrillar amyloid-B aggregates throwing oligomeric
and/or monomeric forms into the environment.

It is important to consider that this behavior of the S100B at low
concentrations was only visualized in vitro and we supposed that products of
disaggregation of amyloid-f fibrils could be oligomers and/or monomers. But
there is a possibility of the disaggregation to generate a different fragment with
unknown structure.

Identifying which structure is generated after disaggregation (by
spectrometric analysis) can help to elucidate how S100B recognize its clients
and which are the chemical groups needed to establish stable chemical
interactions responsible for the recognition site. Also, it is very important to study
the nature and structure of the depolymerization products to investigate possible
pathways and biochemical mechanisms activated when they are released to the
biological environment and to conduct in vivo experiments to observe if this
behavior remains unchanged. The next step could be trying to elucidate if the
fragments forms are actually being formed (trying to detect them by a specific
assay) and if they are being released into the extracellular medium or if there is a
possibility of a debugging system.

The higher concentration of S100B incubated with the amyloid-B fibrils
resulted in a higher fluorescence intensity detected by ThT after 24 hours of
incubation was detected, corresponding to a greater amount of aggregates. It is
also known that the increase in extracellular S100B, the same being detected in
the CSF or in the serum, is negatively correlated with a normal brain volume and
is associated with cognitive deficits [29].

There is still a need for a deeper investigation of how S100B protein acts
in this condition, whether if it could stimulates the formation of amyloid- fibrils
(through oligomers and unpolymerized monomers) or if the same, in front of this
environment, has the ability to aggregate forming a structure whose signaling

and functionality is still completely unknown. Some data in the literature support
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that S100 protein family, S100B included, has R-aggregation and disorder-
propensity compromising the tertiary and quaternary structure and bringing to a
loss of protective function [30]. Its also known that ThT has no specificity for
amyloid-3 sheet and the assay could be detecting 3-sheet formed by S100B or a
nonspecific structure capable to interact with ThT molecule. More experimental
data is needed to understand if in vivo S100B keeps this property and contribute
to amyloid-3 polymerization or if the S100B itself aggregates and how this
behavior and these structures can contribute to AD progression.

It is worth mentioning that, after 48 hours S100B at concentrations of 500
nM and 5 uM showed no statistical difference in the ThT fluorescence intensity
comparing to the amyloid-3 fibrils with no S100B , whereas, in 24 hours it has
been shown to stimulate their formation. This inconsistency leads us to question
whether the protein is, in some way being degraded and/or losing its
functionality. How this finding was observed in the higher concentrations, it is
important to mention that a bigger number of particles and molecules leads to a
greater number of unspecific collisions and, consequently, greater chances of
molecules degradation. Again, further studies should be conducted in order to
assess whether this is a random behavior or if it is related to loss of functionality
by compromising the protein special structure or a degradation accelerated by
collisions.

Previous findings showing that the S100B has the ability to binding other
proteins and to prevent its malformation are available in the literature. However,
this property is well elucidated by the interaction between S100B and intracellular
proteins, such as glial fibrillary acid protein (GFAP), showing that S100B is
capable to prevent GFAP polymerization [31] [32] and is involved in the
cytoskeleton remodeling in astrocyte [33]. It is also documented the S100B
ability to regulate the dynamics of microtubules proteins and intermediate
filaments units, by promoting the disassembly of these components in the
presence of micromolar Ca?* concentrations [34]. More specifically, a S100B
chaperone-like behavior is more discussed between S100B and p53, being the

S100B binding domains capable to overlap with tetrameric p53 domain and
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phosphorylation sites, in response to cellular stress and to facilitate proper
folding and nuclear translocation [35].

However, there is little data available demonstrating that this property to
binding to other proteins and preventing its malformation remains intact in the
extracellular environment. Some extracellular S100B targets are well elucidated,
as the receptor for advanced glycation end produts (RAGE). The binding of
S100B to RAGE results in a intracellular signal transduction communicating
neuronal survival, neurite extension, neuronal apoptosis and other effects [36].
This S100B target is suggested as an important player in several diseases such
as Alzheimer’s disease and other neuroinflamatory conditions [37]. Other RAGE
ligand is amyloid-3 itself, suggesting that S100B can be a competitor for the
binding site of the receptor, activating other signaling cascades [38]. Although all
these data about S100B targets, still there is no sufficient evidence regarding its
role in the recognition of malformed structures and their role in their degradation
and/or depolymerization.

