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Abstract Plasmodium falciparum, the causative agent of severe
human malaria. The dominance of resistant strains has compelled
to the discovery and development of new and different modes-of-
action. Current plasmodial drug discovery efforts remains lack
far-reaching set of legitimated drug targets. Prerequisite of these
targets (or the pathways in which they function) is that they
prove to be crucial for parasite survival. Thioredoxin Reductase
is a flavoprotein that catalyzes the NADPH-dependent reduction
of thioredoxin. It plays an important role in maintaining the
redox environment of the cell. A third redox active group
transfers the reducing equivalent from the apolar active site to the
surface of protein. This group is a second redox active disulfide
in thioredoxin reductase. The vital importance of the thioredoxin
redox cycle (encompassing NADPH, thioredoxin reductase and
thioredoxin) is stressed by the confirmation that thioredoxin
reductase is indispensable for the survival of intraerythrocytic P.
falciparum. Cytosolic Plasmodium falciparum Spermidine
synthase linked with the polyamine metabolism is a potential
target for antimalarial chemotherapy due to the vital role of
spermidine in the activation of the eukaryotic translation
initiation factor 5A, cell proliferation and the mechanism of the
aminopropyltransferase action of Spermidine Synthase. Methyl
Erythritol 4-Phosphate (MEP)/Rohmer pathway is assumed to
have specific inhibitors designed against enzymes of this
pathway with less toxicity and fewer side effects. 2C-Methyl-d-
Erythritol 2, 4 — Cyclodiphosphate Synthase (MECPS), catalyzes
the formation of isopentenyl pyrophosphate (IPP) and
dimethylallyl pyrophosphate. All three enzymes represents as
promising drug targets for rational drug designing.

Index Terms Plasmodium falciparum, Thioredoxin Reductase,
Homology Modeling, Structure Validation

I. INTRODUCTION

M alaria is life threatening disease caused by group of
organisms Apicomplexa, differentiated by presence of
four-membrane relict plastid. This deadly disease affects poorest
population of about 107 countries [1, 2].From recent estimates it
has been indicated that there are 300-500 million clinical cases
death toll rises between 1.5-2.7 million occurs worldwide
annually. 90% of the death occurs in tropical Africa. Out of 1.4

billion people, 1.2 billon people are of South East Region live in
malaria prone area [16]. The sufferings are due to massive loss of
productive man hours. The violent cycle of malaria and poverty
continues in its most grave form in the developing nations where
the poorest of poor cannot afford costly medication[1].Causative
agent of human malaria is intracellular parasites of the genus
Plasmodiumspread by Anopheles gambiaenosquitoes. There
are four species of human infecting Plasmodium Out of these
P.falciparum is the most deadly [3].Eradication of malaria
became very difficult in the battle against this parasite due to
drug resistant Plasmodium falciparum[1].

Thioredoxin reductaseis a part of family of glutathione
reductase-like homodimeric flavoenzymes [6]. Plasmodium
possesses two chief NADPH-dependent redox systems consisting
whole glutathione system [7,17, 18] and thioredoxin system with
wide range of antioxidant defence mechanism, major antioxidant
redox-enzyme is Thioredoxin reductase [7,19,20]. An entire
Thioredoxin system comprises of thioredoxin reductase (TrxR),
various thioredoxins and thioredoxin-dependent peroxidases
(TPx) [7, 17, 21-23]. Malaria parasites are prone to disruption of
the redox equilibrium at the time of erythrocytic life stages
[7].Thioredoxin include the reduction of nucleotides to deoxy-
nucleotides and alteration of transcription factors such as NF-kB
[8, 24-26].

Plastid is the organelle which is crucial for the survival of
these parasites and advantage is it consists of various pathways
such as fatty acid, heme and isoprenoid biosynthesis [27] which
is uniquely present in bacteria, plant and apicomplexan unlike
humans [28-29]. Plasmodium utilizes plastidial methylerythritol
4-phosphate pathway (MEP) for isoprenoid biosynthesis. To stop
the multi-drug resistance and spreading of Plasmodiumstrains
various enzymes of this pathway such as 1-deoxy-D-xylulose-5-
phosphate synthase, 1-deoxy-D-xylulose-5-phosphate
reductoisomerase  and  2C-methyl-D-erythritol 2, 4-
cyclodiphosphate (MECP) synthas¢2, 30-31].

