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Aims and objectives of the thesis

The study aims to screen the Prestwick Chemical Library® containing diverse approved
and literature drugs with known biological activities to identify specific
pharmacological modulators of tau aggregation and spreading.

This will be achieved by pursuing the following objectives:

1. Utilizing tau peptides as an in vitro model and employing a thioflavin T binding
assay and high-content imaging to screen drugs.

2. Using cellular models of tau spreading to test the effects of selected drugs and to
identify inhibitors that prevent the formation of tau prion-like aggregates.



1 INTRODUCTION

Alzheimer's disease (AD) represents a formidable challenge to public health, with its
prevalence steadily increasing as populations age worldwide. Characterized by
progressive cognitive decline and memory loss, AD severely impacts patients' quality of
life and presents a significant burden on healthcare systems. Despite extensive research
efforts, effective disease-modifying treatments for AD remain elusive, emphasizing the
urgent need for innovative therapeutic approaches.

One of the pathological hallmarks of AD is the abnormal aggregation and spreading
of tau protein, leading to the formation of neurofibrillary tangles (NFTs) and neuronal
dysfunction. Targeting tau aggregation and propagation has emerged as a promising
strategy for AD therapy, with the potential to halt disease progression and alleviate
symptoms.

This thesis aims to investigate specific pharmacological modulators of tau
aggregation and spreading for AD therapy. The study seeks to screen the Prestwick
Chemical Library® comprising diverse approved and literature drugs with known
biological activities to identify potential candidates capable of modulating tau
pathology. Utilizing tau peptides as an in vitro model, the study will employ a
Thioflavin T binding assay and high-content imaging to screen the library of drugs
systematically.

The primary objective of this research is to identify compounds within the Prestwick
Chemical Library® that exhibit the ability to modulate tau aggregation and spreading.
Subsequently, selected drugs showing promising results will undergo further evaluation
in cellular models of tau spreading. By testing these compounds in cellular systems, the
study aims to identify inhibitors capable of preventing the formation of tau prion-like
aggregates, a critical step toward developing effective AD therapies.

Through a comprehensive screening approach and subsequent validation in cellular
models, this thesis endeavors to contribute to the identification of novel
pharmacological agents for the treatment of AD. By identifying potential therapeutic
compounds, this research aims to facilitate the development of urgently needed disease-
modifying treatments.



2 CURRENT STATE OF THE PROBLEM
2.1 Neurodegenerative diseases

2.1.1 Pathogenesis and diagnosis

The group of neurodegenerative diseases (NDs) is characterized by complex disorders
that pose significant health challenges for the world's population. The prevalence of
these diseases has been steadily increasing due to the rising number of older adults
(Heemels 2016; Gitler et al. 2017; Dugger and Dickson 2017; Vaquer-Alicea and
Diamond 2019). NDs encompass a variety of conditions, with the most common types
being amyloidoses, tauopathies, and a-synucleinopathies. Prominent diseases within
these categories include Alzheimer's disease (AD), Parkinson's disease (PD), and
Huntington's disease (HD) (Dugger and Dickson 2017). The pathology of NDs is
characterized by neuronal loss and progressive degeneration in various areas of the
nervous system. However, the exact pathogenesis remains unclear, although there is
evidence suggesting a complex interplay among genetic, epigenetic, and environmental
factors (Fayazi et al. 2021; Agnello and Ciaccio 2022).

The clinical manifestations of NDs encompass extrapyramidal and pyramidal
movement disorders, as well as cognitive or behavioral disturbances. Patients often
present with a combination of these symptoms at the time of diagnosis. Fundamental
features of neurodegenerative diseases involve progressive neuronal dysfunction and
eventual cell death, which are mediated by processes such as proteotoxic stress,
abnormalities in the ubiquitin-proteasomal and autophagosomal/lysosomal systems,
oxidative stress, programmed cell death, and neuroinflammation. These diseases are
further characterized by the accumulation of specific proteins and vulnerabilities in
certain anatomical regions. Moreover, it's important to note that protein abnormalities
indicative of NDs may manifest before the onset of clinical symptoms (Dugger and
Dickson 2017; Fayazi et al. 2021).

Currently, there is no known cure for any neurodegenerative disease. Western
medicine primarily focuses on managing symptoms to improve patients' quality of life,
which may involve alleviating pain or enhancing mobility. Initial therapies included
neurotransmitter-based treatments, enzyme inhibitors, direct receptor agonists, and
second messenger modulators. These approaches have been succeeded by various
pharmacotherapy groups, many of which have been approved for clinical use over the
years. Common drug classes used in the treatment of neurodegenerative diseases
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include dopaminergic agents to replace dopamine, acetylcholinesterase inhibitors to
hinder the action of cholinesterase, and analgesics for pain relief. Additionally, surgical
interventions like deep brain stimulation are employed to address various movement
disorders. However, to develop more effective treatments, a thorough understanding of
the underlying causes and mechanisms of each disease is essential. Only through this
comprehensive understanding can researchers hope to uncover novel therapeutic

approaches for neurodegenerative conditions (Gitler et al. 2017; Fayazi et al. 2021).

2.1.2 Synucleinopathies

Synucleinopathies constitute a group of neurodegenerative disorders characterized by
the abnormal aggregation of a-synuclein. This neuronal protein, composed of 140
amino acids, is organized into three distinct domains. The N-terminal domain is notable
for its lipid-binding properties, while the central domain, referred to as the non-
amyloid-B component or highly amyloidogenic domain, plays a crucial role in a-
synuclein aggregation. Conversely, the C-terminal domain contributes to the native
unfolded structure of a-synuclein (Dugger and Dickson 2017; Coon and Singer 2020;
Koga et al. 2021). Synucleinopathies encompass a spectrum of clinically diverse
diseases, distinguished by variations in the cellular localization and distribution pattern
of a-synuclein deposition. Examples include multiple system atrophy, dementia with
Lewy bodies, and Parkinson's disease (Coon and Singer 2020).

PD is classified as a chronic progressive disorder and ranks as the second most
common neurodegenerative disease, primarily affecting older individuals in the
population. Patients with PD experience a range of clinical symptoms, encompassing
both motor and non-motor manifestations. Motor symptoms of PD include resting
tremor (typically starting unilaterally), bradykinesia (slow movements), rigidity,
shuffling gait, and postural instability. Non-motor symptoms are characterized by
cognitive changes, behavioral or neuropsychiatric alterations, symptoms related to
autonomic nervous system dysfunction, sensory impairments, and disturbances in sleep
patterns. The principal pathological mechanisms underlying PD involve the progressive
degeneration of dopaminergic neurons, responsible for producing and transmitting
dopamine, in the substantia nigra pars compacta—a basal ganglia structure located in
the midbrain. Additionally, the development of Lewy Bodies, recognized as a
pathologic hallmark, occurs within these affected neurons (Beitz 2014; Gomperts 2016;
Lotankar et al. 2017; Coon and Singer 2020).



The current treatment of PD is typically categorized into three main approaches:
medical therapies, surgical therapies, and experimental therapies. The selection of
therapy for an individual patient depends on several factors, including the patient's age,
disease stage, predominant symptoms, and the balance of benefits and risks associated
with each treatment option. Medical therapies encompass both pharmacological and
non-pharmacological interventions. Pharmacotherapy aims to address dopamine deficits
and neurotransmitter imbalances, thereby slowing the progression of PD. Non-
pharmacological approaches seek to improve certain aspects of the disease or manage
its effects through strategies such as exercise programs, educational interventions,
participation in support groups, and speech therapy. Surgical therapies, such as deep
brain stimulation, are considered when a PD patient begins to experience diminished
effectiveness of dopaminergic medications over time. Deep brain stimulation involves
the implantation of electrodes in specific brain regions to modulate neural activity and
alleviate motor symptoms. Experimental therapies, including gene therapy, are still in
the research phase but hold promise as potential treatments for PD. These innovative
approaches aim to target underlying disease mechanisms and offer hope for more
effective management of this increasingly prevalent condition (Beitz 2014; Coon and
Singer 2020).

2.1.3 Trinucleotide repeat disorders

As highlighted earlier, the development of neurodegenerative diseases involves various
factors, including genetic components. Within the human DNA sequence, there are
repetitive DNA sequences that have the potential to contribute to biodiversity due to
variations in their length over evolutionary time. However, many inherited neurological
disorders are linked to the expansion of trinucleotide repeat (TNR) sequences. Examples
of these disorders include Friedreich's ataxia, spinocerebellar ataxia, and Huntington's
disease. The TNR threshold plays a crucial role in the pathogenesis of these diseases.
When the number of TNRs exceeds the threshold, genomic protective mechanisms are
either overwhelmed or inhibited, leading to a rapid expansion of the repeats and the
subsequent development of these inherited neurodegenerative disorders. TNRs, such as
CAG repeats, can be found in both coding and non-coding regions of the DNA
sequence. In cases where large repeats of the CAG sequence occur in the coding region,
the resulting proteins contain expanded polyglutamine tracts, which become toxic. On

the other hand, the presence of expanded TNRs in the non-coding region of a gene can



lead to gene silencing or the production of neurotoxic products at the RNA level. These
mechanisms contribute to the pathology observed in various neurodegenerative diseases
associated with TNR expansions (Wells et al. 2005; McMurray 2010; Tan et al. 2012;
Jain and Vale 2017; Guo et al. 2017a; Lai et al. 2020).

One of the most extensively studied diseases associated with TNRs is HD. It is an
autosomal dominant inherited disorder caused by the expression of a mutant form of the
huntingtin protein. Huntingtin is a protein approximately 350 kDa in size, encoded by
the HTT gene. The first exon of this gene contains uninterrupted trinucleotide CAG
repeats, which give rise to the polyglutamine tract in the huntingtin protein. While a
healthy individual's HTT gene typically contains around 20 CAG repeats, HD occurs
when this threshold is exceeded, usually with approximately 40 or more repetitions.
Characteristic symptoms of HD include motor abnormalities such as chorea and loss of
coordination, as well as psychiatric manifestations like depression, psychosis, and
obsessive-compulsive disorder (Matsui and Corey 2012; Jimenez-Sanchez et al. 2017;
Gusella et al. 2021; Fields et al. 2021; Tabrizi et al. 2022; Alkanli et al. 2023).
Currently, treatment for HD is primarily symptomatic, focusing on managing the
symptoms to improve the patient's quality of life. However, various therapeutic
strategies are under investigation in both preclinical models and clinical trials, aiming to
target the underlying causes of HD. These approaches encompass pharmacological
therapy, stem cell therapy, interventions associated with modifying and degrading
mutant HTT gene expression, treatments focused on modulating signaling pathways,
and strategies aimed at reducing mutant HTT gene content. Ongoing research in these
areas holds promise for developing more effective treatments for HD in the future
(Fields et al. 2021; Tabrizi et al. 2022; Alkanli et al. 2023).

2.1.4 Prion diseases

Prion diseases, also known as transmissible spongiform encephalopathies, represent a
group of slowly progressive and fatal neurodegenerative disorders that affect various
vertebrate species, including humans. Notably, these diseases can be transmitted
between individuals of the same species or even between different species. The
pathogenic mechanism underlying these disorders involves the accumulation of a
misfolded isoform of the cellular prion protein. This aberrant form of the prion protein,
often referred to as the scrapie prion protein, forms aggregates that are partially resistant

to protease digestion. Prion diseases are typically categorized into three types: sporadic,



genetic, and acquired. Examples of these diseases include fatal familial insomnia,
Gerstmann-Straussler—Scheinker syndrome, and Creutzfeldt-Jakob disease (Geschwind
2015; Kim et al. 2018; Carroll and Chesebro 2019; Baiardi et al. 2019; Sigurdson et al.
2019; Frontzek and Aguzzi 2020; Li et al. 2021; Schmitz et al. 2022; Appleby et al.
2022; Bujdoso et al. 2023).
The most prevalent form of prion disease is Creutzfeldt-Jakob disease (CJD), which
manifests in various forms caused by different factors:
1. Familial CJD: Caused by genetic factors.
2. latrogenic CJD: Results from the human-to-human transmission of misfolded
prion protein.
3. Variant CJD: Linked to oral exposure to food contaminated with material
from bovine spongiform encephalopathy-affected cattle.
4. Sporadic CJD: Arises from widespread brain deposition of misfolded prion
protein.
CJD presents as a neuropsychiatric syndrome characterized by a combination of
psychiatric symptoms, such as depression, anxiety, and visual and auditory
hallucinations, alongside neurological abnormalities. These neurological features
include ataxia, progressive dementia, cerebellar and extrapyramidal signs, myoclonus,
and visual disturbances. At present, there is no specific treatment or vaccine available
for CJD. However, ongoing research is exploring new approaches, such as neural
precursor cell therapy, in hopes of developing effective treatments for this devastating
disease (Behan 1982; Will and Zeidler 1996; Armstrong 2006; Baiardi et al. 2019;
Uttley et al. 2020; European Centre for Disease Prevention and Control (ECDC) 2021,
Hermann et al. 2021; Williams et al. 2023).

2.1.5 Motor neuron diseases

Motor neuron diseases rank among the most severe neurodegenerative conditions.
These diseases stem from the gradual degeneration of both upper motor neurons in the
motor cortex and lower motor neurons in the brainstem and spinal cord. Typically, these
conditions provoke weakness without prominent sensory symptoms or pain.
Characteristic clinical features of motor neuron diseases include progressive muscle
weakness in the extremities, muscle atrophy, fasciculations (muscle twitching),
cramping, spasticity, and fatigue. One of the most prevalent disorders in this category is

amyotrophic lateral sclerosis (Foster and Salajegheh 2019; Ashford et al. 2021).



Spinal muscular atrophy (SMA) is a rarer neurodegenerative motor neuron disease
characterized by the degradation of lower alpha spinal motor neurons. Following cystic
fibrosis, SMA ranks as the second most common fatal disease with autosomal recessive
inheritance. Its primary pathogenic feature is the progressive proximal muscle weakness
and paralysis resulting from the degeneration of these motor neurons. Individuals
afflicted with SMA, particularly children, also experience weakness in the diaphragm
and accessory respiratory muscles, ultimately leading to respiratory insufficiency. SMA
Is categorized into five types (0-4), distinguished by the highest level of motor function
achieved (e.g., sitting or standing) and the age of onset. SMA type 4 represents the
mildest form of the disease, typically manifesting in adulthood. Conversely, SMA type
0 presents the most severe form, typically occurring in neonates, often in the prenatal
stage, and resulting in a survival rate of fewer than six months for most affected
individuals (D'Amico et al. 2011; Arnold et al. 2015; Kolb and Kissel 2015; Schorling
et al. 2020; Butterfield 2021; Day et al. 2022; Nishio et al. 2023).

The molecular basis of SMA lies in the absence of the SMN (survival motor neuron)
protein, which is encoded by the SMN1 gene located on chromosome 5g. In the majority
of cases, SMA results from a homozygous deletion of exon 7 within the SMN1 gene.
The severity of SMA is influenced by the presence of the SMN2 pseudogene, which
closely resembles SMN1 but differs in a few nucleotides. The severity of the disease is
largely determined by the copy number of SMN2. Since the discovery in 1995 that
SMN1 and SMN2 genes are responsible for SMA, effective therapies utilizing new
drugs, such as nusinersen, onasemnogene abeparvovec, and risdiplam have been
integrated into clinical practice. Furthermore, alternative treatment approaches,
including gene therapy and stem cell therapy, have been explored. However, the timing
and accuracy of SMA diagnosis have become increasingly critical. Consequently,
population-based newborn screening programs for SMA, specifically targeting SMA
with SMN1 deletion, have been implemented worldwide, including in the Czech
Republic since January 1, 2022. The introduction of newborn SMA screening facilitates
the initiation of treatment at a pre-symptomatic stage, maximizing therapeutic
effectiveness and improving patient outcomes (D'Amico et al. 2011; Arnold et al. 2015;
Kolb and Kissel 2015; Schorling et al. 2020; Butterfield 2021; Day et al. 2022; Nishio
et al. 2023).



