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Abstract The ATP4A encodes o subunit of H, K-
ATPase that contains catalytic sites of the enzyme forming
pores through cell membrane which allows the ion trans-
port. H", K*-ATPase is a membrane bound P-type ATPase
enzyme which is found on the surface of parietal cells and
uses the energy derived from each cycle of ATP hydrolysis
that can help in exchanging ions (H", K* and Cl17) across
the cell membrane secreting acid into the gastric lumen.
The 3-D model of a-subunit of H*, K*-ATPase was gen-
erated by homology modeling. It was evaluated and vali-
dated on the basis of free energies and amino acid residues.
The inhibitor binding amino acid active pockets were
identified in the 3-D model by molecular docking. The two
drugs Omeprazole and Rabeprazole were found more
potent interactions with generated model of a-subunit of
H*, K™-ATPase on the basis of their affinity between
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drug—protein interactions. We have generated ATP4A gene
regulatory networks for interactions with other proteins
which involved in regulation that can help in fine-tuning of
proton pump and ion channels. These findings provide a
new dimension for discovery and development of proton
pump inhibitors and gene regulation of the ATPase. It can
be helpful in better understanding of human physiology
and also using synthetic biology strategy for reprogram-
ming of parietal cells for control of gastric ulcers.

Keywords HT, K™-ATPase - Homology modeling -
Docking - Gastric ulcer - ATP4A gene network

Introduction

The gastric hydrogen potassium ATPase or H", K*-ATPase
is a proton pump of the stomach which is responsible for
secretion of acid. The H*, K*-ATPase is found in parietal
cells which are highly specialized epithelial cells located in
inner cell lining of the stomach called the gastric mucosa
(Munson et al. 2007). It is a member of P-type ATPase (ion
pumps) that catalyzes active ion transport by coupling
autophosphorylation and dephosphorylation to ion move-
ment across lipid bilayers. A proton pump is an integral
membrane protein that is capable of moving proton across
the cell membrane, mitochondria and other organelles. It
consists of o and B-subunits. The o-subunit is a catalytic
domain which contains ATP binding site for ion recogni-
tion. Whereas, the B-subunit is essential for functional
expression of HY, K*-ATPase which is also involved in the
maturation of intracellular transport and stabilization of
functional holoenzymes (Asano et al. 2004). It catalyzes an
electro neutral exchange of cytoplasmic H" and external
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K* coupled with ATP hydrolysis (Slayman and Zuckier
1989).

Gastric acid is a digestive fluid, formed in the stomach
with pH in between of 1.5 and 3.5 which is composed of
hydrochloric acid (0.5 %), and large quantities of potas-
sium chloride and sodium chloride. It plays an important
role in digestion of proteins by activating digestive
enzymes that can breakdown long chain of amino acid into
smaller chains or amino acids. Increasing the production of
gastric acid causes major health problems in human which
includes dyspepsia, peptic ulcer, cancer and gastro esoph-
ageal reflux and it can inhibit the gastric acid secretion via
blocking its activity. The process of activation of acid
secretion requires a change in location of the ATPase from
cytoplasmic tubules into the microvilli of the secretory
canaliculus of the parietal cells. Gastric acid production
would be controlled by targeting H", K* ATPase of the
stomach. The proton pump has become an attractive drug
target for therapeutic application in the regulation of acid
suppression (Sachs et al. 1989). Proton-pump inhibitors
(PPIs) are a group of drugs that can use in suppression of
gastric acid production. However, there are numbers of
adverse effect which have been recorded such as head-
ache, nausea, diarrhea, abdominal pain, fatigue, dizziness,
rashes, itching and depression by using long-term or high
dose of drugs for control of acid production (Rossi 2006).
Consequently; we require potent and specific drug for
binding with proton pump for regulatable production of
gastric acid in the stomach.

