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Abstract 

Background  NOX-1 overexpression has been observed in various studies, persons with diabetes or cardiovascular 
conditions. NOX-1 orchestrates the disease pathogenesis of various cardiovascular conditions such as atheroscle-
rotic plaque development and is a very crucial biomarker. Therefore, this study was carried out to deduce the three-
dimensional modelled structure of NOX-1 using DeepMind AlphaFold-2 to find meaningful insight into the structural 
biology. Extensive in silico approaches have been used to determine the active pocket, virtually screen large chemical 
space to identify potential inhibitors. The role of the key amino acid residues was also deduced using alanine scan-
ning mutagenesis contributing to the catalytic process and to the overall stability of NOX-1.

Results  The modelled structure of NOX-1 protein was validated using ERRAT. The ERRAT statistics with 9 amino acids 
sliding window have shown a confidence score of 96.937%. According to the Ramachandran statistics, 96.60% of the 
residues lie within the most favoured region, and 2.80% of residues lie in the additionally allowed region, which gives 
an overall of 99.4% residues in the three quadrants in the plot. GKT-831 which is a referral drug in this study has shown 
a GOLD interaction score of 62.12 with respect to the lead molecule zinc000059139266 which has shown a higher 
GOLD score of 78.07. Alanine scanning mutagenesis studies has shown that Phe201, Leu98 and Leu76 are found to 
be the key interacting residues in hydrophobic interactions. Similarly, Tyr324, Arg287 and Cys73 are major amino acid 
residues in the hydrogen bond interactions.

Conclusions  NOX-1 overexpression leads to heightened ROS production resulting in catastrophic outcomes. The 
modelled structure of NOX-1 has a good stereochemistry with respect to Ramachandran plot. The lead molecule 
zinc000059139266 has shown to have a very high interaction score of 78.07 compared to the referral drug GKT-831 
with a score of 62.12. There is an excellent scope for the lead molecule to progress further into in vitro and in vivo 
studies.
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Background
Atherosclerosis is an extensively studied health condition 
that helps in the manifestation of several different cardio-
vascular diseases [1]. The various inflammatory, as well 
as oxidative stress metabolic pathways, plays a major role 
in different stages of atherosclerosis. The enzyme (Nico-
tinamide adenine dinucleotide phosphate oxidase) NOX 
is associated with various problems such as atheroscle-
rosis, oxidative stress, vascular inflammation, endothe-
lial dysfunction, and vascular remodelling [2]. NOX-1 
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induced by endotoxin expressed in the cardiomyocytes 
causes apoptosis, which is supported by several evi-
dences [3]. NOX-1 is a transmembrane electron transfer 
protein that plays a major role in mitochondrial electron 
leakage leading to elevation in the catastrophic reactive 
oxygen species (ROS) production [4]. The function of the 
NOX isozymes is not only to regulate normal vascular 
physiology but also in abnormal conditions contribute to 
the development of different cardiovascular conditions 
including atherosclerosis [2, 5].

The NOX family consists of NOX-1 to 5 and Duox1 
and 2 isoforms. Among them, the NOX-1, NOX-2, and 
NOX-4 isozymes are expressed in the cardiovascular 
tissues. Flavin adenine dinucleotide (FAD), haem and 
calcium ions are the essential co-factors for the proper 
functionality of NOX-1. NOX-1 mRNA is most abun-
dantly expressed in colon epithelial [6], but it is also 
present at lower levels in vascular smooth muscle cells 
(VSMCs), endothelial cells, uterus, placenta, prostate, 
osteoclasts, retinal pericytes, neurons, astrocytes, and 
microglia [7–9]. NOX-1 connects with the p22phox 
membrane component at the protein level, which is 
required for enzymatic activity [10–12]. By maintain-
ing vascular wall ROS production, inflammation, and 
matrix remodelling, vascular SMC plays a significant role 
in atherogenesis and the formation of atherosclerotic 
plaques [13].

