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Bisphenol B: An inhibitor of mitochondrial electron transport chain protein

Shivani Gupta, Dastagiri Pinjari, Deepak Yadav, Deepak Kumar, Rajasri Bhattacharyya & Dibyajyoti Banerjee*

Department of Experimental Medicine and Biotechnology, Postgraduate Institute of Medical Education and Research, Chandigarh

Received 16 October 2024, revised 05 November 2024

The toxicity of bisphenols is well-reported. Studies report mitochondrial dysregulation due to BPA. However, limited
studies exist on other analogs of bisphenols. Moreover, the mechanism involved in such dysregulation is unknown. We have
performed a study of Bisphenol B (BPB) with various proteins of mitochondria using in silico and in vitro studies. It was
observed that BPB interacts with and inhibits the ETC complex III protein. This hints that the mitochondrial toxicity of BPB
is due to the ETC complex III protein. However, more research in the field is required to unravel the toxicological effect of

bisphenol on mitochondria fully.
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Mitochondrial stress is a ubiquitous component of
several diseases. Diabetes mellitus, hypertension,
nonalcoholic fatty liver disease, obesity, and other
common diseases of recent times are linked with
abnormal mitochondrial function in one way or
another'. Modern civilization has exposed us to
numerous chemicals and many of them are
mitochondrial toxins. Perhaps for such reasons, the
above-mentioned chronic illness is tremendously
increasing and not sparing the developed nations. So,
screening of mitochondrial toxicity of
environmentally related pollutants is an area that has
generated considerable current interest’.

Bisphenol compounds are among the most
common phenols present in the environment. They
are plastic leach out. Bisphenol A is one of the
Bisphenols, and it is widely studied. It is concluded
that it is bad for health. Nevertheless, other bisphenol
analogs like Bisphenol B (BPB), Bisphenol C (BPC),
etc., are also not safe, and many of them are endocrine
disruptors. They also initiate the occurrence of
chronic disorders’.

Different bisphenols adversely affect mitochondrial
function® BPB inhibits cellular respiration in yeast
cell suspension’. Further, it was reported that BPB
causes mitochondrial dysfunction in neuroblastoma
cells®. However, not much is known about the
mechanism of  BPP-induced mitochondrial
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dysfunction. In this context, we have studied the
interaction of BPB with mitochondrial proteins to
understand BPP-induced mitochondrial dysfunction.

Materials
Chemicals

D-Mannitol, sucrose, Bovine serum albumin
(BSA), Dithiothreitol (DTT) and BCA estimation kit
were from Sigma. HEPES, disodium hydrogen
phosphate, potassium dihydrogen phosphate and
sodium hydroxide were from Himedia. EDTA from
Fisher Scientific. Bisphenol B from TCI. Protease
cocktail inhibitor from Abcam. oxidized cytochrome
C from SRL. Decylubiquinol was from Chemsworth.
All other reagents were of analytical grade.

Equipment
Cold centrifuge, centrifuge tubes and Eppendorf,
Dounce homogenizers, pestles, scissors,

Sample
Wistar rat’s liver tissues

Methods
In silico
Molecular docking

The 3D structure of the mitochondrial proteins i.e.,
NADH Dehydrogenase (PDB ID:5XTB,
Mitochondrial ETC  Complex 1I); Succinate

Dehydrogenase (PDB ID: 6VAX, Mitochondrial ETC
Complex II); Cytochrome B1 Complex (PDB ID:
5XTE, Mitochondrial ETC Complex III); Cytochrome
C Oxidase (PDB ID: 5762, Mitochondrial ETC
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Complex 1V); Citrate Synthase (PDB ID: 5UZR);
Monoamine Oxidase (PDB ID: 1GOS);
Coproporphyrinogen Oxidase (PDB ID: 2AEX) was
downloaded from the RCSB PDB database. Further,
the 3D structure of BPB (Compound CID: 66166)
was downloaded from the PubChem database. To
understand the interaction of BPB with mitochondrial
proteins/enzymes, molecular docking using the
Autodock tool (version 4.2.6) was carried out. For
docking, the known active site residue to
proteins/enzymes was considered as the grid centre.
Each docking run produced 10 confirmations. Pymol
software (version 1.7.4.5) was used for visualizing the
docked structure and calculating the non-bonded
distances between ligands & the residues of proteins.
Confirmation which has the highest negative binding
energy is considered for further analysis’.

