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Neuropeptides: Roles, aspects, and activities in amyloid aggregation
Yifat Miller1-3
1Department

of Chemistry, 2 Ilse Katz Institute for Nanoscale Science & Technology, 3 The school of Brain and Cognition,
Ben-Gurion University of the Negev, Be’er-Sheva, Israel

Neurodegenerative diseases, such as Alzheimer’s disease (AD) and Parkinson’s disease (PD) are characterized by deposits of
amyloid proteins. The homeostasis of metal ions is crucial for the normal biological functions in brain. However, in AD and
PD, the imbalance of metal ions leads to formation of amyloid deposits. In the last four decades, it has been extensive effort
to design compound agents than can chelate metal ions in aim to prevent the formation of the amyloid deposits. Unfortunately,
the so far compounds that were designed did not exhibited successful candidates to be used in clinical trials. Neuropeptides
are small molecules that are produced and released by neurons. It has been shown that neuropeptides have neuroprotective
effects in the brain and reduce formation of amyloid deposits. The effect of neuropeptides on oligomerization of amyloid β in
in absence and in presence of metal ions will be demonstrated both in solution and membrane milieu.
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A molecular imprint of intracellular Amyloid-β-ApoE interaction correlates
with its toxicity
Arpan Dey1, Aditi Verma1, Uchit Bhaskar2, Mamata Kallianpur1, Vicky Visvakarma1,Kanchan Garai3, Odity Mukherjee2, and Sudipta
Maiti1*
1

Dept of Chemical sciences, Tata Institute of Fundamental Research, Mumbai 400005, India. 2Institute of Stem Cell Science
and Regenerative Medicine, Bangalore, India. 3Tata Institute of Fundamental Research, Hyderabad, India. Contact:
maiti@tifr.res.in

APOE is a major genetic risk factor for Alzheimer’s disease (AD) in humans. Inheritance of a particular allele of the APOE
gene (APOE-4) predisposes an individual to late onset of AD. On the other hand, the oligomeric aggregates of Amyloid beta
(Aβ) are known to be the major toxic species. However, an understanding of how APOE variants are involved in AD pathology,
and how they may be interacting with the Aβ oligomers is lacking. Here we use a fluorescent label attached to Aβ as a probe,
and find that the lifetime of this probe changes in vitro when the small Aβ oligomers are incubated with APOE. Our result
shows that APOE have a transient and stereo-specific interaction with Aβ oligomers. This change in lifetime is not observed
with several other proteins which are suspected to interact with Aβ, but a qualitatively similar (and quantitatively stronger)
change has been reported before for Aβ in neurons. We explore this modification in several types of cells and find that the
degree of this change correlates with the relative APOE content of the different cell types, reaching the highest value in primary
cultured astrocytes. This is observed both in live cells (using fluorescence lifetime imaging microscopy) and in extracts
obtained from these cells. An investigation on the type of oligomers shows a distinct oligomeric state of Aβ in these extracts
(dimer being the dominant species). This oligomeric state also has an increased affinity to artificial lipid bilayers. The
introduction of the peptide LVFFA, a known inhibitor of Aβ-APOE interaction, reduces the short lifetime component, both in
vitro and in cells, in a dose-dependent manner. Significantly, the toxicity of Aβ also goes down in a similar LVFFA dosedependent manner. Our data, therefore, establishes a clear correlation between the lifetime modification of Aβ, its change of
oligomeric state, and its toxicity. Finally, neurons derived from hiPSC cells obtained from Alzheimer’s patients also show the
short lifetime component, the changed oligomeric state, and increased membrane affinity. We conclude that the interaction of
ApoE with Aβ results in the modification of Aβ near its N-terminus, which changes its oligomeric state, its membrane affinity,
and its toxicity. This is likely to be relevant for AD, as these properties are also observed in neuronal stem cells derived from
iPSC obtained from AD patients. We propose fluorescence-lifetime to be a novel tool that can aid the evaluation of ApoE-Aβ
interaction at early stages in solutions and in cellular systems, and can therefore provide a quantitative assay for AD drug
discovery.
Acknowledgement: This work was supported by the Dept. of Atomic Energy, Govt. of India Grant no. RTI4003 to SM

2

4

The environment-dependent structures of alpha-synuclein
Roland Riek

Dep. of Chemistry and Applied Biosc., ETH, 8093 Zürich, Switzerland

Alpha-synuclein is like a chameleon adjusting its structure to the environment. The 3D structure of the amyloid
fibrils at pH 7.4 in presence of phosphate buffer (polymorph I) is distinct from the 3D structure in absence of
phosphate (polymorph II) and the 3D structure at pH 5.8 (polymorph III) is distinct from the one at neutral pH.
Interestingly, the environment is stronger than the presence of the seed: While the seed accelerates fibril
formation the environment dictates the polymorph. The mechanism of this apparently strange observation is
based on the mechanism of secondary nucleation. In the case of alpha-synuclein secondary nucleation is via the
flexible unstructured negatively-charged and aromatic comprising C-terminal segment of the protein inside the
fibril with the positively-charged N-terminus of the incoming monomer concentrating, aligning, and further
unfolding alpha-synuclein monomers during transient binding to the fibril. This mechanism is polymorph
independent while accelerating fibril formation.
The intramolecular interaction between the N-terminus and C-terminus within a intrinsically disordered alphasynuclein monomer can be stabilized by chemical molecules yielding through multivalent interactions nM binding
affinities towards a IDP. The N-terminal segment further interacts in cells with chaperones transiently but at high
occupancy. Alpha-synuclein is a chameleon indeed.
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Near Field microscopy to probe the structures of amyloid peptides involved
in Alzheimer diseases
S. Lecomte,1 S. Bonhommeau,2 C. Feuillie1 and M. Molinari1
1CBMN,
2ISM,

University of Bordeaux-CNRS-INP Pessac, France
University of Bordeaux-CNRS-INP Pessac, France

Amyloid toxicity is a subject under intense scrutiny. Many studies link this toxicity to the existence of various intermediate
structures prior to the fiber formation and/or their specific interaction with membranes. Our group aim at understanding the
process of aggregation of A1-42 and Tau proteins involved in Alzheimer disease, and their interaction with membrane. Nearfield microscopy techniques are very relevant to probe at the nanoscale the morphology and associated structure with the
different species detected during the assembly of the A1-42 peptide and Tau protein and their interactions with the membranes.
Tip-Enhanced Raman Spectroscopy allows an analysis of the surface of oligomers or fibers at the scale of the single object.
We demonstrated that A1-42 fibers are organized in parallel β-sheets while oligomers are organized in anti-parallel β-sheets
(Figure 1) [1]. TERS was also used to establish the insertion of co-factor (lipid) in the structure of the Tau fibers. [2] Nano-IR
is also a powerful method to characterize the structure of the various morphologies of the fiber. [3]
The main limitation of the TERS and Nano-IR techniques is that they are carried out in the air, our new challenge is the
development of these methods in liquid media.
A fibers

A oligomers

parallel β-sheets

anti-parallel β-sheets

Figure 1: Morphology and structure of A1-42 fibers and oligomers.
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Targeting the cytotoxic species in Parkinson’s Disease
Daniel E. Otzen
Interdisciplinary Nanoscience Center (iNANO), Aarhus University, Gustav Wieds Vej 14, DK – 8000 Aarhus C,
DENMARK

Parkinson’s Disease (PD) typically involves aggregation of the protein α-synuclein (α-syn), both as insoluble intracellular
amyloid inclusions (Lewy Bodies) and as soluble oligomers. Due likely to their smaller size and more dynamic structures, αsyn oligomers are more reactive than fibrils and show a greater ability to disrupt membranes and damage cells. These properties
make oligomers promising but also highly challenging targets, and it remains as yet unclear whether mechanistically based
PD drugs should target only oligomers, fibrils or both[1]. I will present work focusing both on understanding the properties of
α-syn oligomers prepared and studied in vitro and our efforts to identify ligands that target this species. Although the basic
oligomer is a remarkably stable complex of 30-32 α-syn monomers, it also exists in equilibrium with higher-order structures
(e.g. dimers of oligomers), sensitive both to denaturants (which favour the basic oligomer) and aggregation inhibitors such as
EGCG (which favors higher-order structures). Physiologically occurring lipid peroxidation products such as ONE (4-oxo-2nonenal) and HNE (4-hydroxy-2-nonenal) promote formation of oligomers with different morphologies than unmodified αsyn oligomers but similar overall molecular organization and dynamics[2]. Remarkably, C-terminal truncation of α-syn (which
also occurs in vivo) strongly inhibits oligomer formation while strongly promoting fibrillation[3]. We have used several
approaches to target the oligomer: (1) monoclonal antibodies (mAbs) made by immunization of mice with α-syn oligomers
(unmodified and stabilized with EGCG or ONE), (2) nanobodies (NBs) from llama heavy chains, (3) peptides obtained from
peptide arrays combined with antimicrobial peptides, (4) membrane disruption assays used to screen FDA/EMA-approved
drugs. We have mAbs and NBs with nM affinity for α-syn oligomers and much weaker binding to α-syn monomers according
to in-solution techniques such as Flow-Induced Dispersion Analysis and are in the process of transferring this to a highthroughput screening strategy to identify small molecules that can specifically target cytotoxic species in PD. In parallel, we
have identified a derivative of the cell-penetrant peptide penetratin as a high-affinity ligand for α-syn oligomers[4]. Remarkably,
the parent penetratin peptide strongly inhibits aggregation of α-syn and shows promise in vivo as an anti-PD agent[5]. This
highlights the need to use a multi-pronged therapeutic strategy that encompasses multiple different α-syn species.
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The crosstalk between proteins and metabolites in amyloid diseases
E. Gazit1
1

Tel Aviv University, The Shmunis School of Biomedicine and Cancer Research, Ramat Aviv, Tel Aviv 69978, Israel

We discovered that simple metabolites, such as amino acids and nucleobases, could form nano-scale fibrils with similar
biological, chemical and physical properties as protein-based amyloids (Figure 1) [1,2]. These assemblies appear to occur in
inborn error of metabolism disorders in which very high concentrations occur. We later demonstrated that metabolite amyloids
could serve as seeds to allow the formation of protein assemblies related to Alzheimer’s and Parkinson’s diseases [4,5]. We
suggest a hypothesis, based on the cross-talk between metabolites and proteins, to understand the degenerative processes
observed in inborn error of metabolism disorders and indicate a correlation between inborn and age-related disorders. This
may also lead to new therapeutic targets for amyloid disease.

