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Folding and unfolding of chicken
villin headpiece: Energy landscape of
a single-domain model protein

Goundla Srinivas and Biman Bagchi*

Solid State and Structural Chemistry Unit, Indian Institute of
Science, Bangalore 560 012, India

Folding and unfolding of a thermostable chicken vil-
lin headpiece subdomain, a 36-residue protein (HP-
36), is studied by wusing Brownian dynamics simula-
tions. The hydropathy scale of amino acids is used to
obtain the varying interactions among the amino
acids. A qualitative picture of the energy landscape
funnel is obtained from simulations. Although there
are several states near the minimum of the folding
funnel, we could identify a stable native configura-
tion. The energy of the folded protein scales with the
hydrophobic contact parameter, as found in recent
analyses. The model also allows for a description of
cold denaturation by the salt-induced modification of
the ‘effective’ interactions among the various amino
acids. In this model, the kinetics of denaturation is
found to be considerably different from that of fold-
ing—folding, seems to face more barriers and involves
a more complex pathway.

THE folding of an extended, unfolded protein to its
unique three-dimensional folded native state is a highly
complex problem which has attracted a great deal of
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interest in recent yearsld. Recent theoretical studies

have suggested that the size, stability and the topology
of a protein influence the folding rate and mecha-
nisms>*, Recently, the concept of the free-energy land-
scape-guided folding5 has been introduced, which has
drawn a lot of attention. However, it is fair to say that a
quantitative understanding of many facts of the protein-
folding problem is still not within our reach.

Early statistical mechanical theories of protein fold-
ing have considered single-domain proteins“’6 because
of their simplicity. These initial theories were followed
by a series of studies, which vastly improved our under-
standing of protein folding7’8. For example, Zwanzig et
al.” showed that a small energy bias (of the order of a
few kpT against the locally unfavourable configurations
can reduce the Levinthal’s time to a biologically sig-
nificant size. Later, Zwanzig® extended this model by
introducing the reversible accessibility of the final
folded state to study the kinetics of protein folding.
Onuchic e al® have introduced and elaborated on the
concept of energy landscape. According to this latter
development, the folding kinetics is determined by an
energy landscape and for foldable proteins this resem-
bles a funnel with a free energy gradient towards the
native structure. The introduction of the concept of
folding funnel provided a much-needed breakthrough in
understanding the pathways of protein folding.

Duan and Kollman®’ carried out the first ever one-
microsecond simulation of a protein in aqueous solu-
tion. They have studied the thermostable chicken villin
headpiece subdomain, a 36-residue protein (commonly
known as HP-36 protein) in the aqueous solution by
explicit representation of water molecules. They found
a native-like structure with two pathways.

Earlier, Shakhnovich and coworkers have per-
formed a lattice model simulation study and obtained
the density of states. Their 3-dimensional figures (with
energy, number of topological contacts and number of
configurations as the coordinates) had a nice funnel-like

10,11

structure. However, for a continuum (that is, off-lattice)
model like the one treated here, the problem is more
difficult. In particular, it is a difficult task to simulate
folding of a model protein by the conventional simula-
tion techniques such as molecular dynamics/Monte
Carlo or all-atom simulation’ or even by the Langevin
dynamic simulations'?. To overcome these difficultics
we use the off-lattice Brownian dynamics (BD) simula-
tion technique. BD simulation has the advantage that it
does not include the detailed description as all-atom
simulations (that is, does not include water molecules),
but includes the qualitative features by an implicit rep-
resentation through the intermolecular interactions
which are now modified to reflect the hydrophobicity of
each amino acid. In this study we report the construc-
tion of an energy landscape by carrying out the BD
simulation study of a minimalist model HP-36 protein.
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