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Abstract: Dioxydiphenylsulfone (BPS) has been found to disrupt signaling, destroy DNA, and affect the function of
android receptors, potentially having both androgenic and antiandrogenic effects. This study aimed to identify BPS's
targets in the human system and clarify molecular interactions through molecular docking analysis. The results
showed that BPS had major toxicity on the BBB-barrier, Estrogen Receptor Alpha, Estrogen Receptor Ligand
Binding Domain, Mitochondrial Membrane Potential, and Cytochrome CYP2C9. Common targets identified included
Cyclin-dependent kinase5/CDKS5 activator 1, arachidonate 12-lipoxygenase, transthyretin, and Cyclin-dependent
kinase 1. Transthyretin (2QPF) and BPS had the best binding energy interaction, according to the docking data (-8.7
Kcal/mol). Cyclin-dependent kinase 5/CDK5 activator 1 (2QKR) and Arachidonate 12-lipoxygenase (3D3I) had the
same binding energy with BPS (-8.1 Kcal/mol). Cyclin-dependent kinase 1 had the lowest binding interaction (-7.9
Kcal/mol) (1DKT). This indicates that BPS may negatively impact human physiology, just like BPA does.
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Introduction

The chemical description for the organic  2013). In contrast to BPA, BPS has a sulfone group

substance bisphenol S (BPS, dioxydiphenyl- (SO2) as the main bridge in the chain of molecules

sulfone) is (HOC¢H4)2SO,. A sulfonyl group is  rather than bisphenol A's dimethylmethylene

flanked by 2 phenol functional groups (Angleet al,  group [C(CH3):]. Considering the spotlight on of
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BPA's estrogen-mimicking qualities as well as the
general perception that there is sufficient amount
of it in the items to be harmful, BPS became a
more  prevalent component in
polyethersulfone along with several epoxies
(Medwid et al, 2018; Camacho et al, 2019). BPS
could still have hormonal implications that are
similar to those of BPA. Due to BPA's proven toxic
exposure, producers are increasingly substituting
associated chemicals, mostly bisphenol S, for BPA
in production processes in order to maintain
compliance with limits and laws. Despite the lack
of a proven connection involving BPS and
cardiovascular illness, it is believed that BPS might
operate similarly to BPA therefore prove harmful
to the heart (Melnick et al, 2002; Richter et al.,
2007; Prins 2018). BPS is
demonstrated to contribute to heart develop-

chemical

et al, being

mental abnormalities along with cardiac
arrhythmias within animal experiments. Because
BPS triggers the manufacturing of cholesterol in
blood vessels, rats receiving excessive amounts of
the chemical were shown to have a higher
probability of atherosclerosis, an important
predictor for heart failure (Vandenberg et al,
2009; Heindel et al., 2020; Sarkar, 2021). There is
a possibility that BPS could impact numerous
brain processes. The production of thyroid
hormone might be affected by BPS ingestion
during childbirth, according to a new research
report. It has been demonstrated that BPS
shortens the neurites in cells that resemble
Subsequently it is believed that BPS's
oestrogenic operation, which may disrupt the
quantity of thyroid hormone along with function,
both of which are critical for healthy growth of the
nervous system, is the physiological process
underlying harmful neurological effects (Kang et
al, 2006; Rubin, 2011; Rochester, 2013;
Vandenberg et al, 2014; Lehmler et al, 2018). In
past it was suggested that BPS might have had an
impact on weight gain, since numerous investi-
gation has linked bisphenol consumption to higher
obesity. Obesity is believed to be caused by an
increase in lipids in fatty tissue cells, or by the

buildup of body fat in the cells that store fat.

neurons.