Figure 1. Illustration of the shared properties of metabolite amyloid-like structures and protein or peptide amyloids [3]
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Interplay between lipid and alpha-synuclein levels in Parkinson’s Disease
C. Galvagnion1
1

Department of Drug Design and Pharmacology, Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen

Intraneuronal accumulation of aggregated α-synuclein is a pathological hallmark of Parkinson’s disease. Mutations of the
glucocerebrosidase 1 (GBA) gene represent a prevalent Parkinson’s disease risk factor. They are associated with a decrease in
the activity and/or protein levels of a key enzyme involved in lipid metabolism, glucocerebrosidase, and the accumulation of
αS and specific lipids in patients derived samples.
In this presentation, I will discuss our latest findings on lipid metabolism disruptions associated with GBA mutations in human
fibroblasts and how they influence the aggregation propensity of α-synuclein in vitro. These findings contribute to a better
understanding of the, currently undefined, role of lipids in the initiation and/or progression of α-synuclein aggregation in the
context of Parkinson disease.
References
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Tau oligomers: Challenges and opportunities in neurodegenerative tauopathies
Rakez Kayed1,2 and Nemil Bhatt1,2
1

Mitchell Center for Neurodegenerative Diseases, University of Texas Medical Branch, Galveston, Texas, 77555, USA
2 Departments of Neurology, Neuroscience and Cell Biology, University of Texas Medical Branch, Galveston, Texas, 77555, USA

Neurodegenerative Tauopathies, including Alzheimer’s disease (AD), are characterized by the appearance of extracellular
lesions composed of aggregated and post-translationally modified tau proteins. The resulting tau pathology is an established
marker for differential disease diagnosis and staging, a surrogate marker for neurodegeneration, a potential vector for disease
propagation, and a source of toxicity in biological models. In comparison to the well-established methods for
isolation/preparation and biochemical and structural characterization of stable tau filaments from tauopathy brain 1–3, the
characterization of smaller and much dynamic oligomeric tau aggregates has not been investigated to the same degree. As a
result, tau oligomers that may associate most closely with disease propagation and toxicity as suggested by a large body of
research, are not fully established4–7.
Herein, we leverage our well-optimized brain-derived tau oligomers (BDTOs) from well-vetted human tauopathy cases of AD,
progressive supranuclear palsy (PSP) and dementia with Lewy bodies (DLB). In addition to our rigorous biochemical
characterization of the BDTOs by immunological probing, and structural characterization by proteolysis and microscopic
analyses, we have optimized Fluorescent Amyloid Multi Emission Spectra (FLAMES8) microscopy for cataloging and
comparing tau conformational variants across a wide range of samples, from brain tissue sections and BDTOs to in vitro
aggregated tau assemblies. For selective immunodetection of the BDTOs, we have used our novel four fully sequenced and
epitope mapped Tau Oligomer Monoclonal Antibodies (TOMAs9), which recognize non-continuous sequences on tau.
Furthermore, the bioactivity of the BDTOs was assessed by evaluating their seeding propensity in biosensor cells and primary
cortical neurons from tauopathy mice and their effects on synaptic function by electrophysiological studies. Finally, we
investigate the potential of passive immunotherapy with different clones of Tau oligomer monoclonal antibodies (TOMAs),
in two complementary mouse models; hTau, which overexpresses WT human Tau, and JNPL3 overexpressing the P301L
mutant.
We observed that the BDTOs differed in their immunological properties, morphology, and sensibility/stability to proteolysis.
The BDTOs were distinguished based on FLAMES spectral signature. Distinct seeding propensity and impairment of longterm potentiation (LTP) indicated their differences in bioactivity as well. Passive immunotherapy with TOMA clones reverses
some of the tauopathy-related cognitive and motor phenotypes in aged animals. The effective clones were shown to have
strong reactivity with different BDTOs tested in vitro.
Our thorough investigation/characterization of biologically active disease-relevant tau oligomers will provide new
opportunities to diagnose and evaluate therapeutics beyond the current capabilities for AD and related tauopathies by
developing specific tau aggregation inhibitors and/or diagnostic probes for pathological tau protein. The passive
immunotherapy in aged animals, although it supports our previous reports9 of oligomeric tau role in disease progression and
validate the potential for TOMAs in reversing disease course, this study suggests that multiple tau oligomeric strains exist in
aged animals. Therefore, it is of great importance to characterize these strains in aged mouse models as well as human tissues
and evaluate antibodies using different tau strains.
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Protein folding and misfolding: before, during and after
Henrike Heise
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Kinetics of protein phase transitions
Tuomas Knowles

This talk outlines our efforts to measure, model and understand molecular mechanisms of protein phase transitions. We will
focus on solution to amyloid transition as well as the transition from liquid condensates to solid amyloid aggregates. The talk
will explore the use of microfluidic approaches for probing these mesoscale systems and the use of physical chemistry
formalism, including chemical kinetics to discover mechanisms.
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The amyloid β peptide: biophysical studies of interactions, structure conversions
and aggregation
Astrid Gräslund
Department of Biochemistry and Biophysics, Stockholm University.
SE-10691 Stockholm, Sweden

The amyloid-β (Aβ) peptide (39-42 residues) is a major component of the neuritic plaques in the brains of Alzheimer´s disease
(AD) patients. It is possible to study the peptide self-aggregation process (“amyloid formation”) on a molecular level using a
variety of biophysical and biochemical methods. Here I will show some results using mainly fluorescence and NMR
spectroscopy[1]. We have also recently started using native mass spectrometry methods [2]. The amyloid process from peptide
monomer, via oligomeric states to fibrils, can be followed, regarding secondary structures and kinetics. The oligomers of
different sizes are generally considered to be the most toxic states. Modulation effects on the molecular amyloid process
induced by e.g. metal ion interactions[3] in vitro or by designed anti-amyloidic peptides[4-5] in live cells and in vitro were studied.
We used the knowledge from our studies to develop new AD diagnostic methods based on blood serum[6], and will possibly
in the future also develop new therapeutic strategies for the disease.
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Structural investigation of TDP-43 inclusions in situ and relationship to their
toxicity in ALS and FTLD-U
Fabrizio Chiti
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IAPP in type 2 diabetes: targets and inhibitors
Lucie Khemtemourian
Chimie et Biologie des Membranes et Nanoobjets, CBMN CNRS UMR 5248, Université de Bordeaux, Allée Geoffroy de Saint-Hilaire, 33600 Pessac,
France.

Amyloid proteins are involved in many pathologies. One of these proteins is the islet amyloid polypeptide (IAPP), which is
the main constituent of the amyloid fibrils found in the pancreas of type 2 diabetes mellitus (T2DM) patients. Under certain
conditions, IAPP is able to form amyloid fibrils that play a role in the progression of T2DM. The molecular mechanism of
IAPP-induced cell death is not yet understood and the factors that induce IAPP fibril formation and IAPP toxicity are not yet
all defined.
Here, I’ll and shed a light on the understanding of the behaviour of extrinsic (propeptides, flanking peptides) and intrinsic
factors (pH, insulin, zinc) that modulate IAPP fibril formation during its secretion in the granules of the pancreatic β cells. We
have established that the components of the β-cell granules such as zinc, insulin, low pH, propeptides affect IAPP fibril
formation [1-5].
After its secretion, IAPP acts not only in the pancreas but also on several other organs. We showed that IAPP is toxic towards
cells involved in glucose homeostasis and also towards neuronal cell lines. However, the toxicity is not linked to the fibril
formation. We also showed that the IAPP receptor “RAMP” is not involved in the toxicity neither in the fibril formation.
IAPP is able to cross the blood brain barrier and might interact with other amyloid forming proteins involved in
neurodegenerative diseases. I will finally give an overview on IAPP fibril formation in the presence of seeds or fibrils of Aβ
and the 2N4R tau isoform, both involved in Alzheimer’s disease raising the question between diabetes and senility in
agreement with epidemiologic data showing that T2DM patients have a higher risk to develop neurodegenerative diseases.
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Structure-based design of antiprion compounds
A. Caflisch1
1

University of Zurich, Department of Biochemistry, CH-8057 Zurich, Switzerland

Molecular dynamics simulations of binding of luminescent conjugated polythiophenes (LCPs) to simplified model fibrils and
solid-state nuclear magnetic resonance were used for the design of LCPs with superior prophylactic and therapeutic potency.
Intracerebral administration of the designed LCPs into prion-infected mice using osmotic pumps increased survival. The study
provides evidence of the feasibility of structure-based drug design for developing therapeutics to treat prion diseases.

Figure 1. Molecular dynamics-based design of antiprion compounds. The two compounds emphasized by circles show antiprion properties. The two panels in
the bottom show consistency between the simulation results (potential of mean forces of binding, left panel in the bottom) and the in vivo data (right panel, p.i. =
post inoculum).
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Molecular biophysics of S aggregation
F. A. Buratti1, J.S. Flores1, P. do Carmo Gonçalves1, N. Boeffinger2,3, S. Eimer3, C. Griesinger2 and C.O. Fernández1
1Max

Planck Laboratory for Structural Biology, Chemistry and Molecular Biophysics of Rosario (MPLbioR, UNRMPINAT). Partner Laboratory of the Max Planck Institute for Multidisciplinary Sciences, Rosario, Argentina.
2
Department of NMR-based Structural Biology, Max Planck Institute for Multidisciplinary Sciences, Göttingen, Germany.
3
Department of Structural Cell Biology, Institute for Cell Biology and Neuroscience, Goethe University Frankfurt, Frankfurt,
Germany.