2.1.6 Tauopathies

Tauopathies constitute a clinically and pathologically diverse group of
neurodegenerative disorders characterized by the intracellular accumulation of abnormal
tau protein (for more on tau protein, see Chapter 2.3 Tau protein). There are two main
categories of tauopathies: primary and secondary. Primary tauopathies are characterized
by the predominant pathology of intracellular deposition of abnormal tau protein. In
contrast, secondary tauopathies have another primary cause of disease pathology, with
the intracellular accumulation of abnormal tau protein being a secondary feature. The
most prevalent tauopathy in the human population is AD, which serves as a classic
example of a secondary tauopathy. In AD, the intracellular aggregation of tau protein
leads to the formation of neurofibrillary tangles, while extracellular amyloid-f plaques
also contribute to disease pathology (for more details, see Chapter 2.2 Alzheimer's
disease below). Clinical presentations of tauopathies vary among different disorders,
encompassing a spectrum of cognitive and motor impairments (Dugger and Dickson
2017; Riley et al. 2022; Islam et al. 2022; Creekmore et al. 2024).

Currently, there are no approved drugs specifically targeting the underlying
pathology of tauopathies. Treatment primarily focuses on managing symptoms to
improve patients' quality of life. However, several potential therapeutic agents are
undergoing clinical development to address the accumulation of aggregated tau protein,
which is a key feature of these disorders. One major area of research involves tau
protein inhibitors, aiming to prevent the aggregation and accumulation of abnormal tau
protein. Examples of such inhibitors include methylthioninium chloride and Anle138b
[5-(1,3-benzodioxol-5-yl)-3-(3-bromophenyl)-1H-pyrazole].  Additionally,  kinase
inhibitors and O-GIcNAcase inhibitors have garnered significant attention. These
compounds target processes such as phosphorylation and O-GIcNAcylation, which are
common post-translational modifications of tau protein associated with its aggregation.
Beyond these approaches, other potential therapies under investigation include gene
therapy techniques such as gene silencing, as well as immunotherapy strategies
including vaccines and monoclonal antibodies. These interventions aim to target tau
protein directly or modulate the immune response against abnormal tau aggregates.
While much progress has been made in understanding the underlying mechanisms of
tauopathies and developing potential treatments, further research is needed to translate
these findings into effective therapies for patients (Islam et al. 2022; Cummings et al.
2023).



2.2 Alzheimer's disease

2.2.1 Pathogenesis and diagnosis
AD is a prevalent neurodegenerative disorder and ranks as the third most common cause
of dementia worldwide. It affects various aspects of human cognition and behavior,
including memory loss, cognitive decline, behavioral changes, functional impairment,
and difficulties in performing daily tasks. AD is characterized by two distinct forms
based on the age of onset. Early-onset AD typically manifests in individuals younger
than 65 years of age and is often referred to as familial AD. This form is associated with
inherited autosomal mutations in genes responsible for proteins involved in the
aggregation of amyloid-B protein. Late-onset AD, on the other hand, occurs in
individuals over the age of 65 and is known as sporadic AD. In contrast to familial AD,
late-onset AD is primarily influenced by environmental factors rather than a strong
family history of the disease (Mantzavinos and Alexiou 2017; Vaz and Silvestre 2020;
Scheltens et al. 2021; Monteiro et al. 2023; Bhole et al. 2023).

The progression of AD is typically categorized into four clinical phases (Atri 2019;
Breijyeh and Karaman 2020; Scheltens et al. 2021):

1. Pre-clinical Stage: This stage is characterized by mild memory loss and early
pathological changes in the cerebral cortex and hippocampus. However,
individuals in this stage do not exhibit any disruption in daily activities, and
no clinical signs of AD are apparent. This phase may persist for several years
before the onset of clinical symptoms.

2. Mild or Early Stage: In this stage, individuals may begin to experience
difficulties in daily life, including challenges with concentration, memory,
orientation in time and place, mood changes, and the development of
depression.

3. Moderate Stage: As the disease progresses, it may spread to additional areas
of the cerebral cortex, resulting in increased memory loss, difficulties
recognizing family and friends, loss of impulse control, and challenges with
reading, writing, and speaking.

4. Severe or Late Stage: In the final stage of AD, patients experience
progressive functional and cognitive decline. They may no longer recognize

their family members, become bedridden, and have difficulty swallowing and



urinating. At this stage, the disease has typically spread throughout the entire
cortex, and complications may lead to the patient's death.

The mechanisms driving the progression of Alzheimer's disease (AD) remain
incompletely understood. However, the prevailing interpretation of AD pathogenesis
involves two primary processes: the extracellular deposition of amyloid B (AB) protein
in the form of senile plagues and the intracellular deposition of tau protein forming
neurofibrillary tangles (NFTs) (Chyba! Nenalezen zdroj odkazi.). When both AB and
tau/phosphorylated tau proteins are detected, the likelihood of AD development
increases. AP deposits originate from the cleavage of the transmembrane amyloid
precursor protein by proteolytic enzymes like a-secretase, B-secretase, and y-secretase.
AP protein is known for its propensity to self-aggregate and plays a significant role in
neurotoxicity and neural function. Tau protein, on the other hand, is a microtubule-
associated protein involved in stabilizing and assembling microtubules, promoting
axonal transport, and maintaining dendrite structure. Post-translational modifications,
including phosphorylation, regulate its biological activity. Abnormal phosphorylation
reduces tau's affinity for microtubules and increases its tendency to aggregate.
Consequently, hyperphosphorylated tau loses its normal functions, leading to defects in
microtubule assembly, axonal transport disruption, dendritic structural changes, synapse
loss, neuronal death, and ultimately dementia. Both tau protein and the prefibrillar
aggregates it forms contribute significantly to neurotoxicity, similar to AP protein.
These processes collectively contribute to the neurodegenerative cascade observed in
AD (Sery et al. 2013; Mantzavinos and Alexiou 2017; Vaz and Silvestre 2020; Breijyeh
and Karaman 2020; Monteiro et al. 2023).
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Figure 1: Pathology of Alzheimer’s disease. The hallmark features of extracellular Af plaques
and intracellular hyperphosphorylated tau-containing NFTs in the brain distinguish AD.
Moreover, AD entails cholinergic deficiency, neuroinflammation, and cerebrovascular
dysfunction as additional pathological components. Created in Biorender.com (Ref. 1).

The diagnosis of AD typically involves a comprehensive evaluation that includes
cognitive testing, neurological examination, magnetic resonance imaging (MRI), and
laboratory examinations. However, there is growing interest in identifying the disease
before the onset of symptoms using minimally invasive and cost-effective techniques.

One approach involves utilizing a combination of cerebrospinal fluid (CSF) biomarkers
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and imaging methods, such as amyloid positron emission tomography (PET), to reliably
detect AD in its pre-symptomatic stages. CSF biomarkers include markers of neuronal
damage, such as tau protein levels, as well as measurements of metabolic activity using
fluorodeoxyglucose PET and assessments of brain atrophy using MRI. These diagnostic
criteria aim to provide a more accurate and reliable means of identifying AD,
particularly in its early stages when intervention may be most beneficial. By integrating
multiple biomarkers and imaging modalities, clinicians can achieve a more
comprehensive understanding of the underlying pathology and progression of the
disease (Hane et al. 2017; Khan et al. 2020; Breijyeh and Karaman 2020; Scheltens et
al. 2021; Monteiro et al. 2023; Dolphin et al. 2024).

AD is associated with several risk factors that can increase an individual's likelihood
of developing the disease. Among the primary risk factors is advancing age, with older
individuals being at a higher risk of AD compared to younger individuals. Additionally,
older patients often contend with other medical conditions, such as cardiovascular
disease, obesity, and type Il diabetes mellitus, which can further elevate the risk of AD.
Psychological factors, including stress and distress, are also recognized as risk factors
for AD. Chronic stress and psychological strain have been linked to an increased risk of
cognitive decline and AD development. Conversely, certain activities and lifestyle
choices can act as protective factors, potentially reducing the risk of AD. Regular
physical exercise, including activities such as walking or aerobic exercises, has been
shown to have a protective effect against cognitive decline and AD. Additionally,
maintaining a healthy diet and engaging in mentally stimulating activities, such as
reading, puzzles, or social interactions, may help lower the risk of developing AD.
Overall, a combination of factors, including age, comorbidities, stress levels, and
lifestyle choices, influences an individual's susceptibility to AD. Adopting healthy
lifestyle habits, such as regular exercise, a balanced diet, and engaging in mentally
stimulating activities, may help mitigate the risk of developing AD (Robinson et al.
2017; Breijyeh and Karaman 2020).

2.2.2 Treatment

The current phase of AD treatment studies encompasses various strategies aimed at
counteracting the mechanisms driving disease progression, as there is currently no fully
effective cure for AD. Treatment options for AD primarily consist of a few approved

drugs, although these therapies predominantly target symptoms, but not the cause of the
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disease. These treatment strategies can be categorized into several groups. Initially,
treatment approaches were based on the cholinergic hypothesis, which posits that AD
patients exhibit a deficiency in the neurotransmitter acetylcholine due to a reduction in
the enzyme choline acetyltransferase and subsequent loss of cholinergic neurons in the
basal forebrain. To address this deficit, acetylcholinesterase inhibitors were developed
to enhance cholinergic transmission, along with modulation of muscarinic and nicotinic
acetylcholine receptors. Approved acetylcholinesterase inhibitors include donepezil,
rivastigmine, and galantamine, all of which have demonstrated efficacy in treating mild
to moderate forms of AD. Although these drugs differ in their pharmacodynamics and
pharmacokinetics, their overall efficacy is comparable. Acetylcholinesterase inhibitors
are generally well-tolerated, with adverse gastrointestinal effects such as nausea,
vomiting, diarrhea, and anorexia being relatively rare. Another drug used in AD
treatment is memantine, which is indicated for moderate to severe AD and is often used
in combination with acetylcholinesterase inhibitors. Memantine acts as a
neuroprotective agent by preventing neuronal loss and improving symptoms through
non-competitive blocking of the N-methyl-D-aspartate receptor. While these
pharmacological treatments represent the current standard of care for AD, they have
modest overall efficacy and do not alter the underlying neurodegenerative process.
Nonetheless, they remain valuable in managing symptoms and improving the quality of
life for individuals with AD (Mangialasche et al. 2010; Briggs et al. 2016; Weller and
Budson 2018; Vaz and Silvestre 2020; Monteiro et al. 2023; Bhole et al. 2023).

As previously mentioned, one of the key pathological mechanisms of AD involves
the formation of senile plaques due to the extracellular deposition of AP protein. The
strategy for anti-amyloid therapy involves investigating potential drugs through three
approaches: reducing AP production, preventing AP aggregation, and promoting AP
clearance. Numerous inhibitors targeting these enzymes have been developed over the
years, including verubecestat, lanabecestat, atabecestat, umibecestat, and elenbecestat as
[-secretase inhibitors, and semagacestat and avagacestat as y-secretase inhibitors, with
tarenflurbil acting as a modulator. However, none of these drugs have successfully
progressed through the final phase of clinical testing. Five drugs categorized as f-
secretase inhibitors demonstrated effective reduction of AP levels in the cerebrospinal
fluid of AD patients; however, cognitive impairment was observed in some cases.
Clinical trials of semagacestat had to be halted due to significant clinical deterioration

and a higher incidence of skin cancer and infections among patients. Similarly, research
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on avagacestat was discontinued due to an increased risk of skin cancer. Regarding
tarenflurbil, a phase Il clinical trial showed no evidence of cognitive or functional
impairment in patients with mild AD. These challenges underscore the complexity of
developing effective anti-amyloid therapies for AD and highlight the need for continued
research and development in this area. While progress has been made, further
investigations are necessary to identify safe and efficacious treatments that target AP
pathology in AD (Mangialasche et al. 2010; Briggs et al. 2016; Vaz and Silvestre 2020;
Monteiro et al. 2023).

The occurrence of AD is also associated with inflammatory processes, which
manifest as a specific, targeted, and enhanced immune, biochemical, and hematological
response at the local or systemic level. This neuroinflammation is considered desirable
and beneficial in the context of the disease, as it activates the immune response. As a
result, various forms of immunotherapy are currently being developed to target these
inflammatory processes. Immunotherapy can be categorized into passive and active
forms. Passive therapy involves the direct administration of antibodies against the
targeted protein, while active immunotherapy stimulates the patient's immune system
through vaccination to produce antibodies against the targeted protein itself. These
approaches aim to modulate the immune response and reduce inflammation in the brain,
potentially slowing the progression of AD. Ongoing research in immunotherapy offers
promising avenues for the development of effective treatments for AD by targeting the
underlying inflammatory mechanisms implicated in the disease (Vaz and Silvestre
2020; Twarowski and Herbet 2023; Bhole et al. 2023; Guo et al. 2024).

Regarding the elderly population, who are more prone to AD than younger
individuals, passive immunization is often considered a preferable treatment option over
active immunotherapy. This preference arises from the fact that older adults generally
exhibit reduced reactivity to vaccines. Currently, there are two monoclonal antibodies
targeting the A protein, aducanumab and lecanemab, that have received approval from
the Food and Drug Administration (FDA) for the treatment of AD. Aducanumab, a
humanized 1gG1 monoclonal antibody, was one of the first drugs approved by the FDA
for AD treatment since 2003. However, its approval has been controversial due to the
accelerated approval process. While aducanumab has shown the ability to reduce A
plaques in the brain, which are believed to contribute to AD, its clinical benefit in terms
of improving cognitive function or slowing disease progression has not been

definitively demonstrated. Lecanemab, another humanized IgGl antibody that
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specifically binds to AP protofibrils, received FDA approval in July 2023. Other anti-
amyloid monoclonal antibodies, such as gantenerumab and donanemab, are undergoing
various stages of clinical testing. Gantenerumab is notable as the first fully human
monoclonal IgG1 anti-Ap antibody, while donanemab is a humanized IgG1 monoclonal
antibody developed from mouse mE8-lgG2a. Furthermore, research groups are
investigating monoclonal antibodies targeting the tau protein, although their
development in clinical practice is still in its early stages. Several anti-tau monoclonal
antibodies, including semorinemab, tilavonemab, gosuranemab, and zagotenemab, have
been tested in phase Il studies. These efforts reflect the ongoing exploration of
immunotherapeutic approaches to address the underlying pathophysiology of AD and
hold promise for future treatment options (Vaz and Silvestre 2020; Twarowski and
Herbet 2023; Monteiro et al. 2023; Cummings et al. 2023; Bhole et al. 2023; Guo et al.
2024; Perneczky et al. 2024; Ye et al. 2024).

In terms of research strategies targeting tau protein pathology in AD, two primary
therapeutic approaches have been described: agents inhibiting tau phosphorylation
kinases and agents inhibiting protein aggregation while promoting the disintegration of
resulting aggregates. Glycogen synthase kinase 3-beta (GSK-3p) is one of the protein
kinases implicated in tau protein phosphorylation and the development of AD.
Therefore, inhibiting GSK-3p is considered a promising strategy in AD therapy. Two
potential agents have progressed to the clinical phase of drug development: tideglusib,
an irreversible GSK-3p inhibitor, and lithium. While research on tideglusib in AD has
been discontinued, further studies are needed to elucidate the clinical benefit of lithium
salts in AD. Additionally, several compounds are being developed with the potential to
serve as drugs for preventing tau aggregation or stabilizing microtubules. Examples
include methylthioninium chloride, davunetide, and nicotinamide. These compounds
hold promise in targeting tau pathology and potentially mitigating the progression of
AD. Continued research and clinical trials will be crucial in determining their efficacy
and safety profiles for AD treatment (Mangialasche et al. 2010; Briggs et al. 2016;
Weller and Budson 2018; Vaz and Silvestre 2020; Bhole et al. 2023; Ye et al. 2024).
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2.3 Tau protein

2.3.1 Structure and localization

Tau protein belongs to a family of microtubule-associated proteins present in various
animal species. In humans, it is primarily found in neuronal cells but can also be
expressed in other cell types, such as glial cells, particularly in pathological conditions,
and astrocytes. Under physiological conditions, tau protein is expressed in neurons,
predominantly in axons, and to a lesser extent in dendrites and somatodendritic
compartments, including the plasma membrane, nucleus, and mitochondria. The
distribution of tau protein within a neuron can be polar, with various mechanisms
regulating its localization. Tau mRNA contains a specific axonal localization signal,
ensuring the localization of tau protein in the axonal compartment. Additionally,
cytosolic tau protein can be translocated into the axon through mechanisms such as free
diffusion or transport by motor proteins like kinesins. There exists a retrograde barrier
within the axon, permitting tau protein entry into the axon but preventing its retrograde
transport towards the soma and dendrites (Buee et al. 2000; Guo et al. 2017b;
Pirscoveanu et al. 2017; Tapia-Rojas et al. 2019).