Extended treatment with BPS results in a better
growth of the juvenile bone structure and a
stimulation of osteoclast maturation (Volkel et al,
2005; Ye et al, 2011). The newborn's growth spurt
may suffer if it is exposed to BPS across the
umbilical cord throughout a time.
Furthermore, scientists have data which suggests
that excessive BPS levels within embryos cause
teratogenic consequences on significant organs
including as the circulatory system along with
liver (Diamanti et al, 2009; Gore et al, 2015;
Heindel et al, 2015; Heindel et al., 2020). It has
been demonstrated that BPS damages DNA which
interferes with signaling. BPS additionally has
been demonstrated to influence the action of
android receptors, confirming both androgenic as
Because of an

crucial

well as antiandrogenic effect.
identified phenol ring, BPA and BPS may act like
estrogen (Volkel et al, 2002; Jeng et al, 2011;
Nachman et al.,, 2014).

The present in silico study sought to identify
the different targets of BPS in the human system
and clarify the molecular interaction by molecular
docking analysis because BPS, like BPA, has
numerous detrimental effects on the human
physiological system.

Materials and Methods

Downloading the methyl paraben structure from
database:

The chemical structure of dioxydiphenylsulfone
(CID: 6626) was downloaded in SDF format from
PubChem databse and converted into pdbqt
format by using Open Babel 2.3.1 software for
further study (Hanioka et al., 2008).

SWISS ADME study:

To aid in developing drugs, this website lets user
calculate physicochemical attributes and forecast
ADME the variables, pharmacokinetic
characteristics, drug like nature, and medicinal
chemistry. Friendliness of one or more small
compounds can be studied through SWISS ADME
(http://www.swissadme.ch/about.php/).
Here, we have uploaded the chemical structure
of the compound and finally clicked on analysis to
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Fig. 1: Chemical structure of BPS (PubChem CID: 6626). Chemical name: dioxydiphenylsulfone. SMILES:
C1=CC(=CC=C10)S(=0)(=0)C2=CC=C(C=C2)0. Molecular formula: C12H1004S.

obtain detail attributes of the chemicals (Tomza et
al, 2017).

Target prediction by SWISS target prediction server
and SuperPred 3.0 server:

For predicting the dioxydiphenylsulfone various
targets, we used SWISS target prediction sever
(http://swisstargetprediction.ch/). Here after
uploading the structure and selecting target
organism clicked on target prediction and
obtained result was downloaded in csv format.
Further to get more target related information,
we used SuperPred 3.0

(https://prediction.charite.de/index.php).

similarly, uploading the structure and selecting

server
Here

target organism clicked on target prediction and
obtained result was downloaded in csv format
(Benachour et al., 2009).

Systemic toxicity study of Methyl paraben by using
Pro Tox 3.0:

For systemic toxicity study model computation
was made with the help of Pro Tox 3.0 open
server. It has provided complete oral toxicity
prediction data including LDso value as well as
toxicity score. Here toxicity model prediction
results also provided including possible toxicity
target (Zoeller et al.,, 2014).

Molecular docking study:

Auto Dock 4.0 used to fetch ligand scopes
respective to protein. First, energy minimized
structure fed to working directory, attributed a

receptor. Next, dioxydiphenylsulfone referred as
ligand. The ‘split_ligands.exe’ and
respective license file of the software loaded in

‘vina.exe’,

working directory. Next, python specific script
used to run automated docking, resulting to
creation of directory folders (with name of
respective ligands) containing a ‘log.txt’ and a
‘out.pdbqt’. Then the splitting function of auto
dock vina used to split the ‘out.pdbqt’ into possible
ligand scopes, indexing as ‘ligand_1’, ‘ligand_2’ and
so on. The interaction results were analysed by
Discovery studio software (Matsuda et al, 2012).

Results and Discussion

A nonprofit council of medicine and scientific
specialists has determined that bisphenol S (BPS)
(Fig. 1) can be harmful to female reproduction. In
facilities where bisphenol S is manufactured or
utilized, bodily exposure to the chemical can
happen by means of particulate breath and direct
contact with the skin. According to tracking
statistics, people everywhere gets subjected to
bisphenol S through food consumption, dust from
household appliances being exposed, and skin
contact with consumer goods including thermal
sheets and banknotes. Polyethersulfone (PES)
plastic and rubber particularly can be utilized to
create artificial fibers for apparel and other types
of fabrics as well as hardened plastic products,
contains bisphenol S (BPS) (Watson et al,, 2005).
As per the oral toxicity prediction by ProTox3.0,
the rank of toxicity predicted as 4 out of 6 scale
(Table 1, Fig.2). The LDso value was 1600 mg/kg
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Table 1: ProTox-3.0 - Prediction of BPS toxicity

