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Abstract

An important aspect of research pertaining to Curcumin (HCur) is the need to arrest its degradation in
aqueous solution and in biological milieu. This may be achieved through complex formation with
metal ions. For this reason, a complex of HCur was prepared with Zn", that is not likely to be
active in redox pathways, minimizing further complications. The complex is monomeric,
tetrahedral, with one HCur, an acetate and a molecule of water bound to Zn'". It arrests degradation of
HCur to a considerable extent that was realized by taking it in phosphate buffer and in biological
milieu. The structure was obtained by DFT calculations. Stable :dduct formation was identified
between optimized structures of HCur and [Zn(Cur)] with Div.* \?DB ID: 1BNA) through
experiments validated with multiscale modeling approach. Muiccuiar docking studies provide 2D
and 3D representations of binding of HCur and [Zn{ur,; through different non-covalent
interactions with the nucleotides of the chosen DNA. ™ hrough molecular dynamics simulation, a
detailed understanding of binding pattern and kev strucwural characteristics of the generated
DNA-complex was obtained following analysis 2y *:MISD, RMSF, radius of gyration, SASA and
aspects like formation of hydrogen bonc.. Expeiimental studies provide binding constants for
[Zn(Cur)] with calf thymus DNA at ?5°C ti.ot effectively helps one to realize its high affinity
towards DNA. In the absence of an ez~ 2ental binding study of HCur with DNA, owing to its
tendency to degrade in solution. ¢ ti:zoretical analysis of the binding of HCur to DNA is
extremely helpful. Besides, bot'' ex,erimental and simulated binding of [Zn(Cur)] to DNA may
be considered as a case of pseuu.>-binding of HCur to DNA. In a way, such studies on interaction
with DNA helps one to (dei tify HCur’s affinity for cellular target DNA, not realized through
experiments. The entire investigation is an understanding of experimental and theoretical
approaches that has been compared continuously, being particularly useful when a molecule’s

interaction with a biological target cannot realized experimentally.

Key Words: Curcumin, Zn", DFT, molecular docking, molecular dynamic simulation, RMSD,

RMSF, radius of gyration, SASA, hydrogen bonds.

Abbreviations: HCur: Curcumin; [Zn(Cur)]: Zn" complex of Curcumin;
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Introduction:

Curcumin (HCur) is a lipophilic poly-phenol having a lot of potential that has promoted
investigations in recent years.'*® Given its pharmacological effectiveness, there are a number of
issues that prevent it from assuming the position it rightly deserves.'!® Research has
demonstrated several medicinal benefits of HCur that are useful in treating various medical
conditions and pharmacological qualities.»>4°1:12 Clinical trials and in vivo investigations
demonstrate safety, low toxicity even at dose as high as 12g/day 1. a period of three months.’
However, the molecule fails to achieve its full potential in srit~ ¥ outstanding pharmacological
reports owing to poor solubility in aqueous media. It is .rone to degradation in physiological
buffer under reducing conditions.’>*® The situation gets ‘urther complicated because it breaks
down into smaller molecules in solution under pa.~o-r hysiological conditions making it difficult
to assign observed pharmacological actior to curcumin itself. Evidence suggests curcumin does
not remain in solution as a single unit.'>!82° Consequently, it becomes difficult to say if the
findings of pharmacological studiec an ~.rcumin are a result of curcumin itself or an outcome of
the combined effects of fragme. *s pioduced in solution following hydrolysis. There is of course
the likelihood of curcumir hei~y present in solution as one unit in some proportion, depending
upon the extent of hyJrolysis in the medium. Like that of others, our observations too
demonstrate, when HCur is dissolved in aqueous buffer or in cellular media its absorbance
decreases gradually.*> '8 There is however, no interference to the absorbance of HCur from any
of the species generated from it (as all are colourless). Breakdown of curcumin is clearly evident
as a gradual decline in absorbance when dissolved either in aqueous buffer or in cellular
media.’>*® To better comprehend situations and interpret pharmacological properties, it is

important to have curcumin in solution as a "single unit" that entails preventing its degradation
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before interaction with a biological target. Formation of a coordination compound with it can
accomplish this.?2131820 Metal-bound curcumin exists as a "single-unit".t2131820 |nclusion of a
metal ion should also aid cellular uptake and take care of aspects related to solubility.?

