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Introduction: 

 

Aggregation of þ-amyloid peptides in the form of senile plaques is an essential step in 

the development of Alzheimer's Disease (AD). The major component of these plaques is 

the Aþ(1-42) peptide. Understanding the monomer structure of Aþ peptide and its 

aggregation mechanism is crucial in the treatment of AD. In general, it is believed that a 

major step in the aggregation mechanism is an alpha-to-beta conformational change in 

Aþ peptides. However, the conformational changes required to produce experimental 

conformations is not yet completely understood. Molecular simulation is a useful 

technique for investigating of these conformational changes [1]. 

2, 2, 2-trifluoroethanol (TFE) is widely used as a cosolvent in the experimental studies 

of peptides in solution. TFE increases the amount of alpha-helix and beta-sheet 

conformations in peptides. However, the mechanism by which TFE stabilizes secondary 

structures in peptides is still not clear. Several mechanisms exist which rely on the 

preferential solvation of peptide by TFE [2]. NMR studies show that the local 

concentration of TFE around the peptides is approximately two times higher than its bulk 

concentration [1]. 

In this work, we have studied Aþ(1-42) peptide in aqueous solutions of TFE using 

Molecular Dynamics simulations. The main aim of this work, is to investigate the role of 

TFE cosolvent in the stabilization of secondary structures and the correlation of this 

stabilization with the preferential solvation of peptide by TFE solvent. The use of TFE 

solvent makes it possible to directly compare the obtained results with the experimental 

studies. 
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Computational Details 

 

MD simulations were performed using AMBER9 simulation package in explicit 

solvent at 300 K and 1 bar. The initial configuration of peptide was taken from NMR 

data. Charge state of amino acids was selected according to physiologic conditions, 

leading to total charge of –3 a.u. Three sodium ions were added to neutralize the system. 

The peptide was solvated in the mixtures of TFE and water with different compositions. 

Five different mixtures were used, with 70, 60, 40, 27, and 0 (% v/v) of TFE. The 

simulations were performed for 3 ns, using a time step of 2 fs. The trajectories were 

analyzed using GROMACS simulation program tools. Several properties, such as 

secondary structure, local TFE concentration, RMSD and RMSF per residue, RMSD vs. 

time, and density profiles were calculated. 

The local TFE concentration (% v/v) was calculated by counting the TFE and water 

molecules in a 0.6 nm shell around the peptide. The excluded volumes of TFE and water 

were taken 0.07 and 0.019 L/mol, respectively. 

 
 

Results and Discussion: 

 

The final configuration of Aþ in different solvents after 3 ns is shown in Fig. 1 and the 

average number of residues in different secondary structural elements is given in Table 

1. The amount of a-helix secondary structure is reduced with increasing TFE 

concentration. The structure obtained in 40% (v/v) TFE is very close to the experimental 

structure obtained in SDS micelle [3]. It has two distinct a-helical segments between 10-

24 and 24-36 residues. These helices are connected through a random coil region. The C 

terminal helix of TFE is converted to random coil in water simulation. 

Table 1. Average number of residues in each secondary structural element 
 

% TFE Coil Bridge Bend Turn A-helix 5-helix 3-helix 

70 5.1 – 3 6.8 24.2 0 2.9 

60 6.4 0 2 10.1 16 1.1 6.4 

40 7.3 – 2.3 7.9 20.7 0 3.8 

27 5.5 – 1.2 13.4 19 0.2 2.7 

0 8.5 – 3.9 7.2 18.2 0 4.1 
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Figure 1. The final configuration of Aþ in solvent mixtures. 

 

The local TFE concentration (LTC) around the residues of Aþ is shown 

in Fig. 2 for 40% TFE solution. Clearly, the TFE concentration around the 

peptide is up to 2.5 times larger than its bulk concentration. This shows the 

preferential solvation of peptide with TFE, which leads to helical 

conformations in TFE-rich solutions. 
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Figure 2. Local TFE concentration around the residues of Aþ peptide. The 

hydrophobic residues are marked with gray bars. The bulk concentration of TFE 

(40%) is shown with dotted line. 
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