Molecular Dynamics (MD) Simulations

The study uses MD simulation to understand the
time-dependent behavior of biological systems. The
GROMACS 2018.4 package is used, and the docked
structure with the highest negative binding energy is
considered. The ligand topology files are generated
using the Swiss Param tool and CHARMM force
field. The docked complexes are solvated in water
using the TIP3P water model and neutralized using 11
sodium ions. Energy minimization is performed for
1,00,000 steps, and the system is equilibrated using
NVT and NPT protocol. The simulation is run at
300K temperature and 1 bar pressure. Results are
visualized using Pymol and Xmgrace plotting tools’.

In vitro study

Isolation of mitochondria and determination of the effect of
bisphenol B on enzyme activity of complex III of ETC

Before starting the experimental work, an TAEC
clearance (Proposal number 864 (122" dated
29.08.2022) was obtained from the host institute. The
control Wistar rats (starved overnight) were sacrificed
by cervical dislocation, and the liver tissue was
extracted. The mitochondria of liver tissue were then
extracted using freshly prepared ice-cold extraction
buffer (pH 7.4) by differential centrifugation method®.
To obtain high quality and quantity of mitochondria
the isolation was performed immediately after
collecting the liver tissue. The samples were
maintained on ice throughout the procedure. After the
isolation of mitochondria, protein estimation was
done using the Bicinchoninic acid reagent (BCA
reagent). The Complex III enzymatic assay is based

on the principal cytochrome oxidoreductase, reduces
oxidized cytochrome C, and simultaneously oxidizes
decyl ubiquinone to decyl ubiquinol’.To understand
the effect of BPB on the enzymatic activity of
complex III, the mitochondrial fraction was incubated
for two hours with different concentrations of BPB (0
to 12uM).

Statistical analysis

All the values obtained were represented as mean +
SD (n=6, if not mentioned otherwise). An unpaired t-
test was used to analyze the data and a p-value <0.05
will be considered as significant.

Results
In silico study

Through molecular docking, we predicted the
interaction of BPB with several mitochondrial
proteins (located at the outer mitochondrial
membrane, inner mitochondrial membrane, matrix,
and intermembrane space).Out of the tested proteins,
BPB interacted best with Coproporphyrinogen
oxidase and Cytochrome B1 complex (ETC complex
III protein). Table 1, Figure 1, and Suppl. Figures 1 to
29 shows the binding energy and the structures of the
docked complex. Further, to understand the stability
of the docked complex over time, an MD simulation
run of BPB with cytochrome B1 complex protein for
100ns was performed. It was predicted that BPB
interacted with the mitochondrial ETC complex III
protein throughout the run time (Fig. 2). This hinted
that BPB can potentially alter the enzyme activity of
the Cytochrome B1 protein.

In vitro study

To confirm the results obtained in the In silico
study further, we incubated the Wistar rat liver
mitochondrial fraction; it was observed that BPB
inhibited the enzyme activity in a dose-dependent
manner. Except forl00 nM, all the values showeda
significant reduction in enzyme activity compared to
control (Fig. 3).

Discussion
Mitochondria  functioning is important for
maintaining  cellular ~ homeostasis. ~ However,

dysregulation of mitochondrial function is linked with
various diseases/disorders'’. Toxic compounds like
Bisphenolsare known to inhibit mitochondrial
biogenesis and trigger cytochrome C release'"'>. The
ill effects of BPA are known, and regulations
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Table 1 — Shows the Mean + SD (n=6) of the binding energy (kcal/mol) of bisphenol B with mitochondrial proteins i.e., NADH Dehydrogenase
(Complex I), Succinate Dehydrogenase (Complex II), Cytochrome B1 Complex (Complex IIT), Cytochrome C Oxidase (Complex IV), Citrate
Synthase, Monoamine Oxidase and Coproporphyrinogen Oxidase. All the values are represented as mean+SD (n=6)

