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Abbreviations and Textual Footnotes 

 

1 Abbreviations: PD, Parkinson’s Disease; huAS(wt), human wild type alpha-

synuclein; huAS(A53T), human alpha synuclein carrying the A53T mutation; 

mAS(wt), mouse alpha synuclein; NMR, nuclear magnetic resonance; NAC, non-

amyloid component region; CD, circular dichroism; FRET, fluorescence resonance 

energy transfer; SMF, single molecule force spectroscopy; MD, molecular dynamics; 

SASA, solvent-accessible surface area. 

2 MD studies of the protein in micelles point to a lower degree of flexibility of 

huAS(A53T) with respect to the huAS(wt) (39). MD studies of the protein in lipid 

bilayer provide also interesting insights on the wild type structures, suggesting in 

particular that the truncated protein  (residues 1–95) forms a bent helix due to its 

collective motions (40), and that the truncated fragment (residues 31−52) assumes a 

high degree of conformational disorder (41). 

3 NMR has provided insights of the protein in the solid state at 263 K (42). mAS(wt) 

was found to lose transient contacts C/NAC and C/N-terminal contacts. The N-

terminal domain was more rigid and the NAC region more solvent exposed relative to 

that of huAS(wt).  
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Abstract  

A subset of familial Parkinson’s Disease (PD) cases is associated with the presence of 

disease-causing point mutations in human α-synuclein (huAS(wt)), including 

A53T. Surprisingly, the human neurotoxic aminoacid 53T is present in non-

primate, wild-type sequences of α-synucleins, including that expressed by mice 

 (mAS(wt)). Since huAS(A53T) causes neurodegeneration when expressed in 

rodents,  the aminoacid changes between the wild-type human protein 

(huAS(wt)) and mAS(wt) might act as intramolecular suppressors of A53T 

toxicity in the mouse protein, restoring its physiological structure and function. 

The lack of structural information for mAS(wt) in aqueous solution has 

prompted us to carry out a comparative molecular dynamics study of 

huAS(wt), huAS(A53T) and mAS(wt) in water at 300 K. The calculations are 

based on an ensemble of NMR-derived huAS(wt) structures. huAS(A53T) 

turns out to be more flexible and less compact than huAS(wt). Its central 

(NAC) region, involved in the fibril formation of the protein, is more solvent-

exposed than that of the wild-type protein, in agreement with NMR data. The 

compactness of mAS(wt) is similar to that of the human protein. In addition, its 

NAC region is less solvent-exposed and more rigid than that of huAS(A53T). 

All of these facets may be caused by an increase of intramolecular interactions 

on passing from huAS(A53T) to mAS(wt). We conclude that the presence of 

‘compensatory replacements’ in the mouse protein causes a significant change 

of the protein relative to huAS(A53T), restoring features not too dissimilar to 

those of the human protein. 
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Parkinson’s disease (PD) is a neurodegenerative disease affecting about five million 

people worldwide (1). In post-mortem brains of sporadic PD patients, proteinaceous 

fibrillar aggregates, called Lewy bodies, represent the neuropathological hallmark of 

the disease. The major components of Lewy bodies are fibrils of human α-synuclein 

(huAS(wt)) (2) whose function is not fully elucidated (3). 

 

HuAS(wt) exists both in cytosol and bound to the membrane (4). Whilst it assumes a 

partially helical conformation in micelles (5), NMR (6-8), electron and fluorescence 

microscopy (9) and circular dichroism (CD) (10-12) showed that huAS(wt) is a 

naturally unfolded protein in aqueous solution (Figure 1b) where it may establish long 

range interactions. In vitro and in vivo huAS(wt) fibrillates forming a heterogeneous 

set of amyloid-like filaments and oligomers that are intimately involved in 

pathogenesis (10, 13).  

 

HuAS(wt) features three domains (Figure 1a): The N-terminal (aminoacids 1-60) 

amphipathic domain contains four 11-residue imperfect repeats. The (61-95) 

hydrophobic domain contains two additional repeats and the amyloidogenic NAC 

(Non Amyloid- Component) region. The hydrophobic residues 71-82 of this region 

are involved in the conversion into fibrillar species (14, 15). Indeed, fluorimetry, 

electron microscopy, immuno-electron microscopy and circular dichroism 

spectroscopy (15-18) have shown that these residues  are crucial for fibril formation. 

In addition, deletion of residues 76 and 77 strongly impairs aggregation (18). 

