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Amyloid fibril formation is an intrinsic property of short peptides, non-disease proteins and proteins associated neurodegenerative diseases. Aggregates of the Aβ and tau proteins, the α-synuclein protein, and the prion protein are observed in the brain of Alzheimer's, Parkinson's and prion disease patients, respectively. Due to the transient short-range and long-range interactions of all species and their high aggregation propensities, the conformational ensemble of these devastating proteins, the exception being for the monomeric prion protein, remains elusive by standard structural biology methods in bulk solution and in lipid membranes. To overcome these limitations, an increasing number of simulations using different sampling methods and protein models have been performed. In this article, we first review our main contributions to the field of amyloid protein simulations aimed at understanding the early aggregation steps of short linear amyloid peptides, the conformational ensemble of the Aβ40/42 dimers in bulk solution, and the stability of Aβ aggregates in lipid membrane models. Then we focus on our studies on the interactions of amyloid peptides/inhibitors to prevent aggregation, and long amyloid sequences, including new results on a monomeric tau construct.

Introduction

Aβ, tau, α-synuclein and prion protein misfolding and aggregation in the central nervous system lead to three neurodegenerative diseases in elderly, Alzheimer's, Parkinson's and prion diseases (1-3). The senile extracellular Alzheimer's disease plaques between neurons contain Aβ42 and Aβ40 peptides, Aβ42 being more toxic than Aβ40, with Aβ sequence consisting of a charged hydrophilic N-terminus (residues 1-16), the central hydrophobic core (CHC, residues 17-21), a charged region (residues [START_REF] Lasagna-Reeves | Preparation and characterization of neurotoxic tau oligomers[END_REF][START_REF] Fusco | Structural basis of membrane disruption and cellular toxicity by αsynuclein oligomers[END_REF][START_REF] Graen | Transient Secondary and Tertiary Structure Formation Kinetics in the Intrinsically Disordered State of α-Synuclein from Atomistic Simulations[END_REF][START_REF] Nguyen | Structures of the intrinsically disordered Aβ, tau and αsynuclein proteins in aqueous solution from computer simulations[END_REF][START_REF] Santini | Pathway complexity of Alzheimer's betaamyloid Abeta16-22 peptide assembly[END_REF][START_REF] Santini | In silico assembly of Alzheimer's Abeta16-22 peptide into beta-sheets[END_REF][START_REF] Wei | Sampling the self-assembly pathways of KFFE hexamers[END_REF][START_REF] Melquiond | Following the aggregation of amyloid-forming peptides by computer simulations[END_REF] and a hydrophobic Cterminus (residues 30-40/42). The Aβ peptides result from the proteolytic cleavage of the transmembrane amyloid precursor protein (APP) by secretases (2). The senile intracellular Alzheimer's disease filaments in neurons are made of hyperphosphorylated tau proteins of 441 residues consisting of a charged N-terminal (residues 1-207), a proline-rich region, a microtubule-binding domain of four repeats spanning residues 244-368, and a C-terminal region (4). The α-synuclein protein has a membrane-binding domain (residues 1-66), a hydrophobic region spanning residues 67-96, and a highly charged C-terminal (residues 97-140) implicated in calcium binding and in protein-protein interactions at the surface of synaptic vesicles (1, 5). In contrast to the monomeric disordered Aβ, tau and α-synuclein structures, the monomeric prion structure obtained by nuclear magnetic resonance (NMR) using solution full-length and C-terminal domain from both mouse and Syrian hamster prion reveals an unstructured N-terminal fragment ) and a C-terminal globular domain (125-228) with three α-helices and a short antiparallel β-sheet between helices 1 and 2 (6). Despite low sequence identity, the four proteins aggregate over time to amyloid fibrils with a common cross-β structure (7-10).

