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Due to the unwanted and undesired effects of existing anticancer agents, medicinal chemists are exploring drugs from
natural origin. Phytochemicals and their derivatives can be developed as Biologically diverse agents with fewer side effects.
Therefore, exploration of the different biological activities of natural products had been a keen interest in repurposing of the
drugs. Present study focuses on the analysis of DNA (Deoxyribonucleic Acid) interactions of esculin using spectroscopic
and molecular docking, simulation techniques, and MMGBSA (Molecular Mechanics Generalizing Born Surface Area)
calculations. We used different spectral techniques to investigate the interactions of esculin with DNA. FTIR (Fourier
Transform Infra Red Spectroscopy) spectral studies suggested the primary formation of non-covalent bond between esculin
and the nitrogen base of DNA, stating the primary analysis of interactions. The observation revealed that the UV-visible
(UltraViolet) spectra of esculin exhibited perturbations in the presence of CT (Calf thymus) DNA and interacted with DNA
in the groove binding mode. The hyperchromic effect was determined by the increase in the absorbance value of esculin in
the presence of DNA, and the binding constant (K;) value of esculin was 2.327 + 0.09 x 10° M. By conducting circular
dichroism and viscometric analysis of DNA in the presence of esculin, we could support the groove binding mode of
esculin. In Silico studies suggested that esculin has bound in the major groove between the base pairs with 6 Hydrogen bond
interactions with different nucleobases. Molecular simulation analysis supported the results with lowest RMSD (Root mean
square deviation), stating the stable complex of PDB (Protein Data Base) and esculin. MMGBSA analysis suggested that
significant contributions from van der Waals interactions made the overall binding favorable. These findings can lead to

design of DNA interacting esculin based derivatives exhibiting the anticancer potential.

Keywords: DNA interaction studies, Esculin, Groove binding mode, MMGBSA calculations, Spectroscopic studies

Natural products are contributing to the new advances
in therapeutics. They are chemically stable,
compatible. Natural products exhibit less toxicity and
side effects. Coumarins are the widely explored
natural compounds. Coumarins possess diverse
beneficial characteristics.

Coumarins are chemically known as benzo-a-
pyrones. They are polyphenols reported for a versatile
range of biological activities'”. Esculin, (6-beta-
glucoside-7-hydroxycoumarin, molecular formula:
Ci5H1609) is a glycosidic coumarin derivative. The 2
parts of the molecule (glucose and 7-hydroxycoumarin)
are linked by an ester linkage through oxygen. The
authentic Chinese traditional medicine Cortex Fraxini
is considered the source for esculin*®. It has exhibited

*Correspondence:
E-mail: poonam.inamdar@mitwpu.edu.in
Suppl. data available on respective page of NOPR

anti-inflammatory, antitumor, antibacterial, antifungal,
and antithrombotic activities "*

Despite of reports of various biological activities,
esculin is not yet explored for its DNA binding
ability. Thus, it is significant to understand the mode
of binding of esculin with DNA It may lead to the
development of derivatives of esculin possessing
anticancer potential.

Interaction of small organic molecules with
biological macromolecules such as DNA has been a
topic of great interest. DNA interacting agents can be
developed into potent therapeutic agents. DNA is
considered the prime target for the development of
various pharmacological agents such as anticancer,
antimicrobial, and antiviral agents. Exploration of
DNA binding ability of the drugs is significant. DNA
binding agents bind to the DNA through non-
covalent, hydrogen bond and van der waals
interactions which may control DNA replication and
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gene expression ° Base pair arrangement, hydrogen-
accepting groups as OH and PO,— functional groups,
conformational stabilityand predictable structural
changes post binding makes DNA a perfect target
compared to drug-targeting proteins for the
development of therapeutic agents. Therefore, there is
an increase in the research of the development of
novel effective medications that target DNA. Thus,
advanced research needs to recognize the binding
mechanism and the binding affinities between
bioactive molecules and DNA.

In the present study, we investigated the DNA
binding ability of Esculin. Primary analysis of
interaction was carried out by Fourier Transform
Infrared (FTIR) spectroscopy. Later, we utilized the
UV visible spectrophotometric titration to ascertain
the mode of binding of esculin with DNA. To
correlate the predicted binding mode of esculin,
circular dichroism, and viscometric studies were
carried out. Furthermore, In silico molecular docking
techniques enabled us to find the mode of interaction
of esculin with specific nucleobases in the DNA
groove. Molecular dynamic studies postulated the
structural stability of the complex of esculin and
DNA. MMGBSA analysis performed also suggested
that overall binding seems favourable by significant
contributions from interactions. As esculin, is a
natural plant-derived bioactive compound, analysing
its interactions with biomolecules may guide to the
development of effective therapeutic agents.

