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Abstract

Bezafibrate, an antilipemic agent has important effects on fatty acid metabolism and insulin sensitivity. Researches are very 
interested to study Drug-DNA interactions because DNA is an important material in maintaining cell life. In this research, 
DNA and protein binding activity of bezafibrate was studied by UV absorption titration and molecular docking method. In 
addition, the effect of the drug on Escherichia coli as a human intestinal flora bacterial strain was examined using Broth 
Dilution method and Agar Disc Diffusion method. In this research Docking study showed that bezafibrate made 3 hydrogenic 
bonds and some hydrophobic bonds with the minor groove of double-helix DNA and with colchicine binding site between 
α-tubulin and β-tubulin. Bezafibrate showed no effect on the growth of the bacterial strain not only in the dilution method but 
also in the agar disc diffusion method.  
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Introduction

 Bezafibrate, an antilipemic agent, has important effects 
on fatty acid metabolism and insulin sensitivity [1,2]. The 
drug activates peroxisome proliferator-activated receptors 
(PPARs) that have important roles in the regulation of 
several genes involved in lipid metabolism. The drug 
decrease triglycerides and cholesterol in the blood. A large 
number of peoples are suffering from obesity. In our country, 
Turkey, in 1990, 18.8% of the adult populations (28.5% 
in women and 9% in men) were obese, while in 2010 this 
number increased to 36% (44% in women and 27% in 
men) [3]. Some study have shown that fibrate group drugs 
exert genotoxic effects [4,5]. Bezafibrate is prescribed as 
tablets (200mg and 400mg) (https://www.drugbank.ca). 
Researches are very interested to study binding of drug to 
DNA because DNA (Deoxyribonucleic acid) is an important 
material in maintaining cell life. There are many drugs that 
have been withdrawn and abandoned after their toxic effect 

has been confirmed by researchers [6]. 

The mode of chemical substances binding to double-
strand DNA can be by covalent, groove binding and 
intercalation way [7]. Generally, DNA-intercalators are 
considered as anticancer drugs because they have cytotoxic 
effects [8]. Different binding modes of chemicals to DNA can 
expose different effect to cells, which depend on cell type and 
tissue [9]. Although some drugs are used in the treatment 
of various patients, their side effects limit its usefulness. 
The minor groove of DNA is sensitive against the attacks of 
small drug molecules. Depending on the chemical structure 
of drugs, they show selectivity for some nucleophilic parts 
of DNA [10]. The human gastrointestinal tract contains a 
complex and dynamic population of microorganisms, which 
have a significant effect on the host and they maintain a 
dynamic balance under physiological conditions [11]. In 
addition, if clinicians are aware of the side effects of drugs 
they can prescript an appropriate drug and doses for patient 

https://doi.org/10.23880/apct-16000175
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[12]. Therefore this study aimed to investigate binding of 
bezafibrat on DNA and its effect on growth rate of Escherichia 
coli from the human intestine flora bacterial strains.
 

Material and Methods

Reagents

This research does not contain any studies with human 
or animal subjects performed by any of the authors. In this 
research, Escherichia coli ATCC-25922 was used as a bacterial 
strain and bezafibrate (catalog No: 1042-1) was purchased 
from Sigma-Aldrich and used as the test substance. The 
molecular weight of bezafibrate was 361.82 and its chemical 
structure was as follows (Figure 1):

Figure 1: Chemical structure of bezafibrate.

DNA Binding Study of Bezafibrate by UV 
Absorption Measurements

0.1 mM of Calf Thymus DNA that was dissolved in Tris - 
EDTA buffer (0.5 molar EDTA, and 50mM Tris, pH 7.2) was 
titrated with 2 µl of bezafibrate (50 mM) and analyzed by 
absorption spectra recording in the range of 215 – 315 nm. 
After each bezafibrate addition, drug–DNA solutions were 
allowed to incubate for 5 min. The intrinsic DNA binding 
constant (Kb) was tried to obtain using equation 1 [13,14].
Equation 1:
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A0 is the first absorbance value of DNA. A∞ is the 
absorbance value of DNA- bezafibrate saturated state. A 
is the absorbance recorded at different concentrations of 
bezafibrate. C ligand is the concentration of bezafibrate.