Aggregation is a non-equilibrium process where the amyloid proteins form fibrils with sigmoidal kinetics profiles in which the proteins self-assemble (lag-phase) prior to fibril elongation (growth phase), followed by a plateau where the fibrils and free monomers are in equilibrium (saturation phase) (7, 11). The lag phase time of fibrillation and the fibril growth time vary with amino acid length, mutation, temperature, pH, concentration, agitation, shear forces, metal ions, crowding, and the presence of lipids such as cholesterol [START_REF] Meisl | Kinetic Analysis of Amyloid Formation[END_REF][START_REF] Buttstedt | Different morphology of amyloid fibrils originating from agitated and non-agitated conditions[END_REF][START_REF] Luo | Macromolecular crowding favors the fibrillization of β2-microglobulin by accelerating the nucleation step and inhibiting fibril disassembly[END_REF][START_REF] Xu | Intrinsic determinants of Aβ(12-24) pH-dependent self-assembly revealed by combined computational and experimental studies[END_REF][START_REF] Habchi | Cholesterol Catalyses Aβ42 Aggregation through a Heterogeneous Nucleation Pathway in the Presence of Lipid Membranes[END_REF]. Of note, in vitro aggregation of full-length tau requires the addition of heparin due to the highly charged N-and C-terminal regions and is impacted by the pattern of hyperphosphorylation (16).

The molecular mechanisms involved in amyloid fibril formation are well described by primary nucleation, (fragmentation and surface-catalyzed) secondary nucleation, and elongation. It is now possible to determine the rate constants of each of these microscopic processes operating at multiple time-scales by fitting the solutions of non-linear chemical master equations to the experimental aggregation curves (11, 15). Such a knowledge is essential to design molecular inhibitors that target selectively mature amyloid fibrils or intermediate oligomeric species and interfere with the desired microscopic aggregation step.

Interestingly, the Aβ, tau and α-synuclein proteins have hydrophobic aggregation-prone regions which by themselves form amyloid fibrils in vitro, e.g., the CHC consisting of 17 LVFFA 21 and the C-terminus 37 GGVIA 42 in Aβ, the PH6 and PH6* motifs consisting of PHF6*: 275 VQIINK 280 and PHF6: 306 VQIVYK 311 in tau, and the NAC region in α-synuclein (17-19). These fragments have therefore represented ideal models for understanding amyloid fibril formation by computational studies (20, 21).

It has also been demonstrated that the early formed aggregates of Aβ, tau and α-synuclein are toxic [START_REF] Hardy | The Amyloid Hypothesis of Alzheimer's Disease: Progress and Problems on the Road to Therapeutics[END_REF][START_REF] Lasagna-Reeves | Preparation and characterization of neurotoxic tau oligomers[END_REF][START_REF] Fusco | Structural basis of membrane disruption and cellular toxicity by αsynuclein oligomers[END_REF]. This finding has also motivated many computational studies to disclose the structures of the oligomeric species in various environments. This is a challenge computationally due to the size and heterogeneity of the conformational ensemble to be explored and the need of accurate force fields to model intrinsically disordered proteins (24, 25). The next sections review our main contributions to the field of amyloid protein simulations. We also present new results of the application of the PEP-FOLD framework on a monomer of tau construct.

Early aggregation steps of short linear amyloid peptides in bulk solution

To accelerate aggregation, all simulations use a peptide concentration of mM, namely three and six orders of magnitude higher than in vitro and in vivo conditions, respectively. Various oligomers of the Aβ16-22, Aβ37-42, Aβ25-35, Aβ11-25, KFFE, GNNQQNQ and NNQQ from yeast protein Sup35, NFGAIL and SNNFGAILSS from islet amyloid polypeptide (IAPP), and NHVTLSQ from β2-microglobulin peptides (Table 1) were explored by coarse-grain (OPEP) and atomistic simulations, based on molecular dynamics (MD), Monte Carlo (MC), the Activation-Relaxation Technique (ART), standard replica exchange MD (REMD) and replica exchange with solute tempering (REST2) . OPEP, which consists of an all-atom representation of the backbone, one bead per side-chain, the exception being proline, and an implicit solvent model, was parametrized on well-folded peptides and proteins (47-52). ART accelerates the search of lowest-energy microstates by finding repeatedly activated mechanisms that connect minima via first-order saddle-points and accepting/rejecting them by the Metropolis criterion (53-55).