The human tau protein is encoded by a single gene known as MAPT, located on
chromosome 17 at position 17921, which comprises 16 exons. Alternative splicing of
exons 2, 3, and 10 gives rise to six different isoforms of tau protein, ranging from 352 to
441 amino acid residues in length. These isoforms contain an N-terminal part
(projection domain), a proline-rich domain, a microtubule-binding domain, and a C-
terminal tail, which constitutes the fundamental portion of the protein. The variance
among the isoforms arises from the number of repetitive sequences (repeats) in the
microtubule-binding domain (3R or 4R) and the presence of inserts at the N-terminal
part of the protein (ON, 1N, or 2N) (Figure ). This diversity in isoforms not only
impacts their structural properties but also influences their expression levels. During
early (fetal) stages of human development, only one tau isoform is present,
characterized by 3R and no N-terminal insertion. Conversely, adults express isoforms
with one or two N-terminal insertions and 3R or 4R repeats. The balance between these
isoforms is crucial in the adult brain and may significantly contribute to the
development of neurodegenerative diseases. In the healthy, mature human brain, the 3R
and 4R tau isoforms occur in approximately equal molar ratios, indicating a balanced

expression of these isoforms. This equilibrium is essential for maintaining proper
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neuronal function and integrity (Friedhoff et al. 2000; Avila et al. 2004; Kolarova et al.
2012; Tapia-Rojas et al. 2019; Islam et al. 2022; Rawat et al. 2022).
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Figure 2: Diagram illustrating the six human CNS tau isoforms. These isoforms comprise
an N-terminal region (referred to as the projection domain), a proline-rich domain, a
microtubule-binding domain, and a C-terminal tail, serving as the core component of the
protein. The distinction among the isoforms arises from variations in the number of repetitive
sequences (repeats) within the microtubule-binding domain (3R or 4R) and the presence of
inserts at the N-terminal region of the protein (ON, 1N, or 2N). (Adapted from (Pirscoveanu et
al. 2017; Nizynski et al. 2017).)
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2.3.2 Function

As previously stated, tau protein is a member of the microtubule-associated protein
family, traditionally known for its role in facilitating microtubule polymerization and
stability. Nonetheless, tau protein exhibits multifaceted functionality, serving various
roles within the cell (Mietelska-Porowska et al. 2014; Tapia-Rojas et al. 2019).

The primary and extensively studied function of tau protein revolves around its
interaction and binding with microtubules. Tau protein contributes to the assembly and
stabilization of microtubules through direct or indirect interactions. Direct interaction
relies on the microtubule-binding domain and neighboring regions, which facilitate
binding and stabilization, thereby promoting microtubule assembly. Conversely, the
projection domain of tau protein is crucial for its indirect interaction by facilitating
interactions with other proteins that subsequently interact with microtubules. The
binding of tau protein to microtubules at the interface between o/p tubulin dimers is
subject to modulation by various mechanisms, with phosphorylation playing a pivotal
role. Phosphorylation alters the conformation of tau protein and can neutralize its
positive charge, leading to detachment from microtubules. While physiological
phosphorylation at specific sites regulates the interaction of tau protein with
microtubules, aberrant phosphorylation in pathological conditions diminishes this
binding, promoting aggregation and the formation of toxic oligomers. Additionally,
specific sequences, including *°KSRLQTAPV2#, 275VVQINKKLDLS?®, are critical for
the interaction of tau protein with microtubules. Notably, the latter two sequences are
encoded by exon 10, subject to alternative splicing. This phenomenon may elucidate
why 3R isoforms of tau protein exhibit weaker interactions with microtubules compared
to 4R isoforms (Mietelska-Porowska et al. 2014; Tapia-Rojas et al. 2019; Barbier et al.
2019).

Tau protein's interaction with the end regions of microtubules extends to various
classes of proteins involved in cytoskeletal regulation and motor proteins, such as
kinesins and dyneins. These interactions are crucial for mediating anterograde and
retrograde transport along microtubules, which serve as channels within neurons. By
facilitating the binding of motor proteins, tau protein contributes to the regulation of
axonal transport, a process vital for maintaining neuronal function. Axonal transport
plays a pivotal role in ensuring the proper distribution of organelles, proteins, and lipids
between the soma and axons, dendrites, and vice versa. Of particular significance is the

transport of mitochondria, which is essential for synaptic function. Pathological
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alterations in tau protein can disrupt axonal transport, contributing to neuronal
dysfunction. Furthermore, tau protein functions as a scaffold protein, modulating the
activity of various proteins, including Src tyrosine kinases. In addition, tau protein plays
a role in nuclear localization, where it binds to and protects DNA from denaturation.
Under stress conditions, phosphorylated tau facilitates nuclear translocation and
contributes to nuclear conformation and the heterochromatinization of ribosomal genes.
These diverse functions highlight the multifaceted role of tau protein in neuronal
physiology and pathology (Mietelska-Porowska et al. 2014; Tapia-Rojas et al. 2019;
Sinsky et al. 2021).

2.3.3 Post-translational modifications

Indeed, tau protein undergoes various post-translational modifications (PTMs) that
significantly impact its structure, function, and cellular localization. These
modifications play crucial roles in regulating tau's physiological functions within
neurons, as well as its involvement in pathological processes observed in
neurodegenerative diseases like Alzheimer's disease (Alquezar et al. 2021).

Tau protein is predominantly phosphorylated among its various post-translational
modifications, with phosphorylation representing the major regulatory mechanism
governing its biological activity. In physiological conditions, phosphorylation plays a
pivotal role in modulating tau's affinity for microtubules and regulating their
stabilization and assembly dynamics. Throughout development, the level of tau protein
phosphorylation undergoes significant changes. During embryonic and early stages of
human development, tau is highly phosphorylated, with up to eight phosphate groups
per molecule. This high phosphorylation level is critical for orchestrating proper
neuronal development and cytoskeletal organization during early neuronal
differentiation. As development progresses and neurons mature into adulthood, the level
of tau phosphorylation diminishes, typically reaching a plateau with only two phosphate
groups per molecule. This reduced phosphorylation state optimally facilitates tau's
interaction with microtubules, ensuring neuronal cytoskeletal integrity and function.
However, during aging, there is a notable resurgence in tau phosphorylation levels,
reverting to the heightened state observed during early development. This age-related
increase in tau phosphorylation has been implicated in the pathogenesis of
neurodegenerative diseases, including Alzheimer's disease, where hyperphosphorylated

tau forms insoluble aggregates and neurofibrillary tangles, contributing to neuronal

19



dysfunction and degeneration. Understanding the intricate regulation of tau
phosphorylation throughout development and aging is crucial for unraveling its role in
neurodegenerative disorders and may offer insights into therapeutic strategies aimed at
mitigating tau pathology and associated cognitive decline (Buee et al. 2000;
Pirscoveanu et al. 2017; Zabik et al. 2017; Tapia-Rojas et al. 2019; Alquezar et al.
2021; Rawat et al. 2022; Ye et al. 2024).

In the longest tau isoform (2N4R), tau protein harbors over 80 potential
phosphorylation sites on serine, threonine, and tyrosine residues. These sites serve as
substrates for various protein kinases, which catalyze the addition of phosphate groups
to tau protein. These kinases include proline-directed serine/threonine-protein kinases
(such as glycogen synthase kinase-3p, cyclin-dependent kinase 5, and p38 mitogen-
activated protein kinase), non-proline-directed serine/threonine-protein kinases (such as
Ca?*/calmodulin-dependent  protein kinase Il and dual-specificity tyrosine-
phosphorylation-regulated kinase 1A), and tyrosine protein kinases (such as proline-rich
tyrosine kinase 2 and Fyn lymphocyte-specific protein). Conversely, the removal of
phosphate groups from tau protein, known as dephosphorylation, is mediated by
phosphatases. One of the predominant phosphatases involved in tau dephosphorylation
in the brain is protein phosphatase 2A (PP2A). The balance between the activities of
kinases and phosphatases is crucial for maintaining the phosphorylation state and
function of tau protein (Buee et al. 2000; Pirscoveanu et al. 2017; Zabik et al. 2017,
Tapia-Rojas et al. 2019; Alquezar et al. 2021; Rawat et al. 2022; Ye et al. 2024).

Under physiological conditions, tau phosphorylation plays several essential roles. It
regulates tau protein localization at various cellular compartments, including the plasma
membrane and exocytotic vesicles, as well as at intracellular sites. Additionally,
phosphorylation of tau protein is integral to the development of cellular processes,
modulating the affinity of tau for microtubules, increasing microtubule dynamics, and
contributing to the establishment of neuronal processes and cell polarity. These
phosphorylation-mediated processes are essential for maintaining normal neuronal
function and cytoskeletal architecture. Indeed, abnormal phosphorylation of tau protein
leads to pathological alterations characterized by conformational changes, proteolytic
cleavage, and aggregation. In this state, the affinity of tau protein for microtubules is
diminished, contributing to the loss of neurons and synapses in the brain, which are
hallmark features of neurodegenerative diseases such as AD. The dysregulation of tau

phosphorylation is often associated with increased kinase activity, which leads to
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hyperphosphorylation of tau protein. Furthermore, this dysregulation can result in
decreased  dephosphorylation,  further  exacerbating the accumulation of
hyperphosphorylated tau. As a consequence, tau protein loses its ability to interact with
microtubules effectively, disrupting cytoskeletal stability and neuronal function. The
interplay between abnormal phosphorylation and dysregulated Kkinase activity
underscores the importance of maintaining tau phosphorylation homeostasis for proper
neuronal function and preventing the pathological processes associated with
neurodegenerative  diseases. Therapeutic strategies targeting aberrant tau
phosphorylation represent promising avenues for mitigating neurodegeneration and
associated cognitive decline (Buee et al. 2000; Pirscoveanu et al. 2017; Zabik et al.
2017; Tapia-Rojas et al. 2019; Alquezar et al. 2021; Rawat et al. 2022; Ye et al. 2024).

Indeed, tau protein undergoes various post-translational modifications (PTMs)
besides phosphorylation, including acetylation, ubiquitination, SUMOylation, and
truncation. These PTMs are interconnected and collectively contribute to tau pathology
and neurodegeneration. Acetylation of tau protein is mediated by histone
acetyltransferases (HATs) and can be reversed by histone deacetylases (HDACS).
Acetylation regulates tau ubiquitination and neutralizes the charge in the microtubule-
binding domain, impairing its ability to bind to microtubules and leading to tau
dysfunction. Ubiquitination, SUMOylation, and truncation also play significant roles in
tau aggregation and neurodegeneration. Ubiquitination marks tau protein for
degradation by the proteasome, but aberrant ubiquitination can lead to the formation of
insoluble tau aggregates. SUMOQylation, the attachment of small ubiquitin-like modifier
(SUMO) proteins, regulates tau protein localization and function. Truncation, involving
the cleavage of tau protein into smaller fragments, can promote tau aggregation and
toxicity. Overall, the interplay between these PTMs contributes to the pathological
accumulation of tau aggregates and the progression of neurodegenerative diseases such
as Alzheimer's disease. Understanding the complex network of PTMs on tau protein is
crucial for developing targeted therapies aimed at mitigating tau pathology and
associated neurodegeneration (Tapia-Rojas et al. 2019; Alquezar et al. 2021; Islam et
al. 2022; Rawat et al. 2022; Ye et al. 2024).

2.3.4 Aggregation, toxicity and spreading
Tau protein, characterized by its internal disorder and high solubility in aqueous

solution, can undergo aggregation into various structures, including straight filaments
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and paired helical filaments (PHFs), contributing to the formation of NFTs. This
aggregation process is facilitated by various mechanisms, including PTMs. Studies have
identified two crucial hexapeptide motifs within the R2 and R3 repeat fragments of tau
protein, namely ?">VQIINKZ®? (PHF6*) in the R2 repeat and *®VQIVYK3! (PHF6) in
the R3 repeat (Figure 3). These motifs play pivotal roles in initiating and stabilizing the
formation of cross-p-sheet aggregate structures. While PHF6 is more critical than
PHF6* in initiating and stabilizing tau protein aggregation, both sequences are essential
for fibrillization. Notably, the presence of the R2 repeat only in the 4R isoforms renders
them more prone to aggregation compared to the 3R isoforms. Additionally, the
presence of Cys291 and Cys322, which form intermolecular disulfide bridges, further
promotes tau protein aggregation. Dysfunction of the PERK (protein kinase R-like
endoplasmic reticulum kinase) signaling pathway, identified as one of the genetic risk
factors for tauopathies, exacerbates tau aggregation. These factors collectively
contribute to the pathological aggregation of tau protein and the development of
tauopathies (Guo et al. 2017b; Jouanne et al. 2017; Brunello et al. 2020; Annadurai et
al. 2022b, 2022a; Islam et al. 2022; Park et al. 2023; Hernandez et al. 2023; Hu et al.
2023; Ye et al. 2024).
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Figure 3: Structural features and key motifs in the 2N4R tau isoform associated with
aggregation. A Schematic representation of the 2N4R tau isoform with motifs that promote tau
protein aggregation. B Amino acid sequences of tau repeat fragments. The hexapeptide motifs
2ZI5VQIINK? (R2 repeat) and 30°VQIVYK?3!! (R3 repeat) are important in initiating and
stabilizing tau protein aggregation. The presence of Cys291 and Cys322, which form
intermolecular disulfide bridges, is also an important factor in the formation of tau protein
aggregates.
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Indeed, the aberrant PTMs of tau protein disrupt its normal interaction with
microtubules, resulting in an accumulation of unbound tau protein within the cytoplasm.
This surplus of free tau protein serves as a catalyst for the formation of toxic aggregates,
a hallmark of neurodegenerative diseases like AD. These tau aggregates exert
detrimental effects on cellular processes, contributing to neuronal dysfunction and
cognitive decline in AD. They disrupt cellular metabolism, compromise mitochondrial
function, impair synaptic plasticity, and provoke neuroinflammatory responses
mediated by glial cells. Consequently, these cascading events exacerbate
neurodegeneration, exacerbating cognitive deficits observed in AD. Overall, the
dysregulation of tau protein due to abnormal PTMs represents a crucial pathological
mechanism underlying AD and related tauopathies, highlighting its significance as a
therapeutic target in combating these devastating neurodegenerative disorders (Hu et al.
2023; Ye et al. 2024).

Tau protein, typically considered an intracellular component, possesses the
remarkable ability to be actively released into the extracellular milieu. This
phenomenon has significant implications for the pathogenesis of neurodegenerative
diseases, including AD and related tauopathies. In these diseases, misfolded and
pathological tau proteins propagate through neuroanatomically connected brain regions,
reminiscent of prion-like spread. The mechanisms facilitating the spread of abnormal
tau species from diseased to healthy cells involve extracellular secretion, intracellular
uptake, and direct cell-to-cell transfer. Extracellular secretion of tau protein occurs via
various pathways, including exosomes, microvesicles, autophagosomes, and even direct
release across the plasma membrane. Once released, pathological tau seeds can initiate
and accelerate tau filament formation in recipient cells through seeding mechanisms. In
this process, donor cells secrete pathological tau seeds, which are subsequently
internalized by recipient cells. Upon internalization, these seeds induce the misfolding
and aggregation of endogenous tau proteins within the recipient cells, perpetuating the
pathological cascade. Understanding the mechanisms underlying tau propagation is
crucial for developing targeted therapeutic interventions aimed at disrupting the spread
of pathological tau and halting the progression of neurodegenerative diseases (Fuster-
Matanzo et al. 2018; Demaegd et al. 2018; d'Errico and Meyer-Luehmann 2020;
Brunello et al. 2020; Annadurai et al. 2021; Hu et al. 2023).
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3 EXPERIMENTAL PART
3.1 Materials

3.1.1 Chemicals, solutions and peptides

Chemicals

Dimethyl sulfoxide (DMSO) (AppliChem, Darmstadt, Germany, #A3672.0250)

Dulbecco’'s Modified Eagle's medium (DMEM) (Lonza, Basel, Switzerland, #12-604F)

Fetal bovine serum (FBS) (Gibco™, Thermo Fisher Scientific, Waltham, MA, USA,

#10270)

150 uM heparin (Sigma Aldrich, Merck, Burlington, MA, USA, #H4784-1G)

Hoechst-33342 nuclear dye (Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA,

#H?21492)

Lipofectamine™ 3000 Transfection Reagent Kit (P3000™ Reagent, Lipofectamine™
3000 Reagent) (Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA,
#L.3000015)

Opti-MEMT™ | Reduced Serum Medium (Gibco™, Thermo Fisher Scientific, Waltham,
MA, USA, #31985070)

100x penicillin/streptomycin solution (Diagnovum, Marburg, Germany, #D910)

1 mM Thioflavin T (ThT) (Sigma Aldrich, Merck, Burlington, MA, USA, #T3516-5G)

TrypLE™ Express Enzyme (1X), no phenol red (Gibco™, Thermo Fisher Scientific,
Waltham, MA, USA, #12604013)

Solutions

Aqgaregation buffer

20 mM Tris-HCI (pH 7,4), 100 mM NaCl, and 1 mM EDTA were dissolved in sterile
H-O and filtered using a syringe filter.