 

The SNCA gene coding for AS (19) has been found mutated in rare familial cases of 

PD. Together with pathological duplications, three point mutations, A30P (20), E46K 
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(21) and A53T (22), have been identified. Interestingly, the latter two fibrillate in 

vitro faster than huAS(wt) (23, 24), whilst huAS(A30P) fibrillates slower (23). In the 

resulting fibrils, the C-terminal domain of huAS(A53T) is more compact than that of 

huAS(wt), as revealed by solid-state NMR spectroscopy as well as electron and 

atomic force microscopy (23, 25-26). 

 

A30P and E46K mutations involve conserved aminoacids across all species as 

expected for a disease-provoking mutation (Figure S1). Instead, A53 is not 

evolutionary conserved (22). Intriguingly, in non-Primate mammals, A is replaced by 

T, that is the familial mutation in PD. 53T is accompanied by as many as six other 

substitutions in mouse and rat, seven in horse. Because huAS(A53T) causes 

neurodegeneration when expressed in rodents (19, 27-32), some of the additional 

substitutions (S87N, L100M, N103G, A107Y, D121G and N122S in Figure 1a) might 

have a compensatory effect on A53T, restoring its physiological behavior. Such 

behavior might arise from several factors. These might include changes of post-

translation modifications, such as the loss of phosphorylation at position 87 (33) 

caused by S87N mutation. Indeed, S87 phosphorylation occurs in vivo within Lewy 

bodies. It is increased in brains of transgenic (TG) models of synucleinopathies and 

human post-mortem brains from several neurodegenerative diseases but not from 

normal controls (33). This compensatory behavior could also arise, at least in part, 

from changes in structural features of the protein. These changes are the focus of the 

present studies. 

 

So far biophysical methods have provided important insights on the differences 

between the wild-type protein and the A53T variants. 
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A53T causes a detachment in the NAC region in the phospholipid-bound form, which 

then becomes solvent-exposed (34). Furthermore, it causes an overall increase in 

extended structure in aqueous solution relative to the wild-type protein (35). As 

observed by NMR (36), FRET (37) and SMF (38) experiments, long-range 

interactions present in huAS(wt) are lost. Finally, the overall flexibility of the protein 

increases (36). It is thus clear that A53T affects huAS(wt) structure and plasticity both 

in solution and when bound to the phospholipids (35, 36)2. Therefore, one might 

expect that ‘compensatory’ changes in the mouse a-synuclein (mAS(wt)) primary 

sequence restore the physiological structure and plasticity of huAS(wt) in presence of 

53T. Unfortunately, the lack of structural information of mAS(wt) in water solution 

and/or anchored to the membrane3, has so far not answered the key question: does 

mAS(wt) share structural determinants with huAS(wt) whilst differing significantly 

from the disease-linked variant? 

 

To explore the structural role of the compensatory aminoacid changes in mice, we 

perform a comparative sub-microsecond molecular dynamics (MD) simulation study 

of huAS(wt), huAS(A53T) and mAS(wt). We focus on the protein in aqueous 

solution because the detailed NMR-derived structures of huAS(wt) have been 

determined (6, 8). These are here used as a starting point for this work. The study is 

carried out therefore in aqueous solution at 300 K. It covers overall a sub-

microsecond timescale and takes advantage of the so-called chirality index analysis. 

This allows detecting secondary structure motifs and protein backbone flexibility, as 

shown already for the prion protein (43, 44).  

We first investigate the structural determinants of huAS(wt) and huAS(A53T) 

proving that our calculations based on Amber99SB force field reproduces the 
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experimental structural information obtained by SMF and NMR. We then take 

advantage of the same computational protocol to identify the structure and 

conformational fluctuations of mAS(wt) unveiling the role of the ‘compensatory‘ 

aminoacid substitutions from human to the mouse protein to suppress the neurotoxic 

effect of the A53T mutation (Figure 1a).  