A number of reports available on inhibitors which binds
transmembrane helices of the o-subunit of HT, KT-ATPase
but the function of the B-subunit are still undetermined
(Glynn and Karlish 1990; Toyoshima et al. 1993; Carafoli
1992). The effectiveness of inhibitors controlled to the
introduction of omeprazole as therapy for acid-related dis-
ease in 1989 followed by several other PPIs which includes
lansoprazole, pantoprazole and rabeprazole (Sachs et al.
1989). The inhibitors bind and inactivate the activity of H/
K* ATPase enzyme for treatment of gastric ulcer. The drug
lansoprazole has been reported as an acid secretion inhibitor
in pigs from gastric ulceration (Melnichouk et al. 1999)
while Omeprazole has been shown to block gastric acid
secretion by specific inhibition of the H", K*-ATPase
(Tuukkanen and Vididndnen 1986). In other study, omepra-
zole displays an inhibitor of acid secretion in vivo and
in vitro test models including partially purified H, K*-
ATPase (Wallmark et al. 1983).

For the regulation of gastric acid production we require
three dimensional (3-D) structure of H", K*-ATPase and
inhibitors. The 3-D structure of the o-subunit of HT, K-
ATPase is not yet determined although it plays an impor-
tant role in the exchange of ions through the membrane and
ATP hydrolysis. Recent development of bioinformatics
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tools and software’s could help for generation of 3-D
model using known crystal structure. Homology modeling
is a method of choice between sequence of target protein
and single known structure (Kroemer et al. 1996). Molec-
ular dynamics simulations on homology models of the E2P
and El states have been performed to investigate the
mechanism of K movement. The mechanism of transport
against the established electrochemical gradients includes
intermediate conformations in which the transferred ions
are trapped (occluded) within the membrane domain of the
pump. The pump cycle involves switching between the E1
and E2P states (Law et al. 2008) which regulate the acid
production in stomach.

Knowledge of the amino acids in the H", K*-ATPase
which affect the mode of inhibition by SCH28080 and
inhibitor affinity would provide insight into the regions of
the membrane domain influencing the inhibitor selectivity
and the luminal route to the ion transport site (Vagin et al.
2001). The catalytic o-subunit of H', KT-ATPase has
transmembrane segments with a cluster of intramembranal
carboxylic amino acids located in the middle of trans-
membrane segments TM4, TMS, TM6, and TMS8. Com-
parison to the known structure of the SERCA pump,
mutagenesis, and molecular modeling has been identified
and these are constituents of the ion binding domain (Shin
et al. 2009). Consequently; there is a need to identify a
cluster of gene network for designing of effective inhibitors.

Knowledge about gene encoding protein and enzyme
interaction with each other in the gene network for regu-
lation of gene expression would be helpful for the
designing of drugs and inhibitors. The gene networks
coordination is a complex interaction among biomolecules
which includes DNA, RNA and proteins; and these ele-
ments contribute in biological process. The Systems Biol-
ogy uses for depth understanding of biological system level
phenomena that needs to explore the relationship between
network structure and the dynamics of genes, proteins and
other biomolecules (Samal and Jain 2008). The gene reg-
ulatory network for o subunit of the H', K*-ATPase is still
unknown. There are numbers of enzyme interacted to each
other in gene networks that help in drug discovery and
development. It could further help to repress and activate
the gene regulatory networks for control of cellular activity
(Singh et al. 2012a, b). However, proteins/enzymes serve
as to activate or repress the other genes which are known as
transcription factors that play a dynamic role in regulatory
network. It binds to operator sites of promoter for regula-
tion of gene expression by switching off and on system.
The aim of present study was to generate 3-D model of a-
subunit of HY, KT-ATPase of Homo sapiens which could
use for screening of potent drugs for better treatment of
gastric ulcers. We generated a novel gene regulatory net-
work for fine-tuning of proton pump and ion channels.
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Materials and methods
Collection and alignment sequences

The complete protein sequences of the H", K™-ATPase of
H. sapiens was retrieved (http://www.ncbi.nlm.nih.gov/)
and the homology was obtained using Basic Local Align-
ment Search Tool (BLAST: http://www.ncbi.nim.nih.gov/
blast) (Altschul et al. 1997). BlastP program was performed
for searching structural similarity of the sequence with any
template in Protein Data Bank. The alignment was per-
formed using Clustal X (Thompson et al. 1997) with the
target protein sequence (PDB: 3B8E).