Complete growth medium

To prepare 500 ml of complete growth medium, FBS was added into D-MEM liquid
culture medium (the final concentration of FBS was 10 % (v/v)). Afterward, 5 ml of
penicillin/streptomycin solution (antibiotics) was added to the growth medium with
FBS to make the final concentration of antibiotics 1 % (v/v). Then, the prepared
complete growth medium was filtered using Filter Top 500 rapid Filtermax (0.22 uM).
Finally, the bottle was closed with the sterile cap and stored in a cold room (4 °C)
(Agrawal et al. 2022).
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10x PBS

80 g NaCl, 2 g KCI, 32.1 g NazHPO4.12H,0, and 2 g KH2PO4 were dissolved in 800 ml
sterile H2O (tissue culture quality), pH was adjusted to 6.8-7.2 1M NaOH or HCI and
H>O added to the final volume (1000 ml). The solution was sterilized by autoclaving
(121 °C) and stored in a cold room (4 °C) (Agrawal et al. 2022).

1x PBS
100 ml.I"t of 10x PBS was diluted in 900 ml.I"* sterile H»O.

Peptides

The peptides used for experiments are listed in Table 1 and were purchased from
AnaSpec (Fremont, CA, USA), Genscript Biotech (Piscataway, NJ, USA), and
ProteoGenix (Schiltigheim, France). The peptides were reconstituted and stored, as
described before (Annadurai et al. 2022a).

Table 1: List of peptides used in experiments. The green colour indicates two crucial
hexapeptide motifs; the orange colour shows Cys291 and Cys322, and the red colour signifies
the Cys-to-Ala substitution.

Molecular Stock
Peptide  weight Sequence concentration
(kDa) (uM)
R2 3.26475 VOIINKKLDLSNVQSK_GSKDNIKHVPGGGS 306.3
R3 3.24776  VOQIVYKPVDLSKVTSKCGSLGNIHHKPGGGQ 307.9
R3
C322A 3.21570 VOQIVYKPVDLSKVTSKAGSLGNIHHKPGGGQ 307.9
R2R3 VOQIINKKLDLSNVQSKCGSKDNIKHVPGGGSV
(VQ62) 6,4945 QIVYKPVDLSKVTSKCGSLGNIHHKPGGGQ 237.12
R1R3 QTAPVPMPDLKNVKSKIGSTENLKHQPGGGKYV
(QQ62) 6.48750 QIVYKPVDLSKVTSKCGSLGNIHHKPGGGQ 154
R3R4 VOIVYKPVDLSKVTSKCGSLGNIHHKPGGGQV
(VT68) 6.69763 EVKSEKLDFKDRVQSKIGSLDNITHVPGGGN 154
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3.1.2 Cell line
Tau RD P301S FRET Biosensor cells (American Type Culture Collection; ATCC®,
Manassas, VA, USA, CRL-3275"™)

3.1.3 Drugs
The Prestwick Chemical Library® (stock concentration 10 mM) (GreenPharma, Orléans,

France)

3.1.4 Laboratory instruments and equipment

Agilent PlateLoc Thermal Microplate Sealer (Agilent Technologies, Santa Clara, CA
USA)

AXIO Observer.D1 Inverted Fluorescence Motorized Phase Contrast Microscope
(Zeiss, Oberkochen, Germany)

Biohazard Herasafe KS (Thermo Fisher Scientific, Waltham, MA, USA)

Cell Carrier 384 well plates (PerkinElmer, Waltham, MA, USA)

Cell Voyager CV7000S (Yokogawa, Musashino, Japan)

Centrifuge 5810R (Eppendorf, Hamburg, Germany)

Centrifuge tubes (15 ml, 50 ml) (TPP Techno Plastic Products AG, Trasadingen,
Switzerland)

CERTUS FLEX Liquid Dispenser (Fritz Gyger AG, Gwatt, Switzerland)

Echo® 550 (Labcyte, Beckman Coulter, Inc., Brea, CA, USA)

EnSpire® Multimode Plate Reader (PerkinElmer, Waltham, MA, USA)

Filter Top 500 rapid Filtermax (0.22 puM) (TPP Techno Plastic Products AG,
Trasadingen, Switzerland)

Heracell 150i CO; incubator (Thermo Fisher Scientific, Waltham, MA, USA)

Mini Centrifuge MiniSpin® (Eppendorf, Hamburg, Germany)

Needle 18G (B. Braun Melsungen AG, Melsungen, Germany)

Pipettes (Eppendorf, Hamburg, Germany)

Olympus Ix51 Inverted Microscope (Olympus, Tokyo, Japan)

Primovert Inverted Cell culture Microscope (Zeiss, Oberkochen, Germany)

Rotina 420 R Centrifuge (Hettich Zentrifugen) (Hettich, Tuttlingen, Germany)

Sterile cylinder

Sterile glass bottles

Sterile tips

20ml syringe (B. Braun Melsungen AG, Melsungen, Germany)
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Sterile syringe filter (0.22 uM) (TPP Techno Plastic Products AG, Trasadingen,
Switzerland)

Tissue culture flasks (T-25 cm? T-75 cm?) (TPP Techno Plastic Products AG,
Trasadingen, Switzerland)

Thermo-Shaker PST-60HL (Biosan, Riga, Latvia)

Vi-Cell XR Cell Viability Analyzer (Beckman Coulter Inc., Brea, CA, USA)

Vortex V-1 Plus (Biosan, Riga, Latvia)

3.1.5 Software

DOG 2.0.1 (Domain Graph) (University of Science & Technology, Baohe, Hefei,
Anhui, China)

GraphPad Prism 10 (Dotmatics, Boston, MA, USA)

Microsoft Office (Excel, Powerpoint, Word) (Microsoft, Redmond, WA, USA)

ZEN 3.4 (blue edition) (Zeiss, Oberkochen, Germany)

3.2 Methods

3.2.1 Cell culturing

Thawing the frozen cell line

The vial with the frozen cell line was thawed manually in hands (because the
temperature of the human body is around 37 °C). Then, the cell suspension from the vial
was transferred into the sterile 15ml centrifuge conical tube using the pipette and
centrifuged for 5 minutes at 1200 rpm at room temperature (RT). The supernatant was
carefully removed from the centrifuge tube, and about 2 ml of the complete DMEM
growth medium was added. Then, the pellet of cells was carefully resuspended by
repeated pipetting. The cell suspension was transferred into the culture flask (T-25 cm?),
and the complete growth medium was added to the final volume of 5 ml. Finally, the
cells were checked under the inverted microscope, and the culture flask was placed in
the CO; incubator. On the next day, the cells were checked again under the inverted
microscope, and if necessary, the complete DMEM growth medium was replaced with a
fresh one (Agrawal et al. 2022).

Sub-culturing the adherent cell lines

The cell line was maintained in DMEM growth media in the culture flask (T-75 cm?) in
the CO2 incubator. Every 3-5 days, the cells were checked under the inverted

microscope for signs of contamination, debris, or unhealthy cells, and the color of the
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growth medium, viscosity, and turbidity were inspected visually. The old DMEM
medium was removed and discarded into the waste container containing the disinfection
solution. Then, the cells were washed with 10 ml of the sterile 1x PBS twice. Afterward,
1 ml of TrypLE™ was carefully added to the culture flask to remove the cells from its
surface. The flask was put in a COz incubator for incubation. After 5 minutes, the cells
were observed under the inverted microscope. Then, 5 ml of the fresh DMEM media
was added to the flask and mixed well. The cell suspension was transferred to a 50mi
centrifuge tube and centrifuged at 1400 rpm for 5 minutes at RT. Subsequently, the
supernatant was carefully removed and discarded, and the pellet was resuspended in 5
ml of the fresh DMEM media. The cells were then counted using the Vi-Cell XR Cell
Viability Analyzer. Based on the cell count, the appropriate volume of the cell
suspension was transferred into the culture flask, and the DMEM growth media was
added to the final volume of 15 ml. Finally, the cells were checked using an inverted
microscope and placed in the CO: incubator. The cells were routinely tested for

mycoplasma contaminations monthly (Agrawal et al. 2022).

3.2.2 Tau aggregation assay

The primary method utilized in this study was the Thioflavin T binding assay, a widely
employed technique for detecting amyloid fibrils both in vitro and ex vivo. Thioflavin T
(ThT) is a cationic benzothiazole dye known for its ability to exhibit enhanced
fluorescence upon binding to amyloid fibrils. This phenomenon is characterized by
significant shifts in the excitation and emission bands of ThT, resulting in a pronounced
increase in fluorescence. Specifically, the excitation maximum occurs at 450 nm, while
the emission maximum is observed at 480 nm. Although the precise molecular
mechanism underlying Thioflavin-T binding to amyloids remains elusive, two main
hypotheses have been proposed. One hypothesis suggests that the enhanced
fluorescence arises from the inhibition of free rotation of the benzothiazole and
benzamine rings within ThT, which act as a rotor molecule. The ThT binding assay
serves as a valuable tool for the identification and structural analysis of various amyloid
fibrils, including those formed by proteins such as tau and insulin. Additionally, this
assay has applications beyond amyloid detection, including the monitoring of structural
changes in DNA (such as abasic sites, gaps, and mismatches) and the recognition of
DNA and RNA G-quadruplexes (Khurana et al. 2005; Hawe et al. 2008; Sabate et al.
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2013; Girych et al. 2016; Schlein 2017; Zhang et al. 2018; Verma et al. 2021;
Chitbankluai et al. 2022).

Primary screening

Before starting the preparation, an EnSpire® Multimode Plate Reader was turned on,
and the measurement chamber was set to 37° C, and the upper temperature was set to
2 °C warmer than the lower heater temperature to avoid condensation on the sealed

plate surface.

First, the aggregation reaction mixtures for R2 and R3 peptides were prepared according
to Table 2. Using the CERTUS FLEX Liquid Dispenser, 20 pul of the aggregation
reaction was added into each well of the Cell Carrier 384 well plate. Then, the plate was
placed in an EnSpire® Multimode Plate Reader, and the fluorescence of ThT binding
(Aexc = 460490 nm, Aem = 500550 nm) to the peptide was recorded. Afterward, 20 nl of
drugs from The Prestwick Chemical Library® were added to the plate using Echo® 550;
the desired concentration was 10 uM. The plate was sealed using Agilent PlateLoc
Thermal Microplate Sealer to prevent evaporation and put into Thermo-Shaker PST-
60HL, set to agitation of 1000 rpm and temperature 37 °C. The reading of the
fluorescence of ThT binding to the aggregated peptide was repeated three times every
24 h (72 hin total).

Table 2: Composition of the aggregation reaction mixture for R2 and R3 peptides and
volume of each component required for one sample

Stock Desired Volume per
concentration concentration well (ul)
Aggregation buffer - - 18.36
Heparin 150 uM 5uM 0.67
ThT 1mM 15 uM 0.3
R2 peptide 306.3 uM 10 uM 0.65
Stock Desired Volume per
concentration concentration well (ul)
Aggregation buffer - - 18.36
Heparin 150 uM 5uM 0.67
ThT 1mM 15 uM 0.3
R3 peptide 307.9 uM 10 uM 0.65
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Continuous-mode ThT aggreqgation assay (drug kinetics)

For the continuous-mode ThT aggregation assay, the aggregation mixture for all
peptides used was prepared according to Table 2 and Table 3. Then, similarly to the
primary screening, 20 pl of the aggregation reaction was added into each well of the
Cell Carrier 384 well plate using CERTUS FLEX Liquid Dispenser, and 20 nl of drugs
from The Prestwick Chemical Library® were added to the plate using Echo® 550, the
desired concentration was 10 uM for R2, R3 and R3 C322A peptides and 20 uM for
R2R3, R1R3 and R3R4 peptides. Afterward, the assay plate was sealed using Agilent
PlateLoc Thermal Microplate Sealer to prevent evaporation and put into EnSpire®
Multimode Plate Reader. The instrument was set to constant agitation of 1000 rpm
during the resting period, and the fluorescence of ThT binding to aggregated peptides
was recorded every 10 min up to 72 h (Annadurai et al. 2021; Agrawal et al. 2022).

Table 3: Composition of the aggregation reaction mixture for peptides used (except R2
and R3) and volume of each component required for one sample

Stock Desired Volume per
concentration concentration well (ul)
Aggregation buffer - - 17.33
Heparin 150 uM 5uM 0.67
ThT 1mM 15 uM 0.30
R2R3 peptide 237.12 uM 20 uM 1.69
Stock Desired Volume per
concentration concentration well (ul)
Aggregation buffer - - 16.42
Heparin 150 uM 5uM 0.67
ThT 1 mM 15 uM 0.30
R1R3/R3R4 peptide 154 uM 20 uM 2.60
Stock Desired Volume per
concentration concentration well (ul)
Aggregation buffer - - 18.36
Heparin 150 uM 5uM 0.67
ThT 1mM 15 uM 0.30
R3 C322A peptide 307.9 uM 10 uM 0.65
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3.2.3 Tau seeding assay

Peptides from the continuous-mode ThT aggregation assay were used for the
transfection of cells. Tau RD P301S FRET Biosensor cells were plated in a Cell Carrier
384 well plate at a density of 1x10° cells.ml™ in 50 ul of growth media, and the plate
was put into a CO> incubator (37 °C, 5 % CO.). The next day, the transfection reaction
mixture was prepared according to Table 4 and incubated for 15 min at RT. The old
growth medium was carefully removed from the wells and replaced by fresh D-MEM
medium. Then, 3.5 ul of transfection reaction mixture was added to every well with
cells and incubated in a CO; incubator for 72 h. The final concentration of peptide
aggregates transfected into cells was 100 nM. After 72 h, the biosensor cells were
stained with 10 uM Hoechst-33342 nuclear dye for 15 min in a CO; incubator (37 °C,
5% CO,). Then, the growth medium was replaced with the fresh D-MEM. The cells
were imaged on a Cell Voyager CVV7000S microscope using a 60x objective. Cells were
maintained at 37 °C and 5% CO2/atmospheric air throughout imaging in a live-cell

chamber (Annadurai et al. 20223, 2023).

Table 4: Composition of the transfection reaction mixture for peptides used and volume of
each component required for one sample

Volume (ul) Volume (nl)
Opti-MEM™ 2.5 Opti-MEM™ 2.5
Aggregates (R2/R3) 05 Aggregates (R2R3) 0.95
(stock conc. 10 uM) (stock conc. 20 uM)
P3000™ Reagent 0.125 P3000TM Reagent 0.125
g o5 | Ly g
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4 RESULTS

4.1 Primary screening of The Prestwick Chemical Library®

The initial analysis involved a primary screening of drugs from The Prestwick Chemical
Library®, the list of which is provided in Table S1 of Supplement 1. The ThT binding
assay method was used to examine the aggregation changes of R2 and R3 peptides in
the presence of individual drugs. The control sample consisted of tau peptide without
any drugs. From the obtained ThT fluorescence values after 72 hours, the relative
change in peptide aggregation in the presence of drugs compared to the control sample
was calculated and divided into four groups: more than 75%, 50-75%, 25-50%, and less
than 25%. The results of this analysis, conducted in two replicates, are depicted using
heat maps in Figure 4 and Figure 5.