Independently of the protein (coarse-grain or atomistic) and solvent (implicit or explicit) representation and the amino acid sequence, self-assembly of up to 20 peptides starts by a hydrophobic collapse and the formation of disordered oligomers, which involve in time to transient β-rich aggregates (35-37). These heterogeneous β-rich assemblies can have various sheet-to-sheet pairing angles ranging from in parallel to perpendicular, and form open and closed β-barrels (28-30, 37, 39, 42). Of note, these topologies have been observed in vitro by X-ray crystallography of macrocyclic β-sheet mimics (56) and designed amyloid peptides (57). For all peptides, however, the free energy landscape is dominated by amorphous aggregates [START_REF] Mo | Structural diversity of the soluble trimers of the human amylin(20-29) peptide revealed by molecular dynamics simulations[END_REF][START_REF] Nasica-Labouze | A multiscale approach to characterize the early aggregation steps of the amyloid-forming peptide GNNQQNY from the yeast prion sup-35[END_REF][START_REF] Lu | Structural, thermodynamical, and dynamical properties of oligomers formed by the amyloid NNQQ peptide: insights from coarse-grained simulations[END_REF]. Our studies, as other computational studies [START_REF] Matthes | An Atomistic View of Amyloidogenic Self-assembly: Structure and Dynamics of Heterogeneous Conformational States in the Pre-nucleation Phase[END_REF][START_REF] Levine | Simulations of disordered proteins and systems with conformational heterogeneity[END_REF] highlight the impact of the monomeric amyloid-competent state, which corresponds to an extended conformation for short amyloid sequences, on (i) the kinetics of aggregation, e.g., the association/dissociation times of all oligomers and the conversion time between architectures, and (ii) on the thermodynamics of aggregation, such as the population of the substates having different β-strand mismatch (mixed parallel/antiparallel β-strands), βsheet sizes and topologies [START_REF] Santini | In silico assembly of Alzheimer's Abeta16-22 peptide into beta-sheets[END_REF][START_REF] Lu | Thermodynamics and dynamics of amyloid peptide oligomerization are sequence dependent[END_REF]. The simulations also emphasize a complex free energy landscape with βrich oligomers having in-register and out-of-register conformations and the existence of many kinetic traps 

It is not yet understood which recent modern force field is the most appropriate for describing the aggregation pathways and the equilibrium ensemble of intrinsically disordered proteins (33, 62-66).

Similarly, the nucleus size (N*) for primary nucleation, corresponding to the highest free energy aggregate from which fibrils can grow, remains elusive, simulations predicting N* between 5 and 40 [START_REF] Nasica-Labouze | Amyloid beta Protein and Alzheimer's Disease: When Computer Simulations Complement Experimental Studies[END_REF][START_REF] Baftizadeh | Nucleation process of a fibril precursor in the C-terminal segment of amyloid-β[END_REF][START_REF] Šarić | Kinetics of spontaneous filament nucleation via oligomers: Insights from theory and simulation[END_REF][START_REF] Lee | Mechanisms and rates of nucleation of amyloid fibrils[END_REF][START_REF] Nguyen | Understanding amyloid fibril nucleation and aβ oligomer/drug interactions from computer simulations[END_REF][START_REF] Tran | Lattice model for amyloid peptides: OPEP force field parametrization and applications to the nucleus size of Alzheimer's peptides[END_REF][START_REF] Chiricotto | Coarsegrained and all-atom simulations towards the early and late steps of amyloid fibril formation[END_REF][START_REF] Sterpone | Multiscale simulations of biological systems using the OPEP coarse-grained model[END_REF]). Yet, this knowledge is important as nucleation seed size determines amyloid clearance and establishes a barrier to prion appearance in yeast (75). Another important issue, when performing coarse-grained simulations with an implicit solvent representation, is that exchange of momenta between the peptide's particles and the solvent and solvent mediated correlations are ignored. In this context, we coupled Lattice-Boltzmann MD simulation, which includes naturally hydrodynamics interactions, to the CG OPEP model [START_REF] Sterpone | Protein Simulations in Fluids: Coupling the OPEP Coarse-Grained Force Field with Hydrodynamics[END_REF][START_REF] Chiricotto | Multiscale simulation of molecular processes in cellular environments[END_REF] and performed simulations of Aβ16-22 peptides in bulk solution (78-80). Two main results are important. For a system of 100 peptides, hydrodynamics interactions augment the oligomer size of the first two clusters and the exchange of peptides compared to the results of standard Langevin dynamics (78). For a system of 1000 peptides at a concentration of 60mM, we can follow the formation and growth of a large elongated oligomer and its slow β-sheet structuring resulting from the fusion and dissociation of small disordered aggregates. Many mechanisms are observed from elongation to surface-catalyzed effect, and in particular the lateral growth mechanism on the surface of prefibrillar states, which is sustained by long-range hydrodynamics correlations, and allows the formation of large branched structures consisting of 600 peptides, spanning a few tens of nanometers and hosting annular pores of dimensions 3-5 nm (79, 80). This computational simulation at a quasi-atomistic representation of a system of unprecedented size, previous simulations exploring at most 125 peptides with very few degrees of freedom, illustrates the critical contribution of secondary nucleation to amyloid aggregation kinetics. It is interesting that amyloid plaques with annular pores have been evidenced by electron microscopy and antibodies in the brain of Alzheimer's disease patients (81). Of note our early phase of aggregation would approach the second time scale at nM (in vivo) concentrations.