Classification Target Shorthand Prediction Probability
Toxicity end points BBB-barrier bbb Active 0.69
Tox21-Nuclear Estrogen Receptor nr_er Active 1
receptor signalling Alpha (ER)
pathways
Tox21-Nuclear Estrogen Receptor nr_er_lbd Active 1
receptor signalling Ligand Binding
pathways Domain (ER-LBD)
Metabolism Cytochrome CYP2C9 CYP2C9 Active 0.5
Oral toxicity prediction results for input compound )

Predicted LD50: 1600mg/kg |

Name C1=CC(=CC=C10)8(=0
(=0)C2=CC=C(C=C2)0
4 G ¢

Predicted Toxicity Class: 4 |

Molweight 25027

Number of hydrogen 4

Average similarity: 100% |

bond acceptors

Number of hydrogen 2
bond donors

Number of atoms 17
Number of bonds 18

' Prediction accuracy: 100%

Number of rotable 2
J bonds

Molecular refractivity 62.43

Tow am 6w

Topological Polar 82.98

Surface Area

Tom

octanol/water partition 3.01
coefficient(logP)

Fig. 2: Oral Toxicity prediction of BPS withProTox 3.0.

and toxicity model prediction was revealed that
BPS had the major toxicity (Fig. 3) on the BBB-
barrier (probability score 0.69), Estrogen
Receptor Alpha (ER) (probability score 1),
Estrogen Receptor Ligand Binding Domain (ER-
LBD)(probability  score 1), Mitochondrial
Membrane Potential (MMP)(probability score 0.8)
and Cytochrome CYP2C9 (probability score 0.5).

The goal of many different in silico techniques
is to predict ADME variables based on the
structure of the molecules. Notably, Lipinski et
al's ground-breaking study looked at orally active
compounds in order to identify physiological
ranges that have a high likelihood of becoming
an oral medication (i.e. drug-likeness). The
connection between pharmacokinetic and physic-
chemical characteristics was outlined by this

referred to Rule-of-five (Richter et al, 2007). As
per the SWISS ADME prediction, molecular weight
of the BPS was 250.27 g/mol, number of rotatable
bonds present were 2, number of H-bond
acceptors were 4, number of hydrogen bond
donors were 2, consensus Log Po/w value was
1.88, Log S (ESOL) value was -2.98, GI absorption
was found high, Log Kp (skin permeation) value
was found as -6.48 cm/s, Bioavailability Score was
found as 0.55 and there were no violation of
Lipinski, Ghose, Veber, Egan as well as Muegge
rules. The SWISS target prediction (Fig. 4) data
revealed that there were total 102 numbers of
targets in human and most of the target of BPS
was enzyme (26.7%), effects on isomerase group
of enzymes, kinase group enzymes
as on transporter system was 13.3%. For oxido-
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Fig. 3: The network chart from ProTox3.0 (of BPS) is intended to quickly illustrate the connection between the

selected compound (BPS) and predicted activities.

13.3%

6.7%

13.3%

13.3%

Family A G protein-coupled receptor
Isomerase
Oxidoreductase

Enzyme
Primary active transporter
B Other cytosolic protein

26.7%

6.7%

6.7%

6.7%
6.7%
Cytochrome P450

Kinase
Lyase

Fig. 4: SWISS target prediction data of BPS.

reductase, different cytosolic proteins, lyase group
of enzyme and cytochrome p450 the effects were
found as 6.7%. The SWISS ADME prediction, as per
the boiled egg (Fig. 5), BPS cannot able to cross
blood brain barrier.

