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ABSTRACT

By virtue of the most fatal pandemic disease, Malaria, abour a million individuals reach lethality globally every
year and with ever consummating drug-resistant malarial parasite species, there occurred a coercive demand for
the identification of incipient drug targets. Here we have evaluated a new drug target in phospholipid metabolic
pathway such as Phosphocholine cytidylyltransferase (PfCCT) which is involved in the synthesis of
Phosphatidylcholine, a class of phospholipids that significantly sways the developmental aspects of malarial
parasite alang with its replication and longevity within human red blood cells. The Objective of Present study is to
identify potential lead molecule against PfCCT through docking with homology model of our target protein and
common pharmacophore approach of eur target inkibitor molecules. In this study, we computationally modeled the
structure of PfCCT using Molsaft and validated by PROCHECK, ProSA and RMSD. With the finally refined 1arget
structure we performed docking using GOLD 3.1 and pharmacophore studies using Discovery Studio with 12
natural compounds. The predicted homology model of FYCCT is reliable, On the basis of the docking scores and
pharmocophoric features, we have identified the compounds Amodiaquine and Quinidine showing better binding
affinity towards PfCCT respectively with good firvalies. In conclusion, the two compounds Amodiequine and
Quinidine shows potential inhibition against PfCCT respectively as targeted for malaria and also having better

pharmacephoric features that could aid in the design of new lead molecules.

Keywords: Docking, Malaria, pharmacophore, Phosphatidylcholine, Phosphocholine cytidylyltransferase,
Phaspholipids.

INTRODUCTION

An inductive agent of the world's uttermost significant parasitic malady, Malaria, is an intracrythrocytic protozoan
parasite belonging to the genus Plasmodium among which Plasmodium falciparum is found felonious for severe
human malarial cases with death rates beyond 1 million every year [1,2). Advancements in stralegics Lo encounter
this disease has been made obligatory, in view of predicaments in the treatment and prophylaxis of malaria with an
ever emerging drug resistant strains of P. falciparum, which paved the path for an incipient approach that suggests
lo target critical metabolic pathways known 1o be regulated parasite infection and transmission. Excellent targets
have been provided by the recent studics on P. faiciparum for lipid-based antimalarial therapy development
involving the metabolic pathways which lead to the major P. falciparum phospholipids synthesis that requires
enzymes, which are afflictive for a Brisky parasitic multiplication within human erythrocytes (3,4,5). During the
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N : . :  falciparum takes up cither of the two pathways for the
course of intraerythrocytic longevity of 'trhlfc p% £]:“pdpmphwmumim methylsterm, (SOPM)
u-.m;,r a;rnicm?liﬁidhﬂfﬁlmy [4]. The SDPM pathway avails serine as :_ -’;‘hﬂ:ﬂl:asmz?::ug?: cither ’I'zmts
Y ren scikih in degradati in, by the action 0 is serine
bin de lion wherein, bY . Rl
ecarboxyl ndu:rigu lrll; h:;l :;c:uﬁg:: dll.:cubmylu: to form ethanolamine which 15 later Phﬂsphnry!nlnd by an
:Mnl::ln::: kinase 1o form phosphocthanolamine (P-EA). This P-EA undergoes :d lhlﬂ;::ipimﬂhghnnn ;'{;P f:;'_'r“
; : ionine (SAM) -dependent yliransferase, '
phosphocholine [5,6,7] catalyzed by a parasite Sanllnm:.rlmclhmmnc (SAN , 'nd
followed by its conversion into phosphatidylcholine l?ldl:hﬂ! by the action nf{mi;mﬁaﬁﬂmwﬁ:iﬂﬁ b
PfCEPT. As an altenative approach, CDP choline pathway might be ﬂﬂpl?!'-‘d or If' " * I‘H.‘,‘“Kuth} ﬁthﬂi
which involves phosphorylation of choline to phosphocholine by a pl.l‘!!-l-lt'ﬂ?f‘:lﬁl'-' c ? tne kumtﬂ: { '
consequentially gets coupled to CTP to generate CDP-Cho by a C DP-choline cytidylytransferase (PFCCT).

