. F/a\
Kogalar Article PHYSICAL
CHEMISTRY u
RESEARCH

Published by the
Iranian Chemical Society
www.physchemres.org

info@physchemres.org

Phys. Chem. Res., Vol. 12, No. 4, 991-1004, December 2024
DOI: 10.22036/pcr.2024.453866.2518

Evaluation of Designed Peptide Inhibitors in Destabilization of Ap42 Protofibrils: A
Molecular Dynamics Study

E. Zarurati and S. Jalili*
Department of Chemistry, K. N. Toosi University of Technology, P. O. Box: 15875-4416, Tehran, Iran
(Received 23 April 2024, Accepted 31 July 2024)

The development of Alzheimer's disease (AD), the most prevalent form of dementia, is associated with the abnormal aggregation of
Amyloid-p (AP) peptides into fibrils and plaques, leading to a decline in brain function. A promising approach to treating A pathology
involves inhibiting fibrillogenesis and developing compounds that effectively disrupt the stable structure of A fibrils. To investigate the
destabilizing effects of peptides on AP42 protofibrils, we designed 42 different N-methylated peptides that bind to AB42 protofibrils. We
then studied the protofibril-peptide interactions using molecular docking, free energy calculations, and molecular dynamics (MD)
simulations. Our results demonstrate that peptides induce changes in the secondary structure of AB42 protofibrils, ultimately leading to the
formation of a less ordered structure. Increased Root Mean Square Deviation (RMSD), reduced residue contacts, disrupted salt bridge

interactions, and decreased hydrogen bonds between chains in the AB42 protofibril indicate destabilization of the protofibril structure. Among

the peptides tested, P3 and P11, both singly N-methylated, exhibited the most potential for disrupting the AB42 protofibril structure.
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INTRODUCTION

Alzheimer's is a fatal neurodegenerative disease that is
associated with cognitive disorders such as deficits in
memory, speech, behavior, and motor function. It appears as
a gradual decrease in the higher functions of the brain and
eventually leads to death [1,2]. The main hallmarks of the
neuropathology of Alzheimer’s disease (AD) include
two major types of protein aggregates: intracellular
neurofibrillary tangles of hyperphosphorylated tau protein
and extracellular aggregates of amyloid-p (AP) peptide, also
known as senile plaques [3,4]. AP is produced through
proteolytic cleavage of amyloid precursor protein (APP) by
B- and y-secretase enzymes. APP is a transmembrane
glycoprotein consisting of a cytoplasmic domain with 55
amino acids and a long extracellular domain containing 590-
680 amino acids [4,5]. Depending on the position of cleavage

on APP, there are several isoforms of AP with different sizes
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of 38-43 amino acids, the most prevalent of which are AB1—
40 and AP1-42 (also named AB40 and AP42). AB42 is highly
neurotoxic and has faster aggregation kinetics compared to
AP40 [6-8]. The formation of AP peptide aggregates plays an
essential role in the emergence and progression of
Alzheimer's disease [7-9]. In the brains of Alzheimer's
patients, AP peptides aggregate and turn into toxic oligomers.
Non-covalent interactions between oligomers form
protofibrils, which mature into amyloid-like fibrils, followed
by filament aggregates, leading to the deposition of amyloid
plaques. These plaques are hypothesized to contribute to
neurodegeneration [4,6-8]. Several treatment approaches,
including [-secretase inhibition, a-helix conformation
stabilization, and aggregation inhibition, have been proposed
to alter the disease progression [5,8,10].

The AB42 protofibril structure consists of five identical
Leul7-Ala42 peptide chains, labeled as chains A-E. Each
chain consists of two B-strands, Bl (Leul7-Ser26) and B2
(Ile31-Ala42), connected by a bend region (Asn27-Ala30).

Interactions within and between AP chains stabilize the U-
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shaped structure of AP protofibrils [11,12]. Several chemical
compounds and peptide fragments based on the A sequence
have been explored to interfere with the AP aggregation
process, raising hopes for the treatment of this disease.
However, using unmodified peptides as therapeutic agents is
challenging due to their low metabolic stability, poor
membrane permeability, and limited ability to cross the
blood-brain barrier [2,4,8,12]. Nevertheless, utilizing peptide
derivatives and peptidomimetics to prevent protein-protein
interactions (PPIs) is of particular importance to overcome
these obstacles.