 

 

 

 

Methods 

 

We clustered the huAS(wt) ensemble obtained by NMR data using the algorithm from 

(45), with a cutoff of 22 Å. This cutoff corresponds to the maximum of the Gaussian-

like shape of the Cα carbons RMSD (root mean square distance) distribution, 

calculated over each pair combination of conformations. In this way, we obtained 23 

clusters. The first six of them, covering 73% of the conformations, were selected. The 

former have population 0.4, 0.12, 0.07, 0.06, 0.04 and 0.04. Six huAS(A53T) 

conformers were constructed by replacing A53 with T and, in the case of mAS(wt), 

also S87 with N, L100 with M, N103 with G, A107 with Y, D121 with G and N122 

with S, in the six representatives of huAS(wt). The Swiss-PdbViewer program was 

used (46). The 18 systems were inserted in a water box. The size of the water box was 

chosen in order to have a minimum distance of 10 Å between any atom and the edge 

of the box. The number of added water molecules varied largely (between ~25000 

and ~60000), according to the compactness of the structure. 9, 9 and 8 Na+ 
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counterions were added to neutralize the huAS(wt), huAS(A53T) and mAS(wt) 

systems, respectively.  

 

The AMBER ff99SB (47), the Aaqvist (48) and the TIP3P (49) force fields were used 

for the protein, the sodium ions and water, respectively. Periodic boundary conditions 

were applied. Electrostatic interactions were calculated using the Particle Mesh Ewald 

method (50). The time-step was set to 2 fs. The SHAKE algorithm (51) was applied to 

fix all bond lengths. A cutoff distance of 10 Å was used for electrostatic and van der 

Waals interactions. Room conditions (T = 300 K and P = 1,013 bar) were achieved by 

coupling the systems with a Langevin thermostat (52) with a coupling coefficient of 5 

ps, and a Nosé-Hoover Langevin barostat (53) with an oscillation period of 200 fs and 

the damping timescale of 100 fs. 40 ns of MD for each of the six clusters were carried 

out for huAS(wt), huAS(A53T) and mAS(wt) for a total of 0.72 μs using the NAMD 

2.7 package (54).  

 

Several properties were calculated on the equilibrated MD structures (see SI for 

details): (i) The normalized average Cα-Cα contact maps. (ii) The normalized aromatic 

stacking maps, defined in terms of Y/F rings’ centers of mass distances and the angle 

formed by the two vectors along the C2 axis of the F/Y benzyl moieties. (iii) Salt-

bridges, which are assumed to exist if the distance between the R-NH3
+ groups of 

Lysines and R-COO- groups of Glutamates and Aspartates is less than 3.5 Å. (iv) The 

average gyration radius, which is calculated as in ref. (55). (v) The CD spectrum, 

which is calculated using the DichroCalc program suite (56) considering the semi-

empirical parameters of (57). It is averaged according to the population of huAS(wt) 

representative clusters (58). It is reported for all the representative clusters in 
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huAS(A53T) and mAS because for the latter the contribution of each representative to 

the contribution of the ensemble of structures of the proteins are not known, in 

contrast to that of HuAS(wt).  (vi) The intensity ratios for huAS(wt). These are the  

ratios of crosspeak intensities in the spectra of the oxidized and reduced states of the 

spin-label MTSL as a function of residue number. They have been measured for 

selected cysteine mutants, namely 24, 42, 62, 87 and 103. These were calculated 

using the formula of ref. (59). (vii) The solvent exposure of the NAC domain in terms 

of the solvent accessible surface area (SASA), calculated as in (60). (viii) The 

backbone local flexibility content, which is calculated based on the so-called chirality 

index per residue G and its standard deviations (σG) (43, 61-62). An increase of σG 

indicates increased flexibility (44). (ix) The normalized correlation functions for pairs 

of residues undergoing substitutions. These involve different residues or the same 

residue, e.g. A53T-S87N, A53T-A53T). They were calculated as a function of time 

based on the chirality indexes. As usual, full correlation occurs when the function is 

equal to 1. A decrease of this value points to a decreased correlation. From those we 

obtain the 1/t quantity defined in the Results Section. 

 

Results 

Six representatives (1-6) (Figure 1b) of huAS(wt) NMR structures were investigated 

with Amber99SB force field based-MD simulations. These representatives were 

extracted by cluster analysis (45) from the ensemble of 4,000 structures revealed by 

NMR spectroscopy (8). They represent 73% of conformations. They have been 

previously used to investigate the binding of dopamine and dopamine derivatives to 

huAS(wt) (63, 64). Overall, calculations are carried out for 0.24 microseconds. As 

shown in Table 1, the calculated average gyration radii for 1 to 6 were respectively 
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25, 28, 27, 38, 21 and 43 Å. These are similar to those of initial NMR structures 

(Table 1). Contact maps are presented in Figure 2a. These results are consistent with 

NMR data that identified compact and unordered conformations with average 

gyration radii values of 24.7 Å and 41.9 Å (6, 8).  