Subsequently, the effectiveness of individual drugs in inhibiting the aggregation of
tau peptides was calculated. The obtained values showed that some substances had a
significant inhibitory effect on the aggregation of the R2 peptide (higher than 75%, see
Table 5), while others exhibited a similar effect on the aggregation of the R3 peptide
(higher than 60%, see Table 6). These results were further analyzed, and the substances
were classified into three categories using a VVenn diagram (Figure 6). Table 7 displays
the list of substances that were evaluated as Dual inhibitors after comparing the effects
of R2 and R3 inhibitors. Out of a total of 1280 compounds, 12 R2 inhibitors, 11 R3
inhibitors, and 11 Dual inhibitors were selected from the initial screening for further

analysis.
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Figure 4: Primary screening of drugs with R2 peptide. Heat map representing the relative
change in R2 peptide aggregation in the presence of drugs from The Prestwick Chemical
Library® at a concentration of 10 uM after 72 h compared to the control (position Al). Data are
represented by two independent experiments.
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Figure 5: Primary screening of drugs with R3 peptide. Heat map representing the relative
change in R3 peptide aggregation in the presence of drugs from The Prestwick Chemical
Library® at a concentration of 10 uM after 72 h compared to the control (position Al). Data are
represented by two independent experiments.
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Table 5: List of R2 inhibitors affecting peptide aggregation more than 75 %. Mean+SEM,
n=2

Effect on Effect on

Position Drug R2 (%) R3 (%)

Q15 Epirubicin hydrochloride 99+0 62+13
J19 Doxorubicin hydrochloride 98+0 100+0
u44 Pyrvinium pamoate 98+0 89+0
A22 R(-) Apomorphine hydrochloride hemihydrate 97+1 92+1
127 Daunorubicin hydrochloride 97+0 79+1
N13 Nisoldipine 97+0 60+9
039 Benserazide hydrochloride 96=+0 84+3
M37 Tyloxapol 96+0 23451
H43 Chicago sky blue 6B 96+0 91+2
B17 Nifedipine 9440 39+18
o8 Merbromin 94+1 7245
115 Alfacalcidol 9245 0+1
154 Rifapentine 92+1 68+1
H45 Cyclosporin A 92+1 764
S20 Verteporfin 92+5 93+2
A29 Dantrolene sodium salt 91+1 66+2
F58 Thiostrepton 90=+1 0+38
K21 Etretinate 89+2 0+6
M51 Simvastatin 89+1 17+12
N61 Aprepitant 89+2 20+18
P20 Ethaverine hydrochloride 89+0 40+18
A47 Antimycin A 88+1 1+£26
Q42 (-)-Eseroline fumarate salt 80+6 79+12
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Table 6: List of R3 inhibitors affecting peptide aggregation more than 60 %. Mean+SEM,
n=2

Effect on Effect on

Position Drug R2 (%) R3 (%)
J19 Doxorubicin hydrochloride 98+0 100+0
S20 Verteporfin 92+5 93+2
A22 R(-) Apomorphine hydrochloride hemihydrate 97+1 92+1
H43 Chicago sky blue 6B 96+0 91+2
u44 Pyrvinium pamoate 98+0 89+0
L25 Phenazopyridine hydrochloride 66+3 87+4
R21 Methacycline hydrochloride 77+5 86=+1
H55 Methyldopa (L,-) 70+1 84+3
039 Benserazide hydrochloride 960 84+3
D40 Oxytetracycline dihydrate 75+4 8145
D13 Levodopa 73+3 80+7
Q23 Dopamine hydrochloride 74+1 79+3
127 Daunorubicin hydrochloride 97+0 79+1
Q42 (-)-Eseroline fumarate salt 80+6 79+12
120 Meclocycline sulfosalicylate 65+2 779
J11 Oxantel pamoate 37+2 76+1
H45 Cyclosporin A 92+1 76+4
B14 Flufenamic acid 17+1 73+1
K7 Sulfasalazine 36+2 73+8
08 Merbromin 94+1 7245
Q15 Epirubicin hydrochloride 99+0 62+13
H18 Carbidopa 4742 61+4
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Figure 6: Drugs classification. Venn diagram showing the classification of drugs (listed in
Table 5 and Table 6) into three categories.

Table 7: List of Dual inhibitors having the highest effect on R2 and R3 peptide
aggregation. Mean+SEM, n=2

Effecton Effect on

Position Drug R2 (%) R3 (%)
J19 Doxorubicin hydrochloride 98+0 100+0
A22 R(-) Apomorphine hydrochloride hemihydrate 97+1 92+1
H43 Chicago sky blue 6B 960 91+2
u44 Pyrvinium pamoate 98+0 89+0
S20 Verteporfin 9245 9342
039 Benserazide hydrochloride 960 84+3
127 Daunorubicin hydrochloride 97+0 79+1
H45 Cyclosporin A 92+1 76+4
08 Merbromin 94+1 7245
Q15 Epirubicin hydrochloride 99:+0 62+13
Q42 (-)-Eseroline fumarate salt 80+6 79+12
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4.2 Continuous-mode ThT aggregation assay (drug kinetics)

The subsequent analysis encompassed the continuous-mode ThT aggregation assay,
facilitating the examination of the kinetics of the chosen drugs. Throughout this
assessment, ThT fluorescence, binding to aggregated peptides, was assessed at ten-
minute intervals spanning 72 hours. The acquired data underwent normalization based
on the lowest and highest relative fluorescence intensity values within the dataset. The
resultant graphs for the five most effective drugs are depicted in Figure 7 (for R2
inhibitors), Figure 8 (for R3 inhibitors), and Figure 9 (for Dual inhibitors). These
findings were later quantified employing the area under the curve (Table 8, Table 9,
and Table 10), which serves as an integrated gauge of a measurable impact or
occurrence. It is utilized as a cumulative measure of drug efficacy in pharmacokinetics
and as a method for comparing peaks in chromatography.

Among the substances with the greatest inhibitory effect on the aggregation of the R2
peptide were Dantrolene sodium salt, Etretinate, Nifedipine, Nisoldipine, and
Rifapentine (Figure 7A). Surprisingly, all of these drugs exhibited an inhibitory effect
on the aggregation of the R3 peptide as well (Figure 7B), despite being characterized as
R2 inhibitors, indicating that they should not inhibit the aggregation of R3 peptide. On
the other hand, in the case of the combination of these R2 inhibitors with the R1R3
peptide, which lacks the R2 repeat motif in its structure, no inhibitory effect on
aggregation was observed (Figure 7C).

Figure 8 displays graphs obtained from the analysis of the kinetics of R3 inhibitors
in combination with R2, R3, R2R3, and R3 mut peptides. It was expected that these
substances, characterized as R3 inhibitors, would not affect the aggregation of the R2
peptide. However, in Figure 8A, it is possible to observe that some drugs indeed
inhibited the aggregation of the R2 peptide. As anticipated, an inhibitory effect on the
aggregation of the R3 peptide was observed for all R3 inhibitors in each case (Figure
8B). Significant reduction in the aggregation of the R3 peptide can be observed, for
instance, with Oxytetracycline dihydrate or Meclocycline sulfosalicylate. From the
graphs illustrating the kinetics of R3 inhibitors in combination with the R2R3 peptide,
substances exhibiting the greatest impact on inhibiting the aggregation of this combined
peptide can be identified, such as Phenazopyridine hydrochloride or Oxytetracycline
dihydrate (Figure 8C). Also noteworthy are the results of the analysis for the R3 mut

peptide (Figure 8D), which aimed to determine whether the presence of cysteine at
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position 322 is crucial for the antifibrillization effect of the selected drugs. It is evident
that, since the aggregation of the R3 mut peptide was inhibited in all cases, it can be
inferred that the studied drugs interact with the R3 peptide in regions not containing
Cys322, thus indicating that the presence of this amino acid is not essential for the
antifibrillization effect of the studied drugs.

The last group of compounds consisted of so-called Dual Inhibitors, which were
expected to exhibit inhibitory effects on the aggregation of all peptides used: R2, R3,
R3 mut, and R2R3. As observed in the individual graphs (Figure 9A-D), most of the
studied Dual Inhibitors yielded the expected results. Consequently, the majority of these
drugs were selected for further analysis.

Within the selected drugs used for subsequent analysis via tau seeding assay, certain
groups of compounds were characterized based on their structure. Examples of these are

displayed in Table 11.
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Figure 7: Impact of R2 inhibitors on tau peptide aggregation. A Graph showing the effect of
selected R2 inhibitors at a single concentration of 10 uM on R2 peptide. B Graph showing the
effect of selected R2 inhibitors at a single concentration of 10 uM on R3 peptide. C Graph
showing the effect of selected R2 inhibitors at a single concentration of 20 uM on RIR3
peptide. The raw data (ThT fluorescence) were normalised to the lower and higher relative

fluorescence intensity values in the data set.
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Figure 8: Impact of R3 inhibitors on tau peptide aggregation. A Graph showing the effect of selected R3 inhibitors at a single concentration of 10 uM on
R2 peptide. B Graph showing the effect of selected R3 inhibitors at a single concentration of 10 uM on R3 peptide. C Graph showing the effect of selected R3
inhibitors at a single concentration of 20 uM on R2R3 peptide. D Graph showing the effect of selected R3 inhibitors on at a single concentration of 10 uM R3
mut peptide. The raw data (ThT fluorescence) were normalised to the lower and higher relative fluorescence intensity values in the data set.
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Figure 9: Impact of Dual inhibitors on tau peptide aggregation. A Graph showing the effect of selected Dual inhibitors at a single concentration of 10 uM
on R2 peptide. B Graph showing the effect of selected Dual inhibitors at a single concentration of 10 uM on R3 peptide. C Graph showing the effect of
selected Dual inhibitors at a single concentration of 20 uM on R2R3 peptide. D Graph showing the effect of selected Dual inhibitors on at a single
concentration of 10 uM R3 mut peptide. The raw data (ThT fluorescence) were normalised to the lower and higher relative fluorescence intensity values in the

data set.
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Table 8: Quantification of Impact of TOP5 R2 inhibitors on tau peptide aggregation.

Mean+SEM, n=2

Area under the

Type Drug curve (AUC) Relative AUC
Control 3474+53.16 100 %
Etretinate 1292+35.68 37.19%
g %_ Dandrolene sodium salt 1358+22.83 39.09 %
:'E E‘ Nifedipine 1580+27.56 45.48 %
&J T Nisoldipine 1781+25.99 51.27 %
Rifapentine 2467+41.47 71.01 %
Control 5147+44.90 100 %
Rifapentine 786.3+7.22 15.28 %
% '_%)a_ Nifedipine 1263+10.62 2454 %
E ;f;' Nisoldipine 1636+60.13 31.79 %
i Cf Dandrolene sodium salt 2276+21.85 44.22 %
Etretinate 3598+24.36 69.90 %
Control 4135+26.64 100 %
Y Rifapentine 4207+25.27 101.74 %
g % Dandrolene sodium salt 4862+38.46 117.58 %
E & Etretinate 4909+37.53 118.72 %
i % Nisoldipine 6002+42.81 14515 %
Nifedipine 7200+56.27 17412 %
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Table 9: Quantification of Impact of TOP5 R3 inhibitors on tau peptide aggregation.
Mean+SEM, n=2

Area under
Type Drug the curve Relative AUC
(AUC)
Control 5147+44.90 100 %
Oxytetracycline dihydrate 667.4+8.32 12.97 %
g %_ Meclocycline sulfosalicylate 721.5+7.14 14.02 %
E é‘ Methacycline hydrochloride 956.9+10.50 18.59 %
@ T Phenazopyridine hydrochloride ~ 1155+8.01 2244 %
Dopamine hydrochloride 1753+25.59 34.06 %
Control 3474+53.16 100 %
Oxytetracycline dihydrate 260.945.48 7.51 %
% é_ Methacycline hydrochloride 289.9+7.21 8.34 %
E :,'J' Meclocycline sulfosalicylate 1622+18.94 46.69 %
2 T Dopamine hydrochloride 4605+97.33 132.56 %
Phenazopyridine hydrochloride ~ 4910+158.1 141.34 %
Control 4072+45.58 100 %

@ Oxytetracycline dihydrate 1677+27.88 41.18 %
ﬁg % Phenazopyridine hydrochloride ~ 1874+32.35 46.02 %
E R Methacycline hydrochloride 2249+30.21 55.23 %
2 % Meclocycline sulfosalicylate 2488+22.99 61.10 %

Dopamine hydrochloride 4766+86.15 117.04 %
;g Control 3110+83.50 100 %
£ 9 Phenazopyridine hydrochloride ~ 315.1+2.91 10.13 %
% ‘g Meclocycline sulfosalicylate 591.3+20.43 19.01 %
% & Dopamine hydrochloride 718.0£13.96 23.09 %
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Table 10: Quantification of Impact of TOP5 Dual inhibitors on tau peptide aggregation.

Mean+SEM, n=2

Area under
Type Drug the curve Relative AUC
(AUC)

Control 3474+53.16 100 %
_ (-)-Eseroline fumarate salt 251.2+5.07 7.23%
g %_ Merbromin 308.2+6.45 8.87 %
;EU é‘ Doxorubicin hydrochloride 372.2+10.35 10.71 %
A T Epirubicin hydrochloride 416.5+5.72 11.99 %

Daunorubicin hydrochloride 581.5+9.02 16.74 %

Control 5147+44.90 100 %

Chicago sky blue 6B 384.0+4.90 7.46 %
g }“3: Verteporfin 400.847.12 7.79 %
E § Pyrvinium pamoate 408.8+7.10 7.94 %
g % R(-) Apomprphine_ 722.6+11.22 14.04 %

hydrochloride hemihydrate

Benserazide hydrochloride 841.6+14.19 16.35%

Control 4419450.27 100 %
Lo Pyrvinium pamoate 292.74+4.78 6.62 %
g §- Chicago sky blue 6B 467.3+5.85 10.57 %
% § Benserazide hydrochloride 647.4+6.25 14.65 %
§ % Epirubicin hydrochloride 1175+17.20 26.59 %

Daunorubicin hydrochloride 1758+33.11 39.78 %

Control 3110+83.50 100 %
E Pyrvinium pamoate 2.48+0.20 0.08 %
% ° Chicago sky blue 6B 110.7+1.94 3.56 %
é %_ Verteporfin 144.9+1.94 4.66 %
% . R(-) Apomorphine 403.74+5.37 12.98 %
735 hydrochloride hemihydrate
= Benserazide hydrochloride 556.5+3.42 17.89 %
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Table 11: Examples of the most effective drugs selected for the tau seeding assay classified
into three groups based on their structure. The structures of the compounds were taken from
ChemSpider (Ref. 2)

Group Drug Structure

R(-) Apomorphine hydrochloride
hemihydrate

Benserazide hydrochloride

Catechols

Dopamine hydrochloride

Levodopa

Methyldopa (L,-)

Daunorubicin hydrochloride

Doxorubicin hydrochloride

Epirubicin hydrochloride

Anthraquinones/Terpenoids/Tetracyclines
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Table 12: Examples of the most effective drugs selected for the tau seeding assay classified
into three groups based on their structure. The structures of the compounds were taken from
ChemSpider (Ref. 2) (continued)

Group Drug Structure
[72]
=
% Meth line hydrochlorid
2 4 ethacycline hydrochloride
-
g £
£ 3
g k& L
© Oxytetracycline dihydrate
=
C
<
Chicago sky blue 6B
le Na
Dantrolene sodium salt o OYH’
(o]
(o] \N’N\):
\
@ A y /_ ’\
Pyrvinium pamoate
£
£ \ J
5 4 7 /_ \

Rifapentine

Verteporfin
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4.3 Tau seeding assay

A seeding assay was performed using biosensor cells and samples obtained from the
continuous-mode ThT aggregation assay. The aim of this experiment was to determine
whether the selected compounds could prevent the formation of intracellular aggregates
that occur during the accumulation of exogenous seeds in the cell. A transfection
reaction mixture without peptides and drugs was used as a negative control, while a
peptide without drugs served as a positive control.

Figure 10 shows graphs representing the number of seeded intracellular aggregates
for the 2-4 most effective drugs from each category. Rifapentine and Dandrolene
sodium salt were tested as R2 inhibitors. However, none of these drugs showed
inhibitory effects in the formation of intracellular aggregates (Figure 10A). On the
other hand, some compounds, such as Methacycline hydrochloride (Figure 10B) or
Chicago sky blue 6B (Figure 10C), inhibited the formation of intracellular aggregates
induced by R2 and R3 peptides to the level of the negative control. However, no
inhibition occurred in the formation of intracellular aggregates induced by the combined
R2R3 peptide.

