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ABSTRACT

Hippy is a novel protein visualization tool
designed to meet the needs of those who
are working with contact maps for protein
structure prediction, and in particular for
those desiring to gain insight into the con-
figurations and properties of pairs of alpha
helices. It is the only known program that
allows the simultaneous display of the struc-
ture and the contact map. Users can cus-
tomize Hippy to display the side chains, con-
tacts, and the steric surface of the helices.
The program is open source; the software
was implemented in OpenGL with an aim
for platform independence.
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1. INTRODUCTION

The 3D structure of a protein is primar-
ily determined by the supersecondary struc-
tures present. The alpha helix is the most
common type of secondary structure, as
over a third of residues in globular proteins
are found in helices. For this reason, alpha
helices have been the subject of significant
research. The interface between helix pairs
is insufficiently understood for a prediction
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of the spatial configuration of a pair of he-
lices ab initio. Many packing models have
been developed, such as ‘knobs into holes™
and ‘ridges into grooves’.? Although these
models are illustrative, they fail to thor-
oughly describe the nature of interhelical in-
teraction.

The ability to predict the configuration
of pairs of alpha helices would be an asset
for protein structure prediction. It is the
first step in a bottom-up approach for as-
sembling sub-structures into a full tertiary
structure for a protein. Our research is one
component in a novel approach to protein
structure prediction in which first a contact
map is predicted for the protein from the
primary sequence.® The tertiary structure
is next predicted from the contact map us-
ing the bottom-up approach.® The present
goal is to gain a thorough understanding of
the properties of the alpha helix pair and
its corresponding contact map to aid in this
study.

2. PROTEIN
VISUALIZATION

There exists a significant number of software
packages designed for modelling proteins,
most of which accept a Protein Data Bank
(PDB)? format file for the protein as input
and extract the relevant information from
the file. Among the most popular pack-
ages are Rasmol,'® Chimera,'® Swiss-PDB
viewer,” and Protein Explorer.®>  Web-
Mol!® is a visualization package that allows
users to view and interact with the distance



map for a protein; it is the only application
with this feature that was found. Unfortu-
nately, there is no option for displaying the
contact map rather than the distance map.
The limitation of all these packages with re-
gards to the applications considered for this
research is that the displays are tailored for
the entire protein and do not allow for much
insight into the interaction between the al-
pha helices. The aim of this work is to cre-
ate a system that expands comprehension
of the interface of helix pairs and how the
configuration of the protein is correlated to
the contact map for the interface.

3. CONTACT MAPS

Hippy displays the contact map for a pair
of alpha helices from a protein. The dis-
tance map for a given protein is an N x N
matrix, where N is the number of amino
acids in the protein, and entry D;; in the
matrix is the distance from amino acid ¢ to
amino acid j in 3D space, typically mea-
sured in Angstroms. The contact map can
be thought of as a binary version of the
distance map, where a threshold has been
applied to yield the Boolean values. The
threshold value that is chosen is essentially
the definition to be employed of what con-
stitutes a contact. The means of determin-
ing an ideal value to use for the contact map
threshold distance is by no means an empir-
ical process at present. A literature review
found many varieties of values; indeed the
choice of what to measure for distance is
by no means standardized at present. For
example, Fariselli et al.’ are using 8A be-
tween Cg as their model; Vendruscolo et
al.'” use 9A between C,. Killblad and
Dean'® use 5A between Cg, and Hu at al.®
use a double threshold of 4 and 7A between
Cq, the thought being that this will elim-
inate contacts not associated with super-
secondary structures. Lee and Chirikjian!?
determined that there is orientational or-
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Figure 1. (a) The contact map for protein
1A0A, a phosphate system positive regulatory
protein, is shown. The contact map interface
is found by finding the smallest rectangle con-
taining all of the contact points from the con-
tact map for the helix pair. The dashed rectan-
gle indicates the area occupied by two helices,
shown in (b). This contact map represents all
of the amino acids for one alpha helix along
the vertical axis and the other along the hor-
izontal. This has been further refined to the
interface area, shown in (c).

der between pairs of alpha helices at dis-
tances up to 15A so this would be a prac-
tical choice of threshold for some applica-
tions as well. Since there is such variation
in the definition of a contact, the visualiza-
tion package must accommodate this by al-
lowing users to change the threshold value
being used.

The contact map for an alpha helix pair
can be isolated from the map for the whole
protein using the indices of the initial and
final residues in each helix, as shown in
Figure 1. The critical information that is
gained by this step is the region of contact
between the pair, referred to as the inter-
face. The interface between the helices is
the only part of the helices that we are really
concerned with, as this is the region where
potential interactions are likely occurring.