NOX-1 is an inducible gene and its expression is 
increased in vascular cells by several pro-inflammatory 
stimuli including Angiotensin II (Ang II), interferon-γ 
(IFN-γ) and platelet-derived growth factor (PDGF) 
[14–17]. Interleukin-1 (IL-1) and interferon (IFN), two 
pro-inflammatory molecules, induce the upregulation of 
NOX-1 in the vascular wall under pathological circum-
stances associated with inflammation [18, 19]. Its levels 
were found to be incredibly low in atherosclerotic lesions 
in both humans and rabbits, whereas NOX-1 overexpres-
sion was seen in people with diabetes or cardiovascular 
disease [20, 21]. In a mouse atherosclerosis model, NOX-
1-derived ROS changes the lesion’s composition and con-
tributes to its growth [22]. In reaction to tobacco smoke, 
NOX-1 raises ROS levels in VSMCs [23].

NOX-2 is crucial for innate host defence, operating as 
a signalling molecule to start a variety of inflammatory 
and immune-protective responses and creating ROS to 
destroy intruders following phagocytosis [24]. NOX-2 
has been found to be expressed in a variety of other 
tissues than phagocytes, including the central nervous 
system, endothelium, VSMCs, fibroblasts, cardiomyo-
cytes, skeletal muscle, hepatocytes, and hematopoietic 
stem cells [25]. Superoxide generated by NOX-2 can 
interact with NO in cells to control bioavailability, lead-
ing to the reactive molecule Peroxynitrite (ONO2

−), 

which has been linked to oxidative stress. In endothe-
lial cells, NO is a crucial signalling and vasodilator mol-
ecule. Endothelial dysfunction and hypertension are 
both caused by the deregulation of NOX-2 activity [26].

Based on sequence homology to gp91phox, NOX-3 
was first found in 2000 along with NOX-4 and NOX-5 
[27]. The three-dimensional structure of NOX-3 is 
anticipated to resemble that of NOX-1 and NOX-2 [25].

In comparison to other NOX enzymes, NOX-4 
mRNA is substantially more prevalent in all vascu-
lar wall cells [28–31]. NOX-4 differs from NOX-1 and 
NOX-2 in that it creates H2O2 instead of O2

−. Addi-
tionally, NOX-4 is activated during differentiation and 
is constitutively active rather than being triggered by 
inflammatory cytokines [32].

In the early phases of endothelial lesion development, 
the VSMCs of the intima of advanced coronary lesions 
express NOX-5. NOX-5 is a significant ROS genera-
tor in atherosclerosis, and it is also significant for oxi-
dative damage. NOX-5 RNA and protein levels were 
shown to be considerably higher in coronary arteries 
of individuals with coronary heart disease compared 
to healthy arteries, which was also consistent with the 
Ca2+-dependent activity of NADPH oxidase in arteries 
[33].

There are several different reported NOX inhibitors 
that are present, most of which are non-specific and can 
bind to the other isoforms of NOX. Very few inhibitors 
selectively inhibit NOX-2 such as GSK2795039 [34]. 
Similarly, GKT-137831 (Setanaxib/GKT-831) showed 
promising pharmacokinetic properties during phase one 
clinical trials, it inhibits NOX-1 & 4. In phase 2 clinical 
trial, GKT-831 succeeded in primary and secondary effi-
cacy endpoint [35]. The NOX inhibitor APX-115 inhibits 
NOX-1, 2 & 4 it is safe & passed from phases 1 & 2, very 
effective, especially for diabetic kidney diseases [36]. In 
diseases like hypertrophy, cardiac remodelling & diabe-
tes-induced atherosclerosis, setanaxib proves to be more 
beneficial [37].

Previously reported inhibitors such as GSK2795039 
have shown a good specificity for the target protein 
NOX-2 but are not aqueous soluble, which will make it 
difficult to be available as an oral drug. Inhibitors such as 
GKT-137831 have shown properties related to skin and 
eye irritant, have solubility issues for becoming water-
soluble, and have a high chance of being a P-gp substrate 
which can result in the involvement with the efflux sys-
tem leading to inefficient drug delivery. APX-115 is a pan 
NOX inhibitor acting broadly on NOX-1, 2 and 4 where 
NOX-4 has been reported to be pro-atherosclerotic in 
properties. Apart from that APX-115 is dimethyl sulfox-
ide (DMSO) soluble and not water-soluble which makes 
it difficult for being orally bioavailable.
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In this manuscript, we have tried to focus on NOX-1 
protein due to its major role in atherosclerosis as well as 
various shreds of evidence that indicated the reduction 
of the atherosclerotic plaque in various knockout experi-
mentations. A more specific as well as safer lead can be 
used as a future drug molecule as a promising NOX-1 
inhibitor.

