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Abstract—Aggregation of amyloid peptide (AB) has been identified as a major feature of the pathogenesis of Alzheimer’s disease.
Increased risk for disease is associated with increased formation of polymerized A. Inhibition of formation of toxic (aggregated)
form of AP is one of the therapeutic possibilities. Beta sheet breaker peptides (BSBs) fulfill the requirements of an effective inhi-
bitor. After having attached to the AP molecules, BSBs can prevent aggregation of AP to polymeric forms (aggregates). In the
present study, we performed molecular modelling of complex formation between AP and two BSB peptides. Our aim was to find
proper binding sequences for the BSB peptides on AP and characterize them. A dimeric model of AR was also used to study the
interaction of BSBs with the aggregated forms of AP and find the sequences responsible for the polymerization process. A fast and
efficient computational method: molecular docking was used for the afore-mentioned purposes. © 2002 Elsevier Science Ltd. All

rights reserved.

Introduction

Senile dementia of the Alzheimer type can be char-
acterized with neuritic plaques in the brain containing
extracellular amyloid B-protein (AP) deposits. AP
occurs principally in fibrils and the main component of
this filamentous form is a polypeptide chain of 42 amino
acids (AB,_4p) which is particularly prone to aggrega-
tion.! The most abundantly produced 40 amino acid
amyloid polypeptide (APi_40) shows limited aggrega-
tion, while the 43 amino acid form (Af;_43) is the most
rapidly aggregating natural sequence. Af;_4 and
ABi_453 are co-localized in aggregated form in the
neuritic plaques. Aggregated AP proteins are neurotoxic
by triggering Ca?*-influx into the neurons, free radical
formation and apoptosis.? Though, the steric structure
of amyloid fibrils is not fully understood, NMR data
show parallel B-sheet structure.® This is supported by
computational modeling, which allows the presence of
both parallel and antiparallel B-structure.* Detailed
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summary of results of the investigations on the structure
of amyloid fibrils can be found in ref 5.

Some peptides and non-peptidic compounds prevent
formation of f-structure and amyloid aggregation
(polymerization). These are the so-called B-sheet break-
ers (BSBs) and are considered to be potential drugs of
Alzheimer’s disease (for more information, see review of
Findeis®). Well-known BSB-peptides were prepared by
Tjernberg et al.” and Soto et al.®

Design of BSB peptides requires the precise knowledge
of binding sequences on AP proteins. Unfortunately, no
high-resolution X-ray diffraction data of amyloid struc-
tures exist for molecular design. However, on the basis
of experimental data, George and Howlett® published a
very useful, computationally derived structural model
for AB and the fibrillar structure (‘solid-state model’ in
ref 9) of AP aggregates. In the recent study, we used
their amyloid model as a target for docking simulations.
Employing the automated computational algorithm
(docking), our aim was to map the possible sequences of
AP which bind to BSB peptides with high affinity, and
therefore, could be critical for the design of new BSBs.
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Scheme 1. Schematic representation of the monomer (A) and dimer
(B) form of AP;_43 (target molecule). The different active sequences
are marked with different colours and denoted according to text.

Results and Discussion

Docking of Tjernberg’s peptide (KLVFF) and Soto’s
peptide (LPFFD) to the monomeric A 43 (Target I)

Both KLVFF and LPFFD peptides contain two phe-
nylalanine and charged amino acids (lysine and aspartic
acid) which might be essential in the formation of aro-
matic interactions and salt bridges between the small
BSB (ligand) peptides and the AB;_43 (target) peptide.
These features of KLVFF and LPFFD peptides were
originally'® predicted to be essential in their BSB effect.
However, no attempt but one!' was made till this time
to show the possible details of the action of these pep-
tides at atomic level and to check the original hypoth-
eses. [It should be stressed, that in our former study,!!
we used a basically different target molecule and dock-
ing algorithm (Monte-Carlo method/simulated anneal-
ing instead of LGA) for modelling this problem.]

Sequences of APj_43 found to be active in the interac-
tions with the BSBs are listed in Table 1. As three dif-
ferent grid maps were used for docking simulations,
Table 1 contains data derived from 600 separate dock-
ing runs. [It was also possible to study the effect of the
choice of grid size and spacing on the docking results,
i.e., whether the basic conclusions drawn from one set
of 100 runs differ from the other ones or not. Basically
only a few differences can be found in the active
sequences of AP;_43 for KLVFF or LPFFD at grid
maps ‘A’, ‘B’ or ‘C’ (see Methods for definition of letter
codes.)] Energetically, a sequence may be more or
less favourable than another one for different grid
maps (see Egockeq Values of Table 1). However, these
energy values had a limited use in this study: for
selection of the energetically favourable complexes
among the 100 runs. (See also section ‘Verification of
the significance of resulted binding sequences’ for more
details of energetics.)