Several peptide modification methods have been reported
to alter peptide sequences, including a combination of
unnatural amino acids, peptides with D-amino acid residues,
methylation, and amination of nitrogen amide [2,11,13-18].
Peptides containing N-methylated amino acids have been
identified as promising agents for blocking PPIs involving [3-
rich interactions [19-23]. In an experimental study, Schwartz
et al. showed that among the two types of modifications in
the peptide backbone, N-methylation can significantly impair
AP fibrillation [24]. In the present investigation, we have
chosen the AB29-37 hydrophobic fragment of the AP peptide
for the design of inhibitors. A series of N-methylated
peptides were designed, and their destabilizing effect on the

AP42 protofibril was investigated using various
computational methods.
COMPUTATIONAL DETAILS
Design of Candidate Peptides

The hydrophobic sequence of AP29-37
(G29AIIGLMVG37), which comprises nine residues

(referred to as peptide P1 in Table 1), served as the
foundation sequence for designing destabilizers targeting the
Ap42 protofibril. This selection is supported by previous
research findings. For example, studies have demonstrated
that poly-N methylated hexapeptides derived from the AB32-
37 sequence located at the C-terminus of A can inhibit -
sheets accumulation and fibril formation, as well as reduce
AP toxicity under laboratory conditions [25]. Additionally,
Kaminker et al. observed that the N-methylated derivatives
exhibit superior protease resistance compared to other alkyl
substitutions [26]. Hydrophobic interactions are recognized
as key drivers of protein folding, with hydrophobic residues
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playing a crucial role in fibril stability [12,27,28]. Notably,
the hydrophobic C-terminal region of A has been identified
as having a key role in its self-aggregation [29].

Table 1 presents the complete list of designed peptides.
For peptides P2 to P9, a single residue within the Ap29-37
sequence has been N-methylated, while peptides P31 to P43
represent double and triple N-methylations. For all other
peptides (P10 to P30), single or multiple mutations have been
made in the sequence, replacing amino acids with proline,
phenylalanine, isobutyric acid (Aib), lysine, glutamic acid,
and valine, as described in Table S1. These mutations have
been demonstrated to disrupt the interactions that stabilize
the fibril [27,29-31]. In the case of charged amino acids, it
has been argued that the electrostatic repulsions induced by
this type of mutation inhibit further growth of fibrils, while
aromatic amino acids increase peptide-protofibril binding
affinity. It should be noted that the N- and C-terminus of
some peptides are modified with acetyl and amine groups,
respectively.

Molecular Docking Studies

The AB42 protofibril structure was obtained from the
Protein Data Bank (PDB ID:2BEG) [32] and polar hydrogen
atoms were added to the structure. Molecular docking was
performed using AutoDock 4 [33]. All input files were
prepared using AutoDock Tools. Kollman and Gasteiger
charges were added to the protofibril and peptides [34,35].
The grid maps were calculated using the grid spacing of
0.375 A and grid box dimensions were set to 126 A x 100 A
x 100 A. The AP42 protofibril was chosen as a rigid structure,
whereas the designed peptides were allowed to be flexible in
the grid box. The Lamarckian Genetic Algorithm was
employed for global search, while the Solis & Wets
algorithm was used for local search [36,37].

Binding Free Energy Calculations

The best conformation in molecular docking for each
AP42 protofibril-peptide complex was saved as an input file
for a 20 ns simulation. After MD simulation, the binding free
energy between AB42 protofibril and peptides was evaluated
based on the molecular mechanics Poisson-Boltzmann
surface area (MM-PBSA) method using the g mmpbsa tool
[38-39]. The binding free was calculated by employing the

following equations:
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Table 1. Sequences of the Peptides Designed