Generation and validation of 3-D model

The resolution of X-ray crystal structure (3B8E) was
3.5 A which belongs to pig renal Na*, K'-ATPase
(Morth et al. 2007) and was retrieved from Protein Data
Bank (http://www.rcsb.org/pdb/). It was used as a tem-
plate structure for generation of the 3-D model of HY,
K*-ATPase of H. sapiens using Modeller9v7 (Sali and
Blundell 1993) and visualization by PYMOL (DeLano
2002). The evaluation of generated 3-D model was per-
formed on the basis of free energy of model and template.
PROCHECK was used to validate the 3-D model of
H*, KT-ATPase (Laskowski et al. 1993). It generates
Ramachandran plot and the amino acid residues in
allowed, disallowed region and overall G-factor were
considered.

Identification and analysis of potent drugs using
molecular docking

The drugs dataset were obtained from NCBI-Pubchem
compound library (http://pubchem.ncbi.nlm.nih.gov/) in
SDF format that was converted into the 3-D structure using
OpenBabel (Guha et al. 2006). The qualitative and quan-
titative characterization such as physiochemical prop-
erty was taken from the same database (supplementary
Table 1). The 3-D model of HY, K*-ATPase and drugs
were used for molecular docking by AutoDock4.0 (Morris
et al. 1998). There are docking parameters used as follows:
100 docking trials, population size 150, random starting
position and conformational translation step ranges of
1.5 A rotation step ranges 35, elitism of 1, mutation rate
0.02, cross over rate of 0.8, local search rate of 0.06 and 25
million energy evaluations. Distance dependent function of
dielectric constant was used for calculating the energetic
maps and all other parameters were used by their default
value. The selection of suitable drugs was selected based
on the minimum docked energy.

Protein—protein interactions

We used STRING database for generation of gene regula-
tory network of ATP4A of H. sapiens based on known and
predicted protein interactions (http://string-db.org/). The
protein—protein interactions include direct (physical) and
indirect (functional) associations; these are derived from
four sources: (1) genomic context, (2) high-throughput
experiments, (3) conserved co-expression and (4) literature
knowledge. In the STRING quantitatively integrates inter-
action data from these sources for a large number of
organisms, and translates genetic information between these
organisms. The database currently covers 5214234 proteins
from 1133 organisms during protein—protein interaction in
gene regulatory network.

Protein model identification number

The 3-D model of the o-subunit H, K'-ATPase of
H. sapiens was submitted to protein model database (http://
mi.caspur.it/PMDB/) as PMO0075582. It can be easily
accessible for further experiments.

Results
Structural and functional analysis of HY/K"-ATPase

The primary transporter responsible for acidity of the
stomach is HT, K*-ATPase, which is located on the apical
surface of the cell. As shown in Fig. 1 the schematic rep-
resentation of transport of H* and C1~ ions into stomach by
H", K*-ATPase hydrolysis of ATP inhibited by Omepra-
zole drug for controlling the ulcer. We showed that the
systematic approach for down-regulation of acid produc-
tion in human lumen. ATPase hydrolyzed the ATP mole-
cule into ADP as well as inorganic phosphate molecules
and releases more hydrogen and chloride ions which
combined together in the form of hydrochloric acid (HCl).
Parietal cells secrete a proton (H') into the lumen of the
stomach; exchange the potassium ion (K*) into the parietal
cells. The H, K*-ATPase pumps against H" concentra-
tion gradient of over 1 million: HCI is produced when the
chloride ions (CI™) passively flow out through the Cl™
channels into the lumen for balancing the electroneutrality.
The source of Cl~ ions exchanges with CI"/HCO3™ and
blood CO, and H,O produce HCO3~ and H™ through the
enzyme carbonic anhydrase. The HCO3™ is secreted into
the interstitial fluid in exchange for CI™ ions into the
parietal cell. Consequently, an alkaline tide can induce
alkalosis in a person with extreme H secretion. Therefore,
excess amount of HCI (acid) created gastric ulcer. Ome-
prazole drug is shown (Fig. 1) inhibition of ATPase
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Fig. 1 Schematic
representation of transport H*
and Cl™ ions into stomach by
H' K*-ATPase hydrolysis of
ATP inhibited by Omeprazole
drug for control of ulcer

activity for controlling the acid formation that can be used
in treatment of ulcers.

