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Abstract

One of the hallmarks of Alzheimer’s disease is the formation of aggregates of the tau protein, a 

process that can be facilitated by the presence of fibrils formed by the Amyloid β peptide (Aβ). 

However, the mechanism that triggers tau aggregation is still a matter of debate. The effect of 

Aβ40 fibrils on the aggregation of the repeat domain of tau (TauRD) is investigated here by 

employing coarse-grained molecular dynamics simulations. The results indicate that the repeat 

domain of tau has high affinity for Aβ40 fibrils, with the 261GSTENLK267 fragment of tau driving 

TauRD towards the 16KLVFFA21 fragment in Aβ40. Monomeric Aβ40, in which the 16KLVFFA21 

fragment is rarely found in an extended conformation (as in the fibril), has low affinity for the 

TauRD, indicating that the ability of Aβ40 fibrils to bind to the TauRD depends on the 

16KLVFFA21 fragment of Aβ adopting an extended conformation.
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Introduction

The brain of patients with Alzheimer’s disease (AD)1 presents extracellular plaques formed 

by fibrils of the Amyloid β peptide (Aβ) and intracellular tangles of a different fibrillar 

material, often referred to as paired helical filaments (PHFs), formed by the tau protein2. A 

number of studies have indicated that these two events are deeply connected3-6. Unlike Aβ, 

which aggregates easily and forms fibrils both in vitro and in vivo, tau is highly soluble and 

does not aggregate normally7-8. The widely accepted “amyloid hypothesis”9 states that Aβ 
fibrils appear early in the disease, and they facilitate the aggregation of tau. According to 

this hypothesis, it is through the tau aggregates that Aβ exerts its toxicity, causing neuronal 

degeneration and death9-10.

Many studies have shown that Aβ fibrils and pre-fibrillar amyloids can facilitate tau 

aggregation3-4, 11-13. Aβ and tau can form mixed aggregates11-12, and this interaction might 

promote aggregation-prone conformations in tau. Aβ can also precipitate the formation of 

the PHFs of tau by a more complex mechanism, in which Aβ facilitates 

hyperphosphorylation of tau, which in its turn can lead to fibrillization of tau3, 11, 14. Hence, 

it is clear that interaction with Aβ can trigger aggregation of tau. However, the details of this 

interaction – critical for the design of drugs aimed to prevent it – are not well understood.

In addition, it is not clear which species of Aβ (soluble, fibrillar or pre-fibrillar) or which 

isoform (Aβ40 or Aβ42) is responsible for Aβ-induced aggregation of tau. While some 

studies have indicated that in soluble form, only Aβ42, and not Aβ40, can trigger tau 

hyperphosphorylation and aggregation14, others have shown that in their fibrillar form both 

Aβ40 or Aβ42 can produce the same effect3, 11. Intriguingly, another study has shown that 

pre-fibrillar aggregates of Aβ42, but not monomers or fibrils, can facilitate the formation of 

tau trimers that can subsequently associate into PHF13. The contradictory results regarding 

the Aβ species implicated in tau aggregation might arise from the fact that Aβ42 aggregates 

at a much faster rate than Aβ40
15. Therefore, experiments using soluble Aβ42 might have 

Aβ42 aggregates within minutes of mixing, while samples containing Aβ40 will take longer 

to develop aggregates and will contain mostly monomeric Aβ40. Another source of 

contradiction is the fact that Aβ fibrils, or smaller aggregates, prepared by different 

protocols can have different morphologies16. Hence, two different samples of Aβ42 fibrils, 

each with a particular morphology, might interact very differently with tau and produce a 

very different result. Therefore, it is important to understand the structural principles 

governing the interaction between Aβ and tau. With this goal in mind, in this article, the 

effect of Aβ40 fibrils and monomers on the aggregation of the repeat domain of tau is 

investigated using molecular dynamics (MD) simulations with the coarse-grained united-

residue (UNRES) force field17-21.

Methods

The UNRES model.