The aggregation of proteins into toxic conformations plays a critical role in the development of different neurodegenerative
diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD), and Creutzfled−Jakob’s disease (CJD). These disorders
share a common pathological mechanism that involves the formation of aggregated protein species including toxic oligomers
and amyloid fibrils. A hallmark of PD and a number of diseases collectively referred to as synucleinopathies is the aggregation
of the protein -synuclein (αS) into amyloid fibrillar formations. -Synuclein is an intrinsically disordered protein (IDP)
making up 1% of total brain-soluble proteins in humans and may play roles in uptake, storage, recycling of neurotransmitter
vesicles and maintenance of dopamine. Currently, there is no preventive therapy for these diseases and the available therapeutic
approaches are based on the treatment of the symptoms rather than the underlying causes of the disease. Accordingly, the
aggregation pathway of these proteins represents a useful target for therapeutic intervention. Therefore, understanding the
mechanism of amyloid formation, the structural and molecular factors promoting this process and/or its inhibition is of high
clinical importance. The conference will be focused on these topics.
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Triggering tau assembly in vitro and in cells
Louise Serpell

16

18

Effects of in vivo conditions on protein aggregation: computational approaches
Birgit Strodel
Computational Biochemistry Group at
1Institute

of Biological Information Processing (IBI-7: Structural Biochemistry),
Foschungszentrum Jülich, 52425 Jülich, Germany
2

Institute of Theoretical and Computational Chemistry, Heinrich Heine University Düsseldorf,
40225 Düsseldorf, Germany

The aggregation of proteins into β-sheet structures has been extensively studied in vitro under conditions that are far from the
physiological ones. There is need to extend these investigations to in vivo conditions where protein aggregation is affected by
a myriad of biochemical interactions. As a hallmark of numerous diseases, these self-assembly processes need to be understood
in detail to develop novel therapeutic interventions. The aim of our work is to elucidate the effects of various in vivo
components and conditions, such as the presence of metal ions, oxidative stress, an acidic environment mimicking tissue
inflammation, the presence of cell membranes and the brain extracellular matrix on the conformational dynamics and
aggregation of the Alzheimer’s disease-related amyloid-β peptide. To this end, we develop multiscale simulation approaches,
perform large-scale molecular dynamics simulations, and establish novel analysis tools allowing us to unravel the aggregation
pathways under varying external conditions. The most recent and enlightening results from these simulations will be presented
in my talk.
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The anti-prionic mode of action for the treatment of neurodegenerative diseases
Dieter Willbold

Institute of Biological Information Processing (IBI-7), Forschungszentrum Jülich, Jülich, Germany
Institut für Physikalische Biologie, Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany
Priavoid GmbH, Düsseldorf, Germany

The anti-prionic mode of action has been developed to disassemble toxic protein assemblies, like oligomers and amyloids, into
functional monomeric building blocks. This mode of action is realized by ligands that stabilize the monomers in their native,
IDP-like conformation. This is a purely thermodynamic mode of action, which does not require inhibition of enzymes or ion
channels, and is therefore not prone to show side effects. This presentation will show unpublished in vitro data on ligands
developed to realize the anti-prionic mode of action for alpha-synuclein. Also, data will be presented for the current stage of
the clinical development of the respective ligand, RD2 (alias PRI-002, alias Contraloid) designed for the anti-prionic mode of
action for beta-amyloid.
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Novel Therapeutics for Protein Misfolding Diseases
Paul E. Fraser1
1
Tanz Centre and Department of Medical Biophysics
University of Toronto, 60 Leonard Avenue, Toronto, Ontario, Canada M5T 0S8

Small ubiquitin-like modifiers (SUMOs) conjugated to target proteins can affect a number of cellular pathways such as DNA repair, signalling, protein
trafficking and solubility as well as mitochondrial dynamics.[1] Evidence has shown SUMOylation contributions to neuronal function and may play
important roles in the amyloid and tau pathology in Alzheimer disease (AD).[2,3] SUMOs have also been examined as potential therapeutics for synuclein aggregation in Parkinson’s disease .[4] We demonstrated in a transgenic mouse model that over-expression of SUMO1 results in an impairment
of synaptic development leading to cognitive deficits.[5] In contrast, comparable SUMO2 transgenic animals display normal development and no changes
in learning and memory. There has been a debate on the effects of SUMO1 and SUMO2 on amyloid pathology and, to resolve this issue, we have
recently investigated the impact of SUMOylation on processing of the amyloid precursor protein (APP) leading to the production and deposition of the
amyloid-β (Aβ) peptide. Using the SUMO1 transgenics, an in vivo model was developed by the generation of double transgenic mice over-expressing
human SUMO1 and a mutant APP.[6] The SUMO1-APP mice displayed normal APP processing but exhibited increased insoluble Aβ and plaque density
accompanied by increased synaptic loss, more pronounced synaptic and cognitive deficits. These findings suggest a potential impairment in
Aβ clearance as opposed to increased amyloid production. In contrast, SUMO2-APP double transgenic mice were less affected by amyloid deposition
suggesting a more beneficial response of SUMO2 to the AD-related stress conditions. Our investigations indicate a more detrimental impact of SUMO1
on amyloid and tau pathology and the protective effects associated with higher levels of expression for SUMO2. This evidence supports the potential
for SUMO2 as a novel therapeutic avenue for the treatment of neurodegenerative diseases.
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Structural studies of Y145Stop prion protein amyloids
Christopher Jaroniec
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Protein aggregation and interference with it for treatment studied by NMR and
beyond
L. Antonschmidt1, V. Sant1, M. Kim1, B. Frieg2, D. Matthes3, A. Leonov1, S. Ryazanov1, A. Giese4,5, S. Becker1, B. de
Groot3, G. Schröder2, L. B. Andreas1, C. Griesinger1,6
1NMR-based Structural Biology, Max-Planck-Institute for Multidisciplinary Sciences, Am Faßberg 11, Göttingen; 2Institute of Biological Information Processing (IBI-7: Structural
Biochemistry), Forschungszentrum Jülich; Jülich; 3Department of Theoretical and Computational Biophysics, Max Planck Institute for Multidisciplinary Sciences, Göttingen; 4MODAG
GmbH, Mikroforum Ring 3, 55234 Wendelsheim; 5Center for Neuropathology and Prion Research, Ludwig-Maximilians-University Munich, Munich,; 6Cluster of Excellence “Multiscale
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We have studied the process of aggregation of α-synuclein on membranes in vitro and identified key time points in the aggregation process,
that enable targeted isolation of a so called intermediate I and the fibrillar endpoint (1). Intermediate I has the characteristics of a toxic oligomer.
In addition, we determined the structure of anle138b, a clinical drug candidate (2) bound to fibrils that were grown in the presence of lipids
(3) that are doped with anle138b (4). Comparison of the binding site of anle138b with compounds that bind even tighter to α-synuclein fibrils
and might therefore be useful for diagnostics will be discussed.
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Simulations of amyloid aggregation
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Amyloid-beta oligomers are transient and difficult to capture experimentally .[1] In this presentation, I shall focus on three aspects. 1) What
can AlphaFold2 machine-learning method tell us about the early formed oligomers of A1-42 peptide?[2] 2) What can we learn from LatticeBoltzmann molecular dynamics simulations of a large number of A16-22 peptides in the bulk solution?[1] 3) What is the dynamics of a Sshape Aβ1-42 cross-β hexamer model inserted into a lipid bilayer membrane?
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Mechanistic insights into intermolecular interactions in alpha-synuclein
aggregation processes
Jean Baum
Dept. of Chemistry and Chemical Biology, Rutgers University, Piscataway, New Jersey 08854

Amyloid fibril seeding has been increasingly implicated in neurodegenerative disease progression, however the molecular
mechanism is not well characterized. In the fibril seeding process of α-synuclein (αS), pre-formed oligomers and fibrils can
act as templates for endogenous monomer resulting in further fibril formation and disease development. While the structured
fibril core has been shown to be critical to the assembly of amyloid fibrils, in this talk, using NMR, we highlight that the
disordered flanking regions of the αS fibril, the ‘fuzzy coat’, play a critical role in the recruitment of the intrinsically disordered
monomer to the fibril. We also discuss the impact of glycation, a result of aging, on aggregation processes and highlight the
role of protein chaperones, in particular DJ-1, as possible therapeutic approaches.
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Targeting Protein Aggregation in Neurodegenerative Diseases
Michele Vendruscolo
Centre for Misfolding Diseases, Yusuf Hamied Department of Chemistry,
University of Cambridge, Cambridge CB1 2EW, UK

The process of protein aggregation is linked to a wide range of human disorders that include Alzheimer’s and
Parkinson’s diseases. The oligomeric intermediates produced during this process are increasingly recognized
as highly cytotoxic. It has been very challenging, however, to target these oligomers with therapeutic
compounds, because of their dynamic and transient nature. To overcome this problem, I will describe a kineticsbased approach, which enables the discovery and systematic optimization of compounds that reduce the number
of oligomers produced during an aggregation reaction. I will illustrate this strategy for the amyloid beta peptide,
which is closely associated with Alzheimer's disease. As this strategy is general, it can be applied to oligomers
of other proteins in drug discovery programmes.
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Brain circuit modeling with optogenetic functional magnetic resonance imaging
Jin Hyung Lee
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Short Peptide Conjugates for Neuroprotection and A detection.
G. Pappalardo1
1
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Bio-conjugated peptides play important roles in several fields of biomolecular and medicinal chemistry.[1] In particular,
peptide-based epitopes with covalently attached other moieties able to explicate additional or complementary functions,
including BBB permeation, metal chelation or aggregates disassembling, targeted imaging and treatment, hold a promising
potential for applications in Alzheimer’s disease (AD). AD has been proving to be extraordinarily refractory to any attempt
aimed at halting or slowing the progression of the disease. In our laboratory, we have been synthesizing a variety of small
peptides bio-conjugates differing by the peptide epitope or the conjugated scaffold.[2,3] A range of molecular details, together
with measured biological effects, have been listed with these systems, all of them accounting for the observed neuroprotection
against the toxic insult induced by Aβ aggregation in primary cortical neurons. In this communication an overview of the
design principles of the peptide conjugates, their neuroprotective activity, and their capability in detecting A peptide in
solution are described in terms of potential use of these compounds as theranostic agents and for the targeted drug delivery.
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Figure 1. Representative structures of some Peptide Conjugates
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Mimicking amyloid protein self-interactions or chaperone-amyloid protein
interaction with folded peptidomimetics
to prevent amyloid protein aggregation
S. Ongeri
BioCIS, CNRS/Université Paris Saclay, 91400 Orsay, France

