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Abstract — A free energy landscape reconstruction is
challenging even for a small intrinsically disordered peptide
because conformational ensembles of intrinsically disordered
peptides are heterogeneous and span numerous degrees of
freedom. We combined two recently proposed modeling
approaches, parallel bias metadynamics and sketch-map, to
reconstruct and analyze the free energy landscape of the
small peptide containing an RGD motif (HGRGDLGRLKK).
This peptide originates from the transforming growth factor
beta 3 proprotein and binds to the integrin aVb6 with high
efficiency and selectivity. This makes it a promising agent for
cancer and fibrosis drug development since integrin aVbé is
overexpressed in these pathological conditions. The
simulations indicate that the peptide is mostly disordered;
however, residues 4-7 exhibit a high percentage of the helical
and turns structures. These residues are known to arrange in
a helix when the peptide occupies the ligand-binding site of
the integrin aVbé6. So, the tendency of these residues to form
helical structures in solution probably explains the high
affinity of the peptide for the integrin. We will use these
results in further simulations of chimeric peptides
incorporating this peptide as a building block.
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Motivation and Aim

A free energy landscape reconstruction is challenging even for
a small intrinsically disordered peptide (IDP) because
conformational ensembles of IDPs are heterogeneous and span
numerous degrees of freedom. Defining stable states in this
ensemble is also a non-trivial task. An RMSD-based clustering
is not the best choice for IDPs since separation quality is
achievable only at very small cutoff values. A dihedrals-based
clustering also leads to a vast amount of different
conformations that do not make sense, and we cannot interpret.
Bearing in mind the challenges of IDPs modeling, we
combined two recently proposed approaches, parallel bias
metadynamics [1] and sketch-map [2], to reconstruct and
analyze the free energy landscape of the small peptide
containingan RGD motif (HGRGDLGRLKK). This peptide
originates from the transforming growth factor beta 3
proprotein and binds to the integrin aVP6 with high efficiency
and selectivity [3]. This makes it a promising agent for cancer
and fibrosis drug development since integrin aVP6 is
overexpressed in these pathological conditions. The knowledge
of the free energy landscape topology of this peptide will be
helpful when introducing modifications into its sequence or
using it as a building block for larger chimeric peptides. All
these modifications may shift populations of the peptide
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conformations and result in a molecule that is incapable of
receptor binding.

Methods

We used parallel bias metadynamics and the recently
proposed ff99SB-disp force field [4], which is equally suitable
for IDPs and folded proteins to explore the free energy
landscape of the proposed peptide in solution. Biased potentials
were applied along seven collective variables, including the
similarity of the peptide to different regions of Ramachandran
plot and order parameters of amide NH groups [5]. We
furthermore performed long unbiased molecular dynamics
simulations and compared the results with ones obtained in the
parallel bias metadynamics simulations.

Results

On the limited time scales, parallel bias metadynamics efficiently
samples a broader range of phase space than conventional
molecular dynamics. Although these two methods converge in
the low-lying minima well, only parallel biased metadynamics
reproduce populations of high-energy states. Sketch-map is a
dimensionality reduction algorithm that we used to build a 2D
map of all peptide backbone dihedral angles. This allowed us to
identify clusters of conformations with the elements of secondary
structure and to calculate their populations. The simulations
indicate that the peptide is mostly disordered with a tendency to
form secondary structures of helical and beta-hairpin motifs.
Perfect alpha helices and beta hairpins are poorly populated in
the ensemble of conformations of this peptide as their population
does not exceed 5%. However, looking at individual residues, we
observe that residues 4-7 exhibit a 20-50% population of helical
and turn structures. These residues are known to arrange in a
helix when the peptide occupies the ligand-binding site of the
integrin aVB6. So, the tendency of these residues to form helical
structures in solution probably explains the high affinity of the
peptide for the integrin.
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