Detailed descriptions of the UNRES model and its parametrization are available in 

references 17-20, 22-23. The implementation used here to simulate multichain complexes was 

reported in reference 22. Here, for completeness, we give a short description of the model. In 
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the UNRES model,17-20, 22-23 a polypeptide chain is represented as a sequence of α-carbon 

(Cα) atoms with united peptide groups (p) located halfway between the consecutive Cα 

atoms and united side chains (SC) attached to the Cα atoms. The force field has been derived 

as the potential of mean force (PMF) of a system of polypeptide chain(s) in water, where all 

degrees of freedom except the coordinates of the Cα atoms and SC centers have been 

averaged out17, 20. The effective energy function contains local and site-site interactions, as 

well as multibody terms, which have been obtained by decomposing the PMF into factors 

corresponding to clusters of interactions within and between coarse-grained sites17. The SC-

SC interaction potentials implicitly include the contribution from solvation17, 20. The force 

field was calibrated to reproduce the structure and thermodynamics of small model 

proteins18-19, 23. In this study, the parameters derived from the study of the WW domain 

from the Formin-binding protein 28 (PDB ID: 1E0L)19 were used.

Simulation setup.

In simulations that included an Aβ40 template, the template was modeled using the 

coordinates derived by Petkova et al.24 (Fig. 1). Our previous study on this system25 showed 

that a large fibril can be mimicked by using only two layers. Therefore, the template used in 

this work consisted of two layers, resulting in a total of 4 chains. To give the template the 

stability of a long fibril, distance restraints were applied to the Cα carbons as in reference 

45. The free monomer was initially placed at a 20 Å distance from the edge of the template 

in a random coil conformation (Fig. 1). When simulations included two free monomers, the 

second monomer was placed 20 Å away from the first, and 20 Å from the template. In 

simulations that included only free monomers, the chains were initially in an extended 

conformation, parallel to each other, and separated by 20 Å distance. In all simulations the 

system was enclosed in a spherical volume, as in reference 25, the size of which was set to 

result in a concentration of 3 mM.

Molecular dynamics (MD) simulations.

Simulations were carried out using replica exchange molecular dynamics (REMD). For each 

system, a total of 120 trajectories were simulated with temperatures ranging from 280 K to 

320 K. Each trajectory was 72×105 steps long, which was equivalent to 3.6×105 UNRES 

molecular time units (mtu),26 which is approximately 17.6 μs. Based on previous 

benchmarks26, a time step of 0.05 mtu was used, with a variable-time-step algorithm27. 

Temperature exchanges were attempted every 20,000 steps. Between exchanges, the 

temperature was held constant with the Berendsen thermostat28.

When averages such as β-content, radius of gyration or number of hydrogen bonds are 

reported, they are obtained by averaging over conformations from the last 22 × 105 steps and 

using only conformations from simulations at 300 K. When the number of trajectories 

showing dimers is reported, the values are obtained using all conformations.

To calculate the fraction of trajectories that resulted in binding of the tau fragment (either 

one or several repeats) to the template, we used 3 amino acids long β-sheet as the cutoff. In 

other words, if the monomer formed a β-sheet with the template that was at least 3-amino 

acids long, then it was considered to be bound to the template.
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The binding propensity of Tau3RD and Tau4RD along the Aβ40 sequence, which are shown 

in Figure 2a, have been averaged over all the chains (i.e, divided by 4). This was done 

because for some trajectories, the tau fragment binds across the surface of the template, and 

often to the same region of Aβ40 (as in Fig. 2b), resulting in double counting of the binding 

at that region. Therefore, to obtain a measure of binding propensity that was independent of 

the number of exposed chains, the results were averaged over all the chains in the template.

Results and Discussion

Six different tau isoforms exist29-30 in the human brain. The longest tau isoform, htau40, is 

441 residues long (Fig. 3a). The C-terminal half of tau contains what is known as the repeat 

domain (Fig. 3b). Three of the six tau isoforms contain four repeats (R1 to R4), but the other 

three contain only three of the repeats (R1, R3 and R4). Both three- and four-repeat isoforms 

are found in tau filaments from AD brains31. The repeat domain of tau (TauRD) forms the 

core of tau fibrils32 and promotes β-sheet formation33-36. Therefore, we focused our study 

on this region, more specifically on the three-repeat (Tau3RD) and the four-repeat (Tau4RD) 

tau fragments (Fig. 3c). For this purpose, we carried out MD simulations of a 4-chains (2 

layers) Aβ40 template24 interacting with Tau3RD or Tau4RD (Fig. 1).

Results show that Tau3RD and Tau4RD have high affinity for the Aβ40 template.