Experimental Section

Materials

Calf thymus DNA was procured from Sigma
Aldrich. The purity of the procured CT DNA was
checked at wavelengths of 260 nM and 280 nM using
UV spectroscopy. Tris HCIl was used as a buffer for
DNA binding experiments and was purchased from
sigma Aldrich. Esculin, was procured from Yucca
enterprise, Mumbai. The purity of theprocured esculin
was 98%.

Instrumentation

DNA binding UV experiments were performed on
Shimadzu 1900 I instrument spectrophotometer. FTIR
analysis of the esculin and DNA was carried out on
Shimadzu IR QATRS model. Conformational
analysis of DNA after binding of esculin was carried
out using Circular Dichroism technique on instrument
JASCO J-7 spectropolarimeter.

Preparation of solutions

0.1M Tris HCI buffer was prepared using distilled
water. The pH of buffer was maintained at pH 7.2.
The purity of CT DNA was checked using UV
spectroscopy and the absorption ratio of procured calf
thymus DNA in a buffer was checked and the
absorption ratio (Aye/Asg) was found to be 1.9:1,
giving an idea of protein free DNA. The concentration
of DNA was determined using molar extinction
coefficient of 6600M™'cm™ at Aya 260 M.

Methods
Fourier transform infrared (FTIR) spectroscopic method

FTIR spectra were measured on a Shimadzu IR
QATRS model. FTIR spectrum of blank DNA, blank
esculin and esculin + DNA was recorded and
compared for the analysis of primary level binding of
esculin with DNA. Esculin and DNA mixture was
incubated for 2h and then subjected for the FTIR
analysis.

Electronic absorption spectroscopic method

A stock solution of esculin (10mM) was prepared
by dissolving in 1:10 as water: buffer at pH 7.2. DNA
binding studies of esculin were performed using
solution of esculin of concentration 30 puM. UV
spectrum of esculin is monitored after the successive
additions of CT DNA (0 -240 pM). Base line
correction was carried out using blank solution
containing of CT-DNA in Tris-HCI buffer.

Circular dichroism method

Circular dichroism analysis was carried out using
spectropolarimeter. Analysis was done separately for
CT DNA (100 puM) alone as first sample and CT
DNA in the presence ofesculin as second sample. The
changes in the conformations were compared before
and after binding of the esculin.

Viscosity measurements

For viscosity measurements, the ubbelohde
viscometer (ImL capacity) was used and the efflux
time for each sample was measured and the flow time
was calculated. The rate of flow for the buffer (10mM
Tris), DNA (100 uM) and DNA in the presence of
varying concentrations (0 - 150 puM) of esculin were
measured and the relative specific viscosity (1) was
calculated.

Molecular docking studies
Molecular docking study was carried out using an
Autodock vina'® " (http://vina.scripps.edu/) and MGL
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tools'? (http://mgltools.scripps.edu/) of The Scripps
research Institute. DNA (pdb ID: 1BNA)was modified
by adding polar hydrogens and removing water
molecules. The grid points of 30 x 26 x 34with 1.0 A
spacing were calculated around the docking area for
all the ligand atom types using default optimization
parameters. Esculin was saved in pdbqt format
by keeping it’s torsional bonds intact. A PyMOL"
molecular viewer was used to analyze the docking
results and images. Lowest energy conformer of
esculin was selected for the best docking pose.

Molecular dynamic studies

Molecular dynamics study was carried out using
Desmond 2020.1from Schrodinger, LLC. The OPLS-
2005 force field"*'®and explicit solvent model with
the TIP3P water molecules were used in this
system'’.The boundary salvation box of 10 A x 10 A
x 10 A dimensions. Na" ions were added to neutralize
the charge 0.15 M, and NaCl solutions were added to
the system to simulate the physiological environment.
Initially, the system was equilibrated using an NVT
ensemble for 10 ns to retrain over the protein-ligand
complexes. Following the previous step, a short run of
equilibration and minimization was carried out using
an NPT ensemble for 12 ns. The NPT ensemble was
set up using the Nose-Hoover chain coupling
scheme'*with varying temperatures, relaxation time of
1.0 ps, and pressure of 1 bar in all the simulations. A
time step of 2fs was used. The Martyna-Tuckerman—
Klein chain coupling scheme'’barostat method was
used for pressure control with a relaxation time of 2
ps. The particle mesh Ewald method”’was used for
calculating long-range electrostatic interactions, and
the radius for the coulomb interactions was fixed at
9A. The final production run was carried out for 100
ns. The root means square deviation (RMSD), the
radius of gyration (Rg), root mean square fluctuation
(RMSF), and a number of hydrogen (H-bonds), are
calculated to monitor the stability of the MD
simulations.

