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Towards Understanding the Early Events in the
Conformational Transition of Amyloid Beta Peptides

Sikander Hayat and Volkhard Helms

Center for Bioinformatics, Saarland University, 66041 i®&zcken, Germany
E-mail: {s.hayat, v.helmg@bioinformatik.uni-saarland.de

It is experimentally known that oligomerization of amyldiéta peptides is accompanied by
a conformational transition from mainly alpha or randoml twibeta sheets. The aim of this
study is to analyze and compare the spatial orientation dfaiipn water near the peptide
surface during this conformational transition of amylbieka 42 (Ab42) and amyloid-beta 40
(Ab40) peptides. Therefore, molecular dynamics (MD) satiohs of 100 ns length with ex-
plicit representation of solvent were performed for indivél amyloid beta monomers. Analysis
was based on the radial distribution function (RDF) of hyidrawater for individual residues
and for respective secondary structure elements. In adls¢cdnitial results suggest that, in
accord with the literature, the RDFs reveal the presencevefsblvation shells around polar
residues. Variations in RDF in the first solvation shell wirend to be consistent with the
physiochemical properties of the amino acids and were imiggnt of the secondary structure
element. However, individual residues that belonged tostemndary structure segments un-
dergoing conformational transitions showed significadisteibution of water density. Further
investigations, such as dimer formation and analysis obtfentation of water molecules near
peptide surfaces are necessary to clarify the role playezllrpunding water in the assembly
of such unstructured peptides.

1 Introduction

Recent experimental evidence has implicated the toxidigotuble oligomers of amyloid
beta peptides in Alzheimer’s diseds&iven the metastable nature of these oligomers, it
is hard to obtain experimental data for the early eventsitaklace during the oligomer-
ization of amyloid beta peptides. Computational simulatioethods are, hence, needed
to provide atomistic details of the early events in amyloétisboligomerization and there
is already a broad literatute As water is known to play a key role in protein folding,
structure, dynamics, specific interactions and ligandibipdn this preliminary study, we
focus on the spatial organization of water molecules pteisesolvent surrounding the
amyloid beta peptidés Halle recently discussed the technical advancementsogegbl
in investigating the influence of protein on surrounding/eat moleculel while Helms$
and Bizzarf reviewed the computational studies aimed at studying jratater interface
and the properties of water near protein surfaces.

The primary aim of this study is to understand the effect ofranacid polarity and
peptide secondary structure on the spatial organizati@atér in its surrounding. To this
end two 100 ns MD simulations of Ab40 and Ab42 monomers, retspdy, were car-
ried out in explicit solvent. The results obtained from tinalgsis of radial distribution of
water molecules in both the simulations are compared bas#uephysio-chemical prop-
erties of individual residues and the secondary structomgposition of residues. Amyloid
beta peptides were chosen for this study as they show a wathcterized conformational
transition and hence can be ideal candidates for studymeffiect of secondary structure
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elements on surrounding wateThe RDFs, MD simulation set up and the starting struc-
ture of the peptides is briefly described in section 2. We flistuss the conformational
transitions before analyzing the RDFs obtained from bathugtions in section 3. The
results in section 3 are discussed based on the individsialues, secondary structure el-
ements and with respect to the residues that undergo coafiommal transition during the
course of the simulations. The results presented here lega feom an ongoing investi-
gation and certainly more independent MD simulations nedmbtconducted to determine
the statistical relevance of the results discussed.

2 Methods and Simulation Setup

The initial coordinates for the Alzheimer Ab42 and Ab40 peps were obtained from
the solution structures of the Ab42 peptide in an apolar ogovironment (PDB ID: liyt)
and of Ab40 in a water-micelle environment (PDB ID: 1badjpectively. All standard
MD simulations were carried out with the Gromacs pacKaging the GROMOS96 53a5
force field in the NPT ensemble at 300 K and periodic boundanditions. The linear
constraint solver (LINCS) method was used to constrain Hendths, allowing an inte-
gration step of 2 fs. Electrostatic interactions were dalea with the Particle-Mesh Ewald
algorithm. RDFs describe the ratio between the local density around a medersiter p
and the average densityof water molecules in the solution. Here, the terminal atofms
the functional groups of individual residues were considexs reference points and the
RDFs were calculated for both the water oxyggns (r)] and water hydrogerigp (r)].
The RDFs were computed for 1) all amino acids based on théaripo?2) all the amino
acids belonging to the same secondary structure elemeisttdtbe noted that in case 2,
average RDFs were calculated over certain time intervals¢ount for the conformational
transition taking place during the course of simulationl r&kidues in the two peptides,
irrespective of their solvent exposed surface area, wemsidered for estimating RDFs.
The RDFs were calculated using the-df module of Gromads The secondary structure
analysis was performed based on D&SP