The homology of protein sequence of H', K*-ATPase
showed 63 % identity with X-ray crystal structure of pig
renal Nat, K*-ATPase (3BSE) (Fig. 2). Total five 3-D of
H', K™-ATPase was generated using known crystal 3-D
structure model (3B8E) and their free energies were evalu-
ated. The free energy of HY, K™-ATPase model was nearly
similar with 3-D structure of template. The 3-D model of HT,
K*-ATPase of H. sapiens was shown (Fig. 3) and was
observed being rich in o-helixes and the most favored
Ramachandran plot (RP) (Supplementary Fig. S1). The
favored amino acid residues in RP of 3-D model of HY, K-
ATPase was 84.4 % and disallowed region was 1.0 %. The
overall G-factor was 2.8 and all these properties of 3-D
model of H, K™-ATPase shows a good quality model.

Atomic level interaction of potent proton pump
inhibitors

The 3-D model of HY, K*-ATPase of H. sapiens was used
for screening of suitable anti-ulcer drugs based on binding
affinity. Lipinski’s rule of five (Ghose et al. 1999) was
applied to narrow down search limiting the number of
inhibitors by molecular docking. Physicochemical proper-
ties of drugs were given in Supplementary Table 1. The
Omeprazole and Rabeprazole showed the highest binding
affinity with active amino acid pockets in HY, K*-ATPase.
The interaction of drugs with H", K™-ATPase on the basis
of several type of energies involved in molecular docking
such as docking energy, inter molecular energy, torsional
energy, RMS and internal energy which were given in
Table 1. In this study, we performed ten dockings
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experiment with the generated 3-D model of HY, K*-ATPase
and the lowest free energy of docked complex with hydrogen
bonds was considered. The docking energy of Omeprazole
and Rabeprazole were —19.00 and —17.04 kcal mol™ ',
respectively. However other drugs like, Perprazole, Losec and
Omepral were shown comparatively less affinity with active
amino acid pocket of 3-D model. The amino acids residues
present in the 3-D model of HY, K™-ATPase during drug
interaction using molecular docking strategies were shown
(Supplementary Table 2).

The active pocket of amino acid residues like Asp740,
Ala739, Asn290, Asn371, Lys370, Leu736, and Asp758 in
3-D model of H", K*-ATPase was found during Omepra-
zole interaction (Fig. 4). When drug binds with the amino
acids of HY, K™-ATPase then only one hydrogen bond (HB)
was formed between the UNKI:H-Asp758:0D1 atoms
having 1.905 A distance (Supplementary Fig. 2). The
Asp387, Asp728, Thr389, Ser750 and Ile747 amino acid
residues in HY, K™ ATPase were observed in interaction of
Rabeprazole drug (Fig. 5). As shown in Supplementary
Fig. 3 stick-ball model of amino acid residue with the Rab-
eprazole drug during docking.

Analysis of ATP4A gene regulatory network

The cellular mechanism of ATP4A of H. Sapiens at gene
network level is not well understood, consequently; we
showed the interaction of ATP4A (present in centre of
network) in cellular gene regulatory network and the
interaction with other proteins/enzymes. The H'/K*'
ATPase (o subunit with 1,035 aa) catalyzes the hydrolysis
of ATP coupled with the exchange of H" and K* ions
across the plasma membrane. It is responsible for acid
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Fig. 2 Alignment of HY K*-ATPase sequences with template crystal structure 3B8E by Clustal X. Asterisk (*) indicates the identical amino

acids

production in the stomach. It seems like that, several other On the basis of these interactions, it is categorized into the
proteins are regulated the expression of ATP4A in cellular  three different clusters like, clusters I, II and III conse-
system. In the ATP4A gene regulatory network, we found  quently, strong interaction of ATP4A was observed in
the closely related proteins such as ATP4B, PPA1, LHPP, between cluster I and cluster III proteins/enzymes.