According to our calculations, conformers are classified in three classes (Figure 1c). 

One class, derived from conformers 1 and 5, includes conformations with long-range 

packing. The second class, derived from conformers 2, 4 and 6, are random coil. The 

last class, derived from conformer 3, features β-like structures. The presence of these 

classes is fully consistent with evidence from single molecule force spectroscopy 

(SMF) experiments (65).  

Contact maps identified N-terminal/C-terminal and NAC/C-terminal long-range 

interactions. Contacts were present for residues 60-80 with 120-140, as well as for the 

80-90 domain with the 120-140 region (Figure 2a). This result is consistent with 

NMR data (6, 8) as well as with OPLS-based MD simulations starting from the 

completely stretched structure of the protein (66).  

We calculated the CD spectrum (Figure S2). This reproduces the one obtained 

experimentally (11, 12) and indicates a large presence of random coil structure. 

Finally, we calculated the so called ‘intensity ratios’ (8, 59) (Figure S3 in 

Supplementary Material).  These are the ratios of crosspeak intensities in the spectra 

of the oxidized and reduced states of the spin-label MTSL as a function of residue 

number. They have been measured for cysteine mutations of residues 24, 42, 62, 87 

and 103 (8). The calculated values are in good agreement with the experimental data 

(8) (See Caption of Fig. S3 for more details). 
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We then compare our computational predictions on huAS(wt) with those on 

huAS(A53T). To this purpose we took advantage of available SMF and NMR 

experimental data for the human mutant protein.  

First, the N-terminal/C-terminal and NAC/C-terminal long-range interactions present 

in huAS(A53T) are lost. The average gyration radii of most conformers are larger 

than the corresponding ones in huAS(wt), pointing to an overall decrease of 

compactness (Table 1). This is also observed by visual inspection of the structure 

Figure 1b). These results are consistent with NMR data, which showed the absence of 

long-range contacts in huAS(A53T) and the presence of a rather extended structure 

(35, 36). These findings are also consistent with SMF experiments, which 

demonstrated that huAS(A53T) exhibits a limited mechanical resistance to unfolding 

(38). Interestingly, the calculated solvent accessible surface area (SASA) of the NAC 

region is larger than in huAS(wt) (Figure 2b). This finding is also consistent with 

NMR data (36). Finally, the overall flexibility of the mutant (especially in its NAC 

region) is larger than that of huAS(wt), as shown by the calculation of the standard 

deviation of the chirality index (σG in Figure 3, see SI for details) and by NMR data 

(36). In our calculations, the increase in SASA and the flexibility of the NAC region 

in huAS(A53T) is caused by the loss of NAC/C-terminal interactions (Figure 2b) that 

shield and render more rigid the NAC region of huAS(wt). 

 

We thus conclude that our simulation protocol reproduces all known structure and 

plasticity properties of huAS(wt) and huAS(A53T).  

We then apply the same computational set up to analyze mAS(wt). This features the 

A53T along with the S87N, L100M, N103G, A107Y, D121G and N122S 

substitutions.  
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As shown in Figure 2 c), mAS(wt)  adopts two separately packed domains, the N- and 

the C-terminal cores. As a result, the compactness of the structure is not too dissimilar 

from that of huAS(wt), as shown by the calculation of the gyration radii (Table 1) and 

of the contact maps (Figure 2a)3. The C-terminal and, more strongly, the N-terminal 

cores are stabilized by intradomain salt bridges (Table S2). The SASA of the NAC 

region is smaller than that of huAS(A53T) (Figure 2b). 

Interestingly, the flexibility of mAS(wt) (and in particular of the NAC region) is 

comparable to that of huAS(wt) and smaller than that of huAS(A53T) (Figure 3). The 

smaller flexibility of the C-terminal relative to huAS(A53T) is likely to be caused by 

intramolecular interactions that are not present in huAS(A53T) (Figure 2a). These 

include: (i) the π-stacking interactions between the aromatic rings of Y133 and Y136 

(Figure S4); (ii) the N87-E83 H-bond, which bridges the NAC region to the upstream 

region of the C-terminal domain (Figure 2a).  

Insights on the flexibility of the residues undergoing substitutions are obtained from 

an analysis of the correlation functions among the backbone atoms of these residues. 

These functions represent the correlation between the instantaneous chirality of 

different residues. Figure S5 shows an example of those.  Constant values of such 

correlation indicate low relative flexibility (see Methods). Within a certain timescale 

τ, this function will vary by 100% of its initial value. We may say then that the 

original correlation is then practically lost. We therefore use the reciprocal of this 

quantity (1/τ) as another index for flexibility that can change the local chirality (Table 

2).  