The process of amyloid formation is a main feature in cell degeneration and disease pathogenesis such as Alzheimer's disease
(AD), Parkinson's disease and type 2 diabetes. Many anti-amyloid molecules have been reported over the past 25 years and
most of them belong to small molecules or antibodies. However, so far only one of the anti-amyloid drug candidates,
Tafamidis, which inhibits transthyretin amyloidogenesis (TTR), and an antibody, Aducanumab, which targets aggregates of
beta-amyloid peptide 1- 42 (Aβ1-42), have reached the clinic. Peptides are an attractive alternative to small molecules and
antibodies as anti-amyloid drugs, thanks to their improved efficacy, selectivity or specificity, and potency. However, very few
of them have reached the (pre) clinical stages, and so far, none of them has reached the clinic. Peptidomimetic foldamers, bioinspired by secondary structures, provide a promising alternative to peptides because they keep the specific side chains of a
peptide sequence while having new and improved biological and pharmacokinetic properties and the possibility of adopting
secondary structures frequently involved in protein-protein interactions. Here, we will briefly present our first strategy to
modulate the aggregation of amyloid proteins, based on the design of peptidomimetics foldamers adopting β-sheet and helical
structures inspired by the secondary structures and the amyloidogenic sequences of the target amyloid proteins Aβ1-42,
hIAPP,[1-4] α-synuclein and Tau.[5] This strategy will be compared with our second and innovative strategy based on the design
of β-sheet and helical structures inspired by the secondary structures and key peptide sequences of chaperone proteins. [5]
Indeed, in healthy cells, aberrant protein misfolding and aggregation is counteracted by molecular chaperones. Age-related
decline renders chaperones unable to efficiently perform this function. Can we mimic the function of these natural chaperone
proteins by designing small synthetic chaperones?
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Amyloid Pores – A New Class of Mitochondrial Porins?
Neville Vassallo1,2
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The ability of a variety of aggregated amyloid proteins, such as amyloid-β (Aβ), α-synuclein (α-syn), and tau, to interact with
biological membranes and compromise their integrity is central to their toxicity. Given the ubiquitous presence of mitochondria
organelles intracellularly, especially within neurons and synapses, we wanted to address the direct mitotoxicity of oligomeric
species derived from amyloidogenic proteins in two separate membrane systems: (i) bilayers or vesicles recapitulating the lipid
components of mitochondrial outer and inner membranes, and (ii) freshly isolated mitochondria. Thus, soluble, prefibrillar αsyn and tau oligomers were shown to robustly permeabilise mitochondrial membranes by inducing a combination of
mitochondrial swelling, disruption of the mitochondrial membrane potential, and efflux of cytochrome c. Remarkably, whilst
these direct mitotoxic effects were not affected by antioxidants or by pharmacological inhibition of the mitochondrial
permeability transition (mPT) pore, pre-incubation of the mitochondria with 10-N-nonyl acridine orange (NAO) neutralised
oligomer toxicity. NAO is a molecule that binds specifically to cardiolipin (CL), a signature phospholipid of mitochondrial
and other energy-generating membranes. Interestingly, the presence of CL in vesicle membranes enhanced their vulnerability
to leakage by α-syn and tau oligomers. Further, the efficiency by which oligomeric preparations of α-syn, tau and Aβ formed
distinct, ion-conducting pores in planar lipid bilayers was markedly dependent upon the presence of CL. [1,2] Taken together,
our findings suggest that CL, a key component of mitochondrial membranes, increases vulnerability of the membranes to
damage by toxic oligomers. To generalise this concept further, we studied the model E.coli HypF-N amyloid protein, which,
although unrelated to any disease, is able to recapitulate the key features of human pathogenic amyloid. Indeed, toxic (type A)
HypF-N oligomers induced mitochondrial dysfunction and exhibited multi-level conductances on single-channel
electrophysiology in CL bilayers. Importantly, an alternate non-toxic oligomeric state of HypF-N (type B) manifested no
deleterious effects to mitochondrial function, nor did it demonstrate channel-like activity.[3] In conclusion, our studies raise
the exciting prospect of a ‘mitochondrial porin’ mechanism for amyloidogenic peptides, reminiscent of the action of natural
apoptotic proteins (e.g. Bax) and toxins (e.g. cobra venom cardiotoxin).[4]
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The Lipid-Chaperone Hypothesis: A unifying framework for amyloid-mediated
membrane damage
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Carmelo La Rosa4
1

Heidelberg University Biochemistry Center, Heidelberg, Germany
Department of Physics, University of Helsinki, Helsinki, Finland
3
Istituto di Cristallografia, CNR, Catania 95126, Italy
4
Institute of Organic Chemistry and Biochemistry, Prague, Czech Republic
5
J. Heyrovský Institute of Physical Chemistry, Czech Academy of Sciences, Prague, Czech Republic
6
Laboratory of Nanotechnology for Precision Medicine, Fondazione Istituto Italiano di Tecnologia, Genoa,
Italy
2

An increasing number of human diseases are linked to aggregation and amyloid formation by
intrinsically disordered proteins (IDPs). For example, Amylin, amyloid-β, and α-synuclein are
involved in type-II diabetes, Alzheimer's, and Parkinson's, respectively. However, despite the
correlation of the toxicity of these proteins at early aggregation stages with membrane damage,
the molecular events underlying the process are pretty complex to understand. In this study, we
demonstrate free lipids' crucial role in forming lipid-protein complex, which enables an easy
membrane insertion for Amylin, amyloid-β, and α-synuclein. Furthermore, our results pointed
out that a common molecular pathway in membrane poration is shared by amyloidogenic
(amylin, amyloid-β, and α-synuclein) and nonamyloidogenic (rat IAPP, β-synuclein) proteins.
Based on these results, we propose a "lipid-chaperone" hypothesis as a unifying framework for
protein-membrane poration.
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Targeting Aβ proteostasis in AD
D. Milardi
1Institute

of Crystallography, Consiglio Nazionale delle Ricerche, 95125, Catania, Italy

Alzheimer`s Disease (AD) results from an abnormal accumulation of toxic deposits of amyloid Aβ peptide in neuronal tissues.
According to the “Amyloid Hypothesis”, targeting Aβ misfolding and self-assembly into toxic amyloid aggregates would
prevent the diseases. However, the failure of clinical trials focusing on anti-aggregating drugs suggest that a deeper
understanding of the mechanisms involved in proteome maintenance is needed. Here we focus on the intertwined biochemical
mechanisms that control Aβ homeostasis (proteostasis) by employing an interdisciplinary approach to screen small molecules
(e.g. natural compounds, bioconjugates, and repurposed drugs) for their ability to restore physiological Aβ homeostasis by a
multi-target strategy. Our work spans from fundamental topics related to protein/lipid membrane stability, amyloid
aggregation, proteasome activation and ligand-protein interactions to applications in medicinal chemistry focusing on the
development of bioactive compounds as drug candidates in AD therapy.
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Insulin fibrillation control by specific zinc binding sites
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Insulin is a hormone that is naturally released from the β-cells in the pancreas. It plays a central role in controlling the blood
sugar level and is considered the main therapy strategy in patients with type 2 diabetes (T2D). However, during insulin therapy,
this hormone forms amyloid fibrils at the repeated site of injection. The pathology of these fibrils causes serious therapeutic
problems. Zinc ions share the same secretory path with insulin, and even play a key role in the synthesis and action of insulin,
both physiologically and in the pathological state of diabetes.
Molecular Dynamics (MD) simulations were applied to investigate for the first time the full-length insulin fibrils in the
presence and in absence of Zn2+ ions. Several possible metal-binding sites within insulin fibrils were examined at the molecular
level in addition to the structural characterization and stabilities of the insulin fibrils models that were studied. [1] Six possible
Zn2+ binding sites with insulin fibril: two in chain A, and four in chain B. The two most stable Zn2+-insulin fibrils by which
the Zn2+ ions bind to chain B, have more propensities to form β-sheet. The two Zn2+-insulin fibrils by which the Zn2+ ions bind
to chain A, demonstrated distinct β-sheet propensity effects. Finally, the Zn2+ ions do not affect the inter-sheet distances along
the cross-β structure of insulin. This work is an essential step into understanding the initial seeding of the formation of toxic
insulin oligomers in the presence and in absence of Zn2+ ions.

A scheme of Zn2+ ions bind to various binding sites in chains A and B in insulin fibrils.
Presents here an example, in which Zn2+ binds within Glu4 in chain A insulin fibrils.
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The non-proteolytic effect of the insulin-degrading enzyme on early-stage
amyloid-β oligomers
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Alzheimer’s disease (AD) is characterized by the self-assembly of misfolded amyloid-β (Aβ) peptides to form soluble Aβ
aggregates in the brain. The early-stage Aβ oligomers are considered the most toxic species that enhance AD pathology.
Insulin-degrading enzyme (IDE) is a Zn2+-metalloprotease that degrades amyloidogenic peptides, such as insulin, Aβ and
amylin. It is proposed that the IDE may be an inhibitor for Aβ fibrillation. Extensive experimental studies have shown that
IDE binds amyloids. However, the molecular mechanisms by which IDE binds Aβ oligomers have not been investigated at the
molecular level.
Molecular Dynamic (MD) simulations were applied to investigate the effect of IDE on polymorphic Aβ dimers. The
interpeptide contacts within the primary nucleation domains of Aβ dimers, the structural characterizations and the stabilities
of the dimers were examined. It has been shown that IDE plays a role as a "dead-end" chaperone by entrapping stable and
highly populated Aβ dimers. Furthermore, in the non-proteolytic inhibitory mechanism, IDE impedes the hydrophobic
interactions between Aβ monomers within the dimers in a specific insertion of the dimer into the IDE chamber. In such cases
IDE eventually may prevent the initial nucleation stage.
This is a first study that provides essential insights into the molecular mechanisms by which IDE inhibits Aβ aggregation at
the molecular resolution. This work contributes for understanding the role of IDE in the clearance of toxic Aβ species, hence
IDE may be applied as a new therapeutic approach for AD.

A scheme of the non-proteolytic fibrillation inhibitory activity of IDE via entrapment of polymorphic Aβ dimers
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Sequence-based identification of amyloidogenic β-hairpins reveals a prostatic
acid phosphatase fragment promoting semen amyloid formation
Wolfgang Hoyer1,2, Laetitia F. Heid1, Emil Dandanell Agerschou1, Michael Wördehoff1, Melanie Schwarten2, Matthias Stoldt2
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The folding of β-hairpins has been implicated in amyloid formation, with diverse potential consequences such as promotion
or inhibition of fibril nucleation, fibril elongation, or off-pathway oligomer formation. Here, potential β-hairpin-forming
amyloidogenic segments in the human proteome were predicted with a bioinfomatics approach based on sequence similarity
with previously determined β-hairpins of amyloid-β, α-synuclein and islet amyloid polypeptide in complex with β-wrapin
proteins. Out of the large number of hits, a test set of eight protein segments were characterized in peptide format with respect
to aggregation propensity and potential to adopt β-hairpin conformation, employing, e.g., NMR spectroscopy, CD, isothermal
titration calorimetry and Thioflavin T (ThT) assays. The majority of the investigated peptides formed ThT-positive aggregates
upon incubation. NMR spectroscopy demonstrated that four of the eight tested peptides adopted β-hairpin conformation upon
interaction with β-wrapin AS10. We further analyzed amyloid formation of one of the peptides, the prostatic acid phosphate
(PAP) segment PAP(185-208). In cross-aggregation assays, PAP(185-208) triggered amyloid formation of PAP(248-286),
which is involved in functional amyloid formation in the semen. In conclusion, a large number of potential β-hairpin-forming
amyloidogenic protein segments could be identified in the human proteome with potential roles in amyloid formation.
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Amyloid β 8-20 fragment: characterization and antiaggregating properties
Stefania Zimbone1, Maria Laura Giuffrida1, Giuseppina Sabatino1, Giuseppe Di Natale1, Rita Tosto1, Danilo Milardi1, Giuseppe
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Alzheimer's disease (AD) is the most common cause of dementia, a spectrum of symptoms associated with memory loss and
other cognitive abilities seriously interfere with daily life. AD incidence in elderly people is constantly growing over years [1].
The lack of specific drugs for the treatment and/or prevention of this pathology worsens the situation and makes AD an
economic and social emergency. Oligomeric species of Amyloid-beta (Aβ), the product of the aberrant cleavage of the
Amyloid Precursor Protein (APP), is believed to play a crucial role in the onset of the pathology and is considered the main
responsible for toxicity towards neurons [2]. Several studies focus their effort on the use of compounds which target oligomeric
species to prevent Aβ aggregation and toxicity. Several peptides over the years were tested as anti-aggregating molecules,
including fragments of the primary sequence of Aβ itself to exploit the well-known auto recognition properties [3]. Here, we
tested the fragment Aβ8-20 which maintains the self-recognizing KLVFF sequence but lacks the main part of the C-terminus
and the Arg 5 and His 6 which were shown to be involved in the aggregation pathway and stabilization of the fibrillary structure
of Aβ [4]. By combining chemical and biological techniques we demonstrate that Aβ8-20 is not toxic in differentiated
neuroblastoma cell line and does not form amyloid fibrils by itself, nor undergoes random to β sheet conformational transition
typical of toxic oligomers. Moreover, we provide evidence that Aβ8-20 interacts with the 4-10 region of the Aβ1-42 hampering
the formation of toxic oligomeric species. Interestingly our results show that Aβ8-20 is able to promote the phosphorylation of
CREB, suggesting a role per sè of this Aβ fragment. Whole the results indicate Aβ8-20 as a good candidate for the treatment
of AD and give us more molecular detail on the Aβ aggregation mechanism.
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Direct disassembly of α-syn preformed fibrils into native α-syn monomer by an
all-D-peptide
Marc Sevenich1,3, Ian Gering1, Madita Vollmer1, Selma Aghabashlou Saisan1,2, Markus Tusche1, Tatsiana
Kupreichyk1,2, Thomas Pauly2, Matthias Stoldt1, Wolfgang Hoyer1,2, Antje Willuweit3,4, Janine Kutzsche1, NilsAlexander Lakomek1,2, Luitgard Nagel-Steger2, Lothar Gremer1,2, Gültekin Tamgüney1,2, Jeannine Mohrlüder1 and
Dieter Willbold 1,2,5