PPA2, FXYDS5, APLP1, COX7Al and CTCF with more

than 0.702 score (Supplementary Table 3). We obtained a

newly constructed gene regulatory network of H. Sapiens  Discussion

which would be useful for analysis of gene regulation of

ATP4A that can help in fine tuning of proton pump and ion ~ The glands of the stomach secrete hydrochloric (HCI) acid
transport. The protein—protein interaction of ATP4A in  and protein digesting enzymes. The acid of stomach also
H. Sapiens gene regulatory network was shown in Fig. 6. serves to kill bacteria entering the organ. The H*, K*-
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Fig. 3 The 3-D model of H*, K* ATPase of H. sapiens showing the
o + B sheets

ATPase is large family of related proteins that transport
ions in all the biological membranes in each species. It
transports one hydrogen ion (H") from the cytoplasm of
the parietal cell exchanges of potassium ion (K™) from the
gastric lumen. The HY/K™ ATPase is able to transport ions

against a concentration gradient using energy derived from
the hydrolysis of ATP to ADP and phosphate helps to drive
ion transport by conformational changes. In the present
study, H', K*-ATPase of H. sapiens was used for con-
struction of 3-D model using 3-D X-ray crystal structure.
The o-subunit of human H*, K*-ATPase is comprised of
approximately 1,035 amino acid residues and arranged in
10 transmembrane segments (Jaunin et al. 1992; Shin et al.
2009).The 3-D model of aerolysin and hemolysin of Aer-
omonas hydrophila have been generated through homology
modeling (Singh et al. 2009; Singh et al. 2010). The HY,
K"-ATPase in the E (2)-P predicted interaction of two
known classes of specific inhibitors by modeling (Munson
et al. 2005).

In this study, we obtained H, K™-ATPase model with
enriched o-helix and B-sheets which provides clue for
proper functioning. In an earlier study, homology models
have been generated of gastric HT/K*-ATPase reflecting
the E1 and E2 conformations adopted by P-type ATPases
in their catalytic cycle (Chang et al. 2005). The total 28
cysteine amino acids present in o-subunit of the gastric H,
K'-ATPase, in which 10 were found in the predicted
transmembrane segments and their connecting loop, and 9
were presented in the B-subunit, and 6 were found in the
form of disulfide linkage (Besancon et al. 1997).

Table 1 The interaction energy of H, K*-ATPase and drug obtained from molecular docking

S. Drugs Binding energy Docked energy Inter molecular energy ~ Torsional energy Internal energy RMSD
no. (kcal mol™1) (kcal mol™1) (kcal mol™h) (kcal mol™1) (kcal mol™") (A)

1. Omeprazole —19.80 —19.00 —20.5 0.62 1.5 58.13
2. Perprazole = —16.89 —5.89 —19.07 2.18 13.18 62.96
3. Rabeprazole —16.65 —17.04 —18.21 1.56 1.17 52.6

4. Losec —12.76 —6.99 13.69 0.93 6.7 59.06
5. Omepral —-0.71 —1.64 —1.64 0.93 0.0 86.53

Fig. 4 Interaction of high
affinity potent Omeprazole with
H*, Kt ATPase showing the
hydrogen bonds
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Fig. 5 Interaction of high
affinity potent Rabeprazole drug
with amino acids in 3-D of HY, [
K" ATPase pP3s7
R389
SP728
Rabeprazole
174
Fig. 6 Protein—protein
interactions of ATPase
(ATP4A) of H. sapiens with y
other cellular proteins and Cluster 1 a
enzymes
CTCFL
m MRPL23 FXYDS5
£, ¥
o 9 COX7AL
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L
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The 3-D model of HY, K™-ATPase of H. sapiens was used
for screening of suitable and potent anti-ulcer drugs based on
their binding affinity. Similarly, inhibitor forms a disulfide
bond with cysteine813 that is accessible from the luminal

