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Brief Report

Ligand-binding prediction for ErbB2, a key molecule in the
pathogenesis of leprosy
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ABSTRACT

Background and Aims: Mycobacterium leprae is an obligate intracellular pathogen. Ligand-binding is an important factor
in the success of chemoprevention and chemotherapy. A new drug that can inhibit M. leprae binding to and activation of,
ErbB2 and Erk1/2 in primary Schwann cells is the new therapeutic option. However, the ligand-binding pattern of ErbB2
has never been clarified. Methods: In this work, the author performed a ligand-binding prediction for ErbB2 using a new
bioinformatics tool. Results: According to this study, nine strong possible ligands can be identified. Conclusion: These

sites can be useful for further drug-development studies.

Keywords: ErbB2, Leprosy, Ligand binding, Trastuzumab

INTRODUCTION

Cell adhesion plays a pivotal role in diverse biological
processes that occur in the dynamic setting of an infection.!"!
Although complex, cell adhesion in the vasculature can
be exploited to direct drug carriers to targeted cells
and tissues. Ligand-binding is an important factor in the
pathogenesis of many infections.”? Ligand-binding analysis
becomes an important novel tool for new drug discovery.
The analysis can be useful for identification of the point of
interaction and can be a clue for further molecular docking
study.

M. leprae, the causative agent of leprosy, is an obligate
intracellular bacterial pathogen. Basically, M. leprae-induced
demyelination is a result of direct pathogen ligation to,
and activation of, ErbB2 receptor tyrosine kinase signaling
through a complex process.*# Herceptin® (trastuzumab),
a therapeutic humanized ErbB2-specific antibody that can
inhibit M. leprae binding to and activation of, ErbB2 and
Erk1/2 in primary Schwann cells, might turn out to be a new
therapeutic option.*”! Ligand-binding is an important factor

in the success of chemoprevention and chemotherapy of
leprosy.?l However, the ligand-binding pattern of ErbB2 has
never been clarified. In this work, the author performed
a ligand-binding prediction for ErbB2 using a new
bioinformatics tool.

METHODS

Getting the sequence
The database Pubmed was used for data mining of the
molecular structure for ErbB2 receptor.

Prediction for the ligand-binding

The ligand-binding for ErbB2 receptor was performed using
a novel bioinformatics tool, namely, Q-SiteFinder.” It is a
new method of ligand-binding site prediction.” It uses the
interaction energy between the protein and a simple van
der Waals probe to locate energetically favorable binding
sites.”l Energetically favorable probe sites are clustered
according to their spatial proximity and clusters are then
ranked according to the sum of interaction energies for
sites within each cluster.”! The system works by scanning a

Venereol Leprol 2008;74:32-4.
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probe radius of 1.6 A along all gridlines of a grid resolution
0.9 A surrounding the protein. Grid points are defined to be
part of a site when the probe is within the range of protein
atoms followed by free space, followed by protein atoms.”!
If ligands are allowed to remain on the protein, they may
interfere with binding-site prediction. The proteins are
initially scanned for ligands and then, potential ligands
are identified.” The method can be applied in structural
genomics studies where protein-binding sites remain
uncharacterized since the 86% success rate for unbound
proteins appears to be only slightly lower than that of
ligand-bound proteins.”!

Visualization of the ligand

The result was further processed to build a format of three-
dimensional (3D) molecular structure by Swiss-Pdb Viewer®!
(GlaxoSmithKline® and Swiss Institute of Bioinformatics®).
Briefly, Swiss-Pdb Viewer is used to generate 3D molecular
structure, side by side stereo and above/below stereo.®
Based on the two distant stereo modes, recomposition of
data file to 3D structure can be done.

RESULTS

The molecular structure of the ErbB2 receptor (2A91) was
derived and used as template for further prediction for
ligand-binding sites. According to the analysis, nine ligands
can be identified. The results from the analysis are shown in
Table 1 and Figure 1.

DISCUSSION

Pathogens have co-evolved with their hosts and acquired
the ability to intercept, disrupt, mimic and usurp numerous
signaling pathways of those hosts." The study of host-
pathogen interactions not only teaches us about the
intricate biology of these parasitic invaders but also provides

Table 1: The predicted ligands within ErbB2

Position Site volume (A3)
11 553
2010 323
27 281
2126 209
68 186
1834 163
2126 116
1052 145
2369 130

Listed in the order of binding intensity
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Figure 1: The predicted ligands within ErbB2
*The area in sheath plate is the identified area (ligand)

interesting insights into basic cellular processes both at
the individual cell level and more globally throughout the
organism.!"! There are many steps in pathogenesis of each
infection. These include access to an infecting surface,
multiplication on that surface, colonization, invasion,
multiplication inside the new host and resistance to innate
and adaptive immune mechanisms.” Many such steps
require a specific ligand-receptor interaction.”

M. leprae can infect a variety of cells in vivo, including
epithelial cells, muscle cells and Schwann cells, in addition
to macrophages.® The area (ligand) receptor interactions
are important in the attachment and ingestion of M. leprae
by these nonmacrophage cells.”! Recent work by Tapinos
et al.¥l shows that a direct mechanism of demyelination
induced by M. leprae depends on the binding of the
pathogen to the receptor tyrosine kinase ErbB2 on Schwann
cells and the resulting activation of the Ras-Raf-MEK-ERK
pathway.’! Blockade of ErbB2 activity by the new molecule
that acts on the ligand-receptor interaction might be an
effective therapeutic tool. For example, a new molecule
PKI-166, a specific inhibitor of EGF-R phosphorylation,
dual ErbB1-ErbB2 kinase, can effectively abrogate M.
leprae-induced myelin damage in both in vitro and in vivo
models.P!

Analysis of the ligand-binding within ErbB2 molecule can be
useful for new preventive and therapeutic drug development
for leprosy. With the increasing amount of data provided by
both high-throughput sequencing and structural genomics
studies, there is a growing need for tools to augment
functional predictions for protein sequences. Broad
descriptions of function can be provided by establishing the
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presence of protein domains associated with a particular
function. Here, the author used a bioinformatics tool for
analysis of the ligand-binding pattern within the ErbB2
molecule.

According to this study, nine strong possible ligands can
be identified. Indeed, there are only a few reports on the
ligand-binding of ErbB2 in leprosy.”* Several new ligands
are detected in this work. These sites can be useful for
further drug development studies. Prediction of the roles
and vulnerable binding descriptions of these sites are
planned in the future research.
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