From Figure 10, it is evident that among the effective compounds inhibiting the
formation of intracellular aggregates are Chicago sky blue 6B, Methacycline

hydrochloride, and Dopamine hydrochloride.
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Figure 10: Cellular seeding assay. A-C The number of seeded intracellular Tau RD P301S
aggregates in biosensor cells after 72 h of treatment with 100 nM R2, R3, or R2R3 samples in
the presence of 2-4 most effective drugs from continuous-mode ThT aggregation assay. NC =
Negative Control, PC = Positive Control. Mean+SEM, n=2.
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5 DISCUSSION

Despite significant advances in scientific research and medical practice, many diseases
still lack effective treatments, including neurodegenerative disorders like Alzheimer's
disease. The development of new medications is a lengthy process, spanning from the
initial concept to FDA approval, which can take anywhere from 10 to 25 years
(Trajanoska et al. 2023). Leveraging existing drugs for the treatment of different
conditions than those they were initially approved for could streamline the development
process for treating various diseases. This approach would spare scientists the arduous
phases of developing and synthesizing new compounds.

The objective of this study was to identify compounds stored within the Prestwick
chemical library® that could potentially modulate the aggregation and propagation of
tau protein, offering alternative therapeutic options for Alzheimer's disease. Initially, a
primary screening of all compounds was conducted using R2 and R3 peptides. These
peptides were chosen based on previous research highlighting their significance in tau
protein aggregation, seeding, and propagation (Annadurai et al. 2022a). The specific
hexapeptide motifs within these regions (?°VQIINK? and 3%VvQIVYK3Y) play critical
roles in initiating and stabilizing the formation of cross-p-sheet aggregates, which are
pivotal in tau pathology and neurodegenerative mechanisms (Von Bergen et al. 2000,
2001). Additionally, these regions harbor sites susceptible to various post-translational
modifications implicating in tau pathology and neurodegeneration, such as
phosphorylation, acetylation, and ubiquitination (Caballero et al. 2021; Man et al. 2023;
Ye et al. 2024).

The identified compounds were subsequently categorized into three groups: R2-
specific inhibitors, R3-specific inhibitors, and Dual inhibitors. Utilizing Dual inhibitors
in the treatment of Alzheimer's disease could yield significant benefits. Similar to
cholinesterase inhibitors (Ballard 2002), it's conceivable that compounds inhibiting both
R2 and R3 simultaneously might exhibit superior clinical efficacy compared to those
targeting only R2 or R3. Moreover, it's known that the adult human brain harbors tau
isoforms with 3R and 4R variations, distinguished by the presence or absence of the R2
region in the microtubule-binding domain (Tapia-Rojas et al. 2019). Dual inhibitors
could effectively target all existing isoforms in the human brain, obviating the need for
prescribing combinations of R2 and R3 inhibitors. This approach could reduce the risk

of drug interactions and toxicity associated with dosage constraints (Roy et al. 2023).
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For subsequent analysis using the continuous-mode ThT aggregation assay, wherein
the kinetics of drugs were observed over 72 hours, bi-repeat peptides R2R3, R1R3, and
R3R4 were included alongside simple peptides R2 and R3. Previous studies have
demonstrated the aggregation capability of these peptides under in vitro conditions
(Jayan et al. 2021; Sahayaraj et al. 2023; Longhini et al. 2024). Utilizing shorter protein
constructs is expected to facilitate faster and more homogeneous fiber formation
compared to full-length proteins (Jayan et al. 2021). The aim of using the R3 mut
peptide (R3 C322A peptide) was to determine whether the presence of cysteine at
position 322 is crucial for the antifibrillization effect of the selected drugs (Annadurai et
al. 2022b).

Upon analyzing the results of these experiments, it was surprisingly uncovered that
certain drugs, designated as specific inhibitors, exerted inhibitory effects on the
aggregation of both peptides. This suggests a potential misclassification of compounds
into predefined categories. On the other hand, in instances where R2 inhibitors targeted
the R3 peptide, no inhibition of R1R3 peptide aggregation was observed. This prompts
a hypothesis that both peptides may share a common or similar domain to which the
tested substance binds, with the presence of the R1 region potentially impeding the
inhibitory effect of substances. However, this hypothesis lacks experimental validation,
necessitating further investigation. To explore this conjecture, employing simulations of
drug-peptide interactions via molecular dynamics simulation is proposed (Annadurai et
al. 2022b).

In this study, which aimed to identify suitable candidates as specific pharmacological
modulators of tau protein aggregation and spreading for Alzheimer's disease therapy,
three substances emerged as promising candidates for their notable inhibitory effects on
R3 and R2R3 peptide aggregation, along with their ability to prevent intracellular
aggregate formation.

The first compound of interest is Chicago sky blue 6B. Prior research has highlighted
its neuroprotective and anti-inflammatory properties in animal models (Pomierny et al.
2024). Therefore, early administration of this drug in AD could potentially curtail
extensive neuroinflammation, a contributing factor to AD pathology. Additionally,
Chicago sky blue 6B has shown inhibitory effects on a-synuclein aggregation, a
hallmark of synucleinopathies like Parkinson's disease (Min et al. 2022). Further
investigations could explore its potential as a universal protein aggregation inhibitor,

offering therapeutic benefits across various neurodegenerative diseases.
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The second compound, Methacycline hydrochloride, belonging to the tetracycline
group, has garnered attention for its significant inhibitory and disaggregating effects on
the AP protein, as demonstrated in previous studies (Xu et al. 2020). If it proves
effective against the aggregation of both AP and tau proteins implicated in AD,
Methacycline hydrochloride could be classified as a Dual-Targeting inhibitor,
potentially enhancing its efficacy in AD treatment.

Lastly, Dopamine hydrochloride, a catechol compound, has shown promise as an
inhibitor of ataxin-3 protein aggregation, a characteristic feature of Machado-Joseph
disease, a type of spinocerebellar ataxia. This finding suggests the potential for
repurposing Dopamine hydrochloride for the treatment of neurodegenerative diseases
beyond its conventional use (Figueiredo et al. 2023).

Overall, these compounds offer promising avenues for therapeutic intervention in
AD and other neurodegenerative disorders, presenting opportunities for further
exploration and development in the quest for effective treatments.

Nevertheless, the study identified a few shortcomings that warrant attention for
enhancing its validity and reliability. Firstly, the replicate number in the experiments
was insufficient, potentially compromising the robustness of the statistical analyses and
the reliability of the conclusions drawn. To address this issue, efforts have been initiated
to increase the replicate number for all experiments, thereby bolstering the statistical
power of the results. Additionally, the initial selection of drugs in the study lacked
strong statistical analysis, which may have introduced biases and inaccuracies in
identifying promising candidates. Currently, the data are undergoing rigorous statistical
analysis to refine the selection process for pharmacological agents. These analytical
efforts aim to ensure that only the most promising candidates progress to further

investigation.
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6 CONCLUSION

The objective of this master's thesis was to identify potential candidates as specific
pharmacological modulators of tau protein aggregation and spreading for the treatment
of Alzheimer's disease (AD). Initially, a primary screening of the Prestwick Chemical
Library was conducted using the ThT aggregation assay. Out of the 1280 compounds
screened, 34 promising candidates were selected and categorized into three groups: R2-
specific inhibitors, R3-specific inhibitors, and Dual inhibitors. These compounds were
subsequently subjected to a continuous-mode ThT aggregation assay to assess their
Kinetics over 72 hours. The most effective compounds were then further evaluated using
a tau seeding assay in biosensor cells.

Through this comprehensive analysis, three compounds—Chicago sky blue 6B,
Methacycline hydrochloride, and Dopamine hydrochloride—emerged as potential
inhibitors capable of preventing the formation and propagation of intracellular
aggregates, thus holding promise for AD therapy. However, to substantiate this
hypothesis, additional investigations employing biochemical methods (e.g., Native Page
or Western blot) or structural analyses (e.g., molecular dynamics simulation) are
warranted. Furthermore, exploring the application of a 3D spheroid cultivation system is
advisable, as it mimics a physicochemical environment closer to in vivo conditions,
facilitating enhanced cell-matrix interactions and potentially overcoming the limitations

associated with traditional monolayer cell cultures.
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Supplement 1: List of drugs used in the primary screening of
The Prestwick Chemical Library®

Table S1: Drugs used in the primary screening

Position Drug

Position Drug

Al
A2

A3

A4
A5
A6
A7
A8

A9

Al0
All

Al2

Al3
Al4
Al5
Al6
Al7
Al8
Al9
A20
A21

A22

A23
A24
A25
A26
A27
A28
A29
A30
A3l
A32
A33
A34
A35
A36
A37
A38
A39
A40

Control
Azaguanine-8

Isoniazid

Meticrane
Tranexamic acid
Sulfaphenazole
Ampyrone
Chloramphenicol

Midodrine hydrochloride

Procaine hydrochloride
Ranitidine hydrochloride

Mupirocin

Piroxicam

Morantel tartrate
Norfloxacin

Todralazine hydrochloride
Etodolac

Metronidazole

Mexiletine hydrochloride
Khellin

Chlorothiazide

R(-) Apomorphine hydrochloride
hemihydrate

Ethisterone

Naloxone hydrochloride
Vincamine
Bromocryptine mesylate
Fludrocortisone acetate
Glipizide

Dantrolene sodium salt
Verapamil hydrochloride
Lisinopril

Erythromycin

Ifenprodil tartrate
Allantoin
Pentylenetetrazole
Benzonatate

Etofylline

Panthenol (D)
Levamisole hydrochloride
Epirizole

A4l
A42

A43

Ad4
A45
A46
A47
A48

A49

A50
A51

A52

A53
A54
AS55
A56
AS57
A58
A59
A60
A6l

Bl

B2
B3
B4
BS
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
B19

Thalidomide

Moxisylyte hydrochoride
Tiratricol, 3,3',5-triiodothyroacetic
acid

Carbamazepine

Pyrantel tartrate
Homatropine hydrobromide (R,S)
Antimycin A

Imipramine hydrochloride
Scopolamin-N-oxide
hydrobromide

Fulvestrant

Flavoxate hydrochloride
Zimelidine dihydrochloride
monohydrate

Diphenidol hydrochloride
Amoxapine

Triprolidine hydrochloride
Metolazone

Indomethacin

Amfepramone hydrochloride
Fenoterol hydrobromide
Loxapine succinate
Trazodone hydrochloride

Dipyridamole

Lincomycin hydrochloride
Chloroxine

Flunarizine dihydrochloride
Acetazolamide

Chlorzoxazone
Hydroflumethiazide
Tranylcypromine hydrochloride
Sulfadiazine

Pargyline hydrochloride
Diprophylline

Oxolinic acid

Betazole hydrochloride
Flufenamic acid
Triflupromazine hydrochloride
Fenspiride hydrochloride
Nifedipine

Xylometazoline hydrochloride
Sulindac




Table S2: Drugs used in the primary screening (continued)

Position Drug

Position Drug

B20
B21

B22
B23
B24

B25
B26

B27

B28
B29
B30
B31
B32
B33
B34
B35
B36
B37
B38
B39
B40

B41

B42
B43
B44
B45
B46
B47
B48
B49
B50
B51
B52
B53
B54
B55
B56

B57

B58
B59

Hyoscyamine (L)
Edrophonium chloride

Bufexamac

Azacyclonol

Norethindrone
Cyproheptadine hydrochloride
Doxepin hydrochloride

Ciprofloxacin hydrochloride
monohydrate

Cortisone

Dehydrocholic acid
Homochlorcyclizine dihydrochloride
Hydroxyzine dihydrochloride
Glafenine hydrochloride
Chlorhexidine

Telenzepine dihydrochloride
Didanosine

Trifluoperazine dihydrochloride
Metformin hydrochloride
Ornidazole

Sulfacetamide sodic hydrate
Alverine citrate salt

Norethynodrel

Methocarbamol

Triamterene

Nimesulide

Isoxicam

Flumequine

Mefenamic acid

Gemfibrozil

Chlorpromazine hydrochloride
Oxymetazoline hydrochloride
Amitryptiline hydrochloride
Chlorphensin carbamate
Moroxidine hydrochloride
Glutethimide, para-amino
Azathioprine

Nortriptyline hydrochloride

Famotidine

Dyclonine hydrochloride
Ampicillin trihydrate

B60
B61

C1
C2
C3
C4
C5

C6

C7

C8

C9

C10
Cl1
C12
C13
C14
C15
C16
C17
C18
C19

C20

C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35

C36

C37
C38

Prednisolone
Tioconazole

Diethylcarbamazine citrate
Diltiazem hydrochloride
Pimethixene maleate
Loperamide hydrochloride
Econazole nitrate

Josamycin

Enalapril maleate
Atracurium besylate
Ethosuximide

Heptaminol hydrochloride
Aceclofenac
Thiamphenicol
Aztreonam

Dapsone

Asenapine maleate
Naproxen

Tolfenamic acid
Acetohexamide
Mefexamide hydrochloride
Diphenhydramine
hydrochloride

Nifenazone

Adiphenine hydrochloride
Carmofur

Baclofen (R,S)
Dropropizine (R,S)
Lynestrenol

Niflumic acid

Danazol

Dimenhydrinate
Haloperidol

Fenofibrate

Perphenazine

Chenodiol

Methotrexate

Pergolide mesylate
Chlortetracycline
hydrochloride
Bupivacaine hydrochloride
Paclitaxel




Table S3: Drugs used in the primary screening (continued)

Position Drug

Position Drug

C39
C40
ca1
c42
c43
Ca4
C45
C46
ca7
c48

C49

C50
C51
C52
C53
C54
C55
C56
C57
C58

C59

C60
Co61

D1

D2
D3
D4
D5
D6
D7
D8

D9
D10
D11

D12
D13
D14
D15
D16
D17

Minocycline hydrochloride
Isoflupredone acetate
Mafenide hydrochloride
Sulfathiazole

Iproniazide phosphate
Cimetidine

Cloxacillin sodium salt
Troleandomycin
Pentoxifylline
Naphazoline hydrochloride
Meclofenamic acid sodium salt
monohydrate

Sulpiride

Tiapride hydrochloride
Minaprine dihydrochloride
Griseofulvin

Dibucaine

Dilazep dihydrochloride
Acyclovir

Pinacidil

Guanabenz acetate
Isotretinoin

Nicorandil

Disopyramide
Naltrexone hydrochloride
dihydrate

Bumetanide

Mefloquine hydrochloride
Perhexiline maleate
Astemizole

Acemetacin

Tamoxifen citrate
Clemastine fumarate

Ivermectin

Glibenclamide
Amiloride hydrochloride
dihydrate

Riluzole hydrochloride
Levodopa
Sulfamethoxazole
Doxylamine succinate
Catharanthine
Pyrimethamine

D18
D19
D20
D21
D22
D23
D24
D25
D26
D27

D28

D29
D30
D31
D32
D33
D34
D35
D36
D37

D38

D39
D40

D41

D42
D43
D44
D45
D46
D47
D48

D49
D50
D51

D52
D53
D54
D55
D56
D57

Metaraminol bitartrate
Ticlopidine hydrochloride
Tibolone

Benoxinate hydrochloride
Mebendazole

Miconazole

Clemizole hydrochloride
Prednisone

Ofloxacin
Diazoxide

Albendazole

Disulfiram

Retinoic acid

Pioglitazone

Clotrimazole
Chlorpheniramine maleate
Labetalol hydrochloride
Isoconazole

Oxybutynin chloride
Clindamycin hydrochloride

Benzydamine hydrochloride

Nicergoline
Oxytetracycline dihydrate

Gallamine triethiodide

Guanethidine sulfate
Amprolium hydrochloride
Nitrofurantoin

Idoxuridine

Mephenesin

Ethambutol dihydrochloride
Pentolinium bitartrate
Hexamethonium dibromide
dihydrate

Salbutamol

Dicyclomine hydrochloride

Trimethoprim

Oxethazaine

Fenbufen

Isoxsuprine hydrochloride
Tropicamide

Thioridazine hydrochloride




Table S4: Drugs used in the primary screening (continued)