Here, we report the development of all-D-enantiomeric peptide ligands that bind monomeric α-syn with high affinity, thereby
stabilizing the physiological intrinsically disordered structure and preventing initiation of aggregation as well as eliminating
already existing aggregates. This mode of action, called “anti-prionic”, is depicted in fig. 1.

Fig. 1: Mechanistic model of the anti-prionic mode of action. Anti-prionic all-D- peptides are designed to stabilize monomers in their native, intrinsically
disordered conformation – symbolized by circles. This conformation is distinct from the building blocks in oligomers – symbolized by hexagons. (A) Qualitative
and schematic free energy landscape for the anti-prionic mode of action. Black line: energy landscape in absence of the “anti-prionic” all-D peptide (circle
segments). The anti-prionic all-D- peptide is lowering the free energy of the monomer (light green line), when in complex with the all-D- peptide, by the free
binding energy (blue arrow) of the complex. (B) Mechanistic model for disassembly of already existing oligomers from top to bottom: Anti-prionic all-D-peptides
– symbolized by circle segments – approach oligomers. Due to their affinity to α-syn monomers, each all-D-peptide will interact with one of the α-syn building
blocks within the oligomer assembly and thereby pushes its conformation towards the intrinsically disordered monomer conformation. Further destabilization
ultimately leads to the complete disassembly of the oligomer into monomers We called this mode of action “anti-prionic”, because it is ultimately disrupting prionlike behaving aggregates [1].

Based on mirror-image phage display on the D-enantiomeric full-length α syn target, we identified two all-D-peptides SVD-1
and SVD-1a by next generation sequencing, Thioflavin-T screens and rational design. Both compounds showed aggregation
delaying as well as seed capacity reducing effects in de novo and seeded environments, respectively. By surface plasmon
resonance, a high affinity for the monomeric α-syn was found in the picomolar KD range. Paramagnetic relaxation
enhancement-NMR measurement with spin-labeled SVD-1a, showed interaction over the whole α-syn monomer with an
emphasis on the C-terminus. Finally, SVD-1a reduced toxic effects as well as intracellular seeding capacity of preformed
fibrils (PFF) oligomers in cell culture and was able to specifically disassemble α-syn PFF oligomers into monomers as
identified by atomic forced microscopy, time dependent dynamic light scattering and size exclusion chromatography analysis.
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Aggregation of the amyloid-β (Aβ) peptide into amyloid fibrils is a central pathogenic feature in Alzheimer’s disease (AD).
Although the exact mechanisms behind this neurodegenerative disorder are not yet clear, extracellular vesicles (EVs), which
are secreted by all cells to mediate non-synaptic intercellular communication, have been identified as potential disease
modulators. Understanding how EV’s interact with Aβ and influence their aggregation may provide key knowledge of the
underlaying mechanisms behind AD and of future possible treatment strategies. We have compared the effect of EVs from
two human cell types; SH-SY5Y, representing neurons, and HEK293-T which are kidney-derived. The aggregation kinetics
of Aβ (1-42) peptides in the absence and presence of EVs were monitored using thioflavin-T fluorescence [1]. We found that
EVs from both cell types significantly slow down Aβ (1-42) aggregation in a concentration-dependent manner, suggesting
they may be neuroprotective. However, further experiments with fibril seeds revealed that EVs reduce the rate constant for
amyloid fibril elongation (k+). This resulted in the formation of very short Aβ (1-42) fibril fragments, as confirmed by atomic
force microscopy and cryo-electron microscopy. Interestingly, short amyloid fibrils have been associated with enhanced
neurotoxicity [2], and cell viability studies are therefore underway to better pinpoint the pivotal balance between
neuroprotective (aggregation inhibitory) and neurotoxic effects of EVs. Our data thus contributes to understanding the role
and impact of EVs on Aβ-mediated neurodegeneration.
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The cross-β motif, which characterizes the structure of amyloid-like assemblies formed by peptides/proteins of pathological
relevance, is also the basic element of innovative biomaterials formed by self-assembling peptides.[1] Therefore, two apparently
distant fields, such as biomedicine and material sciences, may mutually benefit from the reciprocal osmosis of structural
information.[2] In this scenario, by exploiting structural data collected on amyloid-like aggregates, we have recently generated
three-dimensional models of the cross-β spine of aggregates formed by self-assembling oligopeptides based on aromatic
residues.[3,6] In order to expand the repertoire of self-assembling peptides and to gain insights into the structural determinants
of amyloid aggregates, we surveyed the Protein Data Bank (April 2022) looking for structures stabilized by the cross-β motif.
Due to the impressive advancement of the cryo-electron microscopy technique, the structural complexity of the investigated
assemblies is greatly increased in the last lustrum.

Figure 1. The increasing molecular and structural complexity of the cross-β core of the amyloid-like structures reported in the PDB.

The classification of the interfaces that stabilize these assemblies, in terms of several structural and chemico-physical
parameters, provides interesting clues on the forces that best stabilize these structures and on mixtures of peptides that could
form cross-β aggregates of biomedical/biotechnological interest.
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approach to investigate the interactions between Aβ42 and its aggregation
inhibitors.
G. Di Natale1, R. Tosto1,2, G. Sabatino1, G. M. L. Consoli3, M. F. M. Sciacca1 and G. Pappalardo1
1

CNR, Institute of Crystallography (IC)-Catania, Via Paolo Gaifami 18, 95126, Catania
2
International PhD School of Chemical Sciences, University of Catania, V.le A. Doria 6, 95125 Catania
3
CNR, Institute of Biomolecular Chemistry (ICB), Via Paolo Gaifami 18, 95126 Catania, Italy