The following sequences were found to be generally
important in the interactions: (A) V(18)...D(23); (B)
R(5)...Y(10); (C) G(38)...T(43) (Scheme 1A).

(A) The V(18)...D(23) sequence. According to the
docking results, the V(18)...D(23) sequence seems to be
one of the most common active sites of AB;_43 for both
KLVFF and LPFFD peptides. This sequence proved to
have the highest populations (N up to 19) and also good
energy values among the 100 runs (first, second or third
lowest energies of the 5—6 groups tabulated in each cell
of Table 1). Interestingly, this region of AB; 43 has been
used as a template for the design of both BSB peptides
in the original papers.”® Experimental evidence was
published for the interaction of AB;s 2, peptide with
itself: the N-acetyl-KLVFFAE-NH, fragments aggre-
gate to form fibril similarly to AP,_45/43. Moreover,
multiple quantum (MQ) NMR results'? supported
antiparallel orientation of the AP, peptides in the
fibrils. Our docking results are in good agreement with
these experimental findings: (1) the activity of the
sequence V(18)...D(23) and (2) in some cases even the
antiparallel alignment of KLVFF and the correspond-
ing V(18)...D(23) sequence were also found (Fig. 1).

(B) R(5)...Y(10). This sequence was also found by the
docking simulations of both LPFFD and KLVFF pep-
tides several times, with very good energy scores in the
case of LPFFD (grid maps ‘A’ and ‘B’). However, the
populations (N) of these groups were lower than that of
the V(18)...D(23) sequence was. The complex of
R(5)...Y(10) [+ T(43)] sequence of AP_43 peptide and
LPFFD is presented in Figure 2. Several H-bonds: a, b,
¢, d, f and a salt bridge between the end groups of the
peptides (e) have stabilizing effect on this associate.
KLVFF interacts with this sequence in a similar manner
(via H-bonds and electrostatic interactions).

(C) The G(38)...T(43) fragment. There are several
papers (e.g., refs 13-15) indicating the importance of the
end sequences of AB. According to the present docking
results, both Tjernberg’s and Soto’s BSB peptide dock
to (part of) this sequence with relatively good energy
scores and/or frequencies (N up to 13). Generally,
amino acids with serial number Y(10)...H(13) are also
involved in the interactions of this type. (These are the
closest amino acids in this ‘hairpin’ model of AB;_43; see
Scheme 1A.) T is crucial in the forming of salt bridge
between T(43) of AB;_43 and the BSB peptide and in H-
bonds (the latter formed by backbone CONH groups
too). Interactions between non-polar groups strengthen
the overall stability of the associate.

Verification of the significance of resulted binding sequences

Docking of ‘blank’ peptides. To achieve some information
on the significance of Eg,ckeq Values of Tables 1 and 2,
molecular docking experiments were performed on the
monomer target for the AAAAA and AAVFA penta-
peptides. AAVFA was constructed according to the
experimental findings of ref 7, while AAAAA was used
as an indifferent peptide and to estimate the contribu-
tion of the ionic end-groups and the backbone amide
groups to the final Eygoceq Values. The energy differences
of the closest conformations of the blank peptides and
the BSB peptides were calculated for the above-men-
tioned three main interacting sequences of the monomer



