Biomedical Letters ISSN 2410-955x DOI: https://doi.org/10.47262/BL/9.1.20230421

ARTICLEINFO

Received
March 21, 2023
Revised

May 28, 2023
Accepted

June 17, 2023

*Corresponding Author
Tayyiba Rauf

E-mail
tayyibarauf80@gmail.com

Keywords

In silico

Structure prediction
Molecular docking

STAT3

Cancer

How to Cite

Fatima S, Sameen DE, Rauf T.
Structural insights and

computational molecular docking
to explore novel therapeutic drug
targets of STAT3. Biomedical
Letters 2023; 9(2):75-81.

Note

¥Both authors contributed equally

Research article

2023 | Volume 9 | Issue 2 | Pages 75-81

Structural insights and computational
molecular docking to explore novel
therapeutic drug targets of STAT3

Sameen Fatima¥, Durr-e-Sameen¥, Tayyiba Rauf*

Department of Biology, University of Okara, Okara, Pakistan

Abstract

Signal transducer and activator of transcription 3 (STAT3) is a transcription
factor, that contains a DNA-binding domain, N-terminal domain, and SH2
domain. The dysregulation of STAT3 activity has been associated with various
diseases, such as chronic inflammation and autoimmune disorders. In cancer,
STATS3 is often constitutively activated and promotes tumor cell survival,
proliferation, and immune evasion. Various bioinformatics approaches were
employed to predict the 3D structure of STAT3, followed by a comprehensive
evaluation of the predicted model. 3D predicted structure of the target protein
revealed an overall quality factor of 94. 45%. It was also observed through the
Ramachandran plot that 1.26% residues of the predicted structure of STAT3
were present in the outlier region of the protein structure. Computational
docking studies were done to identify the novel drug targets against STAT3.
The screened compound via high throughput virtual screening may have the
potential to regulate the activity of STAT3. The lowest binding energy of -8.7
Kcal/mol was observed. His-457, Tyr-456, Lys-488, Pro-487, GIn-326, Leu-
459, Lys-244, GIn-247 conserved residues were observed. The structural
insight and functional determination of STAT3 depend on the identification of
the potent binding domain in protein 3D structure.

This work is licensed under the Creative Commons Attribution Non-
Commercial 4.0 International License.
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Introduction

Signal transducer and activator of transcription 3
(STAT3) is a transcription factor that is involved in
numerous processes of cells, such as survival,
differentiation and cell growth. STAT3 also contains
a DNA binding domain, N-terminal domain and SH2
domain, which is considered as an essential factor for
the activation and phosphorylation [1-3]. The
dysregulation of the activity of the STAT3 has been
associated with various diseases, such as chronic
inflammation, autoimmune disorders and cancer [2-
5]. In cancer, STAT3 usually promotes and activates
immune evasion, proliferation and tumor cell survival
in cancer [6]. In autoimmune disorders, such as
multiple sclerosis, The STAT3 aberrant activation o in
immune cells can lead to tissue damage and
inflammation in autoimmune disorders including
multiple sclerosis [7]. In chronic inflammation,
STATS3 also involves in the activation of immune cells
that can contribute to the progression and
development of the inflammatory response in chronic
inflammation [8]. To target the activity of STATS3, it
has emerged as a significant therapeutic strategy for
various diseases [9].

STATS3 plays a key role in response to extracellular
signals, including hormones, growth factors and
cytokines. The STAT3 forms homo- or heterodimers
to translocate the nucleus to regulate the gene
expression upon activation. STAT3 activation is
strongly regulated by numerous mechanisms, such as
dephosphorylation by phosphatases, protein inhibitors
and negative feedback loops [10].