Position Drug

Position Drug

D58
D59
D60
D61
El

E2

E3
E4
E5
E6
E7
ES8
E9
E10
Ell
E12

E13

El4
E15
E16
E17
E18
E19
E20
E21
E22

E23

E24
E25
E26
E27

E28

E29
E30
E31
E32
E33
E34
E35
E36
E37

Lomefloxacin hydrochloride
Amidopyrine

Clonidine hydrochloride
Acetylsalicylsalicylic acid
Antazoline hydrochloride

Nomifensine maleate

Vinpocetine

Nalbuphine hydrochloride
Cinnarizine
Spironolactone

Spiperone

Terfenadine

Fipexide hydrochloride
Canrenoic acid potassium salt
Pimozide

Neomycin sulfate
Quinacrine dihydrochloride
hydrate
Hydrochlorothiazide
Hydralazine hydrochloride
Captopril

Phenformin hydrochloride
Antipyrine

Aminopurine, 6-benzyl
Diflunisal

Prilocaine hydrochloride
Amyleine hydrochloride
Metoclopramide
monohydrochloride
Pheniramine maleate
Ketoprofen

Acebutolol hydrochloride
Nefopam hydrochloride

Diphemanil methylsulfate

Orphenadrine hydrochloride
Busulfan

Bupropion hydrochloride
Mianserine hydrochloride
Ethacrynic acid

Dizocilpine maleate
Clomipramine hydrochloride
Picotamide monohydrate
Methylprednisolone, 6-alpha

E38
E39
E40
E41
E42

E43

E44
E45
E46
E47
E48
E49
E50
E51
E52
E53

E54

E55
E56
E57
E58
E59
E60
E61
F1

F2

F3

F4
F5
F6
F7

F8

F9

F10
F11
F12
F13
F14
F15
F16
F17

Pirenzepine dihydrochloride
Pyrilamine maleate
Cefotaxime sodium salt
Mifepristone
Thioproperazine dimesylate
Amodiaquin dihydrochloride
dihydrate
Dihydrostreptomycin sulfate
Clofilium tosylate
Sulfaguanidine

Phenelzine sulfate

Minoxidil

Flutamide

Antipyrine, 4-hydroxy
Tolbutamide

Niclosamide

Camptothecine (S,+)

Lidocaine hydrochloride

Fenbendazole

Tolazoline hydrochloride
Indapamide

Tolnaftate

Phentolamine hydrochloride
Trimethobenzamide hydrochloride
Proglumide

Pindolol

Alprenolol hydrochloride

Nocodazole

Praziquantel

Oxandrolone

Fendiline hydrochloride
Triamcinolone

Quinidine hydrochloride
monohydrate
Dexamethasone acetate
Sulfinpyrazone
Tetracycline hydrochloride
Diperodon hydrochloride
Dihydroergotamine tartrate
Mebeverine hydrochloride
Gentamicine sulfate
Fluphenazine dihydrochloride
Streptomycin sulfate




Table S5: Drugs used in the primary screening (continued)

Position  Drug Position  Drug

F18 Serotonin hydrochloride F55 Dobutamine hydrochloride
F19 Tremorine dihydrochloride F56 lohexol

F20 Metixene hydrochloride F57 Betamethasone

F21 Furosemide F58 Thiostrepton

F22 Vigabatrin hydrochloride F59 Debrisoquin sulfate

F23 Chlorthalidone F60 Grepafloxacin

F24 Fluoxetine hydrochloride F61 Betaxolol hydrochloride
F25 Bambuterol hydrochloride Gl Probenecid

F26 Lofexidine G2 Ketanserin tartrate hydrate
F27 Ketotifen fumarate G3 Selegiline hydrochloride
F28 Pirenperone G4 Haloprogin

F29 Lidoflazine G5 Mevastatin

F30 Ciclopirox ethanolamine G6 Amifostine

F31 Terbutaline hemisulfate G7 Mometasone furoate

F32 Hexetidine G8 Zotepine

F33 Testosterone propionate G9 Camylofine chlorhydrate
F34 Ziprasidone Hydrochloride G10 Corticosterone

F35 Androsterone G11 Etofenamate

F36 Tetracaine hydrochloride G12 Clobutinol hydrochloride
F37 Suloctidil G13 Tizanidine hydrochloride
F38 Reboxetine mesylate Gl4 Stanozolol

F39 Pefloxacine G15 Fenipentol

F40 Emedastine G16 Cefixime

F41 Estradiol-17 beta G117 Amisulpride

F42 Tranilast G18 Itopride

F43 Alizapride hydrochloride G19 Dipivefrin hydrochloride
F44 Loracarbef G20 Chlorpropamide

F45 Tropisetron hydrochloride G21 Rofecoxib

F46 Mizolastine G22 Zidovudine, AZT

FA7 Vatalanib G23 Omeprazole

F48 Alendronate sodium G24 Desipramine hydrochloride
F49 Alfuzosin hydrochloride G25 Cetirizine dihydrochloride
F50 Cefotiam hydrochloride G26 Moclobemide

F51 Practolol G27 Norcyclobenzaprine

F52 Nitrofural G28 Colchicine

F53 Methapyrilene hydrochloride G29 Miglitol

F54 Biperiden hydrochloride G30 Amethopterin (R,S)




Table S6: Drugs used in the primary screening (continued)

Position Drug

Position Drug

G31
G32
G33
G34
G35
G36
G37
G38
G39
G40
G41
G42
G43
G44
G45
G46

G47

G48
G49
G50
G51

G52

G53
G54
G55
G56
G57
G58
G59
G60
G61
H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
H1l

Phenacetin

Nicardipine hydrochloride
Betahistine mesylate
Hemicholinium bromide
Pentamidine isethionate
Thyroxine (L)
Pyridostigmine iodide
Carbarsone

Troglitazone
Carisoprodol

Papaverine hydrochloride
Cyanocobalamin
Zaleplon

Gabazine bromide
Zafirlukast

Calcipotriene

Diosmin

Metrizamide

Pyridoxine hydrochloride
Cefotetan

Thiorphan
Phenylpropanolamine
hydrochloride

Benperidol

Sulfisoxazole
Propylthiouracil
Clorgyline hydrochloride
Etifenin

Clopamide

Pyrazinamide
Metergoline
Tiabendazole
Methylergometrine maleate
Atovaquone

Probucol

Tobramycin

Kanamycin A sulfate
Tolazamide

Idebenone

Pentobarbital
Amlodipine

Dacarbazine
Cephalosporanic acid, 7-amino

H12
H13
H14
H15
H16
H17
H18
H19
H20
H21
H22
H23
H24
H25
H26
H27

H28

H29
H30
H31
H32

H33

H34
H35
H36
H37
H38
H39
H40
H41
H42
H43
H44
H45
H46
H47
H48
H49
H50
H51
H52
H53

Yohimbine hydrochloride
Cefadroxil

Diclofenac sodium
Oxcarbazepine

Butenafine Hydrochloride
Linezolid

Carbidopa

Niridazole
Mercaptopurine

Fentiazac

Tomoxetine hydrochloride
Ascorbic acid

Cefaclor hydrate
Zaprinast

Terconazole
Clenbuterol hydrochloride
Metaproterenol sulfate, orciprenaline
sulfate

Hycanthone
Trimethadione
Brinzolamide

Rifampicin

Methiothepin maleate

Methoxamine hydrochloride
Mitoxantrone dihydrochloride
Tetramisole hydrochloride
Amikacin hydrate
Nifuroxazide

Pepstatin A

Atropine sulfate monohydrate
Modafinil

Tenatoprazole

Chicago sky blue 6B
Voriconazole

Cyclosporin A

Exemestane

Cyclobenzaprine hydrochloride
Carbadox

Mebhydroline 1,5-naphtalenedisulfonate

(-)-Emtricitabine
Tosufloxacin hydrochloride
Cytarabine
Brompheniramine maleate




Table S7: Drugs used in the primary screening (continued)

Position Drug

Position Drug

H54
H55
H56
H57
H58
H59
H60

H61

11
12
13
14
15
16
17
18
19
110
111
112
113

114

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

134

135
136

Aceclidine Hydrochloride
Methyldopa (L,-)

Colistin sulfate
Chlormezanone

Tiaprofenic acid

Maprotiline hydrochloride
Sisomicin sulfate
Adenosine 5'-monophosphate
monohydrate

Lovastatin

Ambroxol hydrochloride
Ethionamide

Clofazimine
(S)-(-)-Atenolol

GBR 12909 dihydrochloride
Pregnenolone

Etoposide

Mirtazapine

Delavirdine

Eserine hemisulfate salt
Bacampicillin hydrochloride
Acetopromazine maleate salt

Buflomedil hydrochloride

Alfacalcidol

Digitoxigenin

Fomepizole

Carteolol hydrochloride
Rimantadine Hydrochloride
Meclocycline sulfosalicylate
Demecarium bromide
Efavirenz

Racecadotril

Primagquine diphosphate
Penciclovir

Cefoperazone dihydrate
Daunorubicin hydrochloride
Procainamide hydrochloride
Vancomycin hydrochloride
Thioguanosine

Sibutramine hydrochloride
Amoxicillin

Nystatine

Benfluorex

Tenoxicam
Nafronyl oxalate

137
138
139
140
141
142
143

144

145
146
147
148
149
150
151
152
153
154
155
156
157

158

159
160
161
J1
J2
J3
J4
J5
J6
J7
J8
J9
J10
Ji11
J12
J13
J14
J15
J16

J17

J18
J19

Piracetam
Carbetapentane citrate
Molsidomine
Clomiphene citrate (Z,E)
Dirithromycin
Adamantamine fumarate
Itraconazole

Lamivudine

Escitalopram oxalate
Dibenzepine hydrochloride
Cilostazol

Digoxin

Temozolomide
Hydrocortisone base
Eburnamonine (-)
Meclozine dihydrochloride
Quipazine dimaleate salt
Rifapentine

Folic acid

Progesterone
Levetiracetam

Zoxazolamine

Dosulepin hydrochloride
N6-methyladenosine
Artemisinin
Chlorprothixene hydrochloride
Acenocoumarol

Pemirolast potassium
Budesonide

Bepridil hydrochloride
Triflusal

Bezafibrate

Phenindione

Dequalinium dichloride
Chloroquine diphosphate
Oxantel pamoate
Gliclazide

Butoconazole nitrate
Acarbose

Biotin

Ropinirole hydrochloride
Roxatidine Acetate
hydrochloride
Galanthamine hydrobromide
Doxorubicin hydrochloride




Table S8: Drugs used in the primary screening (continued)

Position Drug

Position Drug

J20
J21
J22
J23
J24
J25
J26
J27
J28
J29
J30
J31
J32
J33
J34

J35

J36
J37
J38
J39
J40
J41

Ja2

J43
Ja4
J45
J46
Jart
J48
J49
J50
J51
J52
J53
J54
J55
J56
J57
J58
J59
J60
J61

K1

Xylazine

Hydroxytacrine maleate (R,S)
Oxibendazol

Melatonin

Acipimox

Neostigmine bromide
Benazepril hydrochloride
Felodipine

Dexfenfluramine hydrochloride
Tacrine hydrochloride
Ceftazidime pentahydrate
Guanfacine hydrochloride
Propafenone hydrochloride
Ritodrine hydrochloride
Bromperidol
Dextromethorphan hydrobromide
monohydrate

Imipenem

Meloxicam

Mesoridazine besylate
Nefazodone hydrochloride
Thiocolchicoside
Ketoconazole

Trimetazidine dihydrochloride

Prochlorperazine dimaleate
DO 897/99

Amiodarone hydrochloride
Entacapone

Bisacodyl

Lacidipine

Valacyclovir hydrochloride
Azelastine hydrochloride
Carbimazole

Celiprolol hydrochloride
Pilocarpine nitrate
Ipsapirone

Butalbital

Diflorasone Diacetate
Niridazole

Aniracetam

Raclopride

Etoricoxib

Bisoprolol fumarate

lobenguane sulfate

K2
K3
K4
K5
K6
K7
K8
K9
K10
K11
K12
K13
K14
K15
K16

K17

K18
K19
K20
K21
K22
K23

K24

K25
K26
K27
K28
K29
K30
K31
K32
K33
K34
K35
K36
K37
K38
K39
K40
K41
K42
K43

K44

Domperidone
Ethamivan

Clozapine

Cyclizine hydrochloride
Droperidol
Sulfasalazine
Benzbromarone

Trolox

Clebopride maleate
Clorsulon

Fusidic acid sodium salt
Parthenolide

Hesperidin

Prenylamine lactate
Amphotericin B

Nicotinamide

Erlotinib

Argatroban

Cisapride

Etretinate

Epiandrosterone

Zopiclone

Dicloxacillin sodium salt
hydrate
Hydroxychloroquine sulfate
Dinoprost trometamol
Acamprosate calcium
Ceforanide

Dimethisoquin hydrochloride
Closantel

Sertindole

Sulmazole

Carbinoxamine maleate salt
Glimepiride

Auranofin

Pranlukast

Azlocillin sodium salt
Dydrogesterone

Butacaine

Pranoprofen

Olanzapine

Tylosin

Paroxetine Hydrochloride
Trihexyphenidyl-D,L
Hydrochloride




Table S9: Drugs used in the primary screening (continued)

Position Drug

Position Drug

K45
K46
K47
K48
K49
K50
K51
K52

K53

K54
K55
K56
K57
K58
K59

K60

K61
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10

L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23

Gabapentin

Sulfabenzamide

lopamidol

Althiazide

Niacin

Sulfaquinoxaline sodium salt
Cortisol acetate

Nadide

Hymecromone

Terazosin hydrochloride
(+)-1soproterenol (+)-bitartrate salt
Butamben

Nizatidine

Alclometasone dipropionate
Propofol

Clobetasol propionate

Pentetic acid

(R) -Naproxen sodium salt
Crotamiton

Gefitinib
Methazolamide
Picrotoxinin

Cromolyn disodium salt
D,L-Penicillamine
Clidinium bromide
Sumatriptan succinate
Cefoxitin sodium salt

Secnidazole
Trimeprazine tartrate
Citalopram Hydrobromide
Nylidrin
Succinylsulfathiazole
Raloxifene hydrochloride
Benzocaine

lopromide

Isopyrin hydrochloride
Bemegride
Streptozotocin
Flubendazol

Sulfamethizole

L24
L25
L26
L27
L28
L29
L30
L31

L32

L33
L34
L35
L36
L37
L38

L39

L40
L41
L42
L43
L44
L45
L46
L47
L48
L49
L50

L51
L52
L53
L54
LS55
L56
L57
L58
LS9
L60
L61
M1

M2

Abacavir Sulfate
Phenazopyridine hydrochloride
Monobenzone

Sulfapyridine

Thioperamide maleate
Leflunomide

S(-)Eticlopride hydrochloride
Podophyllotoxin

Bretylium tosylate

Propidium iodide
Toremifene

Flunisolide

Pyrithyldione

Mepenzolate bromide
Bucladesine sodium salt

Zileuton

Sulfamonomethoxine
Opipramol dihydrochloride
Ifosfamide

Pempidine tartrate
Nafcillin sodium salt monohydrate
Promazine hydrochloride
Liothyronine
Famprofazone

Ciclesonide

Dipyrone

Theophylline monohydrate

Phenethicillin potassium salt
Digoxigenin

Metoprolol-(+,-) (+)-tartrate salt
Felbinac

Medrysone

Diloxanide furoate
Demeclocycline hydrochloride
2-Aminobenzenesulfonamide
Meclofenoxate hydrochloride
Xamoterol hemifumarate
Norgestrel-(-)-D

Primidone

Clofibric acid




Table S10: Drugs used in the primary screening (continued)

Position Drug

Position Drug

M3
M4
M5
M6

M7

M8

M9

M10
M11
M12
M13
M14
M15

M16

M17
M18
M19
M20
M21
M22
M23
M24
M25
M26
M27
M28
M29
M30
M31
M32
M33
M34
M35
M36
M37
M38
M39
M40
M41
M42
M43

Pralidoxime chloride

Cloperastine hydrochloride
(R)-(+)-Atenolol
N-Acetyl-DL-homocysteine Thiolactone

Spectinomycin dihydrochloride

Benfotiamine

Cefsulodin sodium salt
Loratadine

Benzthiazide

Nalidixic acid sodium salt
Novobiocin sodium salt
Mirabegron

Procyclidine hydrochloride

Sulfamerazine

Roxithromycin

Bromopride
Methylhydantoin-5-(D)
Isosorbide dinitrate

Theobromine
Sulfamethoxypyridazine
Meglumine

Flumethasone

Butylparaben

Flunixin meglumine

Metyrapone

Fenoprofen calcium salt dihydrate
Estrone

Furaltadone hydrochloride
Rolipram

Fluocinonide

Flucytosine

Bendroflumethiazide
Phenoxybenzamine hydrochloride
Eucatropine hydrochloride
Tyloxapol