Table 1. Possible binding sequences of Tjernberg’s peptide (KLVFF) and Soto’s peptide (LPFFD) found by docking simulations on the monomer Af;_43 peptide and the corresponding docked energies
(Egocked) Of the complexes?®
Peptide Grid map ‘A’ Grid map ‘B’ Grid map ’'C’
Binding sequence N Edocked Binding sequence N Edocked Binding sequence N Edocked
(kcal/mol) (kcal/mol) (kcal/mol)
Tjernberg’s KLVFF G(38)...A(42) + Y(10)E(11) 13 -9.7 V(40)...T(43)+ G(9)...H(13) 4 —10.1 E(3)...Y(10) 4 -9.6
V(40)...T(43)+S(8) 6 —8.3 H(13)...V(13) 3 -9.5 R(5)...E(11) 3 -9.5
V(18)...E(22) 8 -8.1 EQ(3)...G(9) 4 —8.7 V(183)...E(22) 10 -9.4
Q(15)...F(20) 11 -7.8 R(5)...Y(10)+T(43) 3 —8.4 V(18)...D(23) 3(11)* -9.3
A(42)T(43)+Y(10)...H(13) 9 -7.8 S(8)...E(11) 3 —-8.3 R(5)...Y(10)+T(43) 3 -9.2
D(7)...E(11) 4 -7.1 G(38)...A(42) + E(11)...H(13) 3 —-8.7
Soto’s LPFFD R(5)...Y(10)+T(43) 2(7)* —10.5 R(5)...Y(10)+T(43) 4 —11.1 V(18)...D(23) 10 —11.3
L(17)...D(23) 19 —10.2 V(18)...D(23) 6 —11.1 E(11)...Q(15)+ G(38)...1(41) 9 —11.0
E(3)...S(8) 6 -9.7 V(18)...E(22) 7 —11.1 V(138)...E(22) 8 -10.8
G(38)...A(42) + V(12)H(13) 8 -9.7 K(28)...L(34) 3 —-10.4 V(40)...T(43)+Y(10) 7 —10.5
R(5)...Y(10) +T(43) 4 -9.3 Y(10)...H(14) 3 —10.1

aLetters A, B and C denote grid maps with different sizes (see Methods for letter codes). The number of conformations docked to the same sequences of AP;_43 is denoted with N (see text for further
description). Numbers (N) of some conformations of the same binding sequences but of lower energies are marked with asterisk.

Table 2. Typical binding sequences of Tjernberg’s peptide (KLVFF) and Soto’s peptide (LPFFD) found by docking simulations on the dimeric form of A, 43 peptide and the corresponding docked

energies (Egockeq) Of the complexes®

Peptide Grid map ‘A’ Grid map ‘B’ Grid map 'C’

Binding sequence Location Edocked Binding sequence Location Edocked Binding sequence Location Edocked
(kcal/mol) (kcal/mol) (kcal/mol)

Tjernberg’s KLVFF D(7)...Y(10) + T(43) 1 —11.2 D(7)...Y(10)+ T(43) 1 -12.9 S(8)...E(11)+V(40)...T(43) L P —-11.2
D(1)...R(5) P —10.8 E(11)...Q(15)+V(39)...T(43) P -10.8 R(5)...E(11)+1(41)...T(43) LLP -11.0
Y(10)...H(13)+ V(40)...T(43) P -9.9 AQ21)...D(23) +K(28)...A(30) P —10.5 F(4)...Y(10)+T(43) I -10.9
K(16)...V(18)+V(36)...G(37) P -9.1 G(9)...H(13) +T(43) P —10.0 K(16)...D(22) 1 —10.0
A(2)...G(9) 1 —8.9 F(4)...D(7) P -9.9 F(20)...A(30) P -9.9
G(37)...A(42)+ G(11)...H(13) P —8.8 H(13)...Q(15) +G(36)...V(38) P -9.8
Soto’s LPFFD R(5)...Y(10) I —12.9 D(1)...R(5) P —12.8 R(5)...E(11) 1 —14.2
H(6)...Y(10)+T(43) I —10.8 F(4)...Y(10)+ T(43) I —12.1 D(7)...Y(10)+ T(43) I —12.5
Y(10)...H(13)+V(40)...T(43) I —10.6 S(8)...H(14) + V(40)...T(43) LP —-11.4 Y(10)...H(13) +V(40)...T(43) P —12.5
V(24)...A(30) P —10.0 H(6)...Y(10) 1 —-11.4 H(6)...Y(10) 1 -11.9
D(1)...R(5) P —10.0 Y(10).. . H(13)+1(41)...T(43) P —11.1 K(16)...F(20)+L(34)...G(38) P —11.8
K(16)...E(22) I -10.0 V(40)...T(43)+Y(10) 1 —10.8 E(3)...R(5) P —11.7

aLetters A, B and C denote grid maps with different sizes (see Methods for letter codes). Location of the BSB peptides in the plane (I) or above/below the planes (P) of beta sheet of dimer is also marked