This way, the aim of this work was to propose more evidence in the
literature to corroborate with previous findings and reinforce this new functionality
of the S100B, more specifically in the extracellular environment, in order to
understand a little more about the participation of astrocytes in the
pathophysiology of AD.

We bring with this study a new look to the chaperone-like S100B behavior:
the protein not only prevents aggregation, but also can recognize misfolded
structures such as amyloid-R3 fibrils and depolymerize them, releasing fragments
that are still not fully elucidated. More experiments are needed to understand the
implications of these findings in a biological system. Although the purpose of this
work is not to answer the impact of this S100B property in a biological
environment, looking at S100B in this perspective can show us new ways to
study DA pathophysiology and possible new targets to stop the disease

progression.
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Figure 5. Schematic illustration of chaperone-like behavior. (A) In low
concentrations, S100B may help to disaggregate the amyloid-3 aggregate,
releasing to extracellular environment amyloid-@ fragments. (B) In high
concentrations, S100B may contribute to amyloid-3 aggregate by assisting in the
amyloid-3 fragments polymerization.

Materials and Methods

Reagents and proteins

All reagents were in excellent condition. Thioflavin T (ThT), amyloid- and S100B
were purchased commercially from the company Sigma-Aldrich (St. Lois, MO-
USA).

Aggregation of amyloid-B peptide at acidic pH

The amyloid-B peptide was dissolved in hexafluoro-2-propanol (HFIP). Amyloid-f3
remained in HFIP for 60 minutes at room temperature in order to randomize
amyloid-B monomers. After 60 minutes had elapsed, a sufficient volume of the
HFIP solution containing the amyloid- was aliquoted to form 22.15 pM solutions

33



of the peptide. The HFIP was allowed to evaporate, forming a film of the amyloid-
B peptide. To the formed amyloid-B film was added enough volume of a 10mM
HCl solution to form the 22.15 pM amyloid-B solution. This solution was
incubated at 37°C for 24 hours, in order to form the fibrillar aggregates [39]. After
this time of incubation, sufficient volume was removed to prepare aliquots
containing 5uM of amyloid-f fibrils, whose pH was corrected by dilution with
PBS, and again incubated at 37°C for another 48 hours. At 12, 24 and 48 hours
after incubation, sample collections were performed to assess the formation of

fibrillar aggregates.

Transmission electronic microscopy

A stock solution of uranyl acetate at a concentration of 2% was previously
prepared. About 10uL of the samples were added to the grid and the excess
liquid was removed with the aid of a filter paper. Afterwards, approximately the
same volume of uranyl acetate was added to the grid to which the sample was
previously added, removing excess liquid and allowing it to dry at room
temperature for approximately 3 days [40].

Grids were analyzed using a transmission electron microscope. The scanning of
the samples started at low magnificence (10-12,000 x) to get an idea of the
general composition of the samples. After identifying a structure of interest, in

order to observe it in detail, the magnificence was increased.

Incubation of amyloid-g fibrils with different concentrations of S100B

Sufficient volume of fibrillar aggregates previously formed in acid pH was
aliqguoted and diluted in PBS containing excess Ca?* (0.2mM CacCl) resulting in a
final concentration of 5uM of fibrillar aggregate. To these fibrillar aggregates,
different concentrations of S100B were added with the final concentrations of the
protein being 5nM, 50nM, 500nM and 5uM. These aliquots containing 5uM of
fibrillar aggregate were incubated at 37°C for 48 hours. After incubation,
collections were performed at times 12, 24 and 48 hours in order to assess the

disaggregation of aggregates.
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Evaluation of aggregate formation by the Thioflavin T assay

The purpose of the test is to measure the increase in the fluorescence of the ThT
molecule when it binds to the formed fibrils. For this, the ThT was diluted in PBS
in a concentration corresponding to 0.8mg/mL and subsequently filtered. This
stock solution was stored away from light and is stable for up to one week.