(b)
(c)



4. HIPPY

The helix pair viewing software was devel-
oped to efficiently configure the view accord-
ing to the needs of the user. The initial helix
pair selection tool shows the entire protein,
and the user can move through the pairs of
alpha helices and see the pair and the corre-
sponding contact map at various thresholds.
Since Hippy is designed specifically for the
visualization of pairs of alpha helices, many
assumptions can be made. Once the user
has selected a pair for viewing, the proper-
ties of the display may be tailored. There
are multiple properties of the helices that
may be switched on or off so that only rele-
vant information is being displayed. These
properties include:

e Alpha carbons only or all backbone
atoms

e Sidechains or no sidechains

e The opacity of the sidechains can be
varied on a discrete linear scale

e The van der Waals shells of the side
chains can be shown or hidden

e The contacts (derived from the con-
tact map) between alpha carbons can
be shown or hidden

e The threshhold distance being used to
calculate the contact map can be varied

Figure 2 illustrates a screenshot from the
main window of the software, showing most
of these features in action. The window
shows the helix pair viewer rendering the
second and fourth alpha helices (as indexed
in the PDB file) from the protein 1A0A.
In this example, all backbone atoms are
being drawn and the sidechains are being
rendered with very low opacity. The con-
tacts between alpha carbons are shown as
the translucent bars, and the van der Waals

Figure 2. Hippy rendering the helix pair cor-
responding to Figure 1b. The large spheres are
different colours to illustrate the van der Waals
shells of the atoms on each helix. The bars be-
tween the helices are connecting alpha carbons
that are in contact. All atoms of the backbone
are being rendered in this example, and the side
chain atoms are rendered with low opacity.

shells are shown with a different colour used
for each helix. Where the van der Waals
shells from one helix are in contact with
those of the other is an indication of areas
with significant interaction between the al-
pha helices.

There are numerous conventions that
were used in the design of this package:

e the secondary structure information
was taken from the PDB file.

e the colouring scheme for the atoms
is the standard C-P-K scheme (after
Corey, Pauling and Koltun).!!

e the radii for the van der Waals shells
uses the United Atom Radius, which is
the convention used by Rasmol-based
viewers.'* This model creates a sphere
which approximates the radii for the
heavy atom and the hydrogen atoms
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Figure 3. The contact map window from the
helix pair viewer, corresponding to the helices
of index 2 and 4 from protein 1AOA. Note the
correspondence with Figure 1b. Clicking on a
contact here causes the bar associated with the
contact in the main window to flash.

bonded to it as one. This is needed
because most PDB files do not contain
hydrogen atoms (due to the inability of
X-ray crystallography techniques to re-
solve them).

To open a file, the user simply specifies
the name of the file containing the helices
that are desired*, and then selects the in-
dices of the helices themselves. The file is
then parsed to extract all of the coordinate
data corresponding to those helices. The
contact map for the pair of helices is calcu-
lated from the coordinate data using the de-
sired contact threshold (the default is 8A),
and the contact map window is rendered,
as shown in Figure 3. This figure shows
Hippy’s contact map window corresponding
to the pair of alpha helices shown in the pre-
vious figure. Notice that there is a clear pat-
tern that becomes obvious from this contact
map, as there is some symmetry. It is ap-
parent that the bottom-most contact (cor-
responding to the left-most contact bar in

*The standard format for input files is that
of PDB files; users can create their own files
that contain the atom and helix data for a
molecule in PDB format if so desired.

Figure 2) may or may not be significant de-
pending on the packing of the helices. Hippy
facilitates determining the significance by
allowing a researcher to examine the helix
shapes and the van der Waals shells of the
side chain atoms in the main window and
by adjusting the contact threshold.

5. CONTRIBUTIONS

Hippy is a straightforward and user-friendly
program that has the potential for facilitat-
ing breakthroughs in the study of alpha he-
lix pairs. It enables the investigation of the
configuration and packing of a pair and the
manipulation of the contact map. The pro-
gram is open source and platform indepen-
dent, so it is possible to modify the pack-
age to include additional features that an
individual may desire. Researchers working
in protein structure prediction using contact
maps will benefit from this tool by visual-
izing the correlation between the three di-
mensional structure of a helix pair and the
corresponding contact map.

6. FUTURE WORK

This system has many potential exten-
sions, some of which are in development at
present. These include:

e The next version of Hippy will include
an option where the full range of possi-
ble motions for the helix pair would be
demonstrated. The contact map values
and the steric surface of the helices are
the constraints.

e There is no ability for the user to move
the helices or atoms to witness the ef-
fects at present. Since the contents of
the contact map are linked dynamically
to the coordinate data in Hippy, if ei-
ther the coordinate data or the con-
tents of the contact map window are
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changed, the contents of the other win-
dow will be adjusted accordingly. In
addition, the substitution of different
species of residues would be interesting.

A modelling system which was based
upon the energy of the system might
prove useful, as the protein native state
is commonly thought to be a low en-
ergy configuration (Anfinsen’s thermo-
dynamic hypothesis'). This may still
be added in some future version.

Hippy could be extended to include
triplets or quadruplets of helices, and
it could also be used for beta sheets or
other structures.

One helix pair could be aligned with
another helix pair of interest using con-
ventional alignment techniques. This
would be illustrative of differences be-
tween pairs of helices with respect to
their contact maps.

The secondary structure from Data-
base of Secondary Structures in Pro-
teins (DSSP)? could be used instead of
that directly from the PDB file.

The program, source code, and documen-
tation may be found online at http://www.
cs.queensu.ca/~robert/hippy/
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