The STAT3 dysregulation has been implicated in
several diseases, such as neurodegenerative diseases,
chronic inflammation, autoimmune disorders and [5].
In cancer, the activity of STAT3 contributes to
metastasis, invasion and tumor growth. The inhibitors
of STAT3 are being developed as potential
therapeutics for cancer [5]. In autoimmune diseases
such as rheumatoid arthritis and multiple sclerosis,
STAT3 also plays a significant role to regulate the
inflammatory responses and immune system in
autoimmune disorders including multiple sclerosis
and rheumatoid arthritis [10]. In addition, STAT3 has
been implicated in the pathogenesis of
neurodegenerative diseases, including Parkinson’s
disease and Alzheimer's disease [11].

Moreover, STAT3 plays a key role in the
differentiation and maintenance of stem cells during
tissue repair and embryonic development. It is
involved in numerous aspects of development such as
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tissue  repair,
development [12].
There has been a significant increase in the success of
immuno-informatics studies [13-17] and also in
computational drug design [18-28] in the last fifteen
years. Millions of biological problems have been
solved by employing the in silico, bioinformatics and
immunoinformatics approaches [21]. The current in
silico effort utilized molecular docking analyses to
determine the novel screened compounds against
STAT3. The molecular ligands having significant
structural features were virtually screened against the
3D structure of STAT3. The complete 3D
experimental resolved structure of the selected protein
(STAT3) through Nuclear Magnetic Resonance
(NMR) and X-ray crystallography was not present in
Protein Data Bank (PDB) [26]. The reliable 3D
predicted structure of the selected protein was
predicted by utilizing the available crystal structures
for further molecular docking studies.

organogenesis and embryonic

Materials and Methods

The complete amino acid sequence of STAT3 with
P4076 accession number was retrieved in FASTA
format from the Uniprot Knowledgebase database. In
the current study, to analyze the structural insights, the
3D prediction of STAT3 structures was predicted
leads to molecular docking analyses. The sequences
of the selected protein STAT3 were retrieved in
FASTA format from the protein sequence database
and subjected to the BLASTp to identify the suitable
template for homology modeling of the target protein
by using PDB [29]. Homology modeling automated
software MODELLER 9.21 [30] for protein 3D
structure prediction was utilized to predict the
structure of the target protein. Moreover, the spatial
restraints were also satisfied for the stricture
prediction for reliable structure. The suitable 3D
templates for structure prediction through the
homology modeling approach were employed to
predict the 3D structures [31, 32] of STAT3-selected
protein. Numerous tools for the evaluation of 3D
predicted including ERRAT [33], ProCheck [34],
Rampage [35] and Anolea [36] were used to analyze
the geometrical values of the predicted structure and
to evaluate the predicted structures. Furthermore, the
3Dstructures predicted for the selected protein were
evaluated through MolProbity [37]

ZINC commercial compound library was used for
high throughput virtual screening to evaluate and
analyze the novel therapeutic drug targets and the
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binding domain of STAT3. AutoDock tools [38] were
utilized for molecular docking analyses of protein-
ligand analyses. The drug-like properties including H-
bond acceptors, and the number of rotatable bonds H-
bond donors were also predicted by using the
PubChem tool [39]. mCule and ChEMBL databases
were utilized to calculate Lipinski’s rule of five [40]
for the selected ligand molecules. The carcinogenicity
of the selected ligands and the mutagenesis analyses
of the selected ligands were analyzed to reduce the
mutagenic and carcinogenic risks. The aim to study
molecular docking was to identify the novel
therapeutic targets and binding domain of STAT3
against the screened ligands. The geometrical
optimization was minimized by employing
ChemDraw and UCSC Chimera for the selected
ligands and the predicted 3D structure respectively.
The docked complexes of the protein and ligand were
analyzed and visualized through Chimera 1.8. All the
ligands were analyzed for the absorption, distribution,
metabolism, excretion, and toxicity (ADMET)
properties through admetSAR.