Binding free energy analysis

The molecular mechanics combined with the
generalized Born surface area (MM-GBSA) approach
was used to compute the binding free energies of the
ligand-protein complexes. The Prime MM-GBSA
binding free energy was calculated using the Python
script thermal mmgbsa.py in the simulation trajectory
for last 50 frames with a 1-step sampling size. The
binding free energy of Prime MM-GBSA (kcal/mol)
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was estimated using the principle of additivity, in
which individual energy modules such as columbic,
covalent, hydrogen bond, van der Waals, self-contact,
lipophilic, solvation of protein and ligand were
collectively added. The equation used to calculate
AGyjyg 1s the following:

AGping = AGyy + AGsopy, — AGgy

Whereas;

AGying designates the binding free energy, AGym
designates the difference between the free energies of
ligand-protein complexes and the total energies of
protein and ligand in isolated form, AGs,, designates
the difference in the GSA solvation energies of the
ligand-receptor complex and the sum of the solvation
energies of the receptor and the ligand in the unbound
state, AGga designates the difference in the surface
area energies for the protein and the ligand.

Results and Discussion

FTIR spectroscopic analysis

FTIR is a technique based on the change in the
length and angles of the bonds of compounds after the
absorption of IR waves. We investigated primary
interaction between esculin and CT DNA using FTIR
analysis. FTIR spectrum confirms the presence of
guanine base at 1713 cm™, exhibiting intense peak”'as
depicted in (Suppl. Fig. 1). A broader peak at 3600
cm’ confirms the presence of free hydroxyl groups
present in the glucoside part of the esculin. In the
Suppl. Figure 2, the FTIR spectrum of esculin has
exhibited a sharp and intense peak at 1720 cm’
showing the presence of carboxyl functionality in the
structure of esculin. Post incubation, FTIR spectrum
of esculin + DNA, depicted in (Fig. 1), shows the
presence of phosphate group at 1200 cm™ with an
intense peak which might be because of helix
destabilization post interaction. It was also noted that
the intensity of transmittance of Guanine base at 1713
cm’ was quenched in the presence of esculin.
This supports the primary interaction between esculin
and DNA.

Electronic absorption spectroscopic analysis

Mode of binding of esculin to CT DNA was
determined using UV absorption titration. The UV
spectrum of 30 uM solution of esculin in the absence
of CT DNA and with successive increment of CT
DNA is shown in (Fig. 2). The absorption maxima of
esculin observed in the range of 335 nM — 339 nM.



INAMDAR et al.: DNA BINDING STUDIES OF ESCULIN

110

100 4
90 4
80 -
2
@ 70
1)
£ 604
®
50 -
40 -
30 4 —— Esculin + DNA
20 T T T T T T
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm™)
Fig. 1 — FTIR Spectrum of Esculin and DNA
0.204 Hyperchromic effect
DNA Blank ==
Esculin Conc
8 0.159 40 uM I
s 80 uM —_
< 120 uM —_—
2 160 uM —
2 0.104 200 uM —
0.05+

300 350 400 450
Wavelength (nm)

Fig. 2 — UV absorption titration spectrum of esculin in the
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The Anax of the esculin was focused for the changes in
the absorbance value and shifts in the wavelength post
addition of DNA. UV spectrum of esculin exhibited
hyperchromic effect with increasing amounts of
DNA. Hyperchromism can be characterized by
increase in the absorbance value without the shift in
the value of absorption maxima. The hyperchromic
effect states the groove binding mode of the
esculin®*. Major and minor grooves of DNA possess
potential H bonding regions along with nucleotides
having hydrogen bond donors as well as hydrogen
bond acceptors™* .

Esculin has a free —OH group on the coumarin ring,
contributing as hydrogen atom donor group. It may
take part in formation hydrogen bond interactions in
the groove of DNA. An attached glucoside moiety
may also have played an important role in the groove
binding of the esculin due to the presence of planar
free —OH groups.