Peptide Sequence Peptide Sequence

P1 H-GAIIGLMVG-NH, P23 H-GAI (Me-)GLMPG-NH>

P2 H-G(Me-A)IIGLMVG-NH, P24 H-GAI (Me-)GLMFG-NH>

P3 H-GA(Me-1)IGLMVG-NH, P25 H-GFI (Me-1)GLMFG-NH,

P4 H-GAI(Me-I)GLMVG-NH; P26 H-GAII (Me-G)LMFG-NH>

P5 H-GAII(Me-G)LMVG-NH; P27 H-GAIIG(Me-L) MFG-NH,

P6 H-GAIIG(Me-L)MVG-NH; P28 H-GFIIG (Me-L)MFG-NH,

P7 H-GAIIGL(Me-M)VG-NH; P29 H-GVIIG (Me-L)MVG-NH,

P8 H-GAIIGLM(Me-V)G-NH, P30 H-GFIIGL(Me-M)FG-NH;

P9 H-GAIIGLMV(Me-G)-NH, P31 H-GAII(Me-G)LMV(Me-G)-NH»

P10 ACE-G(Me-)IIGLMVV-NH; P32 H-GAII(Me-G)(Me-L)MVG-NH,

P11 ACE-GA(Me-)ILFFMG-NH; P33 ACE-GAI(Me-1)G(Me-L)MVG-NH;

P12 ACE-G(Me-1)ILVFFME-NH, P34 ACE-GAIIG(Me-L)M(Me-V)G-NH,

P13 H-GFIIGLM(Me-F)G-NH» P35 ACE-G(Me-A)I(Me-I)GLMVG-NH;

P14 H-Aib(Me-)IGAiIbMVG-NH, P36 ACE-GA(Me-DIGLM(Me-V)G-NH,

P15 H-GA(Me-1)IGLMPG-NH, P37 ACE-GA(Me-DIG(Me-L)MVG-NH;

P16 H-GA(Me-)IGLMFG-NH, P38 ACE-GA(Me-DI(Me-G)L(Me-M)VG-NH,
P17 H-GA(Me-DIGLMKK-NH, P39 ACE-GAI(Me-1)G(Me-L)M(Me-V)G-NHa
P18 H-GA(Me-DIFFMVG-NH; P40 ACE-G(Me-A)I(Me-1)G(Me-L)MVG-NH,
P19 ACE-GA(Me-I)ILFFMV-NH, P41 ACE-GA(Me-DIG(Me-L)M(Me-V)G-NH,
P20 H-GF(Me-1)IGLMFG-NH; P42 ACE-(Me-G)A(Me-DI(Me-G)LMVG-NH,
P21 H-KA(Me-)IGLMVK-NH, P43 ACE-GA(Me-DIG(Me-L)(Me-M)VG-NH,
P22 ACE-AibF(Me-)IGLMFAib-NH»

AGbinding = AEMM + AGsolv (1)
_ (2)

AEMM - AEvdW + AEelec

AGsop, = AGps + Aans (3)

In these expressions, AEy, represents the molecular
mechanics contribution to the binding free energy in a
vacuum, which comprises the sum of van der Waals (4E,41/)
and electrostatic (4E,.) contributions. Additionally, AGy;
and A Gnps denote the polar and non-polar contributions to the
solvation-free energy (4G,,,,), respectively. Non-polar
solvation energy term was calculated by using the solvent-
accessible surface area (SASA) model with a solvent radius
of 1.4 A.
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Molecular Dynamics (MD) Simulations

MD simulations of the complex of AB42 protofibril with
peptides were carried out using GROMACS 2020.6 software
[40] and AMBER99SB-ILDN force field [41]. This force
field has been used to simulate the structures of AP dimers
and fibrils and is shown to be in agreement with experimental
data [42,43]. All systems were solvated with a cubic box of
TIP3P water [44], ensuring a minimum distance of 1.0 nm
between the complex and the periodic box boundaries.
Additionally, the systems were electrically neutralized by
adding the appropriate number of sodium and chloride ions.
Energy minimization of the systems was carried out for 5000
steps with the steepest descent algorithm. The systems were
then equilibrated using an NVT simulation for 500 ps,
followed by an NPT simulation of the same length. The
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Berendsen thermostat [45] and the Parrinello-Rahman
barostat [46] were used to maintain the temperature of 310 K
and the pressure of 1 bar, respectively. The linear constraint
solver (LINCS) algorithm [47] with an integration time step
of 1 fs was applied to constrain the lengths of all bonds. The
particle mesh Ewald (PME) method [48] was used to
calculate the long-range electrostatic interactions, and the
cutoff for short-range van der Waals interactions was kept at
1.0 nm. Short MD simulations (20 ns) and more extensive
MD simulations (100 ns sampling time) were carried out in
explicit water. The MD trajectories were analyzed using
GROMACS tools [40].

