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ABSTRACT
Eukaryotic Aminoacyl-tRNA synthetases exist in large complex consists of different tRNA synthetases

with auxiliary proteins. P43 is one of the three non-synthetases proteins found in multi-synthetases
complex. P43 has been shown to involve in various biological processes like tRNA transport from
nucleus, apoptosis etc. Homologous sequence of P43 is also found in Plasmodium falciparum (PfP43). In
this study, homology modeling, structure validation and active site determination methods were used to
perform structural characterization of P43. Results show the overall three-dimensional structure of P43
with proper Ramachandran plot. Also, Active site residues were nicely located onto the structure of P43.
In addition, structural comparison between P43 of human and parasite origin provided information on
subtle differences in overall structures of proteins. Our results suggest that elucidation of PfP43 structure

is critical in developing anti-malarial drugs.
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INTRODUCTION
Plasmodium falciparum is the causative agent of
epidemic disease malaria. Many developing
countries are suffering from socio-economic
burden of this fatal parasitic disease. Several
drugs have been identified against malaria
parasite but prime concern remains are the rapid
development of drug resistance among parasites.
In addition, P. falciparum adapts different
strategies to overcome immune responses™™ and
because of it, effective vaccine against parasite
has not been developed. Taking into
consideration all the facts discussed above, there
is regular need of identifying new protein

molecules of the parasite which could be
targeted as potential drug target.

Aminoacyl-tRNA synthetases (aaRSs) are
conserved class of proteins which play important
role in protein synthesis machinery of all living
organism. In eukaryotes, aaRSs are found in the
form of multi-synthetases complex (MSC),
comprises of 9-10 different tRNA synthetases
and 3 non-synthetases proteins®. P43 is part of
the non-synthetases component of MSC. Protein
P43 has been shown to involve in different
biological processes which include trafficking of
tRNA, involvement in autoimmune disease,
inhibition of formation of new vascular tissue in
metastatic carcinoma and in stability to MSC®®.
In addition, the important function of P43 comes
into play as precursor of EMAPII (Endothelial
Monocyte Activating Polypeptide) domain.
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EMAPII is involved in acute inflammation and
play crucial role in apoptotic processes'®. This
aaRSs family of proteins have been identified in
Plasmodium along with the homolog of P43
(PfP43). Nothing much has been done in
characterization of this protein but PfP43 was
found to be secretory in nature during parasite
asexual life cycle in human. Pro-inflammatory
property of PfP43 might play an important role
in modulating host immune response and could
be vital in malaria patho-physiology. In this
work, we have utilized the quick and effective
method of solving three-dimensional structure of
PfP43 using homology modeling. Comparative
studies with human counterparts along with the
identification of active site of the protein P43
could pave the way in identifying new effective
drug-like molecules against deadly malaria
parasite.

MATERIALS AND METHODS
The sequence of PfP43 was obtained using
NCBI Blast by taking human counterpart as
template. Other information of PfP43 was
extracted from PLASMODB using PF14_04013
as accession number. 1E7Z and 1FLO pdb
structures were used as a template for homology
modeling. ldentification of template structures
was carried out using NCBI BlastP where search
parameters were restricted to PDB (Protein Data
Bank). Sali’s Modeller and Swiss Model Server
were used to build the in-silico structure of
PfP43. Online facility of sequence submission
and locally downloaded program of Modeller,
both were used to construct three-dimensional
structure of P43 domain. RAMPAGE online
server was used for structure validation which
gives output of Ramachandran plot describing
maximum allowed amino acids present in
modelled structure. Active site prediction was
performed with CASTp using modelled structure
of PfP43 domain. Images were created using

CHIMERA". Images were processed at higher
resolution in PNG format.

RESULTS AND DISCUSSION
The three-dimensional structure of PfP43
domain is highly compact in nature and it is
typically EMAPII like domain. Structure is the
mixture of alpha helices and beta sheets where
beta sheets are predominantly occupying the
most of the space (fig.1). In addition there are
several loops hanging out of the core part of
structure probably involved in making contact
with interacting molecules which include both
protein and nucleic acid in case of P43. Panel B
of fig.1 shows the surface topology of PfP43
where most of the surface is positively charges
with intermittent negative charged patches,
indicative of nucleic acid binding ability of
PfP43. However, one side of the PfP43domain is
highly negative in nature typically nucleic acid
binding site whereas other side is mixture of
both negative and positively charged residues
which might be interacting with other proteins
based on charge complementarily.
Ramachandran plot of the modelled PfP43
suggest that most of the amino acid residues are
in allowed region of three-dimensional space
and thus validate the homology modeling (fig.3).
Further, structural comparison between P43 of
human and Plasmodium was performed. Overall
the both the proteins share common fold and
domain topology but there are few structural
differences like secondary structure of beta sheet
present in PfP43 whereas absent in human
counterpart, subtle changes in three-dimensional
space of helices and loops (fig.2). These
structural differences could become basis of
drug development strategy as small differences
in three-dimensional space are enough for an
inhibitor to bind with variable affinity.
Computed Atlas of Surface Topography of
Proteins (CASTp) provided the predicted active
site location within PfP43. The amino acid
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residues which make the active site pocket are
coloured in green and there 3D-space locations
are highlighted both in ribbon and surface
diagram (fig.4). The active site volume and area
are 149 A° and 176.9, good enough to
accommodate one or two bases in case on
nucleic acid and two or three amino acids in case
of proteins.

CONCLUSION

To understand the mechanism of enzyme
reaction or binding of two protein molecules,
structural information play a Very critical role,
and to get the structure of proteins using X-ray
crystallography or NMR or Electron microscopy
is very expensive and time consuming process.
Thereby, we adopted relatively cheap and fast
method of solving three-dimensional structure
using molecular modeling. Homology modeling
of PfP43 provided the much needed structural
information required to understand involvement
of this protein in many biological processes. For
example, occurrence of highly negative patches
on one side of protein led us to speculate the
tRNA binding region which is necessary for the
function of transport of tRNA molecules out of
the nucleus as well as for the stable formation of
multi-synthetases complex. Note only that,
remaining area of protein in three-dimensional
space with variable charge distribution might be
responsible for binding to other cellular factors
engaged in apoptosis or inflammatory pathways.
In the end, structural differences between
PfP43and human counterparts might pave the
way for in-silico screening which might lead to
malaria specific drug like molecules discovery.
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Figure 1: Three-dimensional structure of PfP43. Left panel showing modelled structure
in ribbon form whereas right panel display hydrophobicity surface in different directions
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Figure 2: Structural comparison between human and
Plasmodium protein P43 domain AIMPII
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Figure 3: Ramachandran plot of modelled P43 structure
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Figure 4: Predicted active site of P43. Upper panel showing the protein sequence of
modelled P43 structure where active site residues are labelled in green. Lower panel
shows the active site pocket of P43 in 3D space in ribbon and surface diagram.
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