On the general grounds that the three-dimensional (3D) structure of proteins determines its function, a T%ﬁ
has been attempted in the present study to generate three-dimensional (3D) structure of PICCT from P T;m d of
falciparum based on the available template (3HLA) structural homologue from Protein Data Bank with the ”t‘ o
homology modelling, a predominantly esteemed technique which work towards foreboding the 3D structure OF =
molecules, as the three- dimensional structures of PICCT (Q9BMPS) from Plasmodium falciparum still remain
uncharted and the model has been validated by PROCHECK & ProSA. In Further studies. The developed structures
were subjected to docking studies with selected ligands to validate the efficiency againsl PICCT.

EXPERIMENTAL SECTION

Primary and secondary structure analysis of PICCT .
Physicochemical characierization, theoretical isoelectric point (pi), the total number of positive and negalive
residues, extinction coefficient [8], instability index (9], half life time, aliphatic index [10] and grand average
hydropathy (GRAVY) [11] were computed using Expasy's Prot-Param server [12]. Secondary structure analysis
was performed with the aid of PSI-PRED server,

Sequence Alignment of PICCT

The FASTA sequence of PICCT from Plasmodium falciparum was fetched from the Swiss-prot databace which has
a length of 370 amino acids (Accession Mo: Q9BMPS Protein name: Phosphocholine cytidylyltransferase (PICCT).
Customarily, Comparative modelling starts with the search for known protein structures in the PDB taking the target
sequence for query [13] which is attained by comparing the target sequence with the sequences of the structures
already present in the database using the Basic Local Alignment Search Tool (BLAST) [14] against PDB. The
BLAST rcsults thus obtained yiclded X-ray structure of 3HL 4 of Mammalian cip: Phosphocholine
cytidyltransferase that showed 47% identity to PACCT from Plasmodium falcipanm.

lHemology Modelling of PICCT

The theoretical structure of PICCT from Plasmodium falciparum is generated using Molsoft ICM v3. 5 software by
comparative modeling of protein structure prediction. In ICM-Homology modeling algorithm after the initial
placement of the aligned polypeptide chain onto the template structure, the side-chain torsion angles are predicted by
simultancous global optimization of the energy for all non-identical residues. .

Methodology for conformational modeling of protein side chains and loops, implemented in ICM, rl:lj:s:nn the
internal coordinate definition of the molecular object combined with computationally efficient ICM Biased
Probability Monte Carlo (BPMC) optimization [15] An extended force ficld includes surface lerms, electrostatics

By the ag

imported
are show

with the boundary clement solution of the Poisson equation [16], side chain entropy terms, and u fast algorithm for

coleulating molecular surfaces.

Validation of of PRICCT Model

The developed model is further evaluated by Procheck, ProSA and RMSD. The validation of protein structure model
is carried out by means of the Procheck [17] which was employed in verifying the Ramachandran plot quality and
the Protein Structure Analysis program (ProSA) which was used for comparing the Z-scores of the target and the
template structures wherein the Z-scores of a model is the measure of compatibility between its sequence and
structure [ 18]. Root Mean Squared Deviation (RMSD) which was calculated by SPDBV is customarily exercised to

ascertain the distance between two objects.

Active site [dentification -

As the final model is obtained, the probable binding sites of PICCT is positioned pertaining to the structural

companison of the template and the model built with the aid of CASTP server [19].

T4



asiza) SR

S)

S il i

WOy squa

(1aqs) =

a1 303 sherped o

|

‘hr-fm ‘9

~

2

3

]
4
i
=
&

51 | ¢

jvas Enagantl ef al

|

were drawn and saved |

Ligand preparation and Optimization
gen bonds. The D struciy

Dy the agency of ACDY ChemSketch (12.0), 12 natural compounds
imported into the Argus Lab and were minimized after adding hydro
are shown in Figure |.