Materials and methodology
Structure deduction using Google DeepMind, AlphaFold‑2
The structure of NOX-1 has not been reported in any 
database. Hence, the macromolecular structure for 
NOX-1 was deduced using Goole DeepMind Alpha-
Fold-2, to elucidate the role and catalytic function of 
NOX-1. AlphaFold module of ChimeraX version 1.4 was 
used to visualise the structural accuracy prediction [38].

Protein secondary structure analysis
Algorithms such as ERRAT [39], PROCHECK [40], and 
ProtParam [41], Hydropathy index using Kyte and Doolit-
tle [42], transmembrane region prediction using SOSUI 
server [43], and secondary structure analysis using GOR 
[44] were used to check the secondary structure as well 
as the overall quality of the protein model.

Retrieval of ligands and virtual screening
A set of six million three-dimensional compounds were 
retrieved from the ZINC database. Virtual screening 
was performed using the Lipinski rule of five for screen-
ing orally-bioavailable drug-like molecules. The param-
eters used for the primary screening of the molecules 
were followed according to Ganguly et  al., 2022 [45]. 3 
million compounds have cleared the primary filter from 
the initial 6 million compounds. These molecules were 
screened for Pharmacokinetic properties using Swis-
sADME; only 6000 final screened molecules were used 
for further studies.

Prediction of the catalytic pocket for NOX‑1
Computed Atlas of Surface Topography of proteins 
(CASTp) was used to predict the amino acid residues 
which are contributing to the formation of the catalytic 
pocket [46]. Multiple sequence alignment of NOX-1, 
NOX-2, NOX-3, NOX-4 and 5 with an accession ID 
Q9Y5S8.2, P04839.2, 056533.1, Q9NPH5, Q96PH1 were 
retrieved, respectively, to perform multiple sequence 
alignment using CLUSTALW [47] for checking the simi-
larity in the position between the conserved domain and 
the active site residues.

Referral drug selection
Through the review of the literature, the compound Set-
anaxib (GKT-137831) [35] with a PubChem compound 

ID 58496428 was selected as the referral molecule against 
the target NOX-1. The molecular interaction score in 
terms of the GOLD Score was used as the threshold score 
for molecular interaction studies.

Protein–protein interaction (PPI) studies
Protein–Protein Interaction Networks Functional 
Enrichment Analysis studies were performed using 
STRING server to identify different interacting proteins 
with NOX-1.

Molecular interaction studies
Using Genetic Optimization for Ligand Docking (GOLD) 
version 5.2, the protein–ligand docking was carried out 
[48]. The protein-bound co-crystal ligand was thought to 
have a binding site in the form of a grid box with a radius 
of 6. Using the GOLD Score p450 csd docking technique, 
the interactions were obtained in terms of GOLD scores. 
A GOLD fitness score was used to determine the opti-
mal stance. The following equation (Eq. 1) may be used 
to mathematically represent the GOLD fitness function 
[49]:

where the scores supplied by weak Van der Waals 
forces are represented by Svdwext

 and Svdwint
 . Shbext is the 

hydrogen bonding score between the protein and the 
ligand. Shbint represents the internal hydrogen bonding of 
the ligand.

Selection of key amino acid residues from the molecular 
interactions
The most frequently repeating amino acid residues which 
are involved in molecular interaction with different inter-
acting partners were searched and listed as the key amino 
acid residues.

Alanine scanning mutagenesis of the key amino acid 
residues
Alanine scanning mutagenesis was performed using 
I-Mutant Suite [50] which uses Support Vector Machine-
based predictors. Where the change in the overall free 
energy of the protein in terms of protein stability was cal-
culated based on single point mutation of the identified 
key amino acid residues.

Results
Protein structural analysis
The structure of NOX-1 has been deduced using Alpha-
Fold-2, where per-residue confidence score (pLDDT) 
for most of the amino acid residues were ranging from 
70 to 100 (Fig.  1A). The deep blue region of the pre-
dicted protein structure has a high level of confidence 

f = Shbext + Svdwext
+ Shbint + Svdwint
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of above 90. The light blue has a confidence of 70 to 
90, yellow coloured region has a confidence of 50 to 
70 and orange coloured region depicts very low level 

of confidence below 50. In the case of the predicted 
structure of NOX-1, most of the amino acid residues 
were found to be within the high confidence zone. 