Dimeric Aβ40/42 states in bulk solution

The wild-type (WT) Aβ40/42 dimers, known to be structurally heterogeneous by experiments, are of high interest as they are the smallest species to lead to tau hyperphosphorylation and neuritic degeneration, and their levels have been found to increase sharply and correlate with plaque load in brain tissue of Alzheimer's disease patients (82). Experiments have shown that the English (H6R) familial Alzheimer disease mutation, the Tottori (D7N) mutation, the Flemish (A21G) mutation and the Iowa (D23N) mutation speed up the fibril formation process of both Aβ40 and Aβ42 peptides in vitro and increase toxicity to cells (21). In contrast, the engineered disulfide-bond-locked double (S8C) mutant has been shown to form an exclusive homogeneous and neurotoxic dimer (83). Mutations at position 2 have dramatic impact on AD risk; A2V is causative, A2T is protective. The A2V mutation enhances aggregation kinetics while the A2T mutation only retards amyloid fibril by increasing the lag phase time. Interestingly the mixture of WT and A2V also retards fibril formation and protects against Alzheimer's disease (84-86).

The Aβ40 and Aβ42 alloforms were subject to atomistic REMD in explicit solvent (87, 88). Using several force fields, the equilibrium configurations are found disordered, with cross-collision sections, hydrodynamics radii, and SAXS profiles of the ensembles independent of the force field. Intramolecular βhairpins spanning residues 17-21 and 30-36 are however observed with a population varying from 1.5 to 13% according to the force field. The ensemble of both alloforms is stabilized by nonspecific interactions with many hydrophobic residues exposed to solvent, explaining therefore their propensity to be toxic at the dimeric level. Simulations also reveal that the Aβ42 dimer has a higher propensity than the Aβ40 dimer to form β-strands at the CHC and at the C-terminal (residues 30-40), consistent with other computational studies (89,90). The dimers have no defined interfaces, and the random organization with transient secondary structures is substantially preferred over two chains with β-hairpin and fibril-like conformations (88). The formation and the transition between the two latter β-rich dimers have also been discussed by other studies (91, 92).

Using atomistic simulations, the dimers of S8C and WT Aβ42 have the same secondary structures and cross-collision sections. Upon S8C mutation, the lifetime of the intramolecular three-stranded spanning residues 17-21, 30-36, and 39-41 is increased by a factor of 3. This single common structural feature shared by both species, which does not exist in the Aβ40 WT dimers, is likely to contribute to Aβ42 toxicity (93). The H6R, D7N, A21G, D23N mutations change the population of β-strand at the CHC region and at the Cterminus, and impact the population of intramolecular and intermolecular salt bridges involving E22, D23 and K28 by reducing the formation time of the loop region for a fibril-like conformation. We also find, consistent with experimental studies, that these mutations produce different effects on Aβ dimer depending on whether they occur in Aβ40 or Aβ42 (90, 94-96).