Neurodegenerative disorders (NDs) such as Alzheimer’s disease (AD), Parkinson’s disease (PD) and prion diseases are some
of the most common forms of age-related diseases. Even if pathogenesis of these neurodegenerative diseases remains unclear,
increasing evidence point out a common critical molecular process involving the assembly of various aggregated proteins with
a β-sheet conformation, referred to as amyloids.[1] The inhibition of this process could be a viable therapeutic strategy for the
treatment of neurodegenerative diseases. Peptide based inhibitors of β-amyloid fibrillation can prevent Aβ aggregation into
fibrils by binding the protein and are emerging as safe drug candidates as well as interesting compounds for early diagnosis of
AD.[2] Mass spectrometry can be used to obtain evidence of the interaction between Aβ42 and its aggregation inhibitors.
These interactions can alter peptide-chain flexibility affecting the cleavage of the peptide bonds by a protease. Moreover,
interactions can also occur at the peptide bonds involved in the proteolytic cleavage in turn affecting enzyme's accessibility to
the cleavage sites. Therefore, the identification of proteolysis resistant peptides fragments, by mass spectrometry, may reveal
the amino acid residues involved in the interaction of Aβ42 with specific molecules. Here we report limited proteolysis studies
using mass spectrometry techniques to investigate the interaction of Aβ42 monomer with conjugated peptides that we recently
proposed as aggregation inhibitors.[3-5] All the results observed indicate a different behaviour of the proposed molecules on
the proteolytic pattern of Aβ. Compelling evidences were observed when interactions concerned the N-terminal domain of the
protein. Understanding the effect of these interactions on the aggregation processes, at the molecular level, will enable to
outline the features of new and more effective aggregation inhibitors.
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Oxidative stress, dyshomeostasis of metal ions and α-synuclein (αSyn) should be key factors in the development of Parkinson’s
disease (PD) and α-synucleinopathies[1-3]. Metal-protein interactions play an important role in αSyn aggregation and might
represent a link between the pathological processes of protein aggregation, oxidative damage, and neural death. High Copper
concentration is detected the cerebrospinal fluid of PD patients, as well as in the Lewy bodies, the intracellular aggregates of
αSyn[2]. Lipoxidation and carbonylation have also been observed in neurodegenerative diseases. αSyn seems to induce lipid
peroxidation and, conversely, αSyn carbonylation has been found in PD. In particular, acrolein (ACR) and 4-hydroxy-nonenal
(HNE) have been reported to affect the aggregation process of αSyn [4].
The interplay between ACR, copper, and αSyn has been recently investigated[5]. Moreover, we comprehensively assessed the
interaction with αSyn ability and inhibitory properties in preventing α-Syn aggregation of a series of glyco- and dipeptideconjugates of 8-hydroxyquinoline, well-known molecules that provide neuroprotection in neurodegenerative disorders[6].
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Vascular Endothelial Growth Factor (VEGF) is a potent angiogenic factor, which is involved in a variety of physiological and
pathological processes. It plays an important role within the heart diseases and cancer, although more research is still needed.
Recent studies have uncovered a novel function of VEGF as critical regulator in enhancing hippocampus synaptic activity [1].
Moreover, abnormal levels of VEGF have been linked to Amyloid Aβ deposition in Alzheimer's disease, but the association
between endogenous VEGF and insoluble amyloid plaques is yet unknown[2]. Besides its well-known influence on brain blood
vessels, the VEGF-VEGFR2 pathway has a significant and direct impact on synapse construction and function. Here, we
employ biophysical and in vitro assays to investigate the antiamyloidogenic and neuroprotective properties of some specific
peptide sequences encompassing the N-terminal helix domain of VEGF. We describe the conformational properties of these
VEGF fragments as well as of some of their single and double mutants. The CD conformational analysis intriguingly showed
that the native VEGF fragment, stabilizes the disordered structure of Aβ 1-42, thus inhibiting the oligomerization process.
Moreover, this sequence was shown to be effective in lowering Aβ aggregation and counteracting Aβ toxicity on differentiated
neuroblastoma SH-SY5Y cells. Encouraged by these promising data and by the notion that the use of peptides as therapeutics
is associated with several advantages, among which better absorption, and fast clearance, we propose that VEGF-mimicking
peptides may represent a convenient approach to AD therapy.
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Vascular Endothelial Growth Factor (VEGF) is a potent angiogenic factor, which is involved in a variety of physiological and
pathological processes. It plays an important role within the heart diseases and cancer, although more research is still needed.
Recent studies have uncovered a novel function of VEGF as critical regulator in enhancing hippocampus synaptic activity [1].
Moreover, abnormal levels of VEGF have been linked to Amyloid Aβ deposition in Alzheimer's disease, but the association
between endogenous VEGF and insoluble amyloid plaques is yet unknown[2]. Besides its well-known influence on brain blood
vessels, the VEGF-VEGFR2 pathway has a significant and direct impact on synapse construction and function. Here, we
employ biophysical and in vitro assays to investigate the antiamyloidogenic and neuroprotective properties of some specific
peptide sequences encompassing the N-terminal helix domain of VEGF. We describe the conformational properties of these
VEGF fragments as well as of some of their single and double mutants. The CD conformational analysis intriguingly showed
that the native VEGF fragment, stabilizes the disordered structure of Aβ 1-42, thus inhibiting the oligomerization process.
Moreover, this sequence was shown to be effective in lowering Aβ aggregation and counteracting Aβ toxicity on differentiated
neuroblastoma SH-SY5Y cells. Encouraged by these promising data and by the notion that the use of peptides as therapeutics
is associated with several advantages, among which better absorption, and fast clearance, we propose that VEGF-mimicking
peptides may represent a convenient approach to AD therapy.
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The aggregation of proteins into amyloid fibers is linked to more than 40 still incurable neurodegenerative diseases such as
Alzheimer's disease, Parkinson's disease and type 2 diabetes. The process of amyloid formation is a main feature in cell
degeneration and disease pathogenesis. Many anti-amyloid molecules have been reported over the past 25 years and most of
them belong to small molecules or antibodies. So far only one anti-amyloid drug candidates (Tafamidis) which inhibits
transthyretin amyloidogenesis, and one antibody (Aducanumab) which targets aggregates of beta-amyloid peptide 1- 42 (Aβ142), have reached the clinic. Peptides are an attractive alternative to small molecules and antibodies as anti-amyloid drugs,
thanks to their improved efficacy, selectivity or specificity, and potency. However, very few of them have reached the (pre)
clinical stages, and so far, none of them has reached the clinic. Peptidomimetic foldamers, bio-inspired from the secondary
structures of amyloid proteins, offer a promising alternative to peptides because they retain the specific side chains of peptide
sequences, while having new and improved biological and pharmacokinetic properties, and the possibility to adopt secondary
structures frequently involved in protein-protein interactions. Rational design approaches to interfere with protein misfolding
and aggregation through peptidomimetic foldamers (β-strand, PPII and α-helix) are here presented. The design is based on
both self-aggregation and cross-interaction processes. These foldamers have shown a good ability in vitro to interfere with the
aggregation process of Aβ1-42 and tau, especially those with a stable secondary conformation. Circular dichroism analyses on
the conformational change of the amyloid protein in the presence of these foldamers revealed their ability to stabilize
intermediate conformations, which could be the reason for the reduced aggregation propensity and thus toxicity. These
approaches represent a practical application of peptidomimetic foldamers in therapeutics, particularly in pathologies involving
abnormal protein-protein interactions.
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Traumatic brain injury (TBI) is the leading cause of death under the age 45 in the Western World and is followed by secondary
brain damage leading to long-term consequences, such as increased prevalence of dementia, and Alzheimer’s disease (AD).
Moreover, TBIs represent a major health issue, especially for football players and soldiers who have frequent experiences of
multiple brain injuries. The main challenge in this area is the development of new diagnostic and therapeutic approaches.
Recent evidence suggests that both TBI and AD are characterised by an alteration in the microbiota-gut-brain axis that may
significantly contribute to their pathogenesis and represent the missing link to understand their association. Furthermore,
accumulating evidence in literature shows that the endocannabinoid (eCB) system with the accompanying
“endocannabinoidome” (eCBome) play a key role in numerous physiological and pathological conditions. In particular, eCB
signaling is increasingly emerging as a system of lipid mediators of the health-disease continuum. Its strong connection with
the gut microbiome has been so far suggested only in the context of inflammatory, metabolic and intestinal disorders and never
been investigated in other disorders. Therefore, the objective of the project funded by the “US Army Medical Research and
Development Command” (USAMRDC) for the Peer Reviewed Alzheimer’s Research Program (PRARP) is to investigate the
effects of a mild TBI on the subsequent development of AD-related neuropathology and cognitive impairments in an APP/PS1
mice, the role of inflammation, the potential perturbation of the gut microbiota composition and how the latter may determine
the severity of these disorders by regulating the activity of endocannabinoids and related mediators using a multidisciplinary
approach. To date, our data in control mice confirm previous studies showing that mTBI induces a characteristic dual
behavioural phenotype (aggressive/depressive) in mice, and significant impairments in the discriminative and spatial memory
tasks. Brain immunohistochemistry showed an increase of the total number, activated cell number and dystrophic number of
microglia in mTBI as compared to controls in both the cortex and hippocampus. Moreover, we analysed the eCBome in the
hippocampus and cortex of these mice through gene expression analysis by RT-PCR and targeted lipidomic analysis. Gene
expression analysis showed a significant reduction of PPAR in the hippocampus of the TBI group. The targeted lipidomics
analysis of the eCBome in the hippocampus, cortex, feces and in the intestine of sham and TBI mice reported significant
alterations. Very interestingly we have identified for the first time N-acylserotonins in the brain of mice that underwent to
significative changes after the injury. Finally, TBI led to a reduction of butyrate and acetate in feces, as assessed by NMRbased metabolomics.
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Aggregation and deposition of disease-associated protein is a pathological hallmark of several
neurodegenerative diseases, including Alzheimer’s disease (AD). AD can be characterised by the formation of amyloid-β (Aβ)
amyloid fibrils, in the extracellular and intracellular space[1]. Endocytosis is critical to the function and fate of the Aβ peptide,
and multiple entry pathways have been explored[2–4]. It has been shown that early endosomes, which are a major site of Aβ
peptide generation, are distinctly enlarged within neurons in the AD brain. This suggests an altered endocytic pathway which
could contribute to disease progression.[5] Here, we use a new palette of Aβ peptides[6], which are labelled at different surface
exposed residues, to explore how the labelling site affects aggregation propensity. This new set of labelled peptides provides
a new approach to study intraneuronal aggregation (with confocal microscopy and flow cytometry using FRET), and we can
combine this with enlarged endosomal models[7] to visualise intraneuronal aggregation events, as well as to mimic pathological
alterations relevant to AD. Studying the intraneuronal aggregation of Aβ in this way provides a deeper understanding of the
underlying causes of neurodegenerative diseases such as AD, which may subsequently provide insight into potential targets
for therapeutics.

Figure 1. Uptake of amyloid-β(1-42) in cultured MDCK li cells[7] with modified early endosomes. Plasma and early endosome membranes stained with
FM4-64, nuclei stained with Hoechst and fluorophore labelled Aβ(1-42) (HiLyte Fluor fluorophore 488) was used. White arrows indicate enlarged
early endosomes which contain Aβ(1-42).
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The Alzheimer’ disease (AD) is by far the most common cause of senile dementia affecting more than 50 million people
worldwide. It is a disorder of the central nervous system, clinically characterized by progressive loss of memory and other
cognitive skills. Despite considerable research, there is no cure for this pathology yet and available treatments are only
symptomatic.
The hallmarks of AD are the amyloid plaques, protein aggregates deposited in the brain, and neurofibrillary tangles,
intraneuronal bundles of paired abnormally phosphorylated tau proteins.19
The soluble forms of self-assembled Aβ (i.e. oligomers and protofibrils) are considered the toxic entities and any strategy able
to inhibit Aβ42 aggregation, at the very early stages, represents a valid approach to prevent neuronal degeneration [1] In such
a scenario, our research activity has been focusing over the years to synthetize supramolecular compounds based on selfrecognition motif, that can bind to the homologous sequence of Aβ. These molecules prevent the self-association and, by
exploiting the optical feature of the porphyrin macrocycles, be used as sensing molecules.[3].
In this communication, we report on the synthesis and the neuroprotective activity of a series of KLVFF-porphyrin conjugates.
The conjugation of porphyrin to peptide have been optimized with the aid of "click-chemistry” both in solution and on solid
support. This reaction allowed us to increase the product yield with respect to the previous synthetic strategy based on amide
bond formation in solution [4] Metallation of the porphyrin core provided us with additional conjugates to be investigated.
The interaction between the peptide conjugate and Aβ was studied by using an array of different biophysical techniques
including far-UV, Circular Dichroism (CD), ThT Fluorescence, MALDI-TOF-MS and SPR. We also aim at providing in vitro
experimental evidence of the ability of this novel construct to prevent the Aβ oligomer cytotoxic insult on differentiated
SHSY5Y neuronal cultures.

References
[1]M.L. Giuffrida, F. Caraci, P. De Bona, G. Pappalardo, F. Nicoletti, E. Rizzarelli, A. Copani, Rev. Neurosci. 2010, 21, 83-93.
[3] Sinopoli A., Giuffrida A., Tomasello M.F., Giuffrida M.L., Leone M., Attanasio F., Caraci F., De Bona P., Naletova I., Saviano M., Copani
A., Pappalardo G., Rizzarelli E.,ChemBioChem, 2016, 17(16), 1541-1549.
[4] Villari V., Tosto R., Di Natale G., Sinopoli A., Tomasello M., Lazzaro S., Micali N., Pappalardo G., Chem Select, 2017, 2 (28),
9122-9127.