Fig. 1  Showing A the confidence scores related to the predicted structure of NOX-1 B predicted pairwise alignment error plot for AlphaFold 
predicted NOX-1 structure C all the helices present in the structure of NOX-1 D relative positions of the helices in the structure E the amino acid 
sequence and the relative positions of the different helices
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The part of the amino acid residue in the yellow zone 
which represents per-residue confidence score of 50 to 
70 are mainly covered by the terminal residues and the 
loop region. Predicted pairwise alignment error plot 
covers different helices present in the derived NOX-1 
structure with high level of accuracy (Fig.  1B). In the 
predicted structure of NOX-1, there are eight helices 
which are connected by random coils or loops. The hel-
ices are numbered as H1, H2, H4, H5, H6, H8, H9 and 

H10 depicted by yellow, magenta, blue, cyan, orange, 
red, grey and black shown in Fig. 1C, D, F.

ERRAT is an algorithm to predict the global structural 
quality for the modelled protein structures. This algo-
rithm has a sliding window of few residues and it scans 
the entire sequence length of a protein to analyse the 
outliers in the sequence with respect to an error value. 
The modelled structure of NOX-1 has shown an overall 
quality factor of 96.937% (Shown in Fig. 2) which is much 

Fig. 2  Showing statistics for ERRAT algorithm, used to estimate the overall structural quality of the modelled protein NOX-1

Fig. 3  Showing A torsion angle statistics of the modelled protein structure for NOX-1, B the details of the Ramachandran plot for NOX-1
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higher than 95%. The structure is considered to be good 
or of a high resolution if it produces the ERRAT score of 
95% or higher values.

Ramachandran plot defines the distribution of the phi 
(φ) and psi (ψ) backbone torsion angles of the protein 
and is used in the validation of the modelled structure. 
The above Ramachandran plot shows (Fig. 3A) the most 
favoured region was found to be 96.60% (red colour), 
additionally allowed region is depicted by brown col-
our and is found to be 2.80%, yellow depicts the gener-
ously allowed regions and is found to be 0.60% and the 
amino acid residues were found in the disallowed region 
(Fig. 3B). The overall quality of the protein structure was 
found to be good enough for study of in silico molecular 
interaction.

ProtParam algorithm is used to compute vari-
ous physiochemical parameters of the given protein 
sequence stored in Swiss-Prot or TrEMBL. The number 
of amino acids for NOX-1 was found to be 564 and the 
molecular weight was found to be 64.87104  kDa. The 
total number of negatively charged residues combin-
ing Arg and Glu was found to be 49. Similarly, the total 
number of positively charged residues combining Arg 
and Lys was 59. The theoretical iso-electric point (PI) 
is the pH where the net charge of the protein is neu-
tral was estimated to be 8.79. The extinction coefficient 
indicates how much light a protein can absorb at a cer-
tain wavelength. In our study, the protein absorbance 
was found to be 1.770 measured at 280 nm for NOX-1, 
assuming all the Cysteine residues are forming disulfide 
bonds giving rise to Cystines. Similarly, the estimated 
absorbance measured at 280 nm for NOX-1, assuming 
all Cys residues are in their reduced state was found 
to be 1.754. Half-life (symbol t1⁄2) is the time required 
for a quantity to reduce to half of its initial value. Prot-
Param analysis for NOX-1 has shown that the esti-
mated half-life of the protein expressed in  vitro in 

mammalian reticulocytes will be 30 h, more than 20 h 
if expressed in yeast cells and more than 10 h if grown 
in in-vivo culture in Escherichia coli. The half-life of 
the protein NOX-1 is far more than 5  h which corre-
lates with the estimated values for the instability index, 
which is a measure of proteins to determine its stability. 
If the index is less than 40, it is predicted to be stable 
or else it is unstable. NOX-1 has shown an instability 
index of 39.69 which indicates that the protein struc-
ture is stable. The aliphatic index of a protein is defined 
as the relative volume occupied by aliphatic side chains 
which is related to the thermostability of several group 
of proteins. For NOX-1 the high aliphatic index was 
found to be 89.70. The Grand average of hydropathic-
ity (GRAVY) value for NOX-1 defines about the hydro-
pathicity of a protein, which is defined based on the 
group of hydrophobic residues in a sequence. NOX-1 
has shown a gravy value of 0.022. Hydropathy index of 
the protein indicates the presence of a transmembrane 
region. From the hydropathy index plot using Kyte and 
Doolittle (Fig.  4), it is clear that the regions such as 
0–30, 100–120, 160–200, 200–220 and 275–290 of the 
amino acid sequence match with the hydropathy charge 
plot from SOSUI server prediction (Fig.  5). Therefore, 
there is high confidence in the prediction of the trans-
membrane segments.