The tau monomer forms hydrogen bonds with the template in 69% of Tau4RD trajectories 

and in 67% of Tau3RD ones. By tracking the regions of Aβ40 participated in the hydrogen 

bonds formed with Tau3RD or Tau4RD, and averaging over the four chains in the template, 

a binding propensity along the Aβ40 sequence was calculated (Fig. 2a). The results show 

that the residues in Aβ40 responsible for the binding to Tau3RD and Tau4RD are primarily 

residues along the N-terminal half of Aβ40 (see Fig. 2a and 2b), with the highest binding 

propensity seen along the KLVFFA fragment (residues 16-21) of Aβ40.

In order to describe, in detail, the pathway along which the tau monomer binds to the fibril 

template, we built the free-energy landscape (FEL) along the principal components (PCs) 

(Fig. 4) obtained from principal component analysis (PCA) of a representative trajectory. 

PCs typically capture most of the total displacement from the average protein structure with 

the first few PCs during a simulation37-39. It appears that, at an early stage in the trajectory, 

the GSTENLK fragment of Tau4RD (residues 18-24 of the R1 repeat) drives the tau protein 

towards the KLVFFA fragment (residues 16-21) of one of the Aβ40 chains, and binds this 

fragment forming a β-sheet (representative structures of minima 2-6). The R2, R3 and R4 

repeats do not interact with the Aβ40 template during this time interval. Only after finishing 

formation of the β-strand and binding of the R1 repeat with the Aβ40 template, does the R4 

repeat start moving towards the second semifilament of the Aβ40 template, and the 

GSLDNIT fragment (residues 19-25 of R4 repeat) binds to the KLVFFA fragment of one of 

the chains with anti-parallel orientation and forms a β-strand (see representative structures of 

minima 7-9 in Fig. 4 and Fig. 2b). The highest affinity is seen along a region of Aβ40 

containing the KLVFFA sequence (Fig. 2a). Interestingly, the KLVFFA fragment has been 

shown to be critical for the formation of Aβ fibrils40-41; it is also capable of forming 
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amyloid fibrils by itself and to sequester small compounds into these fibrils42. Our 

simulations show that this same region is critical for interaction with Tau3RD and Tau4RD.

It is interesting to note that Tau4RD and Tau3RD show a considerable amount of α-helical 

structure throughout the simulations (see representative structures of minima in Fig. 4). 

These helices are quite flexible and often unfold or convert into β-sheets. However, it is 

evident that the presence of the Aβ40 template can offset the β-sheet-to-α-helix balance in 

the tau fragments by stabilizing β-sheets with the template.

Tau3RD and Tau4RD exhibit higher β-sheet content in the presence of the Aβ40 template.

To further understand the effect of the Aβ40 template on the secondary structure of the tau 

fragments, simulations of Tau3RD or Tau4RD, without the Aβ40 template, were carried out, 

and compared with those with the Aβ40 template. These comparisons show that the Aβ40 

template promotes conformations with higher β content along Tau3RD and Tau4RD (Fig. 5). 

The increase in β content is primarily due to β-sheets between Aβ40 and the R1 or R4 

repeats of tau. This can be seen when evaluating the probability of each residue on the tau 

repeat to form a hydrogen bond with the Aβ40 template (Fig. 6, top and middle panels). 

Areas with higher probabilities (i.e., areas that often form hydrogen bonds with the Aβ40 

template) are those that are frequently involved in β sheets with the Aβ40 template. 

Therefore, our simulations indicate that binding occurs more often through hydrogen bonds 

involving residues along repeats R1 and R4 (Fig. 6, top and middle panels).

Interactions between tau repeats hinder their ability to bind to the Aβ40 template.

The lower tendency of repeats R2 and R3 to form hydrogen bonds with the Aβ peptides 

could be due to their sequence having low affinity with Aβ or to interactions between the 

repeats (R2 and R3 with each other or with the other repeats) competing with the tau-Aβ 
interactions. To investigate this question, simulations of each of the repeats (R1, R2, R3 or 

R4) interacting with an Aβ template were carried out. The tendency of each of the repeats to 

form hydrogen bonds with the template is shown in Fig. 6, bottom panel. These results 

indicate that, when the other repeats are absent, each of the four repeats has similar affinity 

with the peptides in the Aβ40 template. Moreover, their tendency to form hydrogen bonds 

with the template is higher when they interact with the template by themselves than when 

the other repeats are also present (Fig. 6). Therefore, interactions between the repeats must 

be hindering binding to Aβ. Indeed, the fragment 306VQIVYK311, the regions with the 

highest β-structure potential in tau33, is often seen forming a β-hairpin in our simulations 

(Fig. S1a-c). This β-hairpin is present in simulations of monomers, as well as in simulations 

with the template, and it forms in early stage of the simulations (Fig. S2 and S3), indicating 

that its formation and stabilization is due to intramolecular contacts and does not depend on 

interactions with the Aβ40 template. This suggests that the presence of the β-hairpin might 

hamper the ability of the regions involved in it to bind to the Aβ40 template.