Intrinsic binding constant K,value of esculin was
calculated on the basis of readings obtained from
absorption spectral titration using formula®:
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[DNA]/ (€,- &) =[DNA]/ (- &) + 1/ Ky (ep- &) ... (1)

where, € & and g, correspond to
Agpsa/[esculin/DNA], the extinction coefficients for
free esculin/DNA and that of esculin/DNA in fully
bound form, respectively. [DNA] / (e,- &) vs [DNA]
values were plotted and K,was obtained as the ratio of
the slope to the intercept. Intrinsic binding constant
for esculin was found to be (2.33+ 0.16)x10°M
'respectively. Apparently, esculin has a high K, value,
proving to possess satisfactory binding affinity.
Presence of glucosidic ring changes the conformation
of the esculin causing it to adjust between the base
pairs of groove of DNA.

Gibbs free energy change (AG) of esculin was
calculated using K, binding constant value. AG gives
an idea of spontaneity / non-spontaneity of esculin-
DNA and. AG was calculated using K,, binding
constant value of esculin as;

AG =-2.303 RT (log;K;) [KJ/mol] Q)

A free energy change for esculin was found to be -
16.62KJ/mol favoring the spontaneous binding ability
of esculin with DNA.

Circular dichroism studies analysis

Conformation is the characteristic quality of DNA
helix. Intercalating agents change the conformation of
DNA after binding. These changes in the
conformational properties of DNA aremonitored by
Circular dichroism spectroscopy”’’. Binding mode of
esculin was confirmed on the basis of change in the
conformation of DNA. Plain DNA and esculin along
with DNA were assessed for the change in the
conformation. It is reported that the typical right
handedB-DNA exhibits the peak at 277 nM. It is due
to the base stacking property of DNA. Another peak
observed at 246 nM due to helical nature of DNA**".
Generally, intercalator stacks axially between the base
pairs of DNA causing increase in the chain length of
DNA. An increased chain length of DNA affects the
helical pattern of DNA.On the other hand, agents who
bind in the groove of DNAdoes not cause any shifts in
the intensities of positive and negative bands of DNA,
as they do not cause change in the length of DNA**.

In the presence of increased concentration of the
esculin, the decrease in the positive band along with
the remarkable blue shift of 2-3 nM respective to the
position of the standard DNA band was observed in
the (Fig. 3). It can be postulated that the groove
binding mode of esculin has not affected
conformation and helicity of the DNA significantly”.
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Thus, esculin clearly rules out the standard

intercalative mode of binding.

Viscosity measurement analysis

As hydrodynamic parameters are sensitive tochanges
post interaction, binding of esculin in the groove may
have affected the chain length in a different manner®. In
order to understand in detail, viscosity studies were
carried out with solutions of DNA incubated along with
esculin. A comparison of the flow rates of buffer, the
DNA (100 uM) and the DNA incubated with esculin at
various concentrations (25 -200 uM) were monitored.
The relative specific viscosity was calculated, using
equation (¢ — 1)/ fp, where #; stands for the flow time of
buffer and ¢ for flow time for DNA in the presence and
absence of the esculin. Plot of (/no)”vs I/R (R =
[esculin]/[DNA]) is presented in (Fig. 4), where 1 is the
viscosity of DNA in the presence of varying
concentrations of esculin and 1 is the viscosity of the
DNA alone. With increasing concentrations of esculin in
DNA, caused only minimal changes in the viscosity
supporting their DNA groove binding nature.

104 = DNA + Esculin === DNA
2 97
)
g, AN
—-— 1 1 1
"_; 240 0 280 300
E _5_

-10- Wavelength

Fig. 3 — Circular Dichroism spectrum of DNA and DNA-+Esculin
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Molecular docking studies

To get a detailed perception of the binding
behaviour of the complexes, a docking study was
carried out using a selected DNA sequence (PDB ID:
I1BNA). According to the results obtained, esculin
was found to interact with the DNA through a groove.
Figure 5 shows the docking image of esculin with
PDB 1BNA.

