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ABSTRACT

Folate transport is crucial for proper proliferation of cells. Amongst humans, the folate is procured from external sources
since it is not synthesized in the human body. Hence specific transporters are involved in uptake of folate. For the
malignant cancerous cells, these folate are crucially required on very frequent rate to fulfil the rapid proliferation of the
cancerous cells. In the present study, we have comparatively studied three antagonist drug molecules which could be a
potential candidate to inhibit the folate uptake by the human Proton Coupled folate transporter (hPCFT). These
candidate antagonist include Pemetrexed, 2-[(4-Aminobenzoyl)amino] pentanedioate-pABA-Glu and Methotrexate. Out
of these three antagonist drug, the Pemetrexed molecule was observed to specifically bind to the key active site loop
(G"’XXG"*) of the hPCFT transporter. The Binding energy of the Pemetrexed was also comparatively lowest (-7.6
kcal/mol). Hence from the present study we conclude that the Pemetrexed antagonist drug is more efficient to inhibit

folate transport as compared to the 2-[(4-Aminobenzoyl)amino]pentanedioate-pABA-Glu and Methotrexate antagonist

drug molecules.
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1. INTRODUCTION

Folic acid (or folate) is one of the critical B group
vitamins. It is a generic term which includes tetra-
hydrofolate (THF) and its subsidiaries. It is a part of
polyglutamate family having key role in carbon
metabolism system that is in biosynthesis of purine,
pyrimidine, formylmethionyl-tRNA, vitamin B5 and
some amino acids like methionine, glycine, serine [1-3].
Folic acid is a synthetic and metabolic form of folates
with difference in level of oxidation, carbon substitution
and extent of polyglutamation. Human beings lack key
enzymes of synthesis pathway of folates thus require
them in diet [4]. In addition to the role as a constituent of
protein, the folate play major role in synthesis of S-
adenosyl methionine necessary for methylation of RNA,
DNA, neurotransmitters, phospholipid and proteins like
histones. Thus lack of synthesis and transportation of
folate leads to folate deficiency in tissues like bone
marrow, central nervous system and gastro intestinal
tract. Absence of folate synthesising proteins in higher
organisms salvage the exogenous uptake of folates which
implies the existence of different types of folate
transporters [5]. Since, folates are hydrophilic molecules

hence do not cross biological membrane by diffusion
process. In context with this, mammalian cells have
adapted a transport system for cellular uptake of folate
cofactors through transmembrane folate transporters [6].
The major facilitative folate transporters are: (i) Reduced
Folate Carrier (RFC) which is anionic exchanger
responsible to deliver folate from blood plasma to
peripheral tissues (ii) Human Proton Coupled folate
transporter (hPCFT) with transportation pattern other
than RFC specialised in malignant cells and (iii) folate
receptors (FR o and ) work by endocytosis in renal cells
and macrophages (7-11]. In the present study screening
antagonist against the Proton Coupled folate transporter
(PCFT) involved in malignant cells was performed.
Inhibition of PCFT is supposed to inhibit the proliferation
of cancerous cells and hence will provide possible drug
candidates against cancer [12-14]. The present study
compares the inhibitory mechanism of three prominent
proton pump inhibitory drugs viz. Pemetrexed, 2-[(4-
Aminobenzoyl) amino] pentanedioate - pABA - Glu and
Methotrexate.

The Human proton-coupled folate transporter (hPCFT)
has recently been found to be inhibited another proton
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pump inhibitor “myricetin” (3_5_7_Trihydroxy_2_
(3_4_5_trihydroxyphenyl)_4H_chromen_4_one) [15,
16]. At the same time the mutant G158N-substituted
hPCFT was found to be transformed to be insensitive to
myricetin. Hence the G158 residue of the hPCFT
possibly plays an important role in folate transport. In
our study we have also considered the flexible loop
(G"°XXG"®) in which the G158 is a conserved residue
and acts as target for the chosen antagonist drug
molecules.

2. MATERIAL AND METHODS
2.1. Retrieval of three dimensional structure of
candidate antagonist.

The three dimensional structure of the candidate
antagonist drugs were retrieved from the Pub Chem
library. All the three drugs carries identifiers as: 2-[(4-
Aminobenzoyl)amino]pentanedioate-pABA-Glu (Confor-
mer3D_CID_5103842); Pemetrexed (Conformer3D_
CID_135410875); and Methotrexate (Conformer3D_
CID_126941).