(see text for further explanation of groups I and P of location).
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amyloid. Significant energy differences were found for
each active sequences, both for AAAAA (sequence A:
24-33 and 36-47%; sequence B: 24-29 and 22% differ-
ences with Tjernberg’s and Soto’s peptides, respectively;
sequence C: 40% with Soto’s peptide) and AAVFA
(sequence A: 14 and 29%; with Tjernberg’s and Soto’s
peptides, respectively; sequence B: 25% with Tjern-
berg’s peptide; sequence C: 26% with Soto’s peptide; in
percentage of the BSB’s energy which were lower than
the blanks’ in all cases). These considerable energy con-
tributions refer to the importance of the role of the side
chains in the interactions of the complexes. This finding
is in good agreement with the experimental data pub-
lished in ref 7 and supports the significance of our
docked results.

Preliminary molecular dynamics simulations. During
MD calculations all BSB peptides were moving together
with the beta amyloid peptides. Dissociation was not
observed. The electrostatic and hydrophobic interac-
tions were stable in the time average. Although the ter-
minus and the turn region of the amyloid peptide were
moving intensively, the binding of the small BSB pep-
tides was stable during the simulation time. Detailed
analysis and binding free energy calculations of the
studied complexes will be published elsewhere. (It
should be remarked, that the complexes of Scheme 1A
have survived the conditions of a force-field (GRO-
MACS) which has different parameter set compared to
the AMBER-based AutoDock parameters.)

Figure 1. 3D structure of the complex formed by KLVFF peptide and
the active sequence V(18)...D(23) (sequence ‘A’ on Scheme 1A) of the
monomer AB;_4; (target). KLVFF and the active fragment are in
‘antiparallel’ orientation, which finding is in good agreement with the
statements of ref 12. Salt bridges a and b have distances of 3.11 and
2.95 A between O and N atoms. H-bond ¢ has an N...O distance of
3.01 A and O...N...H angle: 42.7°. Aromatic (d) and hydrophobic
interactions between V(18) and F(5) and two dipole—dipole interac-
tions (e and f) are strengthening the complex.

Docking of Tjernberg’s peptide (KLVFF) and Soto’s
peptide (LPFFD) to the dimer of Af3_43 (Target II)

Docking of BSB peptides on amyloid monomer serve as
a possible model of interaction of BSBs and Af_y43,
before aggregation and after breaking the oligomeric
forms of amyloid. However, it is also important to
know how BSB peptides could act on aggregated forms
of the AB;_43. A simple dimer model was chosen in our
investigations, which is indeed a piece of the ‘solid-state
model” published by George and Howlett.” The results
of the docking experiments on this target are listed in
Table 2. The active sequences of AP;_43 could be divi-
ded roughly into two groups according to the location
of BSB peptides: (1) in the plane of and (2) above or
below the plane of the dimer amyloid associate. Repre-
sentative sequences of group 1: (A) D(7)...Y(10) + T(43);
(B) K(16)...E(22). Some important sequences of group
2: (A) D(1)...R(5); (B) Y(10)...H(13)+ V(40)...T(43);
(C) K(16)...V(18)+V(36)...G(37). There is one more
sequence which belong to both groups, according to
the BSBs’ position: (D) S(8)...E(11)+V(40)...T(43)
(Scheme 1B).

Group 1. (A) The D(7)...Y(10)+ T(43) sequence of
group 1 is a possible Achilles’ heel of the dimer of
APBi_43. It is located at the middle part of the dimer and
contains several amino acids which could be easily
involved in the interaction with a BSB peptide. Complex
of this sequence with Soto’s LPFFD is represented in
Figure 3. (B) The interaction of BSBs with the
K(16)...E(22) fragment of amyloid seems to be
important in the stabilization of the amyloid—BSB

Figure 2. 3D structure of the LPFFD-AB; 43 complex. A salt bridge
(e) and hydrogen bonds (a, b, ¢, d, f) are involved in the interaction of
LPFFD and R(5)...Y(10)+ T(43) (sequence ‘B’ on Scheme 1A).
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complex, that is after ‘beta-sheet breaking’ these inter-
actions may help to keep the amyloid in non-aggregated
form. This hypothesis is suggested by the arrangement
of the BSB on this sequence: it is located beside the
amyloid chain (Fig. 4). It should be mentioned, that
KLVFF had a similar position on the monomer amy-
loid, as well [see Fig. 1 and the previous section for the
details of importance of K(16)...E(22) sequence].