Plasmodium falciparunspermidine synthase(PfSpdSyn)
belongs to the huge protein family of aminopropyltransferase.
PfSpdSyn enzyme has many features; it makes less amount of
spermidine found in the parasite, that increases DNA-polymerase
activity six folds [35] and plays key role in modification and
activation of the eukaryotic translation initiation factor elF5A
[36-39].Since PfSpdSyn is related to polyamine metabolism,
polyamine biosynthesis results in depletion of spermidine due to
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accumulation of unmodified elF5A. Molecular and biochemical
characterizations supported in determination of PfSpdSyn
specific inhibitors. Importance of this enzyme is due to its
product spermidine [5, 40].

Il. WHY THESE ENZYMES ARE SELECTED AS DRUG
TARGETS?

In high-Mr TrxR C-terminal redox-active centre of the
mammalian enzyme consist of selenocysteine-cysteine pair (Se-
CysCys) while the Plasmodium TrxR consists a CysXXXXCys
motif. The C-terminal sequences are SGASILQAGCUG in
thioredoxin reductase from human placenta [58, 59] and
AAKGGCGGGKCG in thioredoxin reductase from P.falciparum
[60].

— FAD FAD —FAD
HTrxR 59— S Se - 496' —S Se— —S “Se
I =11
64-5 s 495 LSH s < |-s HS
| - - L
— FAD — FAD —FAD
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Fig.l1 HTrxR, human thioredoxin reductase; and Pf TrxR,
Plasmodium falciparurthioredoxin reductase. Residues having
Numbers without primes come from one subunit while those
with primes come from the other; the break at the bottom also
symbolizes the two polypeptide chains. The curved arrow
indicates charge transfer from the donor thiolate to the Acceptor
FAD [8].

This chemical structure difference can be exploited for
designing specific inhibitors, as shown in fig 1. There is
noteworthy difference between the active sites of parasite and
host proteins [9]. In mammalian Spermidine Synthase to some
extent putrescine can be replaced by spermidine as aminopropyl
acceptor whereas P.falciparum Spermidine Synthase has the
potential to catalyse the formation of spermine. This functional
difference is may be due to structural differences [3, 47]. MEP
pathway is absent in human hosts due to this reason this pathway
protein MECP Synthase signifies wonderful drug target [2].

I1l. PATHWAYS AND SYSTEMS RELATED TO THESE ENZYMES
Thioredoxin System for Thioredoxin Reductase:

NAOPH  [TRox | Toed | [periadae
Transcription factors
Ribonucleotide
reductase

NADP TR [Ton | (9967

Fig.2 TrxR-ox, oxidized form of thioredoxin reductase; TrxR-
red, reduced form of thioredoxin reductase; Trx-ox, Oxidized
from of thioredoxin; Trx-red, reduced from of thioredoxin [9].
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Fig.3 Intracellular disulphide- reducing system; the arrows are
indicating the flow of reducing equivalents Originating from
NADPH [6].

The thioredoxin redox cycle consists cascade of redox
active proteins that shuttles reducing equivalents from NADPH
to an acceptor molecule. There are acceptors such as
ribonucleotide reductase and transcription factors. Thioredoxin
reduces peroxiredoxins and GSS.G. This system is indispensable
for the survival of Plasmodium falciparunf9] as in fig.2. Low
molecular weight compounds and in fact proteins are included in
broad substrate spectrum of high molecular weight TrxRs. [6,
10]. Question arises that the variety of TrxR substrates would
choose which of the redox centre for reduction. In this context it
depends upon the size of substrate, its charge and polarity.
According to the catalytic mechanism it has been suggested that
larger substrates react at the C-terminal redox active site whereas
small compounds sometimes uses shortcut via the flavin /the
internal catalytic cysteines [6] as in fig.3.

Two or more thioredoxins and TrxRs those act in different
cell compartments are described in fig 4[10].
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Fig.4 Subcellular compartmentation of cellular redox metabolism:; Glutathione reductase and Thioredoxin
Reductase in malaria parasite [7].