The presence of the Aβ40 template does not facilitate dimerization of TauRD.

The fact that, upon interacting with the Aβ template, Tau3RD and Tau4RD show an increase 

in their β-sheet content suggest that the presence of Aβ might make tau more prone to 

aggregation. To investigate this, MD simulations of dimers of Tau3RD or Tau4RD with or 
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without an Aβ template were carried out. The MD simulations were partitioned into twelve 

consecutive intervals, and the average number of trajectories in which a β-sheet had formed 

between the TauRD monomers were calculated. The results show different behaviors for 

Tau3RD and Tau4RD. Consistent with aggregation experiments8, Tau4RD shows a higher 

tendency to form homodimers than Tau3RD (Fig. 7). Contrary to our expectations, the 

presence of the template does not seem to affect the formation of dimers by Tau3RD or 

Tau4RD (Fig. 7).

Although our simulations do not show a higher rate of dimerization in the presence of the 

Aβ template, it is possible that this is an effect that cannot be observed within the time scale 

of our simulations, or that it cannot be seen on the Tau3RD or Tau4RD fragments, but that 

the complete tau protein needs to be simulated. Another possibility is that a larger number of 

monomers need to attach to the Aβ template for aggregation to be observed. It should also 

be mentioned that the only experimental evidence of Aβ alone been capable of triggering tau 

aggregation is a study where tau peptides were subjected to several rounds of incubation 

with decreasing levels of Aβ aggregates before the presence of tau trimers (not PHFs) was 

detected13. Therefore, it is possible that the increase in β-sheet content on tau observed in 

our simulations (Fig. 5) might result, after hours of incubation and several remixing steps, in 

tau oligomerization. Aβ-induced aggregation of tau was also studied through MD 

simulations by Qi et al.43. Their simulations indicated that an Aβ42 template causes Tau3RD 

and Tau4RD fragments to adopt more extended conformations, which would presumably 

facilitate their assembly into fibrils. This “stretching-and-packing”43 mechanism was 

reflected in their simulations in higher radii of gyration when the fragments interacted with 

the Aβ42 template, i.e., the presence of the template caused the tau fragments to stretch out. 

Our simulations did not show this effect. While the radii of gyration that we obtain (Fig. S4) 

are more consistent with a disordered peptide44, we do not see any significant difference 

between the simulations of a free monomer and those of a monomer and a template. The 

discrepancies between our results and those of Qi et al.43 might be attributed to differences 

in the force fields or effective simulation times, but they can also arise from the fact that our 

simulations were carried out with an Aβ40 template instead of Aβ42.

TauRD’s binding affinity to Aβ40 is largely reduced when Aβ40 is a non-aggregated form.

Many experimental studies have indicated that Aβ42, but not Aβ40, can induce tau 

aggregation14, 45. However, these studies often use the Aβ peptides in a non-aggregated 

state14. Because Aβ42 aggregates at a faster rate than Aβ40, the studies might be evaluating 

the effect of different aggregation states. This possibility was pointed out in a study by Rank 

et al11, where the authors found that soluble Aβ42, but not Aβ40, could form mixed 

aggregates with tau. However, if pre-aggregated Aβ40 was used, the effect on tau 

aggregation was similar to that of non-aggregated Aβ42.

To see if, as in Rank et al.11 experiments, the ability of Aβ40 to bind to Tau3RD and 

Tau4RD fragments was only seen when Aβ40 was in the fibrillar conformation, simulations 

in which the tau fragments interacted with an Aβ40 monomer (i.e. non-aggregated) were 

carried out. The number of hydrogen bonds formed between the Tau4RD or Tau3RD 

fragments and the Aβ40 monomer (Fig. 8a) is considerably lower than it was for the Aβ40 
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template (Fig. 2a). This indicates that Tau4RD and Tau3RD have little affinity for non-

aggregated Aβ40. Similar simulations carried out with Aβ42 show that TauRD’s affinity for 

Aβ42 monomers is also low (Fig. S5). Taken together, our results indicate that neither Aβ40 

or Aβ42 monomers can form aggregates in complex with tau. Most likely, when the mix 

contains Aβ42, tau binds to the Aβ42 that has already started to form aggregates.