Group 2. (A) The N-terminal D(1)...R(5) fragment of
BA_43 contains three charged residues (Asp, Glu, Arg)
and the charged amino group which make this
sequence an attractive region for the charged amino
acids of BSB peptides. However, no other types of
interactions in the docked complex of this sequence and
the BSBs could be observed. (B) The main interactions
between Y(10)...H(13)+ V(40)...T(43) parts of amyloid
and Soto’s LPFFD _are: three hydrogen bridges
[Y(10)...L(1) of 2.69 A and 37.7°; E(11)...F(4) of 3.16
A and 42.5°; D(5)...H(13) of 3.48 A and 23.43°) and the
interaction between F(4) and the hydrophobic pocket
formed by H(3) and V(40). (C) Formally,
K(16)...V(18) sequence belongs to this group too.
Together with V(40)...T(43)] sequence it forms a com-
plex with BSBs in which the BSBs are sitting on
the plane of the amyloid dimer. However, in these
complexes there are no aromatic (and other specific)
interactions with the amyloid, so these are basically
different from the others of Group 1/B. (D) KLVFF
and LPFFD are located around the C-terminal part (in
and out of plane of AP;_4;) of the amyloid at
S(8)...E(11)+V(40)...T(43) sequences. Similar interac-
tions occur in these complexes as in the case of (B) in
group 2.

Figure 3. 3D structure of complex of LPFFD and the active part (1/A
in Scheme 1B) of the dimer form of AP, 43 (target). Salt bridges (a:
2.47 A; f: 4.62 A); H-bridges (e.g., b: 2.49 A and 49.0°; ¢, d: aromatic
H-bridges of ca. 3 A) and a dipole—dipole interaction (e) are stabilizing
the BSB-amyloid complex.

Conclusions

The development and testing of BSB peptides is a pro-
mising possibility of the research of anti-aggregating
drugs against Alzheimer’s disease.'® A lot of experi-
ments were performed in vitro and in vivo to investigate
and prove the effect of the two potent peptides:
LPFFD? and KLVFF.” However, the mechanism of
action of these peptides, that is the interactions with
their target, the AB;_42/3 peptide has not been thor-
oughly studied.

In the present study, a relatively fast method: molecular
docking was used for the mapping of the possible inter-
actions of BSBs and their amyloid target. Here, we
applied the algorithm in a fully automated way, that is, no
experimental prediction for the binding sites on AB;_43;
no information about the possible sites was available for
the inputs of the calculations (see Methods for details).
During the docking simulations a computationally
derived model was used as a target molecule. This
molecule involves the main secondary structural fea-
tures of the amyloid peptide according to the recent lit-
erature, and therefore, could serve as a reliable target.
[However, a detailed molecular dynamical investigation of
the amyloid and its complexes (with itself and the BSBs)
was done to get a full picture of the possible changes of
the secondary structure in solution. Preliminary evalua-
tion of these calculations verified the stability of the
docked complexes presented in this study.]

Our results are in good agreement with experimental
data: the V(18)FFAED(23) sequence was found by
Tjernberg’s KLVFF peptide with quite good energy
scores and frequencies. The high affinity of this sequence
[with V(18)FF(20) central amino acids] to itself was shown
recently'? (see Results and Discussion for details).

Figure 4. Orientation of KLVFF peptide on the active fragment of
AB;_43 (target; 1/B on Scheme 1B) molecule. KLVFF is positioned
beside the active K(16)...E(22) sequence, in the plane of amyloid,
similarly to Figure 1.
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Some other possible binding sequences were also iden-
tified, for example the final G(38)...T(43) part of the
amyloid molecule which is also known to be essential in
the aggregation mechanism of AB;_4,'3"!> and accord-
ing to the present studies it plays an important role in
the interaction with the two BSB peptides.

D(7)...Y(10) + T(43) sequences were found to be active
for both the monomer and dimer amyloid target [starting
from E(3)...R(5) in the case of the monomer]. The afore-
mentioned final sequences G(38)...T(43) have also
occurred in the case of the dimer. These matching frag-
ments may be essential in the ‘beta-sheet breaking’ effect
of KLVFF and LPFFD: deaggregating the oligomers to
monomers and/or inhibiting the formation of polymers.