Polyamine biosynthesis pathway for Spermidine Synthase:
The polyamine biosynthetic pathway is responsible for the
metabolism of plentiful amines essential for parasite growth,
proliferation and differentiation. Polyamine biosynthesis acts as a
potential parasite metabolic target. Polyamines are crucial and
unigue such as aliphatic amines consist of spermidine, putrescine
and spermine. At the time of cell proliferation and differentiation

this biosynthesis of polyamines is at the peak as polyamines are
the key factor for growth and differentiation processes of pro-
and eukaryotes [3, 5]. The highlighted part in fig 5 shows the role
of spermidine synthase. It also plays an essential role in the
stabilization of DNA and RNA, phospholipids, and numerous in
vivo proteins.
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Fig.5 Role of Spermidine Synthasépurple) in polyamine biosynthetic pathway [11].

Ornithine  decarboxylase ~ (ODC)  facilitates  the
decarboxylation of ornithine to yield putrescine, which provides
as a scaffold for supplementing aminopropyl moiety from S-
adenosylmethionine ~ (dcAdoMet).The  product of S-
adenosylmethionine decarboxylase (AdoMetDC) catalyses to
produce spermidine and Spermine. Due to spermidine and
spermine synthase catalyzes spermine to produce 5'-
methylthioadenosine (MTA) i.e. by-product of both the reaction

[5] (fig.5).

Methyl  Erythritol 4 -phosphate (MEP) Pathway for
Methylerythritol 2, 4 -Cyclodiphosphate (MECP) Synthase:

There are two different pathways to carry out isoprenoid
biosynthesis [30]:
1 Mevalonate pathway [31] and
1 Plastidial  Methylerythritol ~ 4-phosphate
pathway/ Rohmer pathway [32-34]

(MEP)

Plasmodium makes use of MEP pathway solely and this
statement is supported by the studies of including inhibition of
mevalonate pathway. MEP pathway is mevalonate independent
pathway for isoprenoid synthesis in chloroplast of plants,
eubacteria and apicomplexa [2, 55, 57].
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Fig.6 MEP Pathway; DXP, deoxyxylulose 5-phosphate; DXS, DXP synthase (EC 4.1.3.37); DXR, DXP
Reductoisomerase (EC 1.1.1.267); GAP, Glyceraldehyde 3 - phosphate; CDP- ME, 4 - diphosphocytidyl —
Methylerythritol; CDP-MEP, CDP-ME 2 - Phosphate; CMK, CDP-ME kinase (EC 2.7.1.148); CMS, CDP-ME
Synthase (EC 2.7.7.60); MCS, ME-cPP synthase (EC 4.6.1.12); ME-cPP, methylerythritol 2, 4-cyclodiphosphate;
ABA, abscisic acid; HBMPP hydroxymethylbutenyl 4-diphosphate; HDR, HMBPP reductase (EC 1.17.1.2); HDS,
HMBPP synthase (EC 1.17.4.3); IDI, IPP isomerise (EC 5.3.3.2); IPP, isopentenyl diphosphate; GGPP,
Geranylgeranyl diphosphate; GPP, geranyl diphosphate; PSY, phytoene synthase [12].

Initially the reaction of MEP pathway has been started by
condensation of (hydroxyethyl) thiamine obtained from pyruvate
with the C1 aldehyde group of Glyceraldehyde 3-phosphate
(GAP) to produce deoxyxylulose 5-phosphate (DXP) catalyzed
by deoxyxylulose 5-phosphate synthase (DXS).

In the next step the enzyme DXP reductoisomerase (DXR)
reduces DXP intramolecular rearrangement takes place to
produce methylerythritol 4-phosphate (MEP) which is the first
committed precursor of plastid isoprenoids [12]. MEP is
associated with CTP to generate 4-diphosphocytidyl-2C-methyl-
D-erythritol (CDP-ME) [49,50] and pyrophosphate in a reaction
mediated by 4-diphosphocytidyl-2C-methylerythritol
synthetase.CDP-ME is phosphorylated by an ATP dependent 4-
(cytidine 5' - diphospho)-2C-methylerythritol kinase [51] to
produce CDP-ME-2-phosphste (CDP-ME2P) [55,56,52-54].

In the last stage CDP-ME2P is transformed to MECP and
CMP catalyzed by MECP Synthase [4].Hence, MEP is converted

to Methylerythritol 2, 4-cyclodiphosphate in three enzymatic
steps [12]. All the steps are described in fig 6.