Active pocket determination and multiple sequence 
alignment
The active pocket of the deduced protein structure 
for NOX-1 was identified utilising the surface topol-
ogy search for the derived structure. The major cleft or 
pocket is considered to be the main active pocket by the 
CASTp algorithm, where the highest surface area of the 
pocket was found to be 2563.307 Å2 and the volume was 
found to be 2343.249 Å3. Multiple sequence alignment 
algorithm (Shown in Additional file 1: Figure S1) of dif-
ferent isoform of NOX (NOX-1 to 5) has given several 
conserved domains and most of it are coinciding with the 
active site computed by CASTp (Fig. 6).

Protein–protein interaction studies
The Protein–Protein Interaction Networks Functional 
Enrichment Analysis was performed using STRING 
server [51]. The NOX-1 (red coloured is the central pro-
tein) is shown to interact with other proteins. The two 
nodes connected by yellow line shows text mining, light 
blue line shows protein homology, green line represent 
gene neighbourhood, pink line shows gene fusions, blue 
line represent gene co-occurrence, cyan line depicts 
from curated databases and purple depicts experimen-
tal determined. The maximum interrelation of NOX-1 
is with NADPH oxidase Organizer 1 (NOXO1) which is Fig. 4  Showing hydropathy index for NOX-1



Page 7 of 14Ganguly et al. Future Journal of Pharmaceutical Sciences            (2023) 9:24 	

Fig. 5  Showing A hydropathy plot for NOX-1 from SOSUI server, B charge plot for NOX-1 from SOSUI server, C wheel plot of transmembrane helices 
for NOX-1, D snake like plot for transmembrane region for NOX-1
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a regulatory subunit of NOX-1 and positively regulates 
NOX-1 and NOX-3 [52] followed by Ras related c3 botu-
linum toxin substrate1 (RAC1). RAC1 activates NOX-1 
and triggers ROS generation, cytochrome b-245 light 
chain (CYBA) associates with NOX-3 generate super-
oxides [53], Ras related c3 botulinum toxin substrate2 
(RAC2) is a GTPase membrane bound protein helps in 
phagocytosis, cell polarization and ROS generation [54], 
NOXA1 is a regulatory subunit of NOX-1 [55] and Neu-
trophil cytosol factor 2 (NCF2) neutrophil NADPH oxi-
dase, activates NOX-2 [56] (Fig. 7).

Molecular interaction studies
The results of the molecular interaction showed that 
the referral drug Setanaxib/GKT-831 interact with the 

amino acid residues Val71, Arg73, Phe201, His209, 
Phe211, Tyr280, Arg287, Phe326, Trp337 and Asp382 
by hydrophobic interaction and the amino acid residue 
Arg284 interacts the referral drug GKT-831 by hydrogen 
bond interaction with a GOLD Score of 62.12 (Shown in 
Fig. 8A, B). A compound zinc000059139266 has shown a 
GOLD Score of 78.0745 and it interacts with the amino 
acid residues Leu76, Ser77, Arg80, Asn97, Leu98, Thr387, 
Glu562 and Phe564 through hydrophobic interaction. 
Arg73, Asp95, Tyr324, Gly386, Ala388 and Asn563 
through hydrogen bond (Shown in Fig.  8C, D). The 
GOLD Score of the lead compound zinc000062716991 
is 77.3351 and is interacting with the amino acid resi-
dues Phe201, Phe326, Trp337 and Asp382 by hydropho-
bic interaction and Arg73, Arg284, Arg287 amino acid 
residues is interacting through a hydrogen bond (Shown 
in Fig.  8E, F). A lead compound zinc000005413557 has 
a GOLD Score of 74.5633 (Shown in Fig. 8G, H) and is 
interacting with the amino acid residues Arg73, Trp205, 
His208, His209, Ser291, Phe326, Trp337 and Asp382 by 
hydrophobic interaction and Arg284, Arg287 through a 
hydrogen bond (Shown in Table 1).

