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Amyloid B-peptides (APs) play a key role in pathogenesis of Alzheimer’s disease (AD). The aggregation
of ABs appears to be one of the first steps in the pathogenic process of amyloidosis that is not associated
with some natural biological function. Consequently, it is expected that the inhibition of AP aggregations
is an attractive therapeutic strategy for the treatment of AD. Breaking Ap aggregates down by non-peptide
or peptide inhibitors seems to be a promising way to combat AD. To that aim, it is crucial to understand
the conformational and dynamic behaviors of AP aggregates in order to rationally design a putative AD
drug. Moreover, the conformational analysis and the investigation of the structure of AP aggregates might
lead to a more profound understanding of the primary pathogenesis of AD and comprehension of the
development at the molecular level of this dramatic disease.

The 3D structure of the amyloid oligomers and fibrils is a focus of interest both for a molecular
understanding of amyloidogenesis and for the development of innovative therapeutic and diagnostic
approaches. Solid-state nuclear magnetic resonance (NMR) studies have contributed substantially to the
understanding of amyloid fibrils. However, only a few 3D structures of amyloid fibrils have been
determined, owing in part to the non-crystalline and insoluble of the fibrils. This fact makes these
structures difficult to be analyzed by established structural techniques such as X-ray crystallography or
solution-state NMR. Moreover, due to the fast rate of AP aggregations, a high resolution structural
determination of these early-stage AP aggregates such as a dimer is extremely difficult. In this aspect,
molecular simulations provide a very powerful tool to derive valuable information regarding the
secondary structures of AP aggregates. In the past few years, a variety of simulation techniques have been
successfully applied to investigate the structures and dynamics of the selected small fragments and
full-length APs. In particular, replica exchange molecular dynamics (REMD) simulations obtained a
variety of conformations of solvated Afs, which are comparable to the experimental structures. The idea
of evaluating their electronic properties by ab initio molecular orbital (MO) method and determining most
stable conformation of AP at an electronic level is worthy of consideration, since the previous REMD
studies have not considered their electronic properties. Furthermore, the influence of solvating water
molecules exist around AP on the stabilization of solvated AP conformations has not elucidated by the
majority of the studies mentioned above.

In the present study, we performed REMD simulations with all-atom force field to obtain various
conformations of full-length Ap monomer and dimer in explicit water and determined the most stable
conformation of the solvated Ap monomer and dimer by ab initio fragment MO (FMO) calculations, in
order to investigation the first step in the aggregation of APs. In our present FMO calculations, by
considering water molecules explicitly, we attempted to elucidate the influence of solvating water
molecules on the stabilization of the Afp monomer and dimer conformations. In addition, we investigated
the specific interactions between amino acid residues of APs by the inter-fragment interaction energy
analysis of the FMO method at an electronic level, in order to highlight the important residues of A for
stabilization of the AP monomer and dimer.

The results showed that the relative stability of the solvated Ap monomer is more dependent on the
stability of the solvating water molecules around A than that of AP itself. A similar tendency was seen in
the relative stability of the solvated AP dimer. Consequently, it is concluded that the solvating water
molecules should be considered explicitly for determining the most stable conformation of the solvated




AP monomer and dimer. The most stable conformation of solvated Ap monomer has the turn-like structure
in the Phe20-Ala30 region, being consistent with the previous studies. The present FMO calculations
elucidated that the electrostatic interactions between the positively charged amino acid residue Lys28 and
its neighboring residues are important for stabilizing the turn-like structure. On the other hand, in the most
stable conformation of solvated AP dimer, two inter-monomer parallel B-sheets and intra-monomer
B-hairpin structures are formed. We also found that the attractive interactions between Lys16 and the
negatively charged residues of the N-terminal of AP contribute mainly to the stabilizing in the most stable
conformation of solvated AP dimer. Consequently, in the present molecular simulations elucidated that the
electrostatic interactions between the charged amino acid residues of AP contribute mainly to the
stabilization of the conformation of Ap monomer and dimer.

In summary, the present study provides detailed information regarding the conformations of AP
monomer and dimer, and the specific interactions between amino acid residues of AB. This information
will be a quite helpful in rationally designing inhibitors for preventing the APs aggregation.