2.2. Retrieval of protein sequence of hPCFT
The protein sequence of the hPCFT was retrieved from
NCBI. The accession id of the retrieved hPCFT protein
sequence was Uni Prot KB/ Swiss-Prot: Q96NT5.1

2.3. Modelling of hPCFT
Three dimensional protein model of the hPCFT was
performed by I-TASSER. The protein sequence of the

hPCFT was used as input. The best model out of all the
output models with highest C-Score of -0.70 was chosen
for further study [17-19]

2.4. Molecular interaction analysis of candidate
antagonist with hPCFT.

Molecular interaction analysis of all the three drug
molecules and the hPCFT model was performed by
molecular docking experiment. Protein-ligand based
molecular docking was performed by the tool Auto Dock
Vina. The algorithm carries out the rigid protein-ligand
docking approach [20, 21].

3. RESULTS AND DISCUSSION

Folate transporters are essential to uptake the folate for
cellular proliferation. Different classes of transporters are
involved in this uptake by different cell lines. The RFC,
FR o & B, and hPCFT are the major type of folate
transporters involved in different cell line of human.
Amongst the cancerous cells the hPCFT transporters play
crucial rote to uptake folate and hence are essential for
survival of the cancerous cells [8-11, 15, 16, 22-26]. This
provides an opportunity to design an antagonist drug to
inhibit the folate transport and hence diminish the
cancerous cell proliferation.

The present study reveals that the chosen drugs viz. 2-
[(4-Aminobenzoyl)aminopentanedioate-pABA-Glu,
Pemetrexed and Methotrexate vary closely bind within
the cavity of the hPCFT trans membrane transporter

(Figure 1-3).

THR372

GLY158

e

GLY1535

ASN399

Fig. 1: Molecular interaction of the Pemetrexed antagonist drug molecule within the cavity of the

hPCFT transmembrane transporter
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Although all three antagonist bind within the hPCFT
cavity the drug molecule Pemetrexed shows to bind the
same loop (G'"°XXG"®) in which the G158 residues is
present. Hence the drug molecule Pemetrexed would
be more efficient in blocking the binding of folate to the
hPCFT transporter as compared to the antagonist 2-[(4-
Aminobenzoyl)amino] pentane-dioate-pABA-Glu and
Methotrexate. Moreover the binding energy of the
Pemetrexed antagonist drug molecule (-7.6 kcal/mol)
is lowest as compared to the binding energy of the
antagonist 2-[(4-Aminobenzoyl) amino]pentanedioate-
pABA-Glu (-6.8 kcal/mol) and Methotrexate (-6.7
kcal/mol) (table 1). The Pemetrexed shows favorable
binding with the residues G155 of the active site loop

SER400

(G'"*XXG"*) of hPCFT cavity. Furthermore, amongst
all the three antagonist drug molecule the Pemetrexed
antagonist drug molecule is the only one which binds to
the loop (G'”XXG'") containing the G158 residue
(Figure 1). Hence the drug molecule Pemetrexed could
be considered as better inhibitory drug molecule
antagonist against the hPCFT transporter to inhibit the
folate transport in the malignant cancerous cells.
Overall from the present study we propose the
Pemetrexed antagonist drug molecule as the potential
drug molecule to inhibit the folate transport from the
hPCFT transporter implying the inhibition of the
proliferation of malignant cancerous cells.

GLY158

=

GLN127

Fig. 2: Molecular interaction of the antagonist 2-[(4-Aminobenzoyl)amino]pentanedioate-pABA-Glu
within the cavity of the hPCFT transmembrane transporter

GLY158

o

Fig. 3: Molecular interaction of the Methotrexate antagonist drug molecule within the cavity of the

hPCFT transmembrane transporter
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Table 1: Molecular interaction analysis of the antagonist Pemetrexed; 2-[(4-Aminobenzoyl)amino]
pentanedioate-pABA-Glu; and Methotrexate within the cavity of of the hPCFT transmembrane
transporter.

Drug molecules Pub Chem Reference Binding energy Binding residues
Pemetrexed Conformer3D_CID_135410875 -7.6 kcal/mol Gly155, Thr372, Asn399
2-[(+-Aminobenzoyhamino] - e 3y cip_s103842 -6.8 keal/mol Ser400, GIn127
pentanedioate-pABA-Glu
Methotrexate Conformer3D_CID_126941 -6.7kcal/mol None
4. CONCLUSION 6. Matherly LH, Goldman DL. Vitamins and hormone,
In this study, we have identified the potential antagonist 2003; 66:405-57.
drug inhibitor against the hPCFT transmembrane folate 7. Yamashiro T, Yasujima T, Ohta K, Inoue K, Yuasa
transporter. The antagonist Pemetrexed have shown to H. Scientific reports, 2019; 9:1-0.
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