DNA and Protein Binding Study of Bezafibrate 
by Molecular Docking Method

AutoGrid4 and AutoDock4 were used to set up and 
perform blind docking calculations between bezafibrate 
and reseptors (DNA sequence and microtubule protein). 

The DNA sequence (PDB ID: 1BNA) and microtubule protein 
(1JFF) were obtained from the Protein Database (https://
www.rcsb.org/ ) in a 3D form, and 3D form of bezafibrate was 
retrieved from PubChem (https://pubchem.ncbi.nlm.nih.
gov/ ) database. Auto Dock Tools were used to prepare the 
DNA, microtubule protein and bezafibrate files. To perform 
docking calculations, Lamarckian genetic algorithms were 
employed. The amounts of independent docking runs 
performed for each docking simulation was set to 100. 
Cluster analysis was performed on the docked results using a 
root mean square (RMS) tolerance of 0.5 A˚. The output from 
AutoDock was rendered with Discovery Studio tool [15,16].

Effect of Bezafibrate on the Growth of Escherichia 
Coli 

Mueller Hinton broth medium containing different 
concentrations of bezafibrate (serial dilutions made by 
creating a two-fold dilution with a starting concentration of 
2.48 mM) were prepared and inoculated with an overnight 
culture of the strains followed by adjusting to standard 
turbidity of 0.5 McFarland. After that, the cultures were 
incubated at 37°C at 150 rpm for overnight to determine 
MIC (minimum inhibitory concentration) using UV-Visible 
spectrophotometry (Optizen 2120 UV) and CFU (colony 
forming units) counting. In addition, the test was repeated 
on Mueller Hinton agar using sterile blank discs containing 
2.48, 1.24, 0.62, 0.31 and 0.155 mM of bezafibrate [17]. 

Results

DNA Binding Study by UV-VIS Spectrophotometry

At 260 nm, the initial absorbance value (0.94) of the DNA 
solution (0.14 mM) did not change significantly after titration 
with bezafibrate solution (from 0.5 mM to 50 mM) showing 
that there is not any interaction between bezafibrate and the 
calf thymus double-strand DNA in the test condition (Figure 
2). 

Figure 2: UV-Vis spectra of DNA-bezafibrate. The spectra 
have been recorded at wavelengths ranging from 225 to 
300 nm.

https://www.rcsb.org/
https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
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DNA and Protein Binding Study of the Drug by 
Docking Analysis

Docking study showed that bezafibrate was located in 
minor groove of double-helix DNA by making 3 hydrogen 
bonds including A:DG10:H22 - :Beza:O5, A:DG12:H22 - 
:Beza:O4 and Beza:H43 - B:DC15:O4’ with the bond length 

of 3.24, 2.72 and 3.21Å respectively (Figure 3). The different 
ligand conformers showed the minimum free binding energy 
-9.4 Kcal/mol and maximum free binding energy -4.43 Kcal/
mol (Table 1). In addition, the drug made hydrophobic bonds 
with the nucleotides including DG14, DG16, DA17, DC11 and 
DA18.

Rank Sub-rank Run Binding energy 
(Kcal/mol) Cluster RMSD Reference RMSD Kb (1/M)

1 1 11 -9.4 0 25.2 7.84E+06
2 1 45 -9.25 0 26.38 6.08E+06
3 1 13 -9.03 0 25.47 4.20E+06
4 1 10 -8.75 0 26.24 2.61E+06
5 1 89 -8.4 0 24.01 1.45E+06
6 1 39 -7.95 0 26.46 6.77E+05
7 1 61 -7.71 0 27.47 4.51E+05
8 1 76 -7.51 0 25.22 3.22E+05
9 1 44 -7.5 0 26.82 3.17E+05

10 1 51 -7.34 0 26.99 2.42E+05
31 1 27 -4.43 0 28.17 1.77E+03

Table 1: Docking summary of DNA with bezafibrate by the Auto Dock program generating different ligand conformers using 
Lamarckian GA.