P15
49

Silybins as multi-target proteostasis rescuers in T2DM: inhibition of IAPP
aggregation and 20S proteasome activation
A.M. Santoro1, S. García-Viñuales1, I. M. Ilie2, A. Caflisch,2G. Di Fabio3, M. Persico4, C. Fattorusso4, and D. Milardi1
1

Consiglio Nazionale delle Ricerche, Istituto di Cristallografia, 95126 Catania, Italy; 2University of Zürich, Department of Biochemistry, Zürich
CH-8057, Switzerland; 3 University of Naples Federico II, Department of Chemical Sciences, 80126 Napoli, Italy; 4Dipartimento di Farmacia

Università di Napoli “Federico II”, Via D. Montesano 49, I-80131 Napoli, Italy.

The onset of type 2 diabetes is linked to an aberrant accumulation of islet amyloid polypeptide
(IAPP) in pancreatic β-cells. Here, we have investigated the cytoprotective effect of two natural
diastereoisomers (Silybin A and Silybin B) extracted from the Silybum marianum as proteostasis
rescuers. Their ability to both interfere with the toxic self-assembly of human IAPP (hIAPP) and
stimulate the activity of the 20S proteasome, are investigated by combining in silico, biophysical,
and in vitro approaches. Silybin B suppresses amyloid formation and protects INS-1 cells from
hIAPP toxicity better than Silybin A. The greater efficacy of Silybin B can be attributed to its
interactions with specific hIAPP areas known to be involved in peptide self-assembly, such as
the S20-S29 amyloidogenic core, H18, the N-terminal domain, and N35.[1] On the contrary, Sil A,
better than Sil B, mimicks the allosteric activation mechanism used by endogenous regulatory
particles (i.e. Rpt5 by 19S), resulting in an increased proteasome activity [2]. These findings
emphasize the importance of stereospecific ligand-protein interactions in controlling amyloid
aggregation and proteasome activation phenomena and pave the way for future research aimed
at developing silybin derivatives with improved drug-like characteristics.
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The dysfunction and aggregation of tau protein is a hallmark of Alzheimer’s disease (AD) and many other tauopathies. The
advancement of the disease is marked by the systemic and well-characterized spread of pathological tau to different brain
regions. Further research is necessary to fully understand the molecular mechanisms connecting neurodegeneration and
progression of disease severity with disruptive modification to tau, resulting in the spread of the aggregated dysfunctional
protein. Given the recent finding that LRP1 receptor serves as a master regulator of tau uptake and spread [1], discovery efforts
to find small-molecule inhibitors of LRP1 could provide a therapeutic avenue toward treating AD. An initial screening
campaign utilizing a TR-FRET assay was performed to identify lead small-molecule candidates from a chemical library with
a 420K diversity. A high throughput tau uptake assay was developed to screen novel small molecule inhibitors' functionality
in preventing LPR1-tau interaction in neurons. Tau uptake was monitored using high-resolution microscopy and flow
cytometry. Leads were selected for further characterization and development based on inhibition of LRP1-mediated
endocytosis of tau. Additional bioinformatics analysis provided further mechanistic insights into the LRP1-tau interaction and
significant structural information about the critical ligand binding domain involved. Given the failure rate of Alzheimer’s
disease drug development stands at 99% [2], this research looking at a new potential drug target meets the pressing need for
novel approaches.

Figure 1: Uptake of pathogenic tau via ligand-binding domain 4 leading to the formation of neurofibrillary tangles (NFTs). Small molecule inhibitor blocking
tau uptake and progression toward neurodegenerative disease progression.
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Ubiquitin (Ub) is a 76–amino acid peptide that can be conjugated to select proteins to modulate their turnover and signalling.
A reduced Ubiquitin Proteasome System (UPS) activity has been found in patients affected by AD and many reports suggest
that the UPS malfunction plays a significant role in Aβ accumulation and, in turn, in AD progress. Given the importance of
NGF trafficking in neuronal survival some authors have tested the hypothesis that UPS activity might regulate the NGF sorting
machinery.[1]

a)

b)

c)

Figure 1. a) A β – Ubiquitin complex; b) Ubiquitin structure; c) Human Nerve growth factor

In this perspective, we investigated the interaction of Ub with amyloid β peptide and human Nerve growth factor. [2,3] We
demonstrated that Aβ40 binds Ub with a 1:1 stoichiometry and Kd in the low micromolar range, using an integrated array of
MALDI-TOF/UPLC-HRMS, fluorescence, NMR, SPR and molecular dynamics studies. We performed experiments between
ubiquitin and the full-length NGF that confirmed the existence of a copper (II)-dependent association between Ub and NGF
and indicated that the N-terminal domain of NGF was a valuable paradigm that recapitulated many traits of the full-length
protein. The non-covalent interactions between proteins and Ub may have relevant effects on the regulation of the upstream
events of the UPS and pave the way to studies addressing the role in the malfunction of proteome maintenance occurring in
neurodegeneratives diseases.
[1] HC. Tai, E. Schuman Nat. Rev. Neurosc.i 2008, 9, 826–838 https://doi.org/10.1038/nrn2499
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α-Synuclein (α-Syn) is a 140-aminoacids protein whose aggregation in neurons leads to synucleinopathies (Parkinson’s
disease). In healthy cells, α-Syn is present as unfolded monomers. Under pathological conditions, monomers misfold, forming
oligomers and fibrils characterized by β-hairpin-rich structures.[1] These aggregates play a role in neuronal toxicity and death.
To our knowledge, no current treatment can avoid neurodegeneration in synucleinopathies. Our objective is to prevent the
formation of toxic aggregates and preserve the healthy folding of the monomers. We designed β-hairpin mimics [3] based on
small peptides inspired by core sequences of α-Syn oligomers and fibrils. We were also inspired by αB-crystallin (αB-c), a
small heat-shock protein engaged in a positive cross-interaction with α-Syn to inhibit its aggregation in vitro.[2] Our
peptidomimetics were synthesized by solution and solid-phase strategies. Circular Dichroism (CD), IR, NMR, and molecular
modeling studies allowed us to elucidate the secondary structure adopted by these aggregation inhibitors candidates. Strikingly,
preliminary in vitro assays showed that compounds dramatically decreased α-Syn aggregation for more than eight days. IMSMS experiments and in cells assays are also in progress to confirm these promising data, and further and analyze compounds/αSyn interactions.

Figure 1. α-Synuclein aggregation inhibitors: design and biophysical characterization
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Inhibition of both Tau and Aβ1-42 aggregation by the rational design of βhairpin peptidomimetics
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Extracellular accumulation of β-amyloid (Aβ) plaques and intraneuronal neurofibrillary tangles of hyperphosphorylated tau
are the hallmarks of Alzheimer's disease (AD).[1] Tau is known as a microtubule (MT) associated protein, having important
roles in axonal transport and MT stabilization.[2] In pathological conditions Aβ and Tau undergo a misfolding and selfaggregation process leading to the accumulation of soluble toxic oligomers and insoluble fibrils, responsible of synaptic
disfunction and neuronal cells death. Chaperone proteins generally participate to their refolding or degradation, thereby
preventing pathological protein aggregation. However, this mechanism tends to weaken with age, thus favouring the
pathological process.
A
One approach to target tauopathies is to limit the tau aggregation process by stabilizing its monomeric state and so by
maintaining its physiological role. Peptidomimetic foldamers mimicking the secondary structures involved in protein-protein
interactions represent a pharmacologically important class of compounds to selectively modulate the aggregation process with
a greater stability against proteases in respect of their peptide counterparts.[3] We report the synthesis, conformational analysis,
and anti-aggregation activities of β-hairpin peptidomimetics, built on a piperidine–pyrrolidine semi rigid β-turn inducer [4]
bearing two small recognition peptide sequences, designed from either tau fibril structures or from tau-MT and tau-HSP90
interactions.aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
These compounds dramatically delay both tau and Aβ aggregation process and show selectivity, being not active on other
amyloid proteins, as demonstrated by thioflavin-T fluorescence spectroscopy. These results highlight common recognition
epitopes of the chaperone HSP90 for both Aβ and Tau proteins and demonstrate that basing the design on chaperone-amyloids
interactions allows to discover potent synthetic small inhibitors of amyloid proteins aggregation..
a

a

Figure 1. Tau inhibitors based on different PPIs avoid the amyloid aggregation process thus preserving the healthy neurons

a

a
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Determination of biomolecules conformational, oligomerization and metalbinding features by measuring diffusion coefficients with a common SPR
instrument
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The assessment of peptides and proteins conformations is of paramount importance in biochemistry, as the understanding of
many physiological pathways, as well as pathological processes involved in the development of “conformational diseases”,
depends very much on the actual possibility to monitor biomolecules conformations. In this work, we report a novel SPR based
experimental method, which allows to measure the diffusion coefficients of small molecules with unprecedented easiness and
precision. The method is also applied to carnosine, a dipeptide which has recently attracted much attention because of its antioxidative, anti-aggregating and enzyme activating properties.1,2 Results clearly show the capability of the new method, based
on the SPR capability to measure diffusion coefficients, to give information on carnosine oligomerization as well as metalbinding features.
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GM1 micelles delay amyloid beta aggregation by co-assembly
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Amyloid beta peptide (Aβ) is the key component of extracellular senile plaques in Alzheimer’s disease. It has been shown that
GM1 ganglioside is co-localized with Aβ in brain plaques,[1] and GM1-containing vesicles can mediate the aggregation of Aβ
in vitro.[2] Therefore, the aim of this research is to study the interaction between GM1 micelles and Aβ in vitro, to investigate
the effects of GM1 on Aβ aggregation, and the mechanism behind any effects. Firstly, an interaction between GM1 and Aβ is
manifested as a delayed Aβ aggregation and altered Aβ fibril morphology. The results of the kinetic experiment show that the
aggregation of both Aβ40 and Aβ42 is delayed at GM1/Aβ molar ratios above 80. Also, the electron microscopy images show
more twisted and thinner Aβ40 fibrils with addition of GM1. Secondly, according to the seeding experiments, the delay might
be due to the decrease of either or both the elongation and secondary nucleation rate, with the delay of secondary nucleation
being prominent at higher GM1/ Aβ ratio. Finally, the mechanism behind the retardation might involve the co-assembly of
GM1 micelles and Aβ fibrils, which is indicated by GM1 micelles decorating Aβ fibrils (shown by electron microscopy) and
co-localization of Aβ and GM1 micelles (shown by fluorescence microscopy). These results shed lights on glycolipid-peptide
interactions that may play an important role in Alzheimer pathology.
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The conformational conversion of the cellular prion protein (PrPC) into misfolded, aggregated and infectious scrapie isoform
is associated with prion disease pathology and neurodegeneration[1,2,3]. The misfolding of PrPC into the unsoluble scrapie form
(PrPSc) may occur due to genetic mutations of the PrP gene enhancing the aggregation propensity of the protein or through
infection by diseased PrPSc forms, which then act as a template for PrPC-PrPSc autocatalytic conversion[4]. Nonetheless, most
reported prionpathies are the results of spontaneous conversion of PrP C into PrPSc whose mechanism has been not yet
elucidated, despite the fact that several in vitro and computational studies suggest PrP high conformational flexibility as a
crucial factor in aggregation mechanism[5,6]. As a matter of fact, the capability of PrPC to populate partially unfolded state
(usually termed as PUFs) in equilibrium with the native state appears to be an essential step prior to convert to the β-structured
toxic oligomers and successively to the fibrillar unsoluble forms. In spite of this wealth of knowledge, a high resolution
representation of the initial stages of the conformational transition from PrP C to PrPSc is not yet available, as well as a detailed
description of the mechanistic basis of PrPC folding/misfolding mechanisms. Here, in order to understand the structural and
dynamics determinants controlling the formation of stable intermediate states involved in fibril assembly, we investigate the
conformational equilibria and the folding/misfolding processes of the human prion protein by using an integrated highresolution NMR-based approach.
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Proteins that can form amyloid fibrils have been extensively studied in the last decades, mainly due to their involvement in
prevalent diseases such as Alzheimer’s disease (AD). However, the primary focus has been on the kinetic and structural aspects
of these fibrils, while the solubility of the involved proteins remains comparatively understudied. Increased insight into the
solubility of these proteins could be important both for therapeutic and materials science aspects.[1]
Investigating the solubility of amyloid beta (whose aggregation is a major hallmark of AD[2]), however, is not easy. The high
metastability of monomers at concentrations slightly above solubility[3], prevents the classical approach of adding solute until
precipitation for solubility determination. Instead, a large excess of protein needs to be added to overcome nucleation barriers
and reach an apparent equilibrium, then solubility can be estimated by quantifying the amount of monomers in solution[1].
Unfortunately this approach also has it’s problems, such as: strong adsorption of Aβ to surfaces[5], separation of monomers
from fibrils[6] and monomer quantification[7]. To facilitate the study of amyloid solubilities and metastability, we are
evaluating different methods for reaching equilibrium, separating monomers from fibrils and quantifying those monomers.
The solubilty of Aβm1-40 has been successfully determined in our group[3] and we have preliminary results for Aβm1-42.