surface. This allows allocation of the binding site to a luminal
vestibule adjacent to Cys813 enclosed by part of TM4 and
the loop between TM5 and TM6. The K* competitive imi-
dazo-1, 2 alpha-pyridines also bind to the luminal surface of
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the E (2)-P conformation and their binding excludes the
proton pump inhibitor reaction (Munson et al. 2005). The
2-methyl-8-(phenylmethoxy) imidazo [1, 2-a] pyridine-3-
acetonitrile (SCH 28080) is a reversible inhibitor specific for
the gastric proton pump. The binding sites of inhibitor on the
3-D structure of the gastric proton pump o-subunit have been
demonstrated (Asano et al. 2004).

In the present study, Asp758 is strongly bound with
Omeprazole via hydrogen bond (1.905 A). The Omeprazole
and Pantoprazole reacted with Cys813 in the intercellular
MS5-M6 region of the H", K*-ATPase. The model suggests a
mechanism for inhibitors interacting with enzyme by com-
paring the 3-D-structure of P-type ATPase (Yan et al. 2004;
Kim et al. 2005). Lansoprazole has bound to cysteines resi-
dues of two domains and cysteine 321 toward the extracy-
toplasmic end of the third transmembrane segments.
Pantoprazole bound only either cysteine 813 or 822 in the
fifth and sixth transmembrane regions. The inhibition of
Rabeprazole correlated with binding to active region of
protein, but this compound continued to bind after full
inhibition when binds with cysteines 321 and 892 amino
acids (Besancon et al. 1997).

In this study, amino acid residues such as Asp740,
Ala739, Asn290, Asn371, Lys370, Leu736 and Asp758
present in active pocket of 3-D model of H*, K*-ATPase
and it was found during interaction with Omeprazole.
Similarly, identification of the amino acids in the mem-
brane domain found with SCH28080 in the crystal structure
of the Ca-ATPase. They found total five conserved car-
boxylic residues which include Glu343, Glu795, Glu820,
Asp824 and Glu936 whereas unique Lys791 was investi-
gated in the H, K-ATPase (Vagin et al. 2001). The integrity
of the SCH28080 binding site depends on the presence of
Lys791, Glu936, and Glu795 in H*, K*-ATPase.

Both the proton and sodium pumps consist of a catalytic
o-subunit and a glycosylated B-subunit that is essential for
normal pump maturation and trafficking. Individual N-
glycans linked to the B-subunits of the Na*, K*-ATPase
and HY, K™-ATPase. These are important for stable
membrane integration in the respective of o-subunits,
folding, stability, subunit assembly; and enzymatic activity
of the pumps. Importance of N-glycans for the maturation
and quality control of the H", K*-ATPase is greater than
Na*, K™-ATPase. The roles of individual N-glycans of the
B-subunits in the post-ER trafficking, membrane targeting
and plasma membrane retention of the Na®, K-ATPase
and HY, K"-ATPase are different (Vagin et al. 2007). The
acid transport by the gastric H", K™-ATPase is covalently
inhibited by several substitute pyridyl methylsulfinyl
benzimidazoles and omeprazole (Lambrecht et al. 1998).
Therefore, we require atomic level knowledge and under-
standing for targeting the combinatorial genetic network by
designing of more potent and specific inhibitors.
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In the ATP4A gene regulatory network, we found the
several interactive proteins such as ATP4B, PPA1, LHPP,
PPA2, FXYDS5, APLP1, COX7A1 and CTCF. We showed
combinatorial influence of these newly constructed genetic
networks of H. Sapiens would be useful in gene regulation
of ATP4A for controlling of acidity. In this study, protein—
protein interactions of ATP4A in H. Sapiens gene regula-
tory network has been acknowledged. The ATP4A encodes
H'/K"™ ATPase o subunit with ~ 1,000-amino acids which
contains the catalytic sites of the enzyme and forms the
pore in cell membrane that allows the transport of ions.
Whereas, ATP4B encodes the B subunit of H/K" ATP-
ase, which is an ~300-amino acid protein with a 36-amino
acid N-terminal cytoplasmic domain. The H"/K* ATPase
B subunit stabilizes the H/KT ATPase o subunit and is
required for function of the enzyme. It appears to contain
signals which direct the heterodimer to membrane desti-
nations within the cell, although some of these signals are
subordinate to signals found in HT/K* ATPase o subunit
(Shin et al. 2009).