 

The 1/τ values are larger for the disease-linked variant than those of the other two 

proteins. This points to a larger flexibility of the residue undergoing substitutions in 
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huAS(A53T). A consistent picture is obtained by analyzing the flexibility indexes 

previously defined in terms of standard deviations of chirality indexes (Tables S3-S5). 

Furthermore the residues undergoing substitutions in the C-terminal of huAS(wt) and 

huAS(A53T) are more flexible than those of mAS(wt). The chirality indexes analysis 

provides consistent results also in this case (Table S3-S5). 

 

 

Discussion 

 

The dominant mutation huAS(A53T) is responsible for a subset of familial cases of 

PD. The structural features of this protein have been extensively studied to better 

understand the structural bases of neurotoxicity. In this context, NMR data as well as 

SMF experiments have provided important descriptions of differences and 

commonalities with huAS(wt). Surprisingly, while the overexpression of 

huAS(A53T) in mouse may induce neurodegeneration, mAS(wt) presents an A53T 

substitution, similar to the pathogenic mutation in humans. It was therefore important 

to study the role of the six additional aminoacid changes between mouse and human 

primary sequences on mAS(wt) structure to identify potential intramolecolar 

suppressors of A53T toxicity. 

Unfortunately, the lack of structural information of mAS(wt) in water solution and/or 

anchored to the membrane2, has so far hampered to address this study. 

Here we report a computational protocol that accurately predicts structural and 

plasticity properties for huAS(wt) and huAS(A53T) recapitulating NMR and SMF 

experimental data. To this purpose, we take advantage of the chirality index (43, 44). 

We then use this computational set up to predict structure and flexibility of mAS(wt).  



 14

 

Our calculations show that the presence of compensatory aminoacid substitutions in 

mAS(wt) does restore key structural aspects of huAS(wt). In particular, a variety of 

intramolecular interactions allow the NAC region of mAS(wt) to be significantly 

more compact and less flexible than in huAS(A53T). In this context,  the formation of 

the N87-E83 H-bond, which bridges the NAC region to the upstream region of the C-

terminal domain (Figure 2a) is especially relevant. Indeed S87 in huAS(wt) and in 

huAS(A53T) forms this H-bond neither with E83, nor with any other residues of the 

protein.  

It is also interesting to note that E83 was previously shown to be essential in the 

ability of dopamine to inhibit huAS(wt) fibril formation  (63). We conclude that the 

presence of ‘compensatory replacements’ in the mouse protein causes a rather 

dramatic change of structure and plasticity of the protein, restoring structural features 

not too dissimilar from those of huAS(wt). Future experiments in vivo and in vitro 

should address the role of S87N substitution as an intramolecular suppressor of A53T 

toxicity. 
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Table 1. Gyration radii (Å) for the six MD ensemble of huAS(wt), huAS(A53T) and 

mAS(wt)a.  

 
Structure 
number 

huAS(wt) huAS(A53T) mAS(wt) NMR 
structure 

01 24.8  (7.4) 31.7 (2.8) 26.1 (5.0) 39.4 
02 28.0  (4.1) 32.6  (1.6) 36.9  (2.3) 35.1 
03 27.5 (3.9) 32.4 (2.9) 28.1  (4.0) 35.6 
04 38.3 (5.0) 41.3  (6.8) 43.3 (2.7) 46.0 
05 21.2 (2.4) 21.4 (3.0) 23.1 (3.4) 29.6 
06 42.6 (5.3) 59.0 (2.5) 52.7 (4.0) 53.3 

 
a Standard deviations are reported in brackets. The initial NMR values for huAS(wt) 

are also reported. 
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Table 2. 1/τ values (ns-1) for huAS(wt) structures (left values), huAS(A53T) 

