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A systematic computational density functional theory (DFT) study was carried out in amyloid-beta (Ab)
structure to investigate the hydrogen bonding interactions (HBs) effects on Chemical shielding (CS) and
electric field gradient (EFG) tensors in site of hydrogen, oxygen, nitrogen and carbon nuclei. The results
indicate that these tensors are more sensitive to the HB interactions in dimer model than those of trimer
model. The calculated 15N and 13C in CS tensors in trimer model are in good agreement with experimen-
tal data. Natural bonding orbital analysis, NBO, indicate a reasonable correlation between 14N quadru-
pole coupling constant (CQ) and strength of Fock matrix elements (Fij). Moreover, the quantum
chemical calculations indicated that the intermolecular the HB interactions play an essential role in var-
iation of the relative orientation of CS and EFG tensors of nitrogen, hydrogen and oxygen nuclei in the
molecular frame axes. Finally, 17O CQ and gQ show great dependency to backbone conformation, specif-
ically dihedral angles w (psi).
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1. Introduction

The main constituent of amyloid fibrils in the brain of Alzhei-
mer’s patients is amyloid beta (Ab) peptides. After sequential
cleavage of the amyloid precursor protein, a transmembrane glyco-
protein, Ab is generated by successive action of the beta and gam-
ma secretase. Ab is a peptide of 1–42 amino acids with the most
common isoforms Ab1–40 and Ab1–42 [1–3]. Due to the fact that
amyloid fibrils are non-crystalline and insoluble, determination
of their molecular structure by two principal experimental ap-
proaches to structural determination, i.e., X-ray crystallography
and solution nuclear magnetic resonance (NMR) has not been pos-
sible. Thus, the only structural data of Ab is from the solid state
NMR study [4]. The known structure by solid state NMR shows that
amyloid fibrils contain cross b structure motifs, i.e., extended
b-sheets in which b-strand segments run approximately perpen-
dicular to, and the intermolecular hydrogen bonds (HBs) run
approximately parallel to, the long axis of the fibril [5,6]. Each
two strands and the turn between them form one monomer unit
in Ab structure. Oligomerization of Ab units results in amyloid fi-
brils structure with intermolecular HB among the monomers. All
amino acids in Ab structure are capable of contributing to
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i).
C@O� � �HAN type of HBs interaction which is very important in
the stabilization of protein structures.

The HBs could be studied via techniques, which can probe the
chemical environment of nuclei. Chemical shielding (CS) and elec-
tric field gradient (EFG) tensors are very sensitive to the electronic
distribution around the magnetic and quadrupole nuclei. The
quantum calculations yield the EFG and CS tensors in the principal
axis system, PAS, where can be related to the experimentally mea-
surable parameters quadrupole coupling constants (CQ), asymme-
try parameters (gQ), and isotropic chemical shifts (diso). The CS
tensor describes the electronic effect on the Zeeman energy levels
of magnetic nuclei due to the response of the electrons to a static
external magnetic field, B0. The nuclei with a spin angular momen-
tum, I, greater than one-half (I > 1/2) have the electric quadrupole
moment (eQ) a characteristic which interacts with the EFG at the
sites of quadrupole nuclei [7]. The CQ indicates the interaction be-
tween EFG tensors and eQ, whereas gQ measures the deviation of
EFG tensors from the axial symmetry [8]. It is well-known that
quantum chemical calculations can provide an independent source
of the relative orientation of the CS and EFG tensors in the molec-
ular frame. Although the experimental studies are necessary in
obtaining information about the HBs, the theoretical calculations
can be certainly used as a supplementary tool to interpret experi-
mental parameters. The EFG and CS tensors of oxygen, nitrogen,
carbon and hydrogen nuclei have been the subject of a number
of studies of HBs in biomolecules.
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