When Aβ40 and Tau4RD, or Tau3RD, do form dimers, it is mostly through intermolecular β-

sheets involving residues along the C-terminal portion of Aβ40 (Fig. 8a). The reason for 

Tau4RD and Tau3RD associating with the C-terminal half of Aβ40, instead of the N-terminal 

half [as was the case with the Aβ40 template (Fig. 2a)], can be found in the secondary 

structure of the Aβ40 monomers. The 16KLVFFA21 region of Aβ40, which in the fibril is part 

of the N-terminal β-strand, and that so efficiently attracts Tau4RD and Tau3RD (Fig. 2a), is 

more often found in an α-helical conformation in the monomeric state (Fig. 8b). Due to this 

change in secondary structure, the tau fragments bind to the C-terminal strand instead, which 

is found in a β-sheet conformation most of the time (see example in Fig. 8c), but to which 

they seem to have lower affinity. Hence, Aβ40 or Aβ42 monomers are rarely found in 

complex with Tau3RD or Tau4RD. As an illustrative example, we built the FEL along the 

principal components for one of the MD trajectories to describe, in detail, the pathway along 

which the TauRD and Aβ40 monomers form heterodimers (Fig. 9). It should be noted that 

for this trajectory, after certain time, the 16KLVFFA21 fragment loses the helical secondary 

structure (representative structure of minimum 6) and adopts the β-stand conformation 

(representative structure of minimum 7), however the dimer does not change the 

conformation (Fig. 9).

Conclusions

To summarize, MD trajectories generated with the UNRES force field were used to study the 

effect of Aβ40 fibrils on the aggregation of Tau4RD and Tau3RD, two fragments from the 

repeat domain of the tau protein. Our results indicate that both Tau3RD and Tau4RD have 

higher affinity for the Aβ40 template than for themselves. Aβ40 fibrils act as sticky surfaces 

onto which the tau fragments easily bind forming intermolecular β-sheets. More importantly, 

the affinity between Aβ and the tau fragments was not observed when Aβ40 or Aβ42 were in 

a non-aggregated form. Put together, these findings might explain why soluble Aβ42, but not 

Aβ40, can trigger tau aggregation11, 14. The difference might simply be caused by the fact 

that Aβ42 aggregates at a much faster rate than Aβ40, and the experiments are comparing the 

binding of tau to β-rich aggregates of Aβ42 with its binding to monomeric Aβ40. The results 

also suggest that other Aβ40 fibril polymorphs may sequester Tau3RD and Tau4RD, as long 

as the 16KLVFFA21 fragment of Aβ40 adopts an extended conformation.

Certain limitations of our model deserve some attention. For example, inspection of the 

different trajectories shows that two chains of Tau4RD or Tau 3RD can form hydrogen 

bonds with the Aβ40 template simultaneously, one on each side of it, and still interact with 

each other. This is something that could not happen on real fibrils, with typical lengths of at 

least tens of nm46. However, this could happen with pre-fibrillar aggregates that exhibit 

spherical or disk-shaped morphology47-48. NMR and deuterium exchange data indicate that 

these aggregates have abundant β-sheet conformation, with the C-terminal region buried in 
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the interior of the structure, and the N-terminal region more exposed to solvent47-48. 

Therefore, the propensity of tau fragments to bind to the N-terminal region of Aβ, when this 

region is in an extended conformation, indicates that the tau fragments could have high 

affinity for Aβ’s pre-fibrillar aggregates, and thus the aggregates might also be able to trap 

monomeric tau, preventing it from performing its function, and stabilizing its β-sheet 

content. Moreover, due to the spherical morphology of the aggregates, and because they are 

formed by as little as 10 Aβ chains46-47, several tau fragments could bind to each Aβ 
aggregate and interact with each other, which might eventually facilitate oligomerization.