Figure 1: Schematic illustration of how the metastable monomer regime (red)
approaches solubility (dotted line) over time, until at infinity, it dissappears.
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Given the complexity of Alzheimer's disease (AD)[1] and the involvement of multifold factors in its progression, multitargetdirected ligands (MTDLs) approach may achieve a good therapeutic efficacy through complementary mechanisms of action.
MTDLs can be obtained by combining pharmacophores of one target ligands into a single molecule, ensuring reduced side
effects and enhanced synergistic efficacy.[2] Recently we focused our attention on different polyphenolic metabolites with
interesting pharmacological properties: silybin A and silybin B, two flavonolignans present in equimolecular mixture in milk
thistle extract, and 3-Hydroxytyrosol, a natural compound found into extra-virgin olive oil, known for its antioxidant and metal
chelating properties.

Both these natural compounds have shown beneficial effects against neurodegeneration through the inhibition of Aβ
aggregation[3,4], in particular for silybins (A and B) a careful study of the structure-activity relationship has highlighted the
crucial role of stereochemistry. In this context, we endeavored the synthesis of new 7-O-hydroxytyrosol-silybin hybrids, using
a MTDLs approach, and the evaluation of their ability to inhibit Aβ aggregation. Preliminary results showed that
hydroxytyrosol-silybin hybrids exhibit an increase in the antiaggregant activity both in water and in presence of neuronal cell
membranes with respect to the parent compounds. Further investigations aimed at evaluating the capability of these compounds
to affect some components of the proteostasis network are underway in our lab.
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Alzheimer’s Disease (AD) is the most common aging-related neurodegenerative disease, with a high impact on the world
population and dramatic social and economic consequences.
According to recently revised clinical criteria [1], AD process extends into three phases that include a preclinical stage with
normal cognition in presence of neuropathologic changes, a symptomatic pre-dementia phase (mild cognitive impairment MCI), with preserved activities of daily living (ADL) and the dementia phase, with impaired ADL.
However, very early diagnosis is not possible due to the inability of currently used biomarkers to predict and assess the duration
and the possible conversion along the clinical stages of the disease, i.e., MCI patients who progress to AD and MCI patients
that remain stable over time.
We evaluated CSF N-glycome as fingerprint of possible N-glycosylation changes processes involving secreted glycoproteins
in the brain of AD: a systematic analysis of N-glycan structures from total CSF glycoproteins in patients with AD respect to
age-matched control subjects was performed [2-3].
Subsequently, CSF from MCI patients was analyzed to determine if changes in N-glycome are already detectable in the predementia stage enabling an early detection of neurodegenerative processes.
Our findings support this hypothesys: N-glycome analysis separates MCI patients in two subgroups, called MCI1 and MCI2,
according to the mass signals intensity of a group of complex N-glycans, in particular those decorated with a bisecting Nacetylglucosamine.
N-acetylglucosaminyltransferase-III (GnT-III or Mgat3) is the sole enzyme responsible for the synthesis of bisected N-glycans;
previous findings have demonstrated an increased level of GnT-III in AD patients’ brain tissues and an impaired lysosomal
degradation of abnormally modified Beta-Secretase 1 protein (BACE-1) carrying bisecting GlcNAc, resulting in increased
production of Aβ deposits [4].
In all MCI1 subjects we detected an important up-regulation of bisected structures and high-mannose N-glycan as Man-5
respect to control samples, while MCI2 group shows a slightly reduction of those structures. Moreover, during the clinical
follow-up, all the MCI1 patients converted to AD while MCI2 subject remained stable over time.
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The natural product curcumin has gained considerable attention in recent years for its therapeutic potential in the
pathophysiology of Alzheimer’s disease (AD). In in vitro studies, curcumin has been reported to inhibit Aβ amyloid
aggregation and Aβ-induced inflammation, as well as the activities of β-secretase and acetylcholinesterase. However, its low
bioavailability as well as poor chemical stability[1] have directed over the years the research toward the synthesis of curcumin
derivatives with better drug-like properties. In this regard, we have recently investigated the anti-fibrillogenic activities of new
curcumin-like derivatives containing a phosphodiester function that connects two tyrosol units. [2] Their good stability and
interesting anti-aggregating activity, prompted us to extend the library of curcumin mimics modifying the nature of the linker
and substituents on the two aromatic rings. Here, we report in silico and biophysical studies concerning the antiamyloidogenic
potential of a variety of curcumin derivatives based on ethyl-phosphonate, diamides and methylenediphosphonate linkers that
could confer greater water solubility as well as a good ability to chelate many bio-metals involved in AD pathomechanisms.

Figure 1. Curcumin and new curcumin derivatives (EP, MD and MDP; R=H or OH or OCH 3)
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Disorder to order transition allow possible drug targeting of Aβ(1−40)
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Intrinsically disordered proteins (IDPs) lack a specific 3D shape, which determination is challenging both for experiments
and computer simulation techniques. The lack of ordered structures also make IDPs very hard to be targeted with drug
design. Fortunately, IDPs can undergo specific disorder to order transition under specific conditions. In the case of Aβ1−40,
some experimental data together with the newly developed lipid-chaperon hypothesis [1], lead us to focus on a disorder to
order transition that is strictly bound with the protein toxicity in vitro. Our hypothesis is that the transition from random coil
to alpha helix is essential to have leakage. In this framework, we applied molecular docking combined with molecular
dynamics simulations to reveal some drug molecule that could target the alpha helical structure. Furthermore, we build a
pseudo-pharmacophore model that underlies the fundamental interactions between Aβ1−40 and the drugs to efficiently bind
the protein in its alpha helical shape.
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To date there is no effective cure for Alzheimer’s disease (AD) with the only available treatments just alleviating the initial
pathological symptoms. These treatments include (i) β and γ secretase inhibitors, able to interfere with the formation of the
amyloidogenic Aβ peptide, (ii) anti-inflammatory drugs and (iii) antioxidants capable of free radical scavenging. Recently,
four anti-Aβ antibodies targeting and reducing amyloid deposits have been proposed [1]. Among them the FDA, but not the
EMA, has recently approved Aducanumab to treat AD mild cognitive impairment (MCI) or mild dementia [2].
In the early AD phase, the most used drugs generally are acetylcholinesterase (AChE) inhibitors promoting an increase of
acetylcholine levels in the synaptic junction and allowing a better cholinergic neurotransmission. Within this group of
compounds, there is the alkaloid galantamine (GAL), a naturally occurring molecule derived from the extract of
Amaryllidaceae plants and approved by FDA as Reminyl in 2001 [3, 4]. GAL is also able to inhibit Aβ aggregation in vitro,
opening perspectives about the ability of Amaryllidaceae alkaloids to work on AD pathogenesis [5].
In addition to GAL, the alkaloid lycorine (LYC) exhibited the largest AChE inhibitory activity among the components of the
Amaryllidaceae extract [6]. Co-administration of GAL and LYC to SH-SY5Y cells poisoned with Aβ peptide leads to a
reduced genotoxicity and cell death compared to the single administration [7] suggesting a synergic activity of the two
compounds. In this study the molecular interactions between each alkaloid and the pathogenetic peptide Aβ40 were
investigated by combining NMR, fluorescence and cellular studies with the aim to better understand the role of GAL and LYC
in protecting cells from Aβ toxicity. Surprisingly, our cellular results indicate that LYC, although used at lower doses, has an
activity comparable to GAL in agreement with the NMR molecular findings supporting a stronger LYC-Aβ association.
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Amyloidosis is characterized by protein misfolding and the formation of aggregates, such as the neurofibrillary tangles (NFTs)
composed of tau protein found in Alzheimer’s Disease. In the physiological state, tau is necessary for the correct function and
dynamicity of microtubules (MTs), a major component of the cytoskeleton.
Using cell-free aggregation assays, we confirmed that a pathological tau deletion at residue 280 (Tau ∆K280) strongly increases
tau aggregation. Through FDAP (Fluorescence Decay After Photoactivation) experiments in model neurons, we showed that
Tau∆K280 exhibits reduced MT binding in axon-like processes, indicating increased tau aggregation also in the cellular
context.

Model for the effect of extracellular tau on tau aggregation and microtubule function in cells.

Extracellular addition of monomeric or aggregated tau further decreased binding of Tau∆K280 to MTs, suggesting enhanced
aggregation of cellular tau.
The data show that our cell model helps to dissect the complex molecular pathogenesis of tauopathies and amyloidosis,
particularly with regard to identifying the relevant tau species involved in the initiation and propagation of tau aggregation.
References
T. Arendt et al., Brain Res. Bull. (2016), 126, 238-292.
R. Brandt and L. Bakota, J. Neurochem. (2017), 143, 409-417.

P30

64