Comparing atomistic REMD simulations of WT, WT-A2V and A2V-A2V Aβ40 dimers, we find that upon single mutation, the intrinsic disorder and the intermolecular potential energies are reduced and the population of intramolecular three-stranded β-sheets is increased (97). A reduced intrinsic disorder upon A2V mutation was already discussed for the Aβ28 monomer (98). Analyzing REMD simulations of WT-A2T Aβ40 dimer (99), we provide evidence that the retard in the lag phase time of fibrillation results from an increase of intrapeptide stability over interpeptide stability in the heterozygous dimers. This finding was further corroborated by other simulations of A2T and A2V Aβ42 dimers (100, 101). Investigating the local structure and dynamics of hydration, it was also found that the survival probability of order water molecules decays more rapidly for the Aβ N-terminus AD causative (A2V, H6R, D7N and D7H) mutants than the A2T protective mutant (102).

4.Oligomeric states of Aβ in lipid membrane models

Interactions of amyloid oligomers with cell membranes are believed to contribute to toxicity. On one hand, the membrane can trigger amyloid fibril formation at a lower peptide concentration (103, 104). On the other hand, accumulation of oligomers on the membrane surface can impart inequal stress on bilayer, extract lipids into and contribute to the formation of stable phospholipids/oligomers complexes or create pores transporting Ca 2+ ions through the membrane (105-110). Due to structural heterogeneity of the oligomers, many pores of various inner diameters made of different number of Aβ subunits have been modelled based on atomic force microscopy images and MD simulations (110).

Based on size exclusion chromatography, transmission electron microscopy, circular dichroism and NMR information on the structural environment experienced by the Q15, N27 and M35 side chains (111), we recently modeled a tetrameric β-barrel consisting of two distinct β-hairpins, with an assymetric arrangement of eight antiparallel β-strands and an inner pore diameter pore of 0.7 nm for both alloforms of Aβ (112).

Using extensive atomistic REMD simulations, we found that this barrel exists transiently for Aβ42 and not for Aβ40 within a dipalmitoylphosphatidylcholine (DDPC) lipid bilayer membrane and this may explain the higher toxicity effect of Aβ42 than its Aβ40 counterpart (112). The same simulations indicate that the lower and higher induced toxicity of the A2T and D23N mutants cannot be correlated to their tetrameric β-barrel pore-forming probabilities at least in a DDPC membrane environment (113), but addition of cholesterol in the membrane composition could make a difference (114). As the structures of amyloid oligomers inserted into a membrane remain elusive, we explored the stability of Aβ11-42 trimers with parallel (U-shape fibril) and antiparallel (β-hairpin) β-sheet structures in a DPPC membrane. Our REMD simulations strongly suggest that these two assemblies represent minimal seeds or nuclei for the formation of amyloid fibrils, a variety of β-barrel pores and various aggregates for Aβ sequences (115). Apart from β-barrel pores, α-helical pores are also possible (107, 116). The equilibrium structures are in all cases dependent, however, on the lipid composition (117). For instance, it is known that the omega-3 polyunsaturated fatty acid slows the progression of Alzheimer's disease, while its omega-6 counterpart is linked to increased risk. We showed by MD simulations that variation in the abundance of the 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), omega-3 and omega-6 modulates the conformational ensemble of the Aβ29-42 dimer (118).

Study of inhibitors/Aβ amyloid oligomers

Understanding the mechanistic determinants of Aβ amyloid-inhibitor interaction is continuously pursued to develop more efficient drugs (70). A plethora of inhibitors aimed at targeting either oligomers, the secondary nucleation or fibril elongation have been tested in bulk solution and in vivo (119). We performed numerous simulations to study the detailed interactions of Aβ fragments, Aβ40 and Aβ42 oligomers with a large set of inhibitors including N-methylated peptide, EGCG, curcumin, resveratrol, 1,4-naphthoquinon-2-yl-L-tryptophan (NQ-Trp), astaxanthin and betanin (120-127). We have shown, as other computational studies (128-130), that there are many binding sites with small occupancies and contact surfaces. Even with a binding pocket, there are multiple binding modes, demonstrating the transient character of Aβ oligomers/inhibitors interactions in bulk solution. This is consistent with the absence of non-specific interactions as evidenced by NMR and the low affinity of drugs for Aβ monomers and small oligomers (131) .

