Ab initio molecular simulations for proposing potent inhibitors of amyloid- aggregation
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1. Introduction

Aggregation of the Alzheimer’s peptide amyloid-f (AP) is believed to play a key role in pathogenesis of
Alzheimer’s disease (AD). Inhibitors for this aggregation attract much attention as therapeutic agents for the
prevention and treatment of AD, and numerous compounds have been synthesized. It was found [1] that a
triazine derivative AA3E2 has anti-amyloidogenic ability, while a triazine derivative AA3D2 having a different
substituent has no inhibitory effect. In the present study, we obtained stable structures of the solvated complex
with AP and AA3E2/AA3D2 by using classical molecular mechanics (MM) method and investigated the
specific interactions between AP and AA3E2/AA3D2 by ab initio fragment molecular orbital (FMO)
calculations. Based on the results obtained, we attempted to propose new potent inhibitors for AB aggregation.
2. Details of molecular simulations

We considered two types of AP structures with a-helix or f-sheet conformation, and their three-dimensional
structures were obtained from PDB. Structures of AA3E2 and AA3D2 were optimized by MP2/6-31G(d,p)
calculation, and they were docked to AP by using a protein-ligand docking program, in which a thousand of
candidate structures for the complex were produced. Their representative structures were optimized in water by
using the MM method based on AMBER force field. Finally, the most stable structure was determined by the
ab initio FMO method, and the specific interactions were investigated to elucidate which amino acid residues
of AP and which parts of the AA3E2 and AA3D2 are important for the binding between A and inhibitors.
3. Results and discussion

The most stable structure of a-helix Ap + AA3E2 complex determined by the

ab initio FMO method is shown Fig. 1. AA3E2 binds specifically to around the
amino acid residues of Phel9 and Phe20 in a-helix AB. AA3D2 binds to a-helix
AP in a similar way. The calculated binding energies between o-helix AP and
inhibitors are 31.7 (AA3E2) and 13.4 kcal/mol (AA3D2), respectively.
Accordingly, our calculated results can explain the inhibitory effect of

AA3E2/AA3D2 on AP aggregation obtained by the experiment [1, 2].

The results on the specific interactions between the amino acids of a-helix Af Fig. 1 Most stable

and inhibitors and the results for B-sheet AR will be shown at the conference. structure of a-helix Ap
+ AA3E2 complex
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