Biomedical Letters 2023; 9(2):75-81
Results and Discussion

The designed project was linked with the relationship
of cancer with STAT3 and computational studies for
the identification of novel therapeutic targets against
STAT3. The scrutinized templates from PDB against
STAT3 with query coverage, maximum score,
scientific names-value, accession number and identity
were selected for 3D structure prediction of STAT3
through a homology modeling approach (Table 1).
The selected templates for 3D structure prediction
were applied to predict the structure of STAT3. The
selected templates were used for the 3D structure
prediction of the selected protein and reliable 3D
structures were observed. The modeled structures of
the selected protein were generated by using the
solved crystal structures of the scrutinized templates.

Numerous evaluation tools were used to evaluate the
predicted structures and the efficacy and reliability of
the predicted structures were observed (Fig. 1). The
outlier regions, allowed regions and favored regions

Table 1: Suitable templates for STAT3 analyzed through BLASTp and sorted by scientific name, maximum score,

total score, query coverage, E-value and identity.

Description Scientific Name  Max Score

Total Score

Query Cover E value Per. ident  Acc. Len Accession

Unphosphorylated human Homo sapiens 1246 1246
STAT3 in complex with MS3-6
monobody [Homo sapiens]
Unphosphorylated STAT3B
core protein binding to dSDNA
[synthetic construct]
Transcription Factor
Stat3bDNA COMPLEX [Mus
musculus]

Lysine acetylated and tyrosine
phosphorylated STAT3 in a
complex with DNA [Homo
sapiens)

Unphosphorylated mouse
STAT3 core fragment [Mus
musculus]

synthetic 1230 1230

construct

Mus musculus 1226 1226

Homo sapiens 1224 1224

Mus musculus 1172 1172

7% 0 100% 598 6TLC

76% 0 99.83% 596 4E68

76% 0 99.66% 596 1BGl

76% 0 99.49% 596 6QHD

72% 0 100% 562 3CWG

of STAT3 predicted structures were evaluated by
generating the Ramachandran plot. It was observed
that 98.74% residues of the selected structure of
STAT3 were also present in the allowed region of the
selected protein and favored region of the selected
protein of the generated Ramachandran plot however,
only 1.26% residues of the predicted structure of
STAT3 were present in outlier region of the
Ramachandran plot. The selected predicted structure
was also evaluated through the overall quality factor
and 94.45% of an overall quality factor was observed
leading to further in silico analyses (Fig. 2).

Furthermore, the FDA library of ZINC commercial
database was used for high-throughput virtual
screening. All the compounds from the selected

library were docked against the STAT3 for novel
therapeutic targets. The computational docking
analyses were performed against the screened ligands
to reveal the variation of the observed binding energy.
The docking studies were performed with nineteen
different poses and seventy-four runs for each pose
were saved for interactional studies of the residues. It
was observed that out of all the generated poses of the
ligands, the effective poses of the screened ligands
showed the lowest binding energy. Interestingly, it
was further observed that the screened compound
showed a high binding affinity with STAT3 (Table 2).
The computational docking studies were performed
and the complexes were analyzed on the basis lowest
binding energy, effective drug properties of the
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Fig. 1: Comparative structure evaluation graph showed the value of the overall quality factor, Z-score, favored region, allowed
region and outlier regions of all the predicted structure of STAT3.

>

Fig. 2: The predicted 3D structure of STAT3

selected compound through high throughput virtual
screening and highest binding affinity (Table 3). All
the docked ligands were analyzed and the selected
ligand through high throughput virtual screening was

observed as a cyclic compound (Fig. 3) and showed
significant biological properties to behave as a potent
compound and may be considered an anticancer agent
against STAT3.
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Table 2: The computational molecular docking studies,
the conserved binding residues of STAT3 and the
efficiency of the reported ligand.

Properties STAT3
Final intermolecular energy (kcal/mol) -8.71
Torsional free energy (kcal/mol) 3.63
Ligand efficiency -0.43
Unbound system’s energy (kcal/mol) -0.49
Estimated inhibition constant, Ki (uM) 35.92
Estimated free energy of binding -6.8

(kcal/mol)

Binding residues His-457, Tyr-456,
Lys-488, Pro-487,
GlIn-326, Leu-459,
Lys-244, Gln-247

Table 3: The drug-like efficacy and ZINC000000000509.