Figure 3: Molecular modeling of the hydrogen-bonding interaction between bezafibrate and double-helix DNA.

Bezafibrate bind to the Colchicine binding site between 
α-tubulin and β-tubulin. The hydrogen bonds between 
bezafibrate and α/β- tubulin’s amino acids included β:Val351: 
N - :Beza: O4, α: Gln176:O - :Beza: N6 and Beza: O3 - β:Lys352: 

NZ with the bond length of 2.84, 2.97 and 3.24Å respectively. 
In addition, the docking analysis showed hydrophobic bonds 
between bezafibrate and some amino acids including Asp349 
and Asp329 from β- tubulin and Pro222, Tyr210 and Val177 
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from α- tubulin. The different ligand conformers showed the 
minimum free binding energy -6.69 Kcal/mol and maximum 

free binding energy -4.07 Kcal/mol (Figure 4).

Figure 4: Molecular modeling of the interaction between bezafibrate and α/β- tubulin. In the figure of b, the letters of a and b 
within brackets represent α- tubulin and β-tubulin respectively. Amino acids were shown by three-letter code followed by the 
numbers showing their position in proteins.

Effect of bezafibrate on the growth of Escherichia 
coli 

In Broth Dilution method none of the concentrations 
(2.48, 1.24, 0.62, 0.31 and 0.155 mM) of bezafibrate did 
show any inhibitory effect on the growth of the Escherichia 
coli. Both the colony-forming units per milliliter and the 

absorbance values of the culture of the treated samples and 
the culture of the untreated sample (control sample) were 
very close to each other (Figure 5). In the Disc Diffusion 
method, not any zone detected around the disks containing 
various concentrations of bezafibrate, showing that any of 
the drug concentrations did not inhibit the growth of the 
strain (Figure 6). 

Figure 5: Relative growth of Escherichia coli in a broth medium containing various concentrations of bezafibrate. Control 
samples of Escherichia coli that were considered as 100% contained 6.8E+13 CFU/ml. All of the tests were conducted as three 
repeats.
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Figure 6: Growth of Escherichia coli on Mueller Hinton agar using sterile blank discs. Incubation temperature was 37 °C and 
the initial pH of the medium was 7.5.

Discussion

Drug binding causes structural and conformational 
changes in DNA such as DNA bending, winding double or 
single-strand breaks, resulting in DNA damage [18]. UV-
visible spectroscopy is the most common method to study 
drug-DNA interaction. After binding of a drug to DNA, 
hypochromic effects occurred in the spectrum of DNA due 
to changes in the conformation and structure of DNA (17). 
A hyperchromic effect is due to binding of chemicals to DNA 
which might result in the unwinding of DNA helix [19]. In UV-
Vis spectrophotometry analysis, the absorbance of ctDNA did 
not show any changes by addition of bezafibrate. Molecular 
docking is a very important method in molecular biology 
and medicine design, such that docking- related papers 
have precipitously increased in https://www.ncbi.nlm.
nih.gov/pmc, while the numbers of the papers were 2272 
in 2004, it was reached to 11299 in 2018 in the website. 
There are many screen webserver, screen software, server 
and programs to do the docking analysis, from which the 
Autodock program [15,16]. Is the most commonly used by 
researchers in worldwide [20]. Therefore in this research, 
highly automated docking software, Autodock tools were 
used to study the binding effect of bezafibrate to the DNA 
and microtubule proteins. In this research, bezafibrate 
was located at the minor groove of DNA. Minor-groove 
binding usually involves greater binding affinity and higher 
sequence specificity [21]. Before hydrogen bonds had been 
categorizing with a donor-acceptor distance in the ranges 
of 2.2–2.5, 2.5–3.2 and 3.2–4.0 A˚ as strong, moderate, and 
weak, respectively [22]. In this research, all of 3 hydrogen 
bonds shown in bezafibrate –DNA docked model had a donor-
acceptor distance ranging from 2.72 to 3.24 A˚. On the other 