RESULTS AND DISCUSSION

Molecular Docking and Binding Free Energy
Calculations

In this study, molecular docking was employed to create
molecular models of peptide-protofibril complexes for
subsequent calculations. Table S2 lists the binding energies
calculated from molecular docking. The figures in this Table
show that approximately half of the peptides interact with the
lateral region of the AP protofibril, which can inhibit fibril
growth [49]. The subsequent aggregation of the AP peptides
to fibrils is important for the development of the disease. The
free energy of binding for the complexes was subsequently
evaluated using the MM-PBSA method, and the results are
reported in Table S3. Table 2 presents the binding free energy
values for a subset of six complexes that were selected for
further MD simulations. The binding free energy of peptides
varies between -44.9 and -729.2 kJ mol!. MM-PBSA results

show that the values of electrostatic and van der Waals
energy contributions are greater than the free energy of
nonpolar solvation, indicating that both electrostatic and van
der Waals interactions are the effective forces between
peptides and AP42 protofibril. Meanwhile, electrostatic
interactions have a greater contribution to the binding free
energy. The role of electrostatic interactions in fibril
arrangement is demonstrated before [50]. When such
interactions are lost, AP42 protofibril fibrillation can be
disrupted. Based on the binding energy results, several
peptides were selected for further investigation using 100 ns
MD simulations. Since the docking score and binding free
energy of peptide P1 were low, the 100 ns simulation was not
performed for it.

MD Simulations
Complexes

Effect of peptides on the structural characteristics of
AP42 protofibril. The purpose of this study is to investigate
the destabilizing effect of N-methylated peptides on the
structure of APB42 protofibrils. MD simulations of designed
peptides with AP protofibril were performed to observe the
structural changes and stability of AP42 protofibril.
Snapshots of the systems were taken during the simulation at
0, 50, and 100 ns. Figure 1 demonstrates that AP42
exhibit reduced [-sheet
content compared to the reference structure (AP42
protofibril) throughout the simulation. Conversely, they
show a higher content of random coil structures, resulting in
decreased structural stability within the protofibril. The

of Ap42 Protofibril-peptide

protofibril-peptide complexes

decrease in B-sheet content is especially notable in certain
complexes, such as P3, P11, and P13.

Table 2. Binding Free Energy between AB42 Protofibril and Various Peptides from MM-PBSA Calculations

Lo van der Waals Electrostatic Polar solvation ~ Non-polar solvation

Model Binding energy
System (k] mol") energy energy energy energy

(kJ mol'") (kJ mol'") (kJ mol") (kJ mol")
Protofibril —P3 -602.5+£5.5 -163.6+1.9 -686.9 £ 6.3 267.2+3.3 -20.3+0.2
Protofibril -P10 -110+£1.2 -156.2+1.2 -12.7+0.7 80.03 +0.7 -21+0.1
Protofibril —P11 -530.1+£5.1 -181.4+23 -5345+5.7 208.1+3.3 -22.5+0.2
Protofibril -P13 -683.9+7.7 -66.3+ 1 -956.5+12.2 349.8 £ 5.6 -10.6 £ 0.1
Protofibril -P18 -56.6+ 1.2 -1263+1.2 5.79+0.3 79+ 1 -15+0.1
Protofibril —-P24 -5284+£3.5 -147.7+1.1 -597.2+£6.6 235344 -18.9+ 0.1
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Fig. 1. Snapshots of AB42 protofibril-peptide complexes
during the simulation. Helices are shown in purple, coils in
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green, and strands in red.