Reactions catalyzed by Thicedoxin
Spermidine Synthase and 2&Methyl-d-Erythritol
Cyclodiphosphate Synthase

Reductase,
2, 4-

Thioredoxin Reductase (TrxR) :
TrxR
NADPH + TrxS, + H" <> NADP" + Trx (SH)
Thioredoxin Reductase

Fig.7 Thioredoxin Reductase catalyzes electron transfer

from NADPH to the disulphide of the substrate generates a
Selenolthiol which is active site in the reduction of Trx [13].
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Fig.8 Mechanism of action for Spermidine Synthase. Attacking nitrogen of putrescine leads to nucleophilic attack on
Electrophilic carbon of dcAdoMet due to deprotonation of the attacking nitrogen catalyzed by the enzyme

Spermidine Synthase [5].
2C-methyl-d-erythritol 2, 4-cyclodiphosphate (MECP) synthase:
NH»
NH,

o)

Y. B @ i\
G o © "
E e s B Q@ ‘
Y ToP—0P0 |
OH OH o (S 74
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4-diphosphocytidyl-2C-methyl D-erythritol 2-phosphate
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Fig.9 Nucleophilic attack by the ME2P phosphate of CDP-ME2P, 4- diphosphocytidyl — methylerythritol2-phosphate; The

phosphate generate a pentacoordinate transition State, also stabilized by metal ion coordination and in the second stage then collapses
to release Cytidine monophosphate (CMP) and the Cyclodiphosphate products i.e. 2C-methyl-D-erythritol 2,4-cyclodiphosphate

[4].

Www.ijsrp.org



International Journal of Scientific and Research Publications, Volume 2, Issue 12, December 2012

ISSN 2250-3153

Comparative Studies and Analysis of the enzymes:

Multiple Sequence Alignments:

AgTrxR-1
DmTrxR-1
hTrxR

PEfTrxR-1

AgTrxR-1
DmTrxR-1
hTrxR

PEfTxrxR-1

AgQTYrxR-1

AgTrxR-1
DmTrxR~-1
hTrxR

PEfTrxR-1

AgTrxR-1
DmTrxR-1
hTrxR

PETrxR-1

AgTrxR-1
DmTrxR-1
hTrxR

PETrxR-1

AgTrxR-1
DmTrxR-1

Thioredoxin Reductase

MCKDEKNEKKNYEHVNANEKNGYLASEKNELTKNKVEEH

CLUSTALW [14].

gh molecular mass Thioredoxin Reductase (TrxR) using online tool

Organism name Accession Numbers Identity (%) Reference
from NCBI with Anopheles gambiae
Plasmodium falciparum CAA60574 45
(PfTrxR-1) Holger Bauer, Stephan
Drosophila melanogster AAG25639 69 Gromer,
(DMTrxR-1) Urbani et.al,2003

Homo sapiens
(hTrxR)

AAB35418 52

Andrea

Table 1: Comparison of percentage identity among.falciparum, D.melanogasteand Human with respect to

A.gambia€e[14].
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in indication of amino acid sequence of PfSpdSyn. * indicates

the starting of homology model.
identity (49%) with the Spermidine synthase of Arabidopsis

thalianaand (32%) of Thermatoga maritim§5].

maritima, Humans Spermidine Synthase [5].

Fig.11 T-coffee package is used for Protein sequences alignment of P.falciparum, Arabidopsis thaliana, Thermatoga
In fig.11 cylinders represent helice

Arabidopsis thalianand Thermatoga maritimare used as

templates for homology modeling. Light gray and dark gray
shaded amino acid regions represent conserved regions denoting