Identification of the key amino acid residues
Key amino acid residues are the active pocket amino 
acid residues that were found to be frequently occur-
ring in several molecular interaction studies with the 
referral as well as the lead-like molecules. This key 
amino acid residue from all the top scoring molecu-
lar interactions was found to be Val71, Arg73, Leu76, 
Ser77, Arg80, Asp95, Asn97, Leu98, Phe201, Trp205, 
His208, His209, Arg284, Arg287, Tyr324, Phe326, 
Trp337, Asp382, Gly386, Thr387, Glu562, Asn563 and 
Phe564. These amino acid residues were further sub-
jected to alanine scanning mutagenesis to understand 
the importance of these key residues in the contribu-
tion to the binding pocket to maintain the overall sta-
bility of the NOX-1 (Table 2).

Fig. 6  Showing A surface topology map of NOX-1 where the active pocket is shown in red coloured cloud representation, B the conserved region 
of the NOX-1 protein from multiple sequence alignment

Fig. 7  Showing protein–protein network interactome map with 
NOX-1
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Fig. 8  Showing the spatial arrangement of the interacting residue in three-dimensional space in (A), (C), (E) and (G), where the ligand molecule is 
shown in red, amino acids involved in hydrophobic interaction in yellow and hydrogen bond interaction in green. Similarly, the two-dimensional 
representation of the molecular interaction between nox-1 and B Setanaxib/GKT-831, D zinc000059139266, F zinc000062716991 and H 
zinc000005413557 are shown, where the hydrogen bond interaction is represented by the green dotted lines and the amino acid residues involved 
in hydrogen bond interaction is shown using red coloured eyelashes
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Alanine scanning mutagenesis
The site-directed mutagenesis method known as "ala-
nine scanning" is used in molecular biology to iden-
tify the impact of a specific amino acid residue on the 
global stability or functionality of a given protein. In 

all the different protein–ligand interactions between 
NOX-1 and the various top-scoring lead-like mol-
ecules, there were eighteen amino acid residues that 
were found to be frequently interacting with the heter-
oatom or ligand (Shown in Additional file 1: Table S2.). 

Fig. 8  continued
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Similarly, there are six amino acid residues found to be 
frequently interacting with the heteroatom or ligand 
(Shown in Additional file 1: Table S3).

Alanine scanning mutagenesis of all the key amino 
acid residues has shown that amino acid residues such 
as Phe201, Leu98 and Leu76 which contribute mostly 
to hydrophobic interactions, which when mutated to 
Ala is giving rise to a ΔΔG value of a Gibbs Free energy 
change of − 2.31, − 3.0 and − 2.85 kcal/mol (Fig. 9A). 
Similarly, within the six key amino acid residues 
involved in hydrogen bonding the ΔΔG value or a Gibbs 
Free energy change of the major three were found to be 
Tyr324, Arg287 and Cys73 with a ΔΔG value of − 1.9, 
− 1.01 and − 0.89 kcal/mol, respectively (Fig. 9B).

Discussion
NOX-1 has a central role in the ROS production and 
oxidative stress pathways which makes it an important 
biomarker for drug discovery. Due to the limitations in 
the structural availability for NOX-1, before AlphaFold-2 
came into existence it was difficult to perform accurate 
Insilco studies. In this study, the structure of NOX-1 
has been deduced using AlphaFold-2. Subsequently, the 
errors in the structure have been evaluated with ERRAT 
program which compares the derived structure with high 
resolution crystal structures and gives an error value. 
ERRAT statistics with 9 amino acids sliding window 
have shown a confidence score of 96.937%. Ramachan-
dran statistics for the torsion angles in the macromo-
lecular structure of NOX-1 have been deduced and it 
is observed that 96.60% of the residues lie in the most 
favoured region, and 2.80% of residues lie in the addi-
tionally allowed region, which gives an overall of 99.4% 

Table 1  Showing results of the molecular interaction studies

AA-HBI*, amino acid residue involved in hydrogen bond interaction; AA-HPI**, amino acid residue involved in hydrophobic interaction

Sl no. Receptor Small molecule AA-HBI* AA-HPI** Gold score

1 Nox-1 Setanaxib/GKT-831 Arg284 Val71, Arg73, Phe201, His209, Phe211, Tyr280, Arg287, Phe326, 
Trp337, Asp382

62.12

2 Nox-1 zinc000059139266 Arg73, Gly386, Ala388, Asn563 Leu76, Ser77, Arg80, Asp95, Asn97, Leu98, Tyr324, Thr387, 
Glu562, Phe564