Best possible conformer of esculin was generated
from Autodock Vina and studied thoroughly for the
docking. It has been noted that esculinis stabilized at
DNA major groove through six hydrogen bond
interactions as shown in (Fig. 6) with binding energy -
7.81 kcal/mol (Table 1). Hydroxyl groups of
glucoside part of the esculin have participated in the
H bond interactions. Hydrogen atom of first OH
group of glucosidicpart of the esculin creates H bond
with the oxygen of phosphate group attached to
deoxyadenine 5 (DA 5) at a distance of 1.7 A.U.
Hydrogen atom of second OH group of glucosidicpart
of the esculin creates H bond with the oxygen of
carbonyl group attached to deoxyadenine 5 (DA 5) at
a distance of 2.5 A.U. Hydrogen atom of third OH

Fig. 5 — Esculin binding in the major groove of DNA (PDB ID:
IBNA)
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group of glucosidic part of the esculin creates H bond
with the oxygen of phosphate group attached to
deoxyadenine 6 (DA 6) at a distance of 2.7 A.U.
Hydrogen atom of fourth OH group of glucosidic part
of the esculin creates H bond with the oxygen of
phosphate group attached to deoxyadenine 6 (DA 6)
at a distance of 2.8 A.U. Hydrogen atom of OH group
present on coumarin ring creates H bond with
carbonyl group of acidic functionality of
Deoxythymidine 7 (DT7) at a distance of 2.7 A.U.
Oxygen atom present in the coumarin ring creates H
bond with hydrogen atom of hydroxyl group of amino
group of deoxyadenine 16 (DA 16) at a distance of
2.2 A.U.Thus, molecular docking throws light on the
binding nature of esculin to DNA proving through its
covalent and H bond interactions®®’.

Molecular Dynamic Simulation Studies

Molecular dynamics and simulation (MD) studies
were carried out to determine the stability and
convergence of 1BNA Esculin. The Figure 7A
illustrates the Root Mean Square Deviation (RMSD)
values of the IBNA Esculin complex over a

simulation period of 100 nanoseconds (ns). RMSD is
a common measure used to evaluate the stability and
conformational changes of a molecular system over

Fig. 6 — Hydrogen bond interactions ofEsculin in the major
groove of DNA (PDB ID: 1BNA)
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time. The RMSD values start around 2 A and
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adjustments of the system as it equilibrates. During
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Table 1 — Molecular docking Parameters of Esculin

Compound Binding Energy (kcal/mol)

Number of Hydrogen Interactions

Esculin -7.8

Name and No of Nucleobase

O of PO, of DAS
0O of CO of DAS
O of PO, of DA6
O of PO, of DA6
H of NH of DA16
0O of C=0 of DT7

6

Atom of Str of Esculin
O of OH of glucoside Unit
H of OH of glucoside Unit
O of OH of glucoside Unit
O of OH of glucoside Unit

O of Coumarin Ring

O of OH of coumarin

Distance of Interaction (AU)
1.7
2.5
2.7
2.8
2.7
2.2
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transient increases up to 3 A but predominantly stays
within the 2-3 A range. This suggests that the system
maintains a relatively stable conformation with minor
deviations. There is a noticeable increase in
fluctuations, with RMSD values occasionally spiking
above 3 A and approaching 4 A. This indicates larger
conformational changes in the system towards the end
of the simulation. Despite the fluctuations, the
Average RMSD value was around 2.27 A for most of
the simulation suggest that the 1BNA_ Esculin
complex is relatively stable. Significant deviations
beyond 3 A, particularly towards the end, might
indicate regions of the protein or ligand that are more
flexible or undergoing conformational transitions. The
Figure 7B depicts the Root Mean Square Fluctuation
(RMSF) values of the residues in the IBNA Esculin
complex. RMSF is used to analyze the flexibility of
individual residues in a molecular dynamic’s
simulation. RMSF values range from approximately
1.13 A to 2.75 A, with a significant peak reaching
close to 4 A around residue number 12. The majority
of the residues exhibit RMSF values between 1.0 A
and 2.0 A, indicating that these regions are relatively
stable. The notable peak around residue number 12
suggests increased flexibility or motion in this part of
the complex. The RMSF analysis highlights the
dynamic behavior of the 1IBNA Esculin complex at
the residue level. Most residues exhibit low RMSF
values, indicating stability, while the significant peak
at residue 12 suggests a functionally important
flexible region. The Figure 7C illustrates the Radius
of Gyration (Rg) values of the 1BNA Esculin
complex over a simulation period of 100 nanoseconds
(ns). Rg measures the distribution of atoms around the
centre of mass of a molecule and is an indicator of the
compactness and overall structural changes of the
complex during the simulation. The Rg values start
around 13.03 A and show considerable fluctuation,
reaching up to 18.08 A. During this period, the Rg
values fluctuate between 13 A and 16 A, with
occasional peaks. The fluctuations are more frequent
but within a relatively stable range. The Rg values
show a pattern similar to the mid-simulation phase,
with values predominantly between 13 A and 16 A
and occasional peaks. The Rg analysis indicates that
the 1BNA Esculin complex maintains a relatively
stable and compact structure throughout the 100 ns
simulation. The initial phase shows significant
structural adjustments, followed by a stable period
with minor fluctuations. Occasional expansions are
also observed in the R,values suggesting dynamic
behavior without compromising overall structural
integrity.
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Molecular Mechanics Generalized Born Surface Area (MM-
GBSA) calculations