50% - 80% and higher than 80% respectively. Numbering is used
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MECP Synthase:
10 20 30
e i
E. coli HEgF AFGGEGPI | | GGVRI PYEKG LLA
M. tuberculosis MNQL;'L T-PIEPGRPCWLVGLLFPSADG CAG
P. falciparum CYNGI QY KI KVLDEEYNTYANNDFNKNEQSFKTLTLGGVKI NNVLVLS
40 50 60 80
al ol ol
ALBIAL TIBIA GERIARL G KEIEPOTEIPAFKGADSREL EAWR
AVERIAL CIIA SEIAGBL G EMIZGVDEBIPRWQGVSGAD HVVYV
YRISEVES GIIL &S L TEIEPOKBIEKNKNKNSAI F YARL
LPHIPOMRVF AED GCHMDD T E VA KAT
GWRRLEAQAV SRL SLR
SNI RKNI | KNESTYV NIDESQ K F Nl PKN

g. 12

Al i

gnment of

MECP Synthase

sequences from Esecsheetr i ch

pur plheel iox ,-helixorédyj4]. 6

Organism name

Identity (%)

with Escherichia coli

Plasmodium falciparum

35

Reference

Mycobacterium leprae

40

Lauris E. Kemp, Charles S. Bond, and
William N. Hunter, February 27,2002

Table 2. Calculated percentage identities of Plasmodium falciparum and Mycealoterium leprae with respect to E.coli

The three enzymes reveal

identity of about 20%.

combinely

a sequence

Model Building Aided By Homology Modeling:

Homology Modeling has been carried out for obtaining the
structure of other enzymes of Plasmodium falciparum.An
overview of modeling approach can be recapitulated as follows:

it consists of four steps:

i) Sets of models are derived

i) Best models are selected on the basis of
relative objective function values from the
generated models

molecular dynamics

final validation step[1].

iii)

iv)

Targeti Template Alignment: Refer table 3

Target Template Software Identity References

Thioredoxin | Crystal structure of TrxR type 2 of | ClustalX Amit K. Banerjee, Neelima Arora

Reductase mouse (PDB ID: 1ZDL: A chain) 43.1% &U.S.N. Murty,September 2009
Crystal structure of A.thaliana (PDB- | T-Coffee Pieter B. Burgera, Lyn-Marie

Spermidine | 1D:1XJ5) Package 49% | Birkholtz et al, February 2007

Synthase Crystal structure of A. thaliana(PDB- | MALIGN Duvvuru Muni Rajasekhara Reddy,
ID:1XJ5) Script 47% December 23, 2006

MECP Crystal structure of P. vivax (PDB Neelima Arora, Amit Kumar Banerjee,

Synthase ID: 3B6N_A) ClustalX 60% U.S.N Murty, Electronic Journal of

Biology, 2010, Vol. 6(2): 52-57

Table 3 Templates selected for Homology modeling.
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Structural alignment of target and template: Shown in fig.13

Fig.13 Superimposition of target and template a) target (Yellow) and template (Rose) of TrxR [1] b) target (Red) and
Template 2HTE (Blue) of PfSpdSyn [5] c) target (Purple) and template (Orange) of MECP Synthase.

MODELLER

IV. HOMOLOGY MODELING

is software used for homology modeling

which utilizes target - template alignment for resolving tertiary

model of the protein. This program performs command based
modeling [2] shown in fig.14 and refer table 3.

Number of | Value of
models MODELLER
Proteins Software generated by objective References
modeller function
Thioredoxin MODELLER 20 3204.0662 Amit Kumar Banerjee, Neelima Arora & U.S.N. Murty,
Reductase 9v3 September 2009
Spermidine MODELLER 25 967.8491 Duvvuru Muni Rajasekhara Reddy, December 23,2006
Synthase 7v7[48]
MECP Synthase | MODELLER 10 1964.3772 Neelima Arora, Amit Kumar Banerjee, U.S.N Murty, electronic
9v7 [46] Journal of Biology, 2010, Vol. 6(2): 52-57

Table 3 Evaluation of models generated using MODELLER
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Fig.14 Computationally modelled 3D Structure of Thioredoxin Reductase [1], Spermidine Synthase[3], MECP Synthase[2]
Using MODELLER software.

V. STRUCTURE VALIDATION

The geometry of the model is assessed with
Ramachandran’s Plot calculations using PROCHECK and
RAMPAGE servers. These servers consider backbone phi and

psi dihedral angles for stereochemical evaluation. Root Mean
Square Deviation (RMSD) value is calculated to indicate the
close homology between backbone atoms of the template and the
model [2] refer table 5 and fig.15.