On the day of use, the stock solution was diluted with PBS in order to obtain a
solution for use in the concentration of 0.016mg/mL. The volume of the solution
for use corresponding to 0.8mg of ThT was added to the aliquots containing the
samples. The fluorescence intensity was measured by excitation with a
wavelength of 440nm and absorption at a longer wavelength, 482nm. Ten
readings were performed in a 60-second time interval, and, at the end an
average of the fluorescence obtained in each reading [40]. Results were

calculated and expressed as a percentage of the control.
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DISCUSSAO

1. Resumo dos resultados

1.1. Intensidade de fluorescéncia obtida apds incubacdo por 12 horas de

fibrilas de B amiloide com diferentes concentracdes de S100B:

Concentracdo de S100B Deteccéao de fluorescéncia através do
teste da tioflavina (ThT)
Todas (5 nM, 50 nM, 500 nM, 5 uM) Diminuida

Através do experimento conduzido, pdde-se evidenciar uma diminuicdo
na deteccdo da intensidade de fluorescéncia emitida pela molécula de ThT. A
fluorescéncia emitida pela molécula se da, pois a mesma possui a capacidade
de se intercalar entre folhas 3, mudando sua conformacao espacial o que atribui
a ThT a caracteristica fluorescente. A diminuicdo da intensidade de
fluorescéncia, indiretamente, indica uma diminuicdo no conteddo de folhas R
presentes no tubo de ensaio.

As 4 concentra¢des analisadas, 5, 50, 500 nM e 5 uM de S100B
acarretaram em uma diminuicdo na intensidade de fluorescéncia apos 12 horas
de incubacdo com as fibrilas 3 amiloide previamente formadas. Esse resultado
indica a possivel desagregacdo e/ou despolimerizacdo das fibrilas previamente

formadas na presenca da proteina S100B.

1.2. Intensidade de fluorescéncia obtida apds incubacdo por 24 horas de
fibrilas de 3 amiloide com diferentes concentracdes de S100B:

Concentracao de S100B Deteccao de fluorescéncia através do
teste da ThT
5nM Diminuida
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50 nM Sem diferenca estatistica

500 nM Aumentada

5uM Aumentada

A S100B na concentragao de 5 nM aparenta preservar a capacidade em
diminuir a intensidade de fluorescéncia emitida pela ThT no tempo de 24 horas,
ao passo que, as demais concentracdes perdem essa capacidade. Apos
transcorrido esse tempo de incubacao, as concentracdes de 500 nM e 5 uM de
S100B acarretam em uma maior deteccdo da fluorescéncia, indicando de uma
forma indireta, o aumento no conteudo de fibrilas presentes no tubo de ensaio.

Paralelamente, conduzimos um ensaio para avaliar a capacidade da
S100B se agregar e formar R folhas, passiveis de identificacdo pelo teste da
ThT. Utilizamos S100B nas concentracdes de 10 nM e 10 uM e detectamos
uma formacgéo de agregados em 120 horas de incubacdo para a concentracao
de 10uM, enquanto que para a concentracdo de 10 nM esses agregados foram
detectados apenas ap6s 168 horas de incubacédo, conforme figura 3. Desta
forma, o aumento da deteccdo dos agregados nas condi¢cdes em que a S100B
estava presente nas concentracfes de 500 nM e 5 pM dificilmente ser& atribuida

a uma polimerizacao da proteina.
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Figura 3: Deteccéo da agregacdo da S100B em diferentes concentracdes (nM e

HUM) pela ThT em fung&o do tempo.

1.3. Intensidade de fluorescéncia obtida apds incubacédo por 48 horas de

fibrilas de B amiloide com diferentes concentracées de S100B:

Concentracédo de S100B Deteccdao de fluorescéncia através do
teste da ThT
5nM Diminuida
50 nM Sem diferenca estatistica
500 nM Sem diferenca estatistica
5uM Sem diferenca estatistica

Apbés 48 horas de incubacdo, a concentragdo de 5 nM ainda mantém
preservada essa funcdo, enquanto que as demais concentragcbes nao
demonstraram diferenca estatistica quando comparadas ao basal. Essa perda
de funcionalidade pode estar relacionada a degradacdo dos componentes, visto
gque 0s mesmos estdo submetidos a um tempo de ensaio prolongado em um

ambiente com temperatura elevada.