Docking studies i ithm
All the possible conformations of the drug binding to the protein were generated by means of |h= Gmt:;: I:E::]:Iioﬂ
GOLD v 3.0.1 [22] wherein the population size-100, the number of islands-5, the niche szt chpln:,t
pressurc-1.1, the migrate-2, the number of operators-100,000, the mutate-95, and the cross over-95 were tions [0
as the working parameters for the docking process [23], considering a maximum of 10 different conformat! le
ihe drug. The conformer that yickled the highest binding score 0 e for further analysis (241 The PO,
active site co-ordinates for PICCT is identified using Discovery Studio (25). It is found that the active sile POC
orie has X= -7.707200,Y=44. 167400,Z=3.714400 coordinatc values for PICCT.

pproach o
h a set of highly active inhibitors of our mrget

Generation of pharmacophaore models: common lealure based a
t in the mosl active €0 for the

Commen feature based pharmacophore modeling is performed wit
protein PICCT which utilizes the common chemical features presc ¥
generation of pharmacophore. Common feature hypotheses arc generated by the HipHop algorithm of catalyst

program in Accerlys Discovery Swdio. To derive the best featured model, conformers for each cam?ﬂmd arc
generated within DS Diverse Conformation Generation protocol using the Best Conformation Method with a value
of 255 as the maximum number of conformers for each compound and an energy threshold of 20 kcal/mol. All the
possible pharmacophore feature mappings with desired chemical groups were identified for the generated
conformers of all the compounds with Feature Mapping module. Based on the feature mapping results, using

"comméon feature pharmacophore generation”protocol, a pharmacophore query is created with chemical features like
hydrogen bond donor (HBD), hydrogen bond scceplor (HBA), hydrophabic (HY), ring aromatic (RA) and positive
jonizable with & minimum of 0 1o a maximum of 5 features to include in the generated pharmacophore. Multiple
common-feature pharmacophore generation Tuns were carried out with a principal value of *2', maximum omit the
feature value of “0° and minimum inter feature distances of ‘2.97 A" that ensures that all the chemical features in the
molecules were considered to build the pharmacophore space and must map 1o the compounds. Also the paramelers
such as maximum pharmacophores as 10, Number of Leads That May Miss and Feature Misses, were used as @

value of ‘1" to allow that one of the compounds may not contain all the features when building hypothesis space.
The Complete Misses option is sel 1o +0’, which is used for specilying the number of compounds that do not have o
map to any features in the hypothesis. With the result of common feature pharmacophore model generation, 10
possible pharmacophore hypotheses having a different arrangement of constituenl features are generated and the
best one is selected based on the ranking score of the hypothesis. To the best featured hypothesis , compounds were
screencd for mapping on to the pharmacophore model and analysed the best mapped compound is selected bascd on
the fitvalucs and aligned pharmacophoric features.

RESULTS AND DISCUSSION

Primary and secondary structure analysis )
The predicted physicochemical characteristics showed that the molecular formula  of PICCT s

C1866H2926N506062258. The amino acid composition of -PICCT has7l (Asp+Glu) and 53(AsrgtLys).The
computed pl values of Modeled PCCT is less than 7 (pl<7) irdicating that target protein is considered as acidic.
The computed GRAVY of PICCT is -0.990, which implied that the solubility of protein is supported by their
hydrophilic nature. This has the potentiality to solve the major issue with the isolation of scluble protein by

acquiring high-concentrations of soluble proteins which still remains an intensive experimental challenge [26]).

Homology modelling of pfect
Homology modelling used to predict the 3D structure of PICCT, (target) based on its alignment with the identified
°;, amino acid sequence identity with the crystal structure of IHLA

templates. The PCCT sequence is having 47
(Mammalian ctp: phosphocholine cytidyltransferase). Based on the crystl structures of the template, the 3D
struetures of PICCT is modelled using Molsoft ICM and visualized in Rasmol as shown in Figure 2.