structures (center values) and mAS(wt) structures (right values).a 

Residue 
numbers 

Structure number 

 01 02 03 04 05 06 
53-53 0 .2 0 0 0 0 0 .2 0 0 0 0 0 .1 0 0 0 0 
53-87 0 .2 .1 .1 .1 0 0 0 0 .7 .2 .1 0 0 .1 0 1 1 
53-100 0 0 .1 0 .2 0 0 0 .1 .1 .2 0 0 .2 0 .7 0 0 
53-103 0 0 1 0 0 1 .2 .2 .1 .2 .3 0 0 .5 0 .1 0 0 
53-107 0 1 .2 .1 .1 0 0 0 0 .1 .1 .2 .1 ` 0 0 0 0 
53-121 0 .1 0 .5 .1 0 0 .2 .1 0 0 .1 0 0 0 0 .2 .2
53-122 0 .1 0 .2 .1 0 .5 .1 0 0 .1 0 0 .1 0 0 .5 .5
87-87 0 0 .5 0 1 .1 0 0 0 0 .1 0 0 0 .1 0 1 .5
87-100 0 .1 .1 1 .1 0 0 0 0 0 .1 .1 0 .1 0 0 1 1 
87-103 0 .1 1 1 1 .1 .2 .1 .1 .1 .1 .5 .1 .1 0 .1 .5 .5
87-107 0 1 .2 .3 .1 0 .1 0 0 0 .1 1 .1 0 0 .1 .5 .5
87-121 0 .3 .1 .1 .2 0 0 0 .1 0 .1 .2 .1 0 0 .1 .5 .5
87-122 0 1 0 0 1 0 .1 .1 0 0 .1 .2 .1 .2 0 .1 1 1 
100-100 0 0 1 0 .2 0 0 0 1 .1 .2 0 .1 0 0 .1 0 0 
100-103 0 0 .1 0 .2 .1 .2 0 .1 .1 .1 0 .1 .1 .1 0 0 0 
100-107 0 1 .1 .1 .2 0 0 0 0 0 1 .3 .1 0 0 0 0 0 
100-121 0 0 .1 1 1 0 0 0 .1 0 1 0 .1 0 0 0 .1 .1
100-122 0 .2 .1 1 .1 0 .2 1 0 0 .5 0 1 .1 0 0 .2 .2
103-103 0 0 .5 .1 0 .5 .1 0 .1 .5 .3 .1 0 .3 0 0 1 0 
103-107 0 1 1 .2 1 .1 .1 .1 .1 0 .1 .2 .1 .3 0 0 0 0 
103-121 0 0 0 .3 .1 .1 .1 .1 .1 .1 .1 0 0 .3 .1 .1 .2 .2
103-122 0 .1 0 .5 .1 .3 .3 .2 .1 .1 1 .1 .1 1 0 .1 .1 .1
107-107 0 .2 0 0 .1 0 0 0 0 0 .2 .3 .1 0 0 0 0 0 
107-121 0 .1 0 0 .1 0 0 0 0 0 0 .1 .1 0 .1 0 .2 .2
107-122 0 0 0 .1 1 0 .1 .1 0 0 .1 .5 .2 .1 0 0 .1 .1
121-121 0 0 0 .1 0 0 0 0 .1 0 0 0 0 0 0 0 .2 .2
121-122 0 .1 0 0 0 0 .1 .1 0 0 .1 0 .1 1 0 0 .2 .2
122-122 0 .2 0 .2 .2 0 .1 .1 0 0 .1 0 .1 .1 0 0 .2 .2
 

a Values corresponding to 1/t longer than the MD time window are set to 0. 
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Figure legends 

 

Figure 1.  

a) Sequence alignment between huAS(wt) and mAS(wt). The residues changing from 

one species to another are highlighted in bold.  b)-d): Backbone representations of the 

six selected MD structures (���) of huAS(wt) b),  huAS(A53T)  c) and mAS(wt) d), 

obtained with the procedure outlined in the text. The side chains of the hydrophobic 

residues of the NAC region  (residues 71-82) are also displayed. 

 

Figure 2. a) Contact maps of huAS(wt), huAS(A53T) and mAS(wt) representatives. 

Long range contacts are present only in huAS(wt)1, and huAS(wt)5 (the number from 

1 to 6 indicate the extent of cluster population, 1 is the most populated cluster). Few 

extents of long range contacts are present in mAS(wt)1, mAS(wt)5 and 

huAS(A53T)5. The standard deviation of the values in the contact maps are reported 

in Fig. S6 of the Supporting Information.  b) Solvent Accessible Surface Area 

(SASA) for the NAC region of huAS(wt), huAS(A53T) and mAS(wt). 

Figure 3. Snapshots for the six MD ensembles of huAS(wt), huAS(A53T) and 

mAS(wt). The structures are colored according to their degree of flexibility, whose 

color panel is reported on the top. Structures are oriented with N-terminal on the left 

and C-terminal on the right.  
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Figure 3. 
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