44



CONSIDERACOES FINAIS

Como j& evidenciado e discutido por outros autores, a S100B encontra-
se presente em niveis alterados em determinadas condi¢des
neurodegenerativas como, por exemplo, a DA (55) (56). A presenca da proteina
nessas condicdes reforca a necessidade de compreender com maior clareza a
funcdo da mesma nesse ambiente patoldgico, a fim de elucidar lacunas no
mecanismo de instalacdo da doenca, bem como tracar novos alvos terapéuticos.
Classicamente, a literatura atribui a S100B um comportamento dualistico
baseado nas concentracGes extracelulares da mesma. Em concentracfes
elevadas, na ordem de puM ¢é atribuido a mesma um efeito toxico, ao passo que
em baixas concentracdes, na ordem de nM, espera-se que a mesma exerga um
efeito tréfico (48). Entretanto, outras abordagens para explicar e melhor
compreender o envolvimento as S100B na progressdao da DA vem sendo
exploradas, como a comportamento chaperona-like da proteina: sendo a mesma
capaz de identificar estruturas compostas pelo peptideo R(-amiloide e
degradando-as (53).

Para melhor compreender essa possivel funcdo de chaperona,
conduzimos experimentos a fim de evidenciar a possivel interacdo entre a
proteina e estruturas fibrilares de R-amiloide, previamente formadas no nosso
laboratorio através de metodologia validada. Utilizamos concentracfes de
S100B escalonadas, desta forma foi possivel submeter as fibrilas a
concentracfes ditas na literatura classica como toxicas e tréficas, bem como
concentragdes intermediarias, para, desta forma, identificar se as diferentes
escalas de concentragdes e suas respectivas agcoes poderiam estar relacionadas
com o comportamento de chaperona. Desta forma, através de um olhar
diferenciado para a possivel agéo da proteina nesse ambiente, buscamos novas
formas de explicar e compreender essa diferenca de acdo dependente da
concentracédo de S100B no meio extracelular.

As fibrilas obtidas para a conducéo do experimento foram visualizadas

por microscopia eletrbnica de transmissao (MET), conforme figura 4, e as
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concentracfes escalonadas de S100B foram de 5, 50, 500 nM e 5 pM. Apos 12
horas de incubacdo das fibrilas com as diferentes concentracbes de S100B,
verificamos que em todas as situacbes houve uma diminuicdo drastica da
intensidade de fluorescéncia detectada, indicando que houve uma redugé&o no
conteudo de estruturas fibrilares presentes no meio. A menor concentracdo de
S100B, 5 nM, preservou essa caracteristica nos outros dois intervalos de tempo
analisados: 24 e 48 horas apds a incubacéo.

As maiores concentracdes de S100B, cuja literatura atribui a um papel
toxico, resultaram em uma deteccdo aumentada da fluorescéncia emitida pela
ThT apo6s 24 horas de incubacédo. Indiretamente, é possivel evidenciar que
houve um aumento na formacdo de fibrilas. Entretanto, por se tratar de um
ensaio inespecifico, ndo ha como diferenciar se as fibrilas formadas séo
provenientes da agregacdo de monémeros e/ou oligbmeros presentes no meio
reacional ou se, estimulado pelo ambiente concentrado em moléculas, a propria
S100B foi capaz de formar estruturas detectaveis pelo ensaio. Ja h& dados
disponiveis que discutem a possibilidade da familia de proteinas S100, incluindo
a prépria S100B, possuirem em sua estrutura regides com propensao a
agregacao (57).

Apés 48 horas de incubacdo, o comportamento anteriormente
evidenciado de aumento da intensidade de fluorescéncia ap6s incubacdo com
as concentracdes de 500nM e 5uM nao se repetiu. Por se tratar de um ambiente
rico em moléculas e, consequentemente, com maior nimero de colisbes entre
as mesmas, essa diferenca estatistica ndo encontrada poderia estar relacionada
com a degradacdo da proteina e de todo o sistema em si. Uma maior
investigacdo a respeito da estabilidade do experimento deverd, futuramente, ser
elaborada, a fim de validar o tempo maximo para conducdo de estudos dessa
natureza.