78.07

3 Nox-1 zinc000062716991 Arg73, Arg284, Arg287 Phe201, Phe326, Trp337, Asp382 77.33

4 Nox-1 zinc000005413557 Arg284, Arg287 Arg73, Trp205, His208, His209, Ser291, Phe326, Trp337, Asp382 74.56

Table 2  Showing the atom pairs involved in hydrogen bond formation and their relative atomic distances

Sl. no. Interacting atoms Atom name (from ligand) HB donor/acceptor AA name from receptor HB donor/acceptor Atomic 
distance 
(in Å)

1 Zinc59139266 & NOX-1 O-1 of ligand Donor Ala388 (N–H group) Acceptor 2.9

N-5 of ligand Acceptor Gly386 (C=O group) donor 2.8

O-3 of ligand Donor Asn563 (N–H group) Acceptor 2.4

O-16 of ligand Donor Arg73 (N–H group) Acceptor 2.5

O-17 of ligand Donor Arg73 (N–H group) Acceptor 2.9

2 Setanaxib/GKT-831 & 
NOX-1

O-2 of ligand Donor Arg284 (N–H group) Acceptor 3.04

3 zinc000062716991 & 
NOX-1

O-11 of ligand Donor Arg73 (N–H group) Acceptor 2.5

O-15 of ligand Donor Arg73 (N–H group) Acceptor 2.9

O-19 of ligand Donor Arg284 (N–H group) Acceptor 2.8

O-20 of ligand Donor Arg284 (N–H group) Acceptor 2.5

O-3 of ligand Donor Arg287 (N–H group) Acceptor 2.9

4 zinc000005413557 & 
NOX-1

O-1 of ligand Donor Arg28 4 (N–H group) Acceptor 3.3

O-1 of ligand Donor Arg284 (N–H group) Acceptor 3.3

O-1 of ligand Donor Arg287 (N–H group) Acceptor 3.2
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residues in the three quadrants in the plot. The instability 
index and the GRAVY values indicate that the protein is 
stable. Setanaxib/GKT-831 was used as the referral drug 
for Insilco molecular interaction studies. GKT-831 has 
shown a GOLD interaction score of 62.12 with respect 
to that the lead molecule zinc000059139266 which has 
shown a higher GOLD score of 78.07. In alanine scanning 
mutagenesis, we have considered eighteen amino acid 
residues that are present in the active pocket of NOX-1 
involved in hydrophobic interactions with several lead 
molecules. Similarly, there were six amino acid residues 

in the active pocket of NOX-1 involved in hydrogen bond 
interactions. Among all active pocket amino acid resi-
dues Phe201, Leu98 and Leu76 are found to be the key 
residues in hydrophobic interactions. Similarly, Tyr324, 
Arg287 and Cys73 are major amino acid residues in the 
hydrogen bond interactions. Changes in these amino 
acid residues with alanine have shown an adverse effect 
on the global stability of the protein structure. These sub-
stitutions may impede the binding of substrate to NOX-1 
leading to its alteration in its function.

Fig. 9  Showing A the positions of the amino acid residues Phe201, Leu98 and Leu76 in NOX-1, B Alanine scanning mutagenesis for the key amino 
acid residues responsible for hydrophobic interactions, C the positions of the amino acid residues Tyr324, Arg287 and Cys73 in NOX-1, D alanine 
scanning mutagenesis for the key amino acid residues responsible for hydrogen bond interactions
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Conclusion
NOX-1-dependent oxidative stress, which promotes 
atherosclerosis, is a potential target for diabetic vas-
culopathy. Other pathogenic roles of NOX-1 include a 
mechanism of hyperoxia-induced tissue injury. In the 
absence of the reference NOX-1 protein structure, an 
attempt has been made to use DeepMind based Alpha-
Fold-2 derived macromolecular structure for in silico 
drug discovery process. The Discovery of a potential 
lead molecule that can impede the normal function-
ality of the NOX-1 protein can open new therapeu-
tic options. GKT-831 which is a known inhibitor for 
NOX-1 has shown a GOLD interaction score of 62.12. 
Compared to that the lead molecule zinc000059139266 
has shown a better score of 78.07. Therefore, this lead 
molecule can be further studied in in vitro experimen-
tations for further validation.
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