Besides small molecules, carbon nanoparticles such as fullerene and carbon nanotubes can also impede the fibrillation of Aβ and β2m proteins (132, 133). In this context, we have shown by atomistic REMD simulations that carbon nanotubes impact both the primary and secondary nucleation mechanism by destabilizing β-rich oligomers and fibril assemblies for both the Aβ16-22 and Aβ25-35 peptides (134, 135).

Several reasons have been put forward to explain the repetitive failures of small drugs and antibodies targeting Aβ oligomers (131).

As the lipid membrane can catalyze the formation of toxic amyloid intermediates, the interplay between amyloid oligomers, inhibitors and the lipid membrane should also be considered more systematically (136, 137). Similarly, clinical trials might consider a synergy of multiple drugs targeting Aβ and tau along with the use of laser or bubble cavitation techniques to destabilize amyloid aggregates (138-141).

Long amyloid constructs

The conformational ensemble of several monomeric prion fragments has been explored by coarsegrained OPEP Monte Carlo (48), and atomistic MD and REMD simulations. The CG simulations on PrP(143-158), starting from random states, showed that this fragment forms helix by itself consistent with experiments (142) . In contrast, the fragment PrP(128-164) was found to code either for an alpha/β topology, as found in the NMR structure of recombinant full-length PrP, or a β-hairpin spanning residues 142-167, as found by NMR for PrP(142-167) (142). Using atomistic MD, we showed that the helix H1 (residues 143-158) is rather stable upon P102L, M129V and G131V mutation and deletion of the residues coding the first or the second β-strand (143, 144); using REMD simulations, we found an intermediate state characterized by a significant detachment of helix H1 from PrP-core (145), consistent with other studies (146), which forms very easily for the E211D mutation by standard MD simulations (147). This is of interest as mutation at position 211 drives a switch between Creutzfeldt-Jakob disease (CJD) and Gerstmann-Sträussler Scheinker syndrome (147). Apart from the implication of H1 detachment in the early steps of aggregation, we found that the CJD-causing T183A mutation accelerates the conversion of the helix H2 into β-sheets in the monomer and dimer of PrP (148).

In comparison to the Aβ protein, the number of computational studies on alpha-synuclein monomer and long tau constructs is very small. We recently performed atomistic REMD simulations on the tau R3-R4 domain (residues 306-378) starting from the fibril topology (149). Note that the cryo-electron microscopy of full-length tau fibril in the brain of an individual with Alzheimer's disease reveals a R3-R4 domain with a Cshaped topology of eight β-sheets, while the rest of the protein is flexible (9). We found that the WT R3-R4 dimer populates elongated, U-shaped, V-shaped and globular topologies rather than C-shaped forms. MD simulations revealed that upon phosphorylation of Ser356 (pSer356) there is a substantial decrease of intermediates near the fibril like conformers compared to its WT counterpart (149). This result explains why WT K18 develops seeding activity more rapidly than pSer356 K18 (150).

Recently, we applied the chain-growth PEP-FOLD approach, developed for ab initio structure prediction of well-folded proteins (151-155) and protein-peptide complexes (156) to the monomeric αsynuclein protein (25). As expected from experiments, the α-synuclein monomer was found highly dynamic (Rg distribution varying 1.5 nm and 2.5 nm) and without any well-defined structure (65% of turn/coil). We observed however a high propensity of broken helices in the N-terminus consistent with α-synuclein's membrane binding properties (25) . monomer, the R3-R4 domain being known to be the core of the amyloid fibril. As seen on the free energy landscape, there are no dominant structures, the Rg distribution varying between 1.2 and 2.0 nm and the Cα end-to-end distance between 0.5 and 5.0 nm (Figure 1). Yet, β-strands signals are detected by the structural alphabet profile along the sequence, and regions with a β-strand propensity of more than 0.2 encompass residues 306-315, 317-321, 329-332, 335-345, 349-354, 361-364 and 367-378 (Figure 2). It is interesting that these regions fit well the β-strands observed in the fibril that encompass residues 306-311, 313-322, 327-331, 336-341, 343-347, 349-354, 356-363 and 368-378 (9). Most of structures are however devoid of βsheets and are random coil with some helical content (Figures 1A-1C), and a few structures have the propensity to form a double U-shape free of intramolecular H-bonds (Figure 1D). Overall, we do not find any evidence of a fibril-like conformation encoded in the dimeric ensemble.