Further as per SuperPred 3.0 server
prediction, the total number of targets were found
as 94 numbers. To extrapolate the common
targets predicted in both the open source system,
we have used Venny 2.1.0 (https://bioinfogp.

cnb.csic.es/tools/venny/) and found that four

targets named as Cyclin-dependent kinase
5/CDKS5 activator 1, Arachidonate 12-lipoxy-
genase, Transthyretin and Cyclin-dependent
kinase 1 were common (Fig. 6).

Molecular docking helps find high-affinity
molecules by predicting the manner in which a
ligand is going to attach to a protein. Additionally
its binding state or posture forecasts the precise
position and direction of the ligand into the
protein's engagement pocket (Tomza et al., 2007;
Heindel et al, 2015). Comparing this simulated
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List 1

List 2

88
(46.8%)

Fig. 6: Venn diagram from SWISS target prediction and SuperPred 3.0 to know the common targets predicted by
both the server. The common targets are Cyclin-dependent kinase 5/CDK5 activator 1, Arachidonate 12-
lipoxygenase, Transthyretin and Cyclin-dependent kinase 1.

screening method to conventional wet-lab studies,
saved. All things
considered, molecular docking represents an
effective technique for supporting pharmaceutical
discovery alongside related domains close the
disparity between computational forecasts and
practical confirmation (Heindel et al, 2020). In
this study, to know the interaction with the four
common targets i.e. Cyclin-dependent kinase
5/CDK5 activator 1, Arachidonate 12-lipoxy-
genase, Transthyretin and Cyclin-dependent
kinase 1 along with BPS, we used Auto Dock 4.0
software. Here for docking, crystalized protein
structure of Cyclin-dependent kinase 5/CDK5
activator 1 (PDB ID 2QKR), Arachidonate 12-
lipoxygenase (PDBID 3D3I), Transthyretin (PDB

time and resources are

ID 2QPF) and Cyclin-dependent kinase 1 (PDB ID
1DKT) were downloaded and prepared for
docking. Molecular docking data were further
visualized with the help of BioVia discovery studio
software. Molecular docking interaction energy
was found in between1DKT and BPS was -7.9
Kcal/mol. The interaction residues were TYR 8§,
ASP 10, LYS 11, ARG 20, TYR 8, LYS 11 and ARG
20. The bonds were involved as Conventional H-
bond, pi-cation, (Fig. 7). Cyclin-
dependent kinase 1 (CDK1), also known as cell
division cycle protein 2 homolog (Cdc2), is a
serine/threonine kinase that is
regulating the cell cycle, particularly the transition
from G2 phase to mitosis (Lehmler et al, 2018).
Cdk1 is heavily regulated because of its crucial

Pi-donor

crucial for
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Fig. 7: Molecular docking interaction between1DKT and BPS. The interaction energy was found -7.9 Kcal/mol.
Fig. 8: Molecular docking interaction between 2QPF and BPS. The interaction energy was found -8.7 Kcal/mol.
Fig. 9: Molecular docking interaction between 2QKR and BPS. The interaction energy was found -8.1 Kcal/mol.
Fig. 10: Molecular docking interaction between 3D3I and BPS. The interaction energy was found -8.1 Kcal/mol.

function in the course of the cell cycle. The most
evident way that Cdkl is controlled is by its
binding to cyclin partners. Cyclin engagement
modifies access to Cdkl's active site, enabling
Cdk1l activity; moreover, cyclins give Cdkl
functional selectivity (Hanioka et al, 2008). A
hydrophobic patch found in at least some cyclins
may interact directly with substrates to provide
target selectivity. Moreover, Cdk1 can be directed
by cyclins to specific subcellular sites. Molecular
docking interaction energy was found in between
2QKR and BPS was -8.1 Kcal/mol. The interaction
residues were ALA 49, MET 101, PHE 98 and LEU
151. The bonds were involved as Conventional H-
bond, pi-cation, Pi-alkyl (Fig. 8). CDK5 promotes
the growth of lymphatic vessels. CDK5 phospho-
rylates Foxc2, a protein gene that regulates the
production of connexin 37, which is necessary for
the formation of lymphatic channels (Vandenberg
et al, 2009; Gore et al, 2015). For the central