The FXYD domain has been identified which containing
ion transport regulator 5 that involved in down-regulation of
E-cadherin; and also reduced the cell adhesion and promotes
metastasis. The FXYD5 is a member of the FXYD family of
single span type I membrane proteins. There are five mem-
bers of this group have been shown to interact with Na*, K*-
ATPase and to modulate its properties (Lubarski et al. 2005).
It is structurally different from other family members and has
been suggested to play a role in regulating E-cadherin and
promoting metastasis (Ino et al. 2002). In our study, we found
the interaction of CCCTC-binding factor (zinc finger pro-
tein) also known as chromatin binding factor which binds to
DNA sequence at specific sites. It involves in transcriptional
regulation by binding to chromatin insulators and preventing
interaction between promoter and nearby enhancers and
silencers. Identification of a cryptic upstream orchestrator of
interferon-gamma (IFNG) transcription is embedded within
human IL26 gene. It is compromised of a single CCCTC-
binding factor (CTCF) retained in all mammals, even sur-
viving near-complete evolutionary deletion of the homolo-
gous gene encoding IL-26 in rodents (Sekimata et al. 2009).
NDRG is a family member-2 involves in dendritic cell and
neuron differentiation which plays an anti-tumor activity.
The DNAHS is a dynein, axonemal, heavy chain 8 produced
force towards the minus ends of microtubules. The Dynein
has ATPase activity; the force-producing power stroke is
thought to occur on release of ADP. It is involved in sperm
motility that implicated in sperm flagellar assembly. The
N-myc downstream-regulated gene 2 (NDRG?2) is involved
in tumor cell differentiation and apoptosis, but its function
in tumor angiogenesis (Ma et al. 2012).

Gene regulatory network of multicopper oxidase and B
subunit of DNA gyrase of A. hydrophila which showed the
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several cellular proteins that interacted during gene
expression have been reported earlier (Singh et al. 2012a, b).
The initial step is required to define protein—protein inter-
actions in cellular systems for better understanding of bio-
logical complexity (De Las and Montanillo 2010). The
dynamics of large scale genetic regulatory networks of cells
are an important goal in systems and synthetic biology.
The system level dynamical properties of the genetic net-
work of Escherichia coli that regulates its metabolism and
show how its design leads to biologically useful cellular
properties (Samal and Jain 2008). The protein—protein
interactions occur when the two or several proteins/
enzymes bind to each other frequently to carry out
their biological function. There are 2,709 interactions
between proteins of Saccharomyces cerevisiae has been
reported which facilitate the establishment of a single large
network of 2,358 interactions among 1,548 proteins
(Schwikowski et al. 2000). It is a new approach for tar-
geting of any gene for fine tuning of cellular mechanism
by knowing the predicted proteins/enzymes involves in
gene regulatory network.

Conclusions

The present study was undertaken to generate the 3-D
model of o-subunit (catalytic subunit) of H, K*-ATPase
from H. sapiens and virtual screening for finding of potent
drugs. Omeprazole and Rabeprazole showed better binding
affinity with other drugs. The study though provides the
possible way of interactions between the drug and the
protein and results obtain thus could be used for further
studies to get better insight.

Construction of novel ATP4A gene regulatory network
in H. sapiens plays a key role for better understanding of
the gene regulation for fine tuning of proton pump and ion
channels. In near future, it is an urgent need to evaluate
ATP4A gene network through in vitro and in vivo exper-
iments for better control gastric ulcers.
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