To investigate the temporal evolution of the structural
stability of AB42 protofibrils, RMSD analysis was performed
for AP42 protofibrils and AP42 protofibril-peptide
complexes over trajectories of 100 ns (Fig. 2A). Table 3
presents the average RMSD values for these systems, which
are higher for all complexes compared to the value for the
AP42 protofibril (0.62 nm), indicating destabilizing effects of
ligands on the protofibril. Among different peptides tested,
peptide P3 demonstrates the most remarkable effect on the
protofibril, with an increase in RMSD to 0.85 nm (as depicted
by the red-colored curve in Fig. 2A). Additionally,
complexes containing peptides P10 and P11 show large
fluctuations during the last 20 ns of the simulation.

Nevertheless, the RMSD for all the systems reaches a plateau
at the end of simulations, indicating equilibrium conditions
for the trajectories. Also, the RMSD of different chains of the
protofibril in the P11 and P3 complexes (Fig. S1) shows that
the edge chains have relatively higher levels of disruption
compared to the rest of the chains.

Another important parameter calculated is the radius of
gyration (Rg) which can provide a measure of the
compactness of a molecular structure. Higher values of R,
indicate a less compact structure. Figure 2B shows the
variation of Ry with time for the protofibril and complexes,
and the average values are listed in Table 3. In line with the
results of RMSD analysis, AP42 protofibril-peptide
complexes show a slightly increased R, in comparison to the
protofibril, and peptide P3 shows the most favorable
potential for disturbing the protofibril structure into a less
compact form.

A) vy protofibril ! '
——AB42 protofibril-P3

1.2 | AB42 protofibril- P10
——AB42 protofibril-P11
1 AB42 protofibril P13
‘AB42 protofibril- P18
——AB42 protofibril-P24

i ., "NW‘*{'»‘M" "y

Mohy, ol

RMSD (nm)

0 10 20 30 40 50 60 70 80 %0 100
Time (ns)

ABA2 protofibril- P13
— AB41 protofibril-P18
——AB42 profofibril-P24

Rg(nm)

0 10 20 30 40 S0 6 70 8 90 10
Time(ns)

Fig. 2. Variation of RMSD (A) and Rg (B) values with time

for the simulated systems.
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Table 3. Averaged Rg and RMSD Values for Ap42
Protofibril-peptides Systems During 100 ns Simulations

Table 4. The Secondary Structure Component Statistics for
AP42 Protofibril-peptides Complexes

Average
Model system Average Rg RMS]%
AP42 Protofibril 1.41 0.62
AP42 Protofibril — P3 1.52 0.85
AP42 Protofibril — P10 1.51 0.62
APB42 Protofibril — P11 1.45 0.71
AP42 Protofibril — P13 1.46 0.78
AP42 Protofibril — P18 1.50 0.62
AP42 Protofibril — P24 1.44 0.68

As previously mentioned, AP fibrils are formed in the
path of the AP accumulation mechanism and before the
formation of neural plaques. Therefore, inhibitors that change
and rebuild the structure of AP fibrils are effective in the
treatment of AD. The stability of proteins is related to their
ability to obtain defined and ordered secondary structures,
which can be checked with the help of secondary structure
analysis [51]. To gain quantitative insight into these changes,
DSSP analysis was performed to follow the secondary
structure during simulations (Tables 4 and S4). The
secondary structure content for the AP42 protofibril in
the present study is almost identical to that reported by
Kaur et al. [12]. Due to the significant increase of coil value
in peptide P11, its B-sheet has the lowest value compared to
the reference. The critical factor affecting the stability of the
AP42 protofibril is its elevated B-sheet content. Across all
protofibril-peptide systems investigated, a decline in B-sheet
content and a corresponding rise in coil structure are evident.
The inclusion of N-methylated peptides in the interaction
with AP42 protofibril has led to a reduction in the number of
residues contributing to the B-sheet structure, consequently
reverting them to the coil conformation.