Utilizing the MD simulation trajectory, the binding
free energy along with other contributing energy in
form of MM-GBSA were determined for
IBNA_Esculin. The results (Table 2) suggested that
the binding energies (AGying) for the 1BNA Esculin
complex is -12.31 £ 2.14 kcal/mol. This negative
value indicates thatbinding process is energetically
favorable and spontaneous under standard conditions.
The relatively low standard deviation suggests
consistency in the binding affinity measurements. The
Coulombic energy contribution is 213.20 + 22.54
kcal/mol. This large positive value reflects the
electrostatic  interactions between the binding
partners. Although the electrostatic interactions are
strong, they alone are not sufficient to drive the
binding process towards being favorable. The
covalent energy contribution is 1.18 £ 0.74 kcal/mol.
This relatively small value indicates minor changes in
the covalent bonding network wupon binding,
suggesting that covalent interactions are not a
significant driving force in the binding of 1BNA to
Esculin. The lipophilic contribution to the binding
free energy is -2.68 + 0.41 kcal/mol. The negative
value here indicates that hydrophobic interactions
favor binding, as lipophilic interactions typically
stabilize the complex by reducing the unfavorable
entropy associated with solvent-exposed hydrophobic
regions. The solvation energy contribution is
-201.92 £ 21.29 kcal/mol. This significant negative
value suggests a strong solvation effect, likely due to
favorable desolvation of polar or charged groups
upon binding. This term helps to balance the large
positive Coulombic energy, contributing to the
overall favorable binding free energy. The van der
Waals energy contribution is -22.08 + 1.38 kcal/mol.
This negative value indicates that van der Waals
forces are a significant stabilizing factors in the
binding process. It is highlighting the importance of
favorable dispersion interactions between 1BNA
and Esculin. The binding of 1BNA to Esculin is

Table 2 — Binding free energy components for the
IBNA_Esculin calculated by MM-GBSA
Energies (kcal/mol) 1BNA_Esculin

AGying -12.31+2.14
AGingCoulomb 213.20+22.54
AGp;,¢Covalent 1.18+0.74

AGyingLipo -2.68+0.41
AGy;ngSolvGB -201.92+£21.29
AGying VAW -22.08+1.38
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driven by a combination of wvarious interaction
forces. Despite the large positive value of Coulombic
energy, the overall binding is made favorable by
significant contributions from van der Waals
interactions, lipophilic interactions, and especially the
solvation effects. The balance between these forces
results in a net negative binding free energy,
indicating a spontaneous and energetically favorable
interaction.

Conclusion

The mode of binding of the coumarin glycoside
esculin to CT DNA was explored using spectroscopic
and In Silico Techniques. FTIR spectral studies were
used to conduct primary interaction studies between
CT DNA and esculin. According to the FTIR Spectral
analysis, the esculin was bonding to guanine base of
DNA through, weak hydrogen bonds. Furthermore,
DNA binding mode of the esculin was ascertained by
UV visible spectral titrations. It exhibited
hyperchromism at the Ay, of the esculin, ie.
337 nM. The increase in the absorbance of esculin
without a red shift indicates the hyperchromic effect
and thus, the results, concluded the groove binding
mode. The binding constant (K,) valuefor esculin was
found to be (2.33+ 0.16) x 10°M™. Later, circular
dichroism studies were performed to analyse the
conformational changes in the DNA in the presence
of esculin. It postulated that esculin clearly ruled out
the standard intercalative mode of binding, as the
change in the 3D conformation of the DNA was
negligible due to the groove binding mode of esculin.
Viscosity measurement studies also supported the
groove binding mode of esculin. Furthermore, in
silico, molecular docking studies were carried out to
support the binding efficacy of esculin to DNA.
Esculin interacted DNA through covalent and H bond
interactions in the major groove. Molecular dynamic
studies, RMSD and RMSF value analysis suggested
the stable formation of complex between DNA and
esculin. MMGBSA analysis revealed an energetically
favourable interaction between esculin and DNA.
Thus, esculin, a coumarin glycoside, can be
developed as therapeutic agent, where a target
biomolecule will be considered as DNA. Design of
esculin based derivatives can be considered to
develop DNA interactinganticancer agents.
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