Conclusions

We have reviewed our contributions to the field of amyloid simulations. Conformational ensembles of amyloid monomer and oligomers have been addressed from bulk solution, membrane environment to complexes with different classes of inhibitors. Improved coarse-grained and atomistic force fields should tell us more about the link between oligomers and toxicity. This requires however to mimic in vivo conditions such as crowding, and lipids, and to play with aging parameters such as variation of the fluid flow in the brain extracellular space (157, 158).
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 1 Figure 1. PEP-FOLD free energy landscape (in Kcal/mol) of the tau (306-378) monomer projected on the radius of gyration and the end-to-end distance. The N-terminus is denoted by a sphere, and the C-terminus by a square.
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 2 Figure 2: Structural alphabet profile predicted for tau-306-378. Green tones correspond to extended conformations, red tones to helical conformations and blue one to coil regions. Extended regions. Each column corresponds to a fragment of 4 amino-acids (first column corresponds to VQIV, last column corresponds to KLTF).

Table 1 .

 1 Summary of the different amyloid systems studied.

	Applications 1	Sampling	Force Field	Ref.
	Aggregation of short linear peptides	ART 2	OPEP	26-32
		MD 3	OPEP, all-atom 33-37
		REMD 4	all-atom	38-40
			OPEP	41-46
		REST2 5	all-atom	42
	Nucleation sizes of Aβ16-22 and Aβ37-42	REMC	on-lattice OPEP 71-73
	Impact of hydrodynamics on early			
	aggregation steps	LBMD	OPEP	78,79
	Aβ40 WT, Aβ42 WT dimers	REMD	all-atom	87,88
	Aβ40 WT, Aβ42 WT, D23N monomers and dimers ART, REMD	OPEP	89,90
	Aβ16-35 monomer and dimer	REMD	OPEP	92
	Aβ42 (S8C) dimers	REMD	all-atom	93
	Aβ42 H6R, D7N dimers	MD	all-atom	94-96
	Aβ42 A2T, A2V dimers	REMD	all-atom	97,99
	Aβ1-28 WT and A2V monomers	REMD	all-atom	98
	Trimeric Aβ11-42 structures in DPPC membrane	REMD	all-atom	115
	Tetrameric Aβ40, Aβ42 WT, D23N, A2T β-barrels			
	and Aβ helix bundles in DPPC lipid membrane	REMD	all-atom	112,113,116
	Aβ29-42 dimer with membranes containing			
	omega-3 and omega-6 fatty acids	MD	all-atom	118
	Aβ1-28 / NQ-Trp	REMD	all-atom	124,125
	Aβ16-22 oligomers/N-methylated inhibitor	MD	OPEP	120
	Aβ17-42 trimers / small molecule inhibitors	REMD	all-atom	121
	Aβ40/42 dimers / small molecule inhibitors	MD, REMD	all-atom	122,123,127
	Aβ16-22, Aβ25-35 oligomers / carbon nanotubes MD, REMD	all-atom	134,135
	prion (127-164) monomer	MC	OPEP	142
	prion WT monomer	MD	all-atom	143,144,147
		REMD	all-atom	145
	prion (125-228) dimer	MD	OPEP	148
	Dimeric tau (306-378) construct			
	and phosphorylation	REMD, MD	all-atom	149
	α-synuclein monomer	PEP-FOLD	OPEP	25
	Monomeric tau (306-378)	PEP-FOLD	this work	
	-			
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