Methods

Preparation of ligand and target molecules

Molecular structures of KLVFF (Tjernberg’s), LPFFD
(Soto’s) peptide (ligand molecules) and AAAAA,
AAVFA (blank ligands) were generated with the aid of
PROTEIN program and optimised by NEWTON pro-
gram of TINKER!7 program package with 0.001 kcal
mol~! tolerance, using AMBER!3 force field parameters.
The structure of AB;_43 peptide and the crystallographic
parameters of the ‘solid-state model’® of amyloid plaques
were kindly provided by Dr. D. R. Howlett (SmithKline
Beecham Pharmaceuticals, Harlow, Essex, UK). The
APBi_43 peptide (a monomer unit) was used as target
during the simulations (Target I). ‘Solid-state’ form of
APi_43 peptide aggregate was built with the aid of pro-
gram O!” and a piece of this ‘crystal’ (containing two
APi_43 molecules) was used as ‘dimeric’ target (Target II).
APi_43 molecules were equipped with polar (essential)
hydrogen atoms and charges of the Kollman united-
atom type. Empirical partial charges of Gasteiger and
Marsilli?® were added to ligand pdb files. The charges of
non-polar hydrogen atoms were united with the charges of
the connecting carbon atoms with the aid of AutoTors?!
(the corresponding pdb coordinates of the H-atoms were
eliminated in the same way). Atomic solvation parameters
and fragmental volumes were assigned using Addsol.?!

Docking procedure

The AutoDock 3.0 program package?' was used for the
computational simulations. Mass-centered grid maps
were generated by AutoGrid program with different
sizes (volumes) and grid spacings (A: 120x30x30 for
Target I, 120x120x120 for Target II and 0.75 A; B:
200x90x90 for Target I, Il and 0.55 A; C: 170x55x55
for Target I, 170x60x70 for Target II and 0.55 A).
Weighed AMBER force field-based 12-10 and 12-6
Lennard—Jones parameters (supplied with the program
package) were used for modelling H-bonds and van der
Waals interactions, respectively. Distance dependent
relative permittivity of Mehler and Solmajer?> was
applied in the calculation of electrostatic grid maps.
One hundred separate docking runs were performed
using the Lamarckian Genetic Algorithm (LGA) of the

program package. The maximum number of energy
evaluations was set to 1.5 million per run, the initial
translation, quaternion parameters and torsions of the
ligands were randomized before each run (i.e., the
ligand maneuvered to the binding site of the target
starting from a random initial position and orientation).
The rotation of ® and W angles and the angles of the
side chains were held free during the calculations. All
other LGA parameters were set as default.

Evaluation of results of docking simulations. Targer I.
The resultant 100 docked conformation of the ligand
peptides were listed in increasing energy order. The
structures with the lowest 25 docked energies were used
as a reference for grouping the 100 structures in the
following way: (1) the distance between the mass cen-
trums of the reference structures and the others’ were
calculated; (2) the structures were put in the same group
if the distance between their mass centrums was in 3 A.
The lowest energy conformation of each group was used
for further characterization of the binding position (i.e.,
determination of the interacting sequences of the AB;_43
monomer). The interacting sequences, the number (N)
of the conformations in each group and the docked
energies of the BSB (ligand) peptide—BA;_4; peptide
complexes are listed in Table 1. (Groups having total
population less than two, are not presented in the table.)

Target I1. Sequences corresponding to the BSB-AB;_43
complexes with the lowest 10 energies out of 100 were
used for evaluation and listed in Table 2. (Identical
sequences were listed only once.)

Molecular dynamics. Possible changes in the structures
of the complexes (obtained by docking) were studied by
1 ns long molecular dynamics calculations using
GROMACS (modified GROMOSS87) force-field imple-
mented in the GROMACS package.?? 3-3 associates of
the beta amyloid and the Tjernberg’s and Soto’s
peptides (at sequences A, B and C) with the best energy
scores of Autodock were used as initial structures. The
preparation of the productive molecular dynamics runs
was the same as before.>* The complexes of Tjernberg’s
and Soto’s peptides were solvated in 10245 SPC/E water
molecules with 2Na™ counter ions and 10238 SPC/E
water molecules with 4Na™ counter ions. In the 1 ns
long productive MD calculations Particle Mesh Ewald
(PME) method was used for the calculation of the long
range electrostatic interactions in the periodic box. The
possible shifts of the small BSB peptides on the beta
amyloid peptides were measured by the distances
between the functional groups.

The VMD?® program was used for graphical inter-
pretation and representation of results. Image rendering
was made by Raster 3D.2¢
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