nervous system to develop properly, CDK5 must
be activated. By extending the stimulation and
altering its cellular place of residence, P25 opens
up CDKS5 expression (Volkel et al, 2005; Kang et
al, 2006). Molecular docking interaction energy
was found in between 2QPF and BPS was -8.7
Kcal/mol. The interaction residues were LYS 15,
ALA 109, LYS 15 and ALA 109. The bonds were
involved as only Conventional H-bond (Fig. 9).The
TTR gene, found on the long arm of chromosome
18, encodes the human transthyretrin protein.
Thyroid hormone (thyroxine) along with retinol
(vitamin A) are transported by transthyretin
(TTR), sometimes referred to as prealbumin, a
protein which is mostly made in the hepatic
system. Being composed of four subunits that are
all alike, it is a triplet (Rochester, 2013; Gore et al.,
2015). Transthyretin amyloidosis (ATTR) is a
disorder caused by amyloid deposits in different
organs as a result of TTR fold errors or
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abnormalities (Richter et al, 2007). Molecular
docking interaction energy was found in between
3D3I and BPS was -8.1 Kcal/mol. The interaction
residues were GLN 590, SER 594 and GLU 356.
The bonds were involved as Conventional H-bond,
Pi-anion, charge-charge (Fig. 10). Arachidonic acid
and linoleic acid are examples of polyunsaturated
fatty acids that are oxygenated by lipoxygenases
(LOXs). According to the identification of its
mRNA, human ALOX12 resides mainly in blood
platelets, especially leukocytes, although smaller
amounts being discovered in the pancreatic islets
of Langerhans, the basal layer of the epidermis
(particularly in psoriasis skin blisters), and some
types of malignancies (Benachour et al, 2009;
Heindel et al, 2015). So, as per the docking data,
the best interaction in terms of binding energy
was found in between Transthyretin (2QPF) and
BPS. Same binding energy were found both for
Cyclin-dependent kinase 5/CDK5 activator 1
(2QKR) and Arachidonate 12-lipoxygenase (3D3I)
with BPS. Least binding interaction was found for
Cyclin-dependent kinase 1 (1DKT).

Conclusion

There is no evidence linking dioxydiphenylsulfone
(BPS) to cardiovascular disease, It has been
established that BPS disrupts signaling and
destroys DNA. Furthermore, it has been shown
that BPS affects android receptors function,
confirming both an androgenic and an
antiandrogenic impact. The discovered phenol
ring in BPA and BPS may cause them to behave
similarly to estrogen. Because BPS, like BPA, has
many negative impacts on the
physiological system, the current in silico study
aimed to identify the various targets of BPS in the
human system and clarify the
interaction by molecular docking analysis. The
LDso value was 1600 mg/kg, and the toxicity
model prediction showed that BPS had the major
toxicity on the BBB-barrier (probability score
0.69), Estrogen Receptor Alpha (ER) (probability
score 1), Estrogen Receptor Ligand Binding
Domain (ER-LBD) (probability score 1),
Mitochondrial Membrane (MMP)

human

molecular

Potential

(probability score 0.8), and Cytochrome CYP2C9
(probability score 0.5). ProTox3.0 predicted the
rank of toxicity as 4 out of 6 scale. The SWISS
target prediction data showed that there were 102
targets in total, however, the SuperPred 3.0 server
forecast showed 94 targets in total. Cyclin-
dependent kinase 5/CDK5  activator 1,
arachidonate 12-lipoxygenase, transthyretin, and
Cyclin-dependent kinase 1 were identified as the
four common targets. Transthyretin (2QPF) and
BPS had the best binding energy interaction,
according to the docking data (-8.7 Kcal/mol).
Cyclin-dependent kinase 5/CDK5 activator 1
(2QKR) and Arachidonate 12-lipoxygenase (3D3I)
had the same binding energy with BPS (-8.1
Kcal/mol). Cyclin-dependent kinase 1 had the
lowest binding interaction (-7.9 Kcal/mol)
(1DKT). This demonstrates that BPS, like BPA,
may have

physiology.
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