3 Results and Discussion

We focus here on the effect of the peptide conformationalsiteon on the spatial orga-
nization of water surrounding the peptide. First we reploet ¢onformational transitions
occurring in the peptides during the simulations. In theeaafsAb42 peptide, the second
alpha helix comprising of residues 28-39 of the Ab42 peptideverted within 5 ns into
several beta sheets connected via beta bridges. Howegeretitral hydrophobic region
(residues 16-21) remained mostly in 5-helical structurhview local transitions to al-
pha helical structure during the 100 ns simulation. The ieim@ residues 1-14 mainly
adopted random coil structure and finally settled into a bh&et conformation at about
40 ns. Also, at about 40 ns, residues 28-33 formed a beta gfaeemained stable until
100 ns. Residues 34-42 formed a beta sheet at about 85 nethained stable till the
end of the simulation. However, it is to be noted that the Iskiet secondary structure
might be favored by the force field applied. In vast contragth42, no beta sheets formed
in the Ab40 peptide and most of the residues remained in ranztol conformation for
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most of the simulation duration. It is noteworthy to menttbat before being replaced
by random coil structure, the alpha helix comprising ofdasis 10-17 remained stable for
about 60 ns. The remaining residues 15-36 underwent a goafamal transition from
alpha helix to random coil within the first few nanosecondsiofulation. Ab40 residues
20-25 and 31-34 remained in random coil structure for moshefduration and adopted
a beta sheet structure at about 80 ns. Remarkably, the siamsgresented here capture
the beta sheet forming tendency of both the peptides. Incpéat, it is to be noted that
Ab42 is considered to be more prone to fibril formation andah®rgence of beta sheet
structure is suggested to play a key role in its oligomeigré?. However, the aim of this
study is not to highlight this beta sheet formation but ratireerstand the fluctuations in
(solvent) water surrounding the segments that undergad¥eroation transition.

The RDFSs[gpy (r)] and[gpo(r)] measuring water-hydrogen and water-oxygen den-
sity at given distance, respectively, were computed fotehminal atoms of the functional
groups present in the two peptides. As expected, the spligtalbution of water was ef-
fected by the polarity of the amino acid residue. Two solst&lls were clearly observed
for the polar and charged residues, while only one shell wasiéd around the apolar
residues. The water density at the first solvation shell wasd to be lower for the ap-
olar residues4,,.. ~ 0.7) as compared to the polar and charged ongs.¢ ~ 1.1).
Further,[gpr (r)] and[gpo(r)] values were compared to estimate the orientation of water
molecules about the residues. As expected for hydrogen tomalrs like ARG and LYS,
the first maxima fofgp g ()] (Fmaz ~ 2.6,5\) was found to be shifted to a larger distance
as compared typo ()] (rmas ~ 2A), signifying the fact that water hydrogens point away
from hydrogen bond donor molecutés

To investigate the effect of secondary structure transitim water distribution,
we identified the residues that had undergone conformdtioaasition and calculated
l[gpm (r)] and[gpo(r)] functions with reference to th@« atom of the respective residue.
In summary, residues 20-25 and 31-34 were identified to hadengone structural transi-
tion from random coil to beta sheets in Ab40. In the case of Abdsidues 1-5 (random
coil to beta sheet), 20-24 (alpha helix to random coil) and34random coil to beta sheet)
were observed to have undergone structural transitionly&iseof RDFs revealed that the
effect of structural transition on the water distributioaswnegligible when the whole seg-
ment that had undergone transition was considered. HowthemRDFs calculated for
individual residues within a given segment seemed to hawefgiant perturbations. As an
outlook for this ongoing research, we plan to further iniggge these perturbations in wa-
ter distribution due to secondary structure transitionrédeer, multiple MD simulations
with different force fields need to be run to attain stataticrelevant results.
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