Validation of modeled protein structures

The Ramachandran plot analysis was carried out for evaluating the stereo chemical quality and accuracy of the

predicted model of PFCCT after the refinement process by means of the PROCHECK program which revealed the

contribution of the phi and psi angles in conformation of amino acids excluding glycine and proline with the results
4.0% in the allowed region, 1.5% in the gencrous region. The

displaying 94.5% residues in the core region,
Ramachandran’s map for PFCCT model and statistics is represented in Figure 3 and Table 1.

R |
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Diphenhydranune Quinidine Amodiaquine Chloroquine Chlorpromaziné
Hexadecyltrunetty lamnioninm Dodecyltrimetinlmninonnun

Figure 1. Modeled structure of PICCT from Plasmodium falciparum as visaalized in Rasmol



Figure 3:Hamachandran's Ploi of PICCT Model

T L

score value of proteln that is determined by NMR (represented in dark blue colour)
sid of ProSA program. The black dot encircled by orange circles represent I-Scores
ty of the modeled 3D struciures of PICCT

between the modeled protein and 3D

Figure 4: The plot
and 1 ray (represented in ligh
of our model PICCT (-5.21) which

ProSA was employed to analyse cnergy criteria comparing with Z scores
The Z-scores of the obtained modeled Structure of PICCT is -5.21 (shown in Figure 4) located
The RMSD value calculated

termined by X ray crystallography derived structures.
calculated to be 1.12 A® for

template structure.
and modeled structure is

within the space of proteins de
hased on Alpha carbon atoms by superimposing template

PFCCT using SPDBV.

PICCT using GOLD. The best docking solutions were

Docking Studies
Docking of 12 drawn ligands is studied against Modeled
rated for all the 12 compounds. Comparison of Gold scores of 12

analysed with the assistance of GOLD scores gene

compounds with PFCCT is shown in Figure 5. Among all the docked complexes of PICCT with the 12 ligands,

Quinidine shows highest binding affinity \owards PICCT with a Gold score of 36.61 forming interactions with the

amino acids Asp 41, Lys137, Val 45, and Vald2 respectively. Diphenhydramine is shown the next highest docking
ly. The interaction pattems of Quinidine and

score with PACCT having a fitness score of 36.18 respective
346
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along with &

{3} Quinidine {h) Dvigshenhy dramlne

Fizure 5 Shows 1-Bond Interactions of (o) Quinldine and (b Diphenhy dramine with FICCT

Fipure 6: Best DS catalyst pharmacophare model (Hypo 1) llustrating the hyilraphabic regions (light Blue), the hdrogen bood accepior
{green) and the positive ionizable region (red)

Pharmacophore model generation and validation
Important commeon pharmacophore hypotheses are computed by HipHop algorithm for the selected mbutars of