Destabilization of AP42 Protofibril by Peptides

The interactions among B-sheets within the structure of
the AP42 are crucial for maintaining the stability of its
secondary structure and facilitating protein folding and
unfolding processes. Specifically, hydrogen bonds between
B-sheets represent one of the most significant types of
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Model system Coil  B-Structure® Bend Turn
AB42 Protofibril 33 54 9 1
Ap42 Protofibril — P3 39 43 12 3
Ap42 Protofibril — P10 41 44 11 1
Ap42 Protofibril — P11 46 34 13 3
Ap42 Protofibril — P13 42 42 9 4
Ap42 Protofibril — P18 38 46 11 2
AP42 Protofibril — P24 42 41 12 3

3B-Structure is the sum of B-sheet and B-bridge

interactions. The biological function of a protein can be
modulated by the loss or gain of even a weak hydrogen bond
[24,52]. We have therefore evaluated the number of total
hydrogen bonds between protofibril chains, as well as
between protofibril and designed peptides for all systems
simulated. Figure 3 depicts the plots showing the time
variation of the average total number of hydrogen bonds
within the protofibril for these systems. The presence of
peptides significantly reduces the number of hydrogen bonds
within the protofibril, ranging from 58.49 to 69.23, compared
to 77.72 for the reference structure (protofibril alone). The
most significant decrease is observed for the peptide P11,
indicating a pronounced protofibril destabilization induced
by this peptide. In the study conducted on the destabilization
effects of caffeine on the AP42 protofibril, the number of
hydrogen bonds in the protofibril structure was reduced from
71.9 to 56.5, which suggests a disruption of hydrogen bonds
in the presence of caffeine [51].

The of total
accumulated per frame of the trajectory during the simulation

average number hydrogen bonds
between AP42 protofibril and peptides in the complexes is
shown in Fig. 4A. For all six complexes studied, the peptide
established hydrogen bond interactions with the protofibril,
the maximum number of hydrogen bonds being for P3, P10,
and P11 and the minimum for P18. Table S5 presents the
characteristics of these hydrogen bonds, including donor (D)
and acceptor (A) groups as well as D... A distance at the end

of simulations. The Phel9, Leu34, Met35, Ile41, and Val36
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A)

Residues participate in the formation of hydrogen bond with
AP protofibril. These residues played a key role in binding
REF to AP fibrils in the study by Gupta and Dasmahapatra
[53].

The hydrogen atoms of the main chain residues Val8
of the peptide P3, Leu34, and Val36 of the protofibril
(chain A) form hydrogen bonds with the oxygen atoms
of the main chain residues Leu34 of the protofibril, Leu6,
and Val8 of the peptide P3 (with distances of 3.16 A, 2.72 A,
and 3.03 A, respectively) (Figure 4B). The effective
residue in the self-assembly of [54] AP of the peptide P11
forms a hydrogen bond with the oxygen atom of the
Met35 residue of the protofibril (chain C) at a distance of
3.09 A (Fig. 4C). The hydrophobic residue of Met35
can play a role in the pathogenesis of AD due to
putative interactions in biological systems. It has been shown
that the binding site of this residue can be effective in
inhibiting PPIs and preventing amyloid fibril formation [55].

B)
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Fig. 4. The average number of total hydrogen bonds during simulation in A4, protofibril and A4, protofibril-peptides

complexes (A), and snapshots from protofibril complex with P3 (B) and P11 (C) showing hydrogen bonds.
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he formation of two hydrogen bonds of the P3 peptide with
the Val36 residue of the protofibril (Tables S5) probably
influenced the interaction between the two hydrophobic
amino acids Ala21 and Val36, which play an important role
in the stability and compression of the two B-sheets in the U-
shaped form of the protofibril. The distance between two
hydrophobic amino acids, Ala21 and Val36, has been
measured between the A-B and D-E chains of the protofibril
(Tables S6). This distance is observed to change more in the
P3 peptide complex compared to the reference structure. The
participation of hydrophobic amino acids of protofibril in the
formation of hydrogen bonds with peptides is effective in
destabilizing hydrophobic interactions.

We have also analyzed the salt bridge interactions
between oppositely charged ions, another category of
stabilizing interactions that facilitate the growth of the
protofibril. The salt bridge formed between the Asp23 and
Lys28 sidechains is particularly noteworthy. For this
purpose, the distribution of the salt bridge interaction
distance between the carbon atom of the carboxyl group (Cy)
of the Asp23 residue and the nitrogen atom of the NHF group
(NQ) of the Lys28 residue of the chains was evaluated in the
AP42 protofibril alone and the presence of peptides [56,57].