Protein Server Property Values | RMSD References
value

Most Favoured Regions 78.3% Amit Kumar Banerjee, Neelima Arora &
Thioredoxin PROCHECK | Additionally Allowed Regions 17.6% U.S.N. Murty,September 2009
Reductase Generally Allowed Regions 3.2% | 1.29A

Disallowed Regions 0.9%

Most Favoured Regions 91.3% Duvvuru Muni Rajasekhara
Spermidine PROCHECK | Additionally Allowed Regions 6.4% Reddy,December 23, 2006
Synthase Generally Allowed Regions 23% | 0.4A

Disallowed Regions -

95% Neelima Arora, Amit Kumar Banerjee,

MECP RAMPAGE | Most Favoured Regions 05A | US.N Murty, electronic Journal of
Synthase 5% Biology, 2010, Vol. 6(2): 52-57

Allowed Regions

Table 5 Distribution of Psi and Phi angles using RAMPAGE and PROCHECKservers
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Fig.15 Ramachandran Plots showing the disibution of Phi and Psi Angles of TrxR[1], PfSpdSyn[5]and MECP Synthase[2]
models

Active Site Analysis: Refer table 6 binding sites has been determined Area of active site was
Thioredoxin Reductase predicted 666.2 and volume of 791.2 [1] (fig.16).
The final best model that has been selected, possible binding

sites were searched using the CASTp server [15, 41].91 possible
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Fig.16 Predicted active site of Thioredoxin reductase generated model.

VI. SPERMIDINE SYNTHASE

S-adenosyl-1,8-diamino-3-thiooctane(AdoDATO) is
substrate analogue. Models of PfSpdSyn generated by modeller
with and without AdoDATO [45] consist of active site residues
interact with AdoDATO shows high conservation. AdoDATO is
converted Insilco into two moieties dcAdoMet and putrescine.

In the model of PfSpdSyn model, the binding sites for putrescine
and dcAdoMet were clear. The dcAdoMet binding cavity is
denoted by the residues enclosing the adenosyl fragment of
AdoDATO on the other hand the residues surrounding the
polyamine part denotes putrescine binding cavity. Putrescine
binding cavity consists of central hydrophobic region flanked by
two negatively charged regions suggested by [Korolev et al. and
Shirahata et al.] [42, 43].Composition of this region is

a deAdofet
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. .

e .*
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\V/ . Tyrzed |
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7 > 3

.
13;1
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.
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*a., 5 Tteasptose.ynd Detle, 5a
Yoo, He, M \ W ‘o
LRl R , .
© “eAsp127 2 ", e
11 Serta?

Putrescine

Trp51,Va|91,Tyr102,||9235,Tyr24e,Pr0247 and lleyge. The two electron
donating regions are composed of
GIngg,Tyrloz,ASplga,Ser197,Glnzzg and G|U231,Asplgg and HiSzga
respectively. Eight hydrogen bonds were discovered between
PfSpdSyn model and dcAdoMet. Hydrogen bonds were formed
between dcAdoMet and Aspi,7, ASpizs, Alajze, ASpigs, Hisigs and
Pro,gs provokes two hydrogen bonds through water molecules 12
and 13 and further hydrogen bond with water molecule 11, which
again forms hydrogen bond with Aspi,7.Aspi,; together with
Hisios and Aspigs forms hydrogen bonds with the aminopropyl
chain of dcAdoMet. It has been suggested that these three
hydrogen bonds are crucial to orient the aminopropyl chain so
that nucleophilic attack by putrescine [43] on an electrophillic
carbon can be feasible [5] (fig.17).

b His103
Asp127 p-\
Xﬂ

o Asp196

Tyr102

Putrescine

dcAdoMet

Fig.17 a) A 2D representation of the interactions between PfSpdSyn and its substrates. The dcAdoMet and Putrescine
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Binding cavity is denoted in the apricot shaded area to the left and blue area to the right respectively. Water
Molecules assume to attach and orient putrescine (via hydrogen bonds denoted by dashed red lines) and dashed
Blue lines denote hydrogen bonds with nitrogen atoms. A protein-protein interaction hydrogen bond between
Gln,ye and Glu,s; is denoted by green colour. b) A 3D representation of most important interaction for substrate
Binding and catalysis. Dashed lines in red and blue denotes hydrogen bonds with the substrates. The polar
Interaction between water molecule 1 and the positively charged sulphur of dcAdoMet is denoted by Yellow
Colour [5].