hand in docking study, bezafibrate made some hydrophobic 
bonds with DNA. A ligand (bezafibrate) conformers with 
minimum free binding energy (-9.4 Kcal/mol) and another 
with maximum free binding energy (-4.43 Kcal/mol) made 
7.84E+06 and 1.77E+03 M-1 binding constant (Kb) value. 
The binding constant of Ethidium Bromide to DNA is equal 
to 1E+6 M-1 and has a strong hypochromic effect [23]. 
In another study, the DNA binding constant of Ethidium 
Bromide was reported as 1.3E+6 M-1 [24]. The discrepancies 
of the results spectrophotometry and docking analysis 
can result from the presence of NaCl in the buffer. In this 
study, phosphate buffered saline (PBS) was used as a buffer. 
We think that the NaCl present in PBS buffer decreased 
hydrophobicity of the drug. Furthermore, as previously 
reported about methyl 2-benzimidazole carbamate by 
Banduhn & Obe [25], it may be due to the binding and effect 
of bezafibrate on microtubules. Marina Isidori and her 
coworkers investigated the genotoxic effect of bezafibrate 
with Ames test using Salmonella typhimurium strains TA98 
and TA100 and showed that bezafibrate and its photoproduct 
had no genotoxic risk [26]. Takayoshi Maiguma, et al. [27] 
by determining mitochondrial enzyme activity showed that 
more than almost 100 µM of bezafibrate reduced the human 
embryonal rhabdomyosarcoma cells (HRMSC) viability. 
The same group by Hoechst 33342 staining determined 
that the decreases of HRMSC viability were contributed 
to the chromatin condensation occurring in the cells after 
treatment by 500 µM bezafibrate. Chromatin condensation 
can result from DNA fragmentation [28]. Topaktas, et al. [29] 
reported bezafibrate to have a cytotoxic effect on cultured 
human peripheral blood lymphocytes. Lucia Rocco and her 
coworkers, using RAPD-PCR, Diffusion Assay and Comet 
Assay methods showed that bezafibrate (57 ng/L) led to a 

https://www.ncbi.nlm.nih.gov/pmc
https://www.ncbi.nlm.nih.gov/pmc
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significant increase of DNA fragmentation in sperm cells [4]. 
Before, some reports have been published about the relation 
between the decline in brain functions, myalgia, myopathy 
and anemia [31,32]. The findings can be related to the 
binding of the drug with DNA and/or with proteins involved 
in chromatin structure. Any alteration in the microbial 
composition (dysbiosis) has a direct effect on human health. 
Escherichia coli strain is one of the important strain in the 
intestine because the clinical manifestations of arthritis 
were appeared by the expression of beta-galactosidase 
by Escherichia coli. In addition decrease of Escherichia coli 
strain in the intestinal of the patients with ulcerative colitis 
cause to increase in the amount of non-normal flora bacteria 
even pathogenic strains in the intestinal tract [33]. Colicin 
proteins expressed by Escherichia coli inhibit bacterial 
growth of other species [34]. In this research, bezafibrate 
showed no cytotoxic effect for Escherichia coli.

Conclusion

According to the docking analysis, bezafibrate strongly 
binds to DNA and α/β- tubulin proteins while it showed no 
effect on Escherichia coli not only in the dilution method 
but also in the agar disc diffusion method. Therefore, the 
detrimental effect of bezafibrate on DNA fragmentation 
reported by other researchers using in-vivo or in-vitro 
methods may be due to the metabolites of the drug and/
or the binding of the drug to the DNA and/or the cell cycle 
proteins. 
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