Our MD simulations also indicate that the tau fragments have affinity for extended 

conformations, and thus they might be prone to interacting with other amyloids. Indeed, 

oligomeric α-synuclein, another protein known to form amyloid fibrils, can also induce tau 

aggregation13. This suggests that Aβ and α-synuclein might not be the only amyloidogenic 

proteins capable of facilitating tau aggregation
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Figure 1: 
Simulation Setup. A two-layers (4 chains) fibril, based on the model of Petkova et al24 for 

Aβ40 fibrils, was used as a template to simulate the interaction between an Aβ40 fibril and 

the repeat fragment from tau protein. The N-terminal and C-terminal strands of the Aβ40 are 

colored in blue and red, respectively. Distance restraints were used to stabilize the template, 

but no restraints were applied on the monomer. The monomer was initially placed at a 20 Å 

distance from the template in a completely unfolded conformation. The tau fragment (green 

color) was either Tau3RD, Tau4RD, R1, R2, R3 or R4.
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Figure 2. 
Simulations of Tau3RD or Tau4RD and an Aβ40 fibril template. (a) The probability for each 

residue in the Aβ peptides of forming a hydrogen bond with any of the residues in the Tau 

monomer. The two regions along the Aβ peptides that adopt a β-sheet conformation are 

shaded in pink. Hydrogen bonding occurs mainly along the N-terminal strand of the Aβ 
peptides. The region with the highest probability, residues 16-21, is indicated by a horizontal 

black line, as well as the sequence along this fragment. (b) Representative snapshot showing 

the binding of Tau4RD and the Aβ40 template (gray). Different colors are used for each of 
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the tau repeats: R1 in blue, R2 in yellow, R3 in green and R4 in red. A purple box indicates 

the KLVFFA fragment on Aβ40.
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Figure 3. 
(a) Representation of the longest tau isoform, htau40, showing the location of the repeat 

domain (R1 to R4). (b) The sequence of each of the four repeats, R1, R2, R3 and R4. The 

two fragments known to form fibrils by themselves34, 36 and to be crucial for tau 

fibrillization35 are shown in black. (c) Composition of Tau3RD and Tau4RD fragments.
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Figure 4. 
Free-energy landscape (in kcal/mol) along the first two PCs, μ (PC1, PC2) = - kBT ln P 

(PC1, PC2), with representative structures at the minima (labeled 1 to 9) for the trajectory of 

tau protein binding to the Aβ40 template.
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Figure 5: 
The β-sheet content (in %) of Tau3RD and Tau4RD fragments in the absence (red) or 

presence (blue) of the Aβ40 template. The errors were obtained from fluctuations between 

the different trajectories.
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Figure 6. 
The probability for each residue in Tau3RD (top), Tau4RD (middle), or any of the repeats 

independently (bottom), of forming a hydrogen bond with any of the residues from the Aβ 
chains. The results from simulations of each of the repeats independently are shown next to 

each other to facilitate comparison with the upper panels. The regions corresponding to each 

of the repeats is indicated by different background colors, pink (R1), green (R2), blue (R3) 

and purple (R4). Numbering of residues corresponds to the longest Tau isoform, with 

R1=244-274, R2=275-305, R3=306-336 and R3=337-368. For top plot (Tau3RD), the region 

corresponding to the second repeat is empty because this region does not exist in Tau3RD.
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Figure 7: 
The effect of the Aβ40 template on dimer formation by Tau3RD or Tau4RD. The trajectories 

were divided into 12 equal intervals, and the fraction of trajectories in which an 

intermolecular β-sheet was formed between the two tau monomers (either Tau3RD or 

Tau4RD) is shown at each interval. Values are shown for Tau4RD in the absence (yellow) or 

presence (blue) of the template and for Tau3RD in the absence (black) or presence (red) of 

the template.
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Figure 8. 
Simulations of dimerization between Aβ40 and TauRD (a) The probability that each of the 

residues along the Aβ40 sequence would have formed a hydrogen bond with any of the 

residues in Tau4RD (blue) or Tau3RD (red). The regions that in the fibrils are in a β-strand 

conformation are shaded in pink. (b) β-sheet and α-helix content for along the Aβ40 

sequence. (c) Example of a dimer formed between Tau4RD (orange) and Aβ40 (purple) 

illustrating the higher tendency to form hydrogen bonds along the C-terminal region of 

Aβ40.
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Figure 9. 
Free-energy landscape (in kcal/mol) along the first two PCs with representative structures at 

the minima (labeled 1 to 7) for the trajectory of tau protein binding to the Aβ40 monomer.
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