Ligand properties ZINC000000000509
Acute oral toxicity (probability) 0.5100
cLogP -0.95
Hydrogen bond acceptor 03
Honey bee toxicity (HBT) (probability) 0.8030
Rotatable bonds 00
Fish toxicity (LC50, mg/L) 0.6810
The blood-brain barrier (BBB) 0.8900
(probability)
Aqueous solubility (LogS) -1.990
Caco2 permeability (probability) 0.8430
CYP450 2D6 inhibitor (probability) 0.9000
Carcinogens (probability) 0.8900
Molecular weight (g/mol) 267.376
Hydrogen bond donor 02
Human intestinal absorption (HIA) 0.7000
(probability)

The computational molecular docking approaches
were applied and top-ranked complexes of the
docking analyses having the least binding energy for
STAT3 were selected. The variation was observed in
the binding energy of all the docked complexes of the
selected target protein. Interestingly, all the selected
filters and parameters were satisfied for the selected
ligand molecule against the selected target protein
STAT3. The conserved binding region of the STAT3
was also explored through extensive computational
molecular docking analyses through a compound
library. It was suggested through extensive
bioinformatics analyses that the observed conserved
binding region of STAT3 through molecular docking
analyses (Fig. 4) may lead to mutagenesis analyses for
further studies. The process of traditional design of
different drugs is very time-consuming and costly
[22]. Thus, different approaches of computational
biology and bioinformatics have been employed for
the design of novel compounds against different
targets [24]. The advancement in bioinformatics and
computational biology techniques showed a
significant decrease in time for traditional drug design
along with minimum side effects of the reported
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compounds [41]. The screened compound through
high throughput virtual screening was extensively
evaluated for a drug target and oral bioavailability and
efficacy [42] were also calculated. The ADMET
properties were also calculated for the screened
compounds. Various toxicity analyses were also
calculated for the screened compounds (Table 3). The
pollutants, intermediates and metabolites [19] were
evaluated through various calculated toxicities.

LogP wvalues were evaluated for the screened
compounds and fewer LogP values were observed
results to follow Lipinki’s rule of five. It was further
evaluated that the screened compounds were non-
carcinogenic and were not mutant through different
carcinogenicity and toxicity risk assessment analyses.
Detailed computational analyses and literature
surveys suggested that the drug target should satisfy
the parameter of lowest binding energy, effective drug
properties and highest binding affinity. By following
the design parameters, it was observed that the
screened molecule may have the potential to use
against cancer by targeting STAT3. The
computational docking analyses and drug-like
analyses showed that the His-457, Tyr-456, Lys-488,
Pro-487, GIn-326, Leu-459, Lys-244, and GIn-247
binding residues were crucial.

NH*
-~
%
%
-~
r

N
NH*

Fig. 3: The 2D structure of ZINC000000000509 compound
screened by high throughput virtual screening.

Conclusion
In conclusion, the 3D structure of STAT3 was

predicted by applying homology modeling, threading
and ab initio approaches and various evaluation tools

79



Biomedical Letters 2023; 9(2):75-81

Fig. 4: The conserved interacting residues of STAT3 along with the docked complex of the screened compound as a novel therapeutic

target.

were employed to evaluate the predicted structures.
The screened compound through high throughput
virtual screening showed efficiency against cancer by
targeting STAT3 by  applying extensive
bioinformatics analyses. His-457, Tyr-456, Lys-488,
Pro-487, GIn-326, Leu-459, Lys-244, and GIn-247
residues were observed as conserved residues and the
reported compound may be significant for site-
directed mutagenesis. The in silico analyses suggested
that the observed binding domain may use against
further cancer studies. The generated results
concluded that the reported compound may stabilize
the STAT3 and may serve as a lead compound.
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