pfpmt and pfecet, inorder to find the chemical features shared by them and also for assuming the relative alignment of
the compounds with the best derived commaon feature pharmacophore model By selecting the features obtained
through the results of Feature Mapping protocol, the pharmacophore gencration run was performed along with 902
diverse conformers of all the active inhibitor molecules. The common pharmacopheric features are obtained as top
10 hypotheses with their ranking scores ranging from 65.093 to 57.783 (Table 3). Table 3 reports the top 10
pharmacophore models along with the displayed features and maxFit values. Among the generated hypotheses,
Hypol to 8 consisting of four features, one positive ionizable, one hydrogen bond acceptor and two hydrophobic
features while the Hypo9 and 10 containg three features, one nng aromatic one posthive ionizable and one
hydrophobic features. The pharmacophore which scored the highest ranking score is chosen as the most accurate
pharmacophore hypothesis (Hypo 1) (Figure 6). The top ranking pharmacophore model Hypo 1 was used 1o
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" Grvalues of the active compounds from the most accurate hypothesis Hypo 118 B ven It 1o molecule showing 0
he compounds molecules were ranging from 3.99 to 0.674 of highly mapped molccule {;1 mical features of the
mapping. Remarkably, the highest active compounds Quinidine mapped well on all the © :E rovides rﬂs““ﬂ.blt
Hypol mu-tlrl_ with good fiming scores of 3,786 indicating that the Hypol , < mnppiﬂ!‘- of high
pharmacophoric characteristics of PACCT inhibitors for components of their activitics. The feature
active molecule Quinidine on the generated best pharmacophare Hypo | is shown in Figures 8.
Figure 7: The mait active compound Qulaldine mapping the commos fealure pharmacophbore Hypo 1
Table 1 Percentage of ihe resldues in the core region of the Ramachandran Plot
Srructure | Modeled FTCT
Core 04,5
Allowed 4.0
Gencrous 15
Dusalbowed | 0.0
Table2: Gold Scores and interaction of 12 ligands with PICCT
r ) . i i : H-Bond |
Compaotind | Fitness score Sthb_ext) | S(Vdw_ext} | S{hb_int) | S{mi) Imteracting atoms Distance
Ij}m_hcm:hrmm [ 1638 0.0 17.60 0.0 9167 | Asodl:ND2.. NIO(L) | 1875 |
Aspd ] ND2_N3(L) 2085
' Aspd]l :ND2..Cl4(L) | 2.631
l Quinidie 36.61 0.0 3219 0.0 .66 | Lys13T:0H.OIHIL) | 2.448
Wal 45: NH.OOIH(L) 2475
Wall42:001,. C20{L) 2484
| : Val 45: NHL.OLH(L) | 2475
| Amodisquine 29.70 028 37.60 Aspd] ND2..NML) | 2.085
) R ] Argl40HA...CHL) | 1875
’ Chloroquine 17 0.0 1987 00 | 1952 | potGHDL. 35S | 1307
[ Chlopromazine [ 3417 240 3116 00 | -954 | AsptI:NDZNIOL) | 2397 |
Aspd] ND2.NML) 1.821
25,98 0 R4
; DEMB | 3136 0.0 9 0 AM | Lt oi. oL | 147
Dodeylirimethyl R oo |- LysI3T:.0H..OIH(L) | 2448
:ll Ammopnium .98 04 29.63 ' 1058 Wal 45: NH.OIH(L) | 2475
| Hexadecylphosphocholine 26,43 0.0 46.81 00 -33.4 -
[ Hexadecyitnmethylammonium 2343 0.0 3L 0.0 -17.21 .
l'_f.'hunun'rin: 672 0.0 16.78 0.0 2758 | Areld0: HACIL) 1.B7%
N r Valla2:0_ NIS(L) | 1977
A 0.0 1. ]
| Quinine 147 0.0 29.90 1 Lygro.cs1) | 2376
{ Aspd):0.... .NIKL) 2788
Awndl:ND2. . NIKL) | 2397
Tac 3 .73 , 0
fasing 32.90 5.78 19 o8 | 0 Argla0HACHL) | 1875
L - Vall42.0. .. NIS(L) 1977
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[0 | mPH_| $7.7e3 | 1I0NID ] po00000 | 3

Table 4; Prodicted At values of the active compounds from the h.'l'.P'“ﬂB Hype ]

|

|

Compours! paime | Fil valve | Phammprnt
Armosdisquing | 199 RIS

| Quinidine 3.786 i
Chlorogeime 1703 T
Quimacrine 1443 RIREN

| Chaiiig 1.%07 i’
Chioropromazing | 0.793 s
Diphenhydramine 0674 ‘e

CONCLUSION

In the present study, based on the selected template 3HL4, the 3D structural model for PACCT is predicted and
I:f:hqnted_ Further molecular docking of 12 natural compounds with our modeled target structure reveals that the
binding affinity of compound Quinidine with PFCCT is high showing significant interactions suggesting their
mh:lsumry activity. The pharmacophore results also indicate that the compound Quinidine is well matched with the
_“h“"."cd pharmacophore model features with good fitvalues. This study reveals that  Quinidine is a polential
inhibitors of PACCT respectively as targeted for malaria, to act as a drug candidate. Yet pharmacological study wall

confirm it to be promising in fulure,
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