VIlI. MECP SYNTHASE

Q-Site Finder software has been employed for determining
binding sites. It has predicted 10 binding sites from the modelled
structure. Among all these active sites largest site with volume of
233 cubic A has been selected [2].

CDP and two metal ions Zn** and Mn** makes a
homotrimer which helps to get details about protein ligand
interaction and analysis of active site. The homotrimer consist of
three active sites present in a cleft formed by two subunits whose
residues interact with CDP (Refer fig.18). The active site
formation is mainly due to C-terminal section of al and the turn
directing into and the N-terminal region of alphal along with the
short 02 of one subunit. These fragments interact with one of the
metal ions (Zn), the ribose and diphosphate of CDP. The base
interacts with the N terminus of alpha4 and C terminus of beta5
i.e. from partner subunit. Residues from the partner subunit is
denoted by prime (*). The cytosine of CDP is located in an

aliphatic pocket created by the side chains of Ala-100', Lys-104’,
Met-105’, Leu-106’,Ala-131°, and Thr-133’ and forms four
hydrogen bonds with main atoms(fig.5). The base amine N4 gives
hydrogen bonds to the carbonyl group of cis-Pro-103' and Ala-
100" while N3 and O2 are acceptors for such interactions with the
amides of Met-105' and Leul06' respectively. The hydroxyl
groups of ribose form direct hydrogen-bonding interactions with
the carboxylate of Asp-56 and the amide of Gly-58(Fig.5), in
addition solvent-mediated interactions with Asp-46 O 62 and
carbonyl of Ala-131" are also observed. The side chain of Asp-56
is positioned by interaction with the amides of Gly-58, Lys-59,
and Ala-131’and it provides an attachment for ribose. One alpha-
phosphate phosphoryl oxygen interacts with Thr-133' by

accepting two hydrogen bonds from the amide and hydroxyl
groups while the other free alpha-phosphate oxygen atom directs
Mn**The beta-phosphate supplies oxygen ligands for both Zn*
and Mn?* and a solvent mediated interaction with Thr-132' O y

[4].

Fig.18 Hydrophobic intersubunit cavity with red semitransparent surface with trimer which is a predicted active site for
MECP Synthase.

Protein Binding Site Residues of Active Site References
Pros; Thrgz,Vale;,GlYgy, CySos, LYSes, CYS194,S€r212,Phess6, Amit  Kumar  Banerjee,
Thioredoxin Glupzs, Valyss, TYr2s2,Ser31,CYSpar,Alazss, Hes14,Glyas, Neelima Arora & U.S.N.
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Reductase Arg316,G|y356,ASp357,Pr0363,G|U364,LEU365,A|3366,Pr0367, A|3.36g, Murty, September 20009.
Progs Serage, €397, TYrsgs, Glysss and Glngg,.
Spermidine Trpsy,Valgr, TYrioz, 11€235, TYr246,Pr024711€260 GlNgs, TYr102, Pieter B. Burgera, Lyn-Marie
Synthase ASP196,Ser197,GINgyg Gluazs, ASpige and His,zs [43, 44] Birkholtz et al, February
2007.
Va|17g,|Ielgo,AIalgl,GInlgz,vallgg,Pr0134,Ly5185,|Ielgs, Serg7, Neelima Arora, Amit Kumar
MECP Arg190,Vala10,LYS211,GlY212,LYS 213 and Thr 54 Banerjee, U.S.N  Murty,
Synthase electronic Journal of Biology,
2010, Vol. 6(2): 52-57.

Table 6 Binding Site analysis of all the three enzymes.

VIll. SUMMARY

Malaria is the main cause of death rate attributable to a
communicable disease. Antimalarial drug resistance seems to be
the greatest force against ruthless battle of malaria. Resistance
against antimalarial drugs increasing and widening its prospects
to the unaffected areas also. Due to this fact it convinces to
explore more novel drugs. Comparative protein modeling is very
much helpful in rational drug designing. In the shortage of
experimental data, at the model building only the known crystal
structure of homologous protein is reliable to gain structural
information. Three-dimensional model of all the target enzymes
was constructed. Generated models were further assessed by
various structure validation methods which give affirmation
about the correctness of the model. The enzymes of redox system
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