Protein Ligand Active sites Binding Energy (kcal/mol)
Mean + SD (n=6)
Mitochondrial ETC Complex I Bisphenol B Arg 88 -2.93 £ 0.049
(NADH Dehydrogenase) Arg 199 -3.90 + 0.057
(PDB ID:5XTB) Arg 224 -4.07+0.114
Phe 93 -3.62 £ 0.090
Phe 229 -4.09 £ 0.038
Phe 236 -3.83 £0.055
Thr 95 -3.56 £ 0.063
Mitochondrial ETC Complex II Bisphenol B Arg 340 -3.54+0.12
(Succinate Dehydrogenase) Arg 451 -3.99+0.024
(PDB ID: 6VAX) His 296 -4.45+0.015
His 407 -4.44+0.018
Thr 308 -43+0.1
Mitochondrial ETC Complex I1I Bisphenol B Cys 121 -5.84+£0.03
(Cytochrome B1 Complex) Cys 124 -6.09 £0.29
(PDB ID: 5XTE) His 125 -6.03 £0.31
Met 244 -5.81+0.03
Mitochondrial ETC Complex IV Bisphenol B His 378 -4.32 +0.05
(Cytochrome C Oxidase) Ser 382 -3.87+0.01
(PDB ID: 5762) Tyr 371 -4.39+£0.02
Citrate Synthase Bisphenol B Arg 356 -2.68 +0.1
(PDB ID: 5UZR) Arg 428 -2.15+£0.04
Arg 448 -2.84 £0.02
His 265 -3.40 +£0.09
His 347 -3.94 +£0.05
Monoamine Oxidase Bisphenol B Cys 156 -3.35+0.05
(PDB ID: 1GOS) Cys 365 -3.97£0.02
His 382 -4.57+0.04
Coproporphyrinogen Oxidase Bisphenol B His 258 -8.56+0.1
(PDB ID: 2AEX) His 327 5.68+0.1
Ser 244 -8.62 +0.02

Cytochrome B1 Complex protein

Fig. 1 — Shows the docked structure of Mitochondrial ETC complex III (Cytochrome B1 Complex protein) with bisphenol B (BPB, in
stick mode), in cartoon (A) and surface (B) view. The active site residue of complex III Cys124 is highlighted in blue. A hydrogen bond
was present between Ala122 of protein and BPB. The bond distances (A) are labeled along with the residue involved.
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Fig. 2 — Shows the complex of Cytochrome B1 Complex protein, bonded with Bisphenol B (BPB, in stick mode highlighted in green)
obtained after MD simulations run (100 ns) in cartoon (A) and surface (B) view. The BPB was found to be close to Ala 122. The other
parameters, i.e., the Radius of Gyration and hydrogen bonds of the complex for 100 ns, are shown in (C) and (D), respectively.
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Fig. 3 — Shows the enzyme activity of Mitochondrial ETC
complex III (Cytochrome B1 Complex) from mitochondrial lysate
(obtained from Wistar rats) performed in vitro with various
concentrations of BPB.

regarding its use are also in force. However, fewer
studies on mitochondrial toxicity are there with
other analogs of bisphenols®'?. In this context, this

study proves beyond any doubt that BPB is a
mitochondrial poison and inhibits ETC complex III
activity (Figs 1-3). Therefore, in in vivo systems
following BPB exposure, if the BPB reaches
mitochondria, it will inhibit the ETC at complex I1I
and thus can initiate chronic illness like other
bisphenols in the long run if the exposure is
continued"”.

Now plastic-related problems are well known.
Like BPA, BPB can also leach out from plastics.
BPB is a known endocrine disruptor, so it is a
toxic substance. This study shows that apart from
being an endocrine disruptor, it can inhibit
mitochondrial ETC complex III enzymes. We
believe that it is a new basis for exploring the
toxicity profile of BPB from a mechanistic
viewpoint (Fig. 4).



430

Endocrine disrupting molecule

INDIAN J. BIOCHEM. BIOPHYS., VOL. 62, APRIL 2025

Plastics

Bisphenol B (BPB)

Known Our observation

Inhibits mitochondrial ETC complex lll enzyme

Sustained exposure may cause
mitochondrial toxicity

May cause several chronic disorders

Regulations regarding Bisphenol B
exposure are urgently required

Fig. 4 — A flow diagram showing the possible new mechanism of
toxicity of BPB.
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