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ABSTRACT

The objective of this study is to investigate the folding pathways of Amyloid A4 peptide (PDB ID: 1AML). The structure and trajectories of this protein has
been studied using Molecular Dynamics (MD) simulation. The simulation was run at 300K for SOnsec. The model at 2nsec was aligned to the Nuclear
Magnetic Resonance (NMR) structure with the RMSD value of 7.85A for the overall structure. It was found that the 3_10_helix started to form (ILE32

GLY33 LEU34 MET35) at 4nsec until 7nsec.
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1. INTRODUCTION

Understanding protein folding process is important in
molecular biology field because several diseases such as
Alzheimer and cancer are directly related to the misfolding of
protein. All these diseases have no cure until today and this
problem has not been solved for more than 40 decades.

Some researchers claimed that, the cure of those diseases
can be found when folding process of protein is known.
Unfortunately, this is the major challenge in molecular biology
today since nobody knows how the protein folds. Protein
folding is a process in which, the sequence of amino acids fold
naturally into its tertiary structure. The Formation of the
protein tertiary structure is related to the interactions among
the amino acid residues [1]. For example, the most important
finding regarding on understanding of protein folding was
carried out by Anfinsen and his colleagues in which, they
claimed that the structure of the protein is solely determine by
the sequence of amino acids [2]. Findings by Anfinsen and
colleagues have inspired researchers to continue investigating
the pathways of protein folding.

Since the evolution in studying protein folding
increased rapidly, researchers have come up with various
methods and proven that protein folding can be simulated
using computers [3]. Computational method is the most
powerful tool because it is extremely high resolutions and can
provide detailed atomic level presentations. Furthermore, the
increase in computer speed and improvements in force field
along with more efficient computation algorithms have
brought realistic computer simulation of the folding process
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within reach. Several works have been carried out using this
method [4-5].

In this study, implicit solvent method was employed to
study the 1AML protein folding. This protein is a small
peptide present in normal cells and aggregated 1AML is the
main constituent of the extracellular amyloid plaques found in
Alzheimer’s disease [6]. The main information about
Amyloid, it is actually not toxic [7], however it may become
toxic to neuronal cells once it has aggregated into amyloid
fibrils by peptide-peptide interaction. Thus, this study aims to
investigate further on the early stage of the folding in order to
contribute better understanding of the folding pathways of this
protein.

2. EXPERIMENTAL
2.1 Material and method

The Protein used in this study was Amyloid A4 peptide
[6]. From the previous research this protein was a deduction
from B-amyloid which is a big protein that was found in
human brain. This protein contains 40 residues and chain A.
This protein was simulated using an all atom classical
simulation and slightly modified version of AMBER 11[§]
force field 99 [9]. The energy minimization was carried out
using 1000 cycles of steepest descent and another 1000 cycles
of conjugate gradient [10]. The MD simulation was carried out
for 50ns. The solvation effects were incorporated with
Generalized Bond implicit solvent method [11]. The system
used Langevin dynamics [12] with the collision frequency is
1.0 to maintain the temperature at 300K. Bond constraints
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were imposed on all bonds involving hydrogen atoms via
SHAKE [13].

3. RESULTS & DISCUSSION

3.1 Collapse and Contacts Occurred from lnsec to
50nsec.

The unfolded starting structure was at extended state
with very few native contacts and no helical content. Most of
the native contacts were absent at the unfolded state. The
trajectories of this protein were different from Insec to
20nsec, after 20nsec until 50nsec the structures looked similar
and more stable. During the simulations, from linear chain the
first collapse occurred at 2nsec in which GLY33 contacts with

ILE31 with distance 6.64A. Figure 1.0 showed the residue
contacts formed in the model.

3.2 RMSD

The RMSDy,can Was calculated to be 10A at 50nsec as
compared to that of the NMR structure. Figure 2.0 shows the
RMSDyack.nt from Insec to 5S0nsec. At the starting point of the
simulation, RMSD value is 30.25A. However, the RMSD
value decreased as the simulation progressed. H igh
fluctuations were occurred from Onsec to 5Snsec. The RMSD
values somehow look more stable with stable fluctuation from
value 10.0A to 5.0A within 10nsec to 50nsec. It was observed
that the model showed the lowest RMSDy, . value 7.85A at
2nsec. Figure 3.0 shows the superimposed of the model at
2nsec with that of the native structure.

Fig. 1 Contacts between ALA24-ALA21, GLY33-ILE31, GLN15-VAL12 and PHE4-HID6
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Fig. 3 Superimposed of the model at 2 ns with native NMR
structure. The Red structure represents native structure and
the other structure represents model structure.

3.3 Secondary structure

Previous studies have shown that secondary
structures will form from nanosecond to microseconds. For
the model, it was found that the 3,,-helix started to form
(ILE32 GLY33 LEU34 MET35) at 4nsec until 7nsec.
Figure 4.0 shows the structure of 3;y-helix at 7nsec. The
NMR structure of this protein contains helices at (ILE31
ILE32 GLY33 LEU34 MET35) and (GLN15

LYS16 LEU17 VAL18 PHE19 PHE20 ALA21
GLU22 ASP23). Previous findings from experimental
method had shown that helix formation  formed from
Vall2 to Met35 [7]. This suggested that the formation of

310-helix will lead to the formation of helix (ILE31 ILE32
GLY33 LEU34 MET35) when the contacts among residues
or hydrogen bonds become more stable and this protein
should be further simulated. The graph at Figure 5.0 shows
the percentage of secondary structures formed for each
residue within Insec to 50nsec. The data were gathered
using the ptraj analysis. From the graph, it can be observed
that the formation of 3,o-helix was formed between residues
GLU22 to GLY25 and GLY33 to MET35 with the
percentage between 20% - 40% for 50nsec. There was no
occurrence of [-sheets observed throughout the whole
simulation.

Fig. 4 Structure of 310-helix at 7nsec
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Fig. 5 The Percentage of Occurrence of secondary structures for each residue from lnsec to 50nsec.
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4. CONCLUSION

In this study, MD was used to study the folding
pathway of Amyloid A4 peptide with simulation time of
50nsec. The first collapsed occurred at 2nsec and produced
contacts between ALA24-ALA21, GLY33-ILE31,
GLN15-VALI12 and PHE4-HID6 with the distance less than
10A. The lowest RMSD value (7.85A) for this model was at
2nsec. The 3;o-helix was formed between residues GLU22
to GLY25 and GLY33 to MET35 and no occurrence of B-
sheets for 50nsec simulation.
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