A salt bridge is formed when this distance is less than
0.46 nm [58]. Since AP42 peptides tend to bind to the A chain
or the E chain of the protofibril, we calculated the salt bridge
distances for chains A and B, as well as chains D and E.
Figure 5 shows the distribution of the salt bridge distance
between chains A and B for the systems. For the reference
structure, the average salt bridge distance between the B and
A chains is around 0.35 nm. The P3 complex has two
distance peaks: between 0.2 and 0.3 nm for 72% of the
conformations and between 0.6 and 0.9 nm for 20%.

In the P10 complex, 28% of the population have a
distance of about 0.35 nm, 25% have a distance between 0.5
and 0.7 nm, and about 25% have a distance between 0.7 and
0.9 nm. A bimodal distribution was observed for the P11
complex, whose dominant peak changes with a distance of
about 1.3 to 1.4 nm. In the P13 complex, two dominant peaks
are observed, one with conformations at 1.55 nm and the
other at 1.65 nm. In the P18 complex (Fig. S2), 42% of the
population distribution was in the range of 0.3 to 0.4 nm and,
30% was in the range of 0.5 to 0.7 nm. In the P24 complex,
three regions were observed, one with conformations with a
distance of around 0.35 nm and two others with a distance of
0.55 and 0.85 nm.
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Fig. 5. Distance distributions between ASP23 (chain A) and LYS28 (chain B) residues for salt bridge formation in
APBA42 protofibril structure and AB42 protofibril-peptide complexes.
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The distribution of salt bridge interaction distance
between chain D and chain E was also investigated for all
systems and shown in Fig S3. In all protofibril-peptide
complexes, the measured distance increased. From the
calculation of the salt bridge distance, it can be concluded
that the presence of peptides can destabilize the salt bridge
interactions in the AB42 protofibril. The details of the salt
bridge interaction between A-B and D-E chains in P3 and
P11 complexes are shown in Fig. 6.

The distance matrices, which contain the smallest
distances between pairs of residues, were calculated and
visualized using 2D contact maps. A contact map is a 2D
derivative of the 3D structure of proteins, containing various
residue-residue contacts within the structure. The pair of
residues were considered to be in contact whenever the
distance between them was less than 1.5 nm. Residue-residue
contact maps of AB42 protofibril in the absence and presence
of peptides were evaluated, and the results for the last 20 ns
of MD simulations are plotted in Fig. 7. Closer contact of
residues is observed in the reference structure, and in the
complexes, it is altered. We observe a decrease in contact
between residues, especially in peptide complexes P3 and
P11. An increase in the distance and a decrease in the contact
between the AB42 protofibril residues indicate the instability
of the protofibril structure.

A)

Peptide P3
K28 /

K28 (chaink)

It was also observed in the present work, the presence of
peptides has led to a decrease in the content of the protofibril
beta structure and an increase in the coil structure.
Additionally, disruption of salt bridges and reduction of the
number of interchain hydrogen bonds show the instability of
protofibril in interaction with peptides.

CONCLUSION

In this work, we investigated the destabilizing effects of
designed N-methylated peptides on the AP42 protofibril
structure. The increase in the RMSD and Rg values and the
decrease in the B-sheet content in the secondary structure
analysis in the protofibril structure showed that the peptides
have reduced the stability of the AB42 protofibril structure.
Peptides P3 and P11 have better destabilizing potential as
inhibitors of protofibril structure. The RMSD diagram of the
different chains of the protofibril structure in these two
peptide complexes shows that the edge chains show a higher
level of disruption compared to the rest of the chains of the
structure. This is effective in preventing the subsequent
binding of AP peptide monomers to protofibril. By changing
and modifying the peptide sequence and placing other amino
acids in the peptide sequence, the destabilization potential of
peptides, a therapeutic option, can be investigated as an

inhibitor of AP protofibril aggregation.

Fig. 6. Snapshots showing salt bridge interactions between Asp23 and Lys28 in AB42 protofibril complexes with P3 (A)
and P11 (B). Peptide P11 is marked in dark red in panel B.
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