Flurandrenolide

Piromidic acid

Halcinonide

Fosfosal

Tetraethylenepentamine pentahydrochloride
Trichlormethiazide

M44
M45
M46
M47

M48

M49
M50
M51
M52
M53
M54
M55
M56

M57

M58
M59
M60
M61
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23

Oxacillin sodium
Zolmitriptan

Ibutilide fumarate
Amiprilose hydrochloride

Venlafaxine

Beclomethasone dipropionate
Methyl benzethonium chloride
Simvastatin
Sulfachloropyridazine
Reserpine

Deferoxamine mesylate
Dolasetron mesilate
Flecainide acetate

Aminohippuric acid

Spiramycin

Urapidil hydrochloride
Piperacillin sodium salt
Lorglumide sodium salt
Ethoxyquin

Thonzonium bromide
Sulfamethazine sodium salt
(-)-MK 801 hydrogen maleate
Dicumarol

Salmeterol

Isocarboxazid

Florfenicol

Oxiconazole Nitrate
Trimipramine maleate salt
Lanatoside C

Suprofen

Nisoldipine

Oxalamine citrate salt
Beta-Escin

Indoprofen

Tigecycline

Ethynylestradiol 3-methyl ether
Ethotoin

Tolmetin sodium salt dihydrate
Chlorcyclizine hydrochloride
Azacytidine-5

Pramoxine hydrochloride
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Table S11: Drugs used in the primary screening (continued)

Position Drug

Position Drug

N24
N25
N26
N27

N28

N29

N30

N31
N32

N33

N34
N35
N36
N37
N38
N39

N40

N41
N42
N43
N44

N45

N46
N47
N48
N49
N50
N51

N52

N53

N54
N55
N56

N57

N58
N59
N60

N61

Bicalutamide
Mephentermine hemisulfate
Clioquinol

Cefazolin sodium salt

N-Acetyl-L-leucine
Glycopyrrolate

Fluspirilen

Diethylstilbestrol
Nitrendipine

Tinidazole

Idazoxan hydrochloride
Guaifenesin

Bephenium hydroxynaphthoate
Methimazole

Altretamine

Lithocholic acid

Megestrol acetate

Rebamipide

Chloropyramine hydrochloride
Benzamil hydrochloride
Deflazacort

Acefylline

Propantheline bromide

Thiamine hydrochloride

Carbenoxolone disodium salt

Tramadol hydrochloride

(-) -Levobunolol hydrochloride
3-alpha-Hydroxy-5-beta-androstan-17-one

(+) -Levobunolol hydrochloride

Diphenylpyraline hydrochloride

Paromomycin sulfate
Finasteride
Scopolamine hydrochloride

Liranaftate

Oxybenzone
Trimetozine
Pipemidic acid

Aprepitant

01
02
03
04

05

06

o7

08
09

010

011
012
013
014
015
016

017

018
019
020
021

022

023
024
025
026
027
028

029

030

031
032
033

034

035
036
037

038

S-(+)-ibuprofen
Chlorotrianisene
Flurbiprofen
Guanadrel sulfate
Quinapril
hydrochloride
Alexidine
dihydrochloride
Dehydroisoandosterone
3-acetate
Merbromin

Prazosin hydrochloride
Methotrimeprazine
maleat salt
Deoxycorticosterone
Nilvadipine
Furazolidone
Suxibuzone

Nadolol

Acitretin

Viloxazine
hydrochloride
Tazobactam
locetamic acid
Estropipate
lodixanol
Tetrahydrozoline
hydrochloride
Doxazosin mesylate
Benzethonium chloride
Acetaminophen
Fluorometholone
loversol
Sulfadimethoxine
Promethazine
hydrochloride
Folinic acid calcium
salt

Dioxybenzone
Monensin sodium salt
Ethynodiol diacetate
Ribostamycin sulfate
salt

Nimodipine
Vidarabine
Nilutamide
Proadifen
hydrochloride
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Table S12: Drugs used in the primary screening (continued)

Position  Drug Position  Drug
039 Benserazide hydrochloride P15 Pinaverium bromide
040 Hexylcaine hydrochloride P16 Sulconazole nitrate
041 Timolol maleate salt P17 Avermectin Bla
042 Dienestrol P18 Aminophylline
043 Urosiol P19 Irsogladine maleate
044 Etanidazole P20 Ethaverine hydrochloride
045 Dichlorphenamide P21 Warfarin
i . . Ethopropazine
046 6-Furfurylaminopurine P22 hydrochloride
047 Moxalactam disodium salt P23 Ir_| notecan hydrochloride
trinydrate
048 Zonisamide P24 Equilin
049 Dimethadione P25 Cefmetazole sodium salt
050 Ibandronate sodium P26 Methylhydantoin-5-(L)
051 Ganciclovir P27 Doxofylline
052 Butylscopolammonium (n-) bromide P28 Luteolin
053 Clinafloxacin P29 Cefuroxime sodium salt
054 Hexestrol P30 Carbachol
055 Fluvastatin sodium salt P31 Balsalazide Sodium
056 Trioxsalen P32 Esmolol hydrochloride
057 Phthalylsulfathiazole P33 Ebselen
058 Cephalothin sodium salt P34 Methylatropine nitrate
059 Rabeprazole Sodium salt P35 Mevalonic-D, L acid lactone
060 Sulfanilamide P36 Nisoxetine hydrochloride
061 Diacerein P37 Pipenzolate bromide
. L(-)-vesamicol
P1 Levonordefrin P38 hydrochloride
P2 Adrenosterone P39 Isopropamide iodide
P3 Isoetharine mesylate salt P40 Protriptyline hydrochloride
P4 Nabumetone P41 Cinoxacin
P5 Methacholine chloride P42 Allopurinol
P6 Bacitracin P43 Cycloheximide
P7 Sulfameter P44 Stavudine
P8 Ketorolac tromethamine P45 Amrinone
P9 Zomepirac sodium salt P46 Aminocaproic acid
P10 lodipamide P47 Denatonium benzoate
P11 Drofenine hydrochloride P48 Buspirone hydrochloride
P12 (+,-)-Octopamine hydrochloride P49 Remoxipride Hydrochloride
P13 Pridinol methanesulfonate salt P50 Acetylcysteine
P14 Proparacaine hydrochloride P51 Nitrocaramiphen

hydrochloride
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Table S13: Drugs used in the primary screening (continued)

Position Drug Position Drug
P52 Famciclovir Q30 Nifekalant
P53 Gliguidone Q31 Bosentan
. Avrticaine
P54 5-fluorouracil Q32 hydrochloride
P55 Alfadolone acetate Q33 Moxifloxacin
P56 Clofibrate Q34 Tridihexethyl chloride
P57 Flucloxacillin sodium Q35 Silodosin
P58 Topotecan Q36 lopanoic acid
P59 Isradipine Q37 Ezetimibe
P60 Gatifloxacin Q38 loxaglic acid
. . Donepezil
P61 Halofantrine hydrochloride Q39 hydrochloride
Q1 Imatinib Q40 Lansoprazole
Q2 Etomidate Q41 Pidotimod
Q3 Nelfinavir mesylate Q42 g;l)l;Eserolme fumarate
Q4 Moricizine hydrochloride Q43 Anagrelide
Q5 Ipriflavone Q44 Ranolazine
Q6 Phensuximide Q45 Indinavir sulfate
. . Fexofenadine
Q7 (R)-Duloxetine hydrochloride Q46 hydrochloride
Q8 Imidurea Q47 Loteprednol etabonate
L Procarbazine
Q9 Aminacrine Q48 hydrochloride
Q10 (S)-propranolol hydrochloride Q49 Pemetrexed disodium
Q11 Cefuroxime axetil Q50 Enilconazole
L Doxycycline
Q12 Spaglumic acid Q51 hydrochloride
Q13 Irbesartan Q52 Pirlindole mesylate
. . Bromhexine
Q14 Perindopril Q53 hydrochloride
L . Dimaprit
Q15 Epirubicin hydrochloride Q54 dihydrochloride
Ql6 Mecamylamine hydrochloride Q55 Cefdinir
Q17 Cisatracurium besylate Q56 Ribavirin
Q18 Canrenone Q57 Mitotane
Q19 Anastrozole Q58 Azapropazone
Q20 THIP Hydrochloride Q59 Avripiprazole
Q21 Melengestrol acetate Q60 Deptropine citrate
Q22 Nandrolone Q61 Azithromycin
Q23 Dopamine hydrochloride R1 Isometheptene mucate
Q24 Pizotifen malate R2 Gemcitabine
Q25 Mesna R3 Nomegestrol acetate
Q26 Alfaxalone R4 Formoterol fumarate
Q27 Cyclophosphamide R5 Penbutolol sulfate
Q28 Trapidil R6 Trimebutine
Q29 Atorvastatin R7 Pivmecillinam

hydrochloride
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Table S14: Drugs used in the primary screening (continued)

Position  Drug Position  Drug

R8 Rizatriptan benzoate R51 Saquinavir mesylate

R9 Naftifine hydrochloride R52 Ceftibuten

R10 1,8-Dihydroxyanthraguinone R53 Floxuridine

R11 Bethanechol chloride R54 Fleroxacin

R12 Benidipine hydrochloride R55 Naftopidil dihydrochloride
R13 Isosorbide mononitrate R56 Amcinonide

R14 Clopidogrel R57 Guaiacol

R15 Misoprostol R58 Celecoxib

R16 Terbinafine R59 Fluvoxamine maleate

R17 4-aminosalicylic acid R60 Triclosan

R18 Tolterodine tartrate R61 Apramycin

R19 Viomycin sulfate S1 Fluocinolone acetonide
R20 Raltitrexed S2 Ethamsylate

R21 Methacycline hydrochloride S3 Losartan

R22 Sulbactam S4 Letrozole

R23 Pronethalol hydrochloride S5 Racepinephrine hydrochloride
R24 Anethole-trithione S6 Molindone hydrochloride
R25 Oxfendazol S7 Pravastatin

R26 Carprofen S8 Sertaconazole nitrate

R27 Cyclopenthiazide S9 Doxapram hydrochloride
R28 Ambrisentan S10 Piperidolate hydrochloride
R29 Meptazinol hydrochloride S11 Pantoprazole sodium

R30 Ethinylestradiol S12 Milrinone

R31 Sertraline S13 Nateglinide

R32 Ibudilast S14 (R)-Propranolol hydrochloride
R33 Nifurtimox S15 Cefpiramide

R34 Olmesartan S16 Topiramate

R35 Pancuronium bromide S17 Phenothiazine

R36 Rufloxacin S18 Cyclopentolate hydrochloride
R37 Prednicarbate S19 Rasagiline

R38 Nevirapine S20 Verteporfin

R39 Levopropoxyphene napsylate S21 Ampiroxicam

R40 Tegaserod maleate S22 Ronidazole

R41 Meprylcaine hydrochloride S23 Valsartan

R42 Nitazoxanide S24 Sotalol hydrochloride

R43 Cyproterone acetate S25 Clavulanate potassium salt
R44 Perospirone S26 Tracazolate hydrochloride
R45 Levalbuterol hydrochloride S27 Caffeine

R46 Benzoxiquine S28 Proscillaridin A

R47 Sulfadoxine S29 Candesartan

R48 Histamine dihydrochloride S30 Prothionamide

R49 Clonixin Lysinate S31 Enoxacin

R50 Lomerizine hydrochloride S32 Darunavir
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Table S15: Drugs used in the primary screening (continued)

Position Drug Position Drug
S33 Sparfloxacin T9 Zalcitabine
S34 Moxonidine T10 Rivastigmine
S35 Benztropine mesylate T11 Piretanide
. Amorolfine
S36 Arbutin T12 hydrochloride
Oxprenolol
S37 Montelukast T13 hydrochloride
S38 Alcuronium chloride T14 Tolcapone
S39 Rosiglitazone Hydrochloride T15 Ticarcillin sodium
- Algestone
S40 Repaglinide T16 acetophenide
S41 Amlexanox T17 Formestane
S42 Trifluridine T18 Adapalene
S43 Tegafur T19 Nelarabine
S44 Methantheline bromide T20 Pregabalin
S45 Avobenzone T21 (-)-Isoproterenol
hydrochloride
S46 Ciprofibrate T22 Lofepramine
S47 Fenoldopam T23 Ramipril
S48 D-cycloserine T24 Risedronic acid
monohydrate
S49 Enalaprilat dihydrate T25 Azaperone
S50 Estriol T26 Triclabendazole
S51 Flumethasone pivalate T27 Decar_nethonlum
bromide
Mepivacaine
S52 Meropenem T28 hydrochloride
. Memantine
S53 Alosetron hydrochloride T29 Hydrochloride
S54 Dorzolamide hydrochloride T30 Methenamine
S55 Milnacipran hydrochloride T31 Norgestimate
S56 Gestrinone T32 Cladribine
L Zuclopenthixol
S57 Valproic acid T33 dihydrochloride
S58 Zardaverine T34 Granisetron
S59 Carvedilol T35 Gabexate mesilate
S60 Pramipexole dihydrochloride T36 Clarithromycin
S61 Fludarabine T37 Alprostadil
Tl Fluticasone propionate T38 Telmisartan
T2 Olopatadine hydrochloride T39 Benzathm(_e -
benzylpenicillin
T3 Fursultiamine Hydrochloride T40 Cilnidipine
T4 Desloratadine T41 Methyldopgte
hydrochloride
T5 Etilefrine hydrochloride T42 Sildenafil
T6 Vecuronium bromide T43 Piperacetazine
T7 Tocainide hydrochloride T44 Enrofloxacin
T8 Docetaxel T45 Ondansetron

Hydrochloride
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Table S16: Drugs used in the primary screening (continued)

Position Drug Position Drug
T46 Altrenogest u24 Nialamide

. o Besifloxacin
T47 Thiethylperazine dimalate u25 hydrochloride
T48 Actarit u26 Rifabutin
T49 Benzylpenicillin sodium uz27 Oxymetholone
T50 Diatrizoic acid dihydrate u28 Clocortolone pivalate
T51 (+,-)-Synephrine u29 Desonide

. Indatraline

T52 Homoveratrylamine u30 hydrochloride
T53 Sarafloxacin U3l Estradiol Valerate
T54 Valdecoxib u32 Piribedil hydrochloride
T55 Mephenytoin uU33 Diclazuril
T56 Palonosetron hydrochloride u34 Phenylbutazone
T57 Cefepime hydrochloride u3s Fluconazole
T58 Brimonidine L-Tartrate u36 Lymecycline
T59 Darifenacin hydrobromide u3s7 Lamotrigine
T60 Rifaximin uU38 Lodoxamide
T61 Ozagrel hydrochloride U39 Tulobuterol
Ul Phentermine hydrochloride u40 Rimexolone
U2 Chlormadinone acetate u41 Bifonazole
u3 Vardenafil u42 Torsemide
U4 Proguanil hydrochloride u43 Fosinopril
us Anthralin U4 Pyrvinium pamoate
U6 Pivampicillin u45 Hexachlorophene
u7 Tripelennamine hydrochloride U46 Quinethazone
us Tribenoside u47 Troxipide
U9 Nalmefene hydrochloride u48 Oxaprozin
u10 Risperidone u49 Estramustine
Uil Imiquimod us0 Vorinostat
ui12 Levocabastine hydrochloride us1 Azatadine maleate
uU13 Acetylsalicylic acid us2 Methiazole
u14 Oxyphenbutazone U53 Phenprobamate
uU15 Ubenimex uU54 Homosalate
Ui16 Propoxycaine hydrochloride us5 Cefpodoxime proxetil
ui7 Felbamate U56 Toltrazuril
ui18 Mesalamine us7 Ritonavir
u19 Ethoxzolamide uU58 Parbendazole
u20 Methicillin sodium u59 Latanoprost
u21 Dofetilide u60 Nadifloxacin
u22 (S)-(-)-Cycloserine u6l Cefprozil
u23 Zoledronic acid hydrate
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