Dados evidenciando o papel da S100B na identificacdo de estruturas
oligoméricas de 3 amiloide e interferindo em etapas de agregacdo do mesmo
estdo disponiveis e vem cada vez mais sendo explorados (58). Entretanto, ainda

h& pouco entendimento da acdo chaperona-like da mesma frente a estruturas
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fibrilares previamente formadas e a possivel degradacdo das mesmas.
Compreender esse mecanismo é de extrema importancia, ndo apenas para
elucidar a cascata de rea¢des que culminam no depoésito da placa amiloide em
si, mas também a fim de disponibilizar novos alvos moleculares para que,
futuramente, seja possivel usar de novas estratégias terapéuticas para o
tratamento da DA.

O ponto de vista levantado com esse estudo é de que, a atuacdo da
S100B como chaperona vai além da prevencdo de agregacdo; a proteina €
capaz de reconhecer estruturas malformadas e contribuir com a sua
degradacao/despolimerizacdo. Ainda é necessaria uma maior investigacdo a
respeito de como esse processo ocorre, se as estruturas fibrilas sdo degradadas
em fragmentos desconhecidos ou se ocorre uma despolimerizacdo dessas
fibrilas e consequente langcamento de estruturas monomeéricas e/ou oligoméricas

para o meio extracelular.

47



LIMITACOES DO ESTUDO

Compreendemos que, por se tratar de um estudo in vitro utilizando-se de
compostos isolados, diversos componentes presentes no ambiente biolégico
estdo ausentes e, consequentemente, deve-se haver muita cautela ao
translacionar as observacdes obtidas para um ambiente biolégico complexo.
Entendemos que, para maior compreensdo do fendmeno, bem como suas
implicacbes e mecanismos de instalagdo, & necesséario conduzir experimentos
semelhantes fazendo uso de diferentes modelos, seja cultura celular e,
futuramente, simulagéo dessas condic¢des in vivo. Esse comportamento pode ou
nao ser identificado em um organismo vivo e, caso 0 comportamento se repita,
ainda é necessario maiores investigacfes a respeito do significado do mesmao.
Além de que, as concentracfes utilizadas dificilmente serdo encontradas em
organismos vivos, a hdo ser em microambientes. O presente trabalho visa
reforcar uma nova funcgéo atribuida a proteina e discutir o impacto dessa mesma
fungdo na progresséao e instalagdo da DA, levando em consideragdo que a
elucidacdo de mais um mecanismo pode ser uma aliada no possivel
desenvolvimento de terapias.

Ainda, para ser possivel reforcar com maior conviccdo que a diminuicao
da deteccao de fibrilas é devido a acdo da S100B, € importante conduzir o
experimento sob as mesmas condi¢cdes metodolégicas com diferentes proteinas.
Dessa forma, podemos inferir que a acdo de despolimerizacdo é, de fato,
causado pela acéo da S100B e ndo um efeito que ocorreria independentemente
da proteina adiciona ao meio.

Ainda, também seria interessante adicionar metodologias capazes de
identificar o produto da despolimerizacéo das fibrilas 3 amiloides, sua sequéncia
molecular e classificacdo quimica. Desta forma, a discussdo a respeito do
possivel efeito de tais fragmentos em um ambiente biolégico tornar-se-ia mais
plausivel. Afinal, dependendo da natureza quimica de tais fragmentos, pode-se
identificar as possiveis reacfes entre os fragmentos supostamente gerados e

demais macro e micromoléculas presentes no meio biolégico. Além de identificar
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a estrutura desses fragmentos, seria interessante monitorar se a perda da
capacidade da S100B em concentracdes superiores (500 nM e 5 pM) em
aumentar a detecgéo de fibrilas em 48 horas se da em funcdo de uma possivel
degradacéao proteica e degradacao das fibrilas. Essa confirmacéo seria possivel
através da identificacdo da estrutura quimica dos compostos no meio reacional.
Caso essa perda de funcédo se desse devido a uma degradacao, as condigbes
reacionais deveriam ser reavaliadas, a fim de garantir 0 mesmo ambiente a
todos os tubos contendo as diferentes concentracées de S100B.

Para melhor compreender e discutir essa funcionalidade da proteina séo
necessarios muitos dados, inclusive simula¢gdes de bioinformatica. O campo é
muito vasto e pouco explorado, até entdo. Surge na academia uma necessidade
de compreender mais afundo a quimica por traz da geracdo das fibrilas 3
amiloide e sua possivel despolimerizacdo, pois, desta forma, determinados

comportamentos quimicos podem ser, mais facilmente, presumidos.
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