We synthesized a coordination complex (Zn"-HCur) keeping these facts in mind. The complex
was found to be stable in aqueous solution and in biological cellular media indicating HCur
bound to Zn" remains a "single-unit". By observing changes in absorption and emission spectra
pertaining to Zn'"-HCur, interaction with calf-thymus DNA w.s experimentally explored,
something not possible with HCur for reasons mentioned ear!:~t (7ig S1, SI). A comprehensive
in silico analysis was performed to realize nature of binding of HCur and to confirm and support
what could have been achieved experimentally had HCu™ not degraded in solution.!2131820 Tg
this end, molecular docking and molecular dr.>.ni.s simulation techniques were used.?> 23
Molecular docking provides three-dimenc-on-.i structures of compounds bound to DNA.?4?7 |t
generates a reasonably good understanuing between experimental and theoretical approaches.
Using molecular dynamics simulat*an ‘w2 were able to gain in-depth understanding of binding
pattern and in the process pin buint key structural characteristics of generated “DNA-compound”

adducts.?43L
2. Experimental

2.1 Materials

2.1.1 Chemicals

HCur was purchased from Sigma-Aldrich and stored in the dark following its dissolution in
methanol. DNA extracted from thymus of a calf was bought from Sisco Research Laboratories,
India and dissolved in millipore water containing 120 mM NaCl, 35 mM KCI and 5 mM CaCl,.

By measuring absorbance at 260 nm and considering molar extinction coefficient for DNA as
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6600 M cm™, its concentration was ascertained. Absorption at 260 and 280 nm respectively,
helped in determining whether the DNA was adequately free of protein, to decide if it required
further purification. In order to further analyse the calf thymus DNA we would use, a CD
spectropolarimeter was employed to procure a CD spectrum at 260 nm (J815, JASCO, Japan).
Zinc(ll)-acetate was bought from Sigma-Aldrich. Sodium nitrate (AR), sodium dihydrogen
phosphate and disodium hydrogen phosphate were obtained from E Merck, India. All solutions
were prepared in millipore water.

2.2 Instruments used:

All spectroscopy related experiments were performed on 2 JASCO V-630 spectrophotometer,
Japan. Temperature was controlled using a circulatino ><rmo-stated water bath. Fluorescence
measurements were made on Duetta, Horib> Scientific. CD was recorded on J815
Spectropolarimeter, JASCO, Japan. IR of <olis samples were recorded on Spectrum Two, FTIR
spectrophotometer, Perkin Elmer in the , ~nge 4000-400 cm™. TGA was done on Mettler Toledo
TGA/SDTA 851 thermal analyzer. Micrrmass Q-T of micro™, Waters Corporation was used to
record mass spectrum. pH of so. tions were recorded on a pH meter (LI 613, Elico, India). DFT,
molecular docking and m~lec'ar dynamics simulation were performed on a Linux operating

system supported with GPU-NVIDIA RTX 3060 Ti and Intel i7 9700kF processor.

2.3 Methods

2.3.1 Preparation of Zn" Curcumin [Zn(Cur)]

HCur (0.74 g, 2 mmole) was dissolved in 50 mL de-aerated acetonitrile-methanol mixture
(1:3). The solution was neutralized with triethylamine (0.277 mL, 2 mmole) followed by
addition of Zn(CH3COO), (0.37g, 2 mmole) dissolved in 30 mL de-aerated methanol-water

mixture (1:1). Argon gas was passed through the mixture to maintain an inert atmosphere. The
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mixture was stirred under heat (~ 60°C) for an hour. It was then refluxed for another 2 hours
under inert atmosphere. An orange brown precipitate was obtained. It was recovered and
washed with chloroform, diethyl ether, ethanol, THF and acetonitrile separately, depending on
solubility of HCur in these solvents to wash away undesired impurities. A pure coordination
compound was obtained which was not soluble in common solvents like methanol, ethanol,
acetonitrile or dichloromethane. However, it was partly soluble in dimethylformamide (DMF)
and to a reasonably good extent in dimethyl sulphoxide (DMSO).

2.3.2 Quantum Chemical Calculations:

2.3.2.1 Perspective:

Despite our best efforts, since we were unable to procure aingle crystals of [Zn(Cur)] a structure
indicating its coordination environment eluded '1s Acain, due to its amorphous nature we were
unable to solve its structure using powde: X-'ay diffraction data we collected. Hence, we were
compelled to rely on data obtained from spectroscopic measurements that enabled us to create a
model for the coordination enviror™er .t wround Zn". Subsequently, this model was improved by
theoretically calculating its U\’ vis absorption spectrum and comparing it with that obtained
experimentally.

2.3.2.2 Computational 1."ethodology

All computations were carried out using DFT method and Gaussian 09 programme.®? For C, H
and O we used standard 6-31G+(d,p) basis set coupled with Becke three parameter hybrid
functional and Lee-Yang-gradient Parr's corrected correlation functional (B3LYP).* For Zn,
the LanL2DZ basis set was used.®* To account for long-range dispersion impact, Becke-
Johnson damping (GD3BJ) and Grimmes' third order correction for dispersion were used. In

both gaseous and DMSO solvent environments, ground state (So) geometries were fully
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optimised utilizing the program's extremely strict convergence criteria. In order to guarantee the
stationary points' global minima, frequencies were calculated on optimized geometries where
all vibrational frequencies were found to be positive. All simulations regarding solution phase
were performed in DMSO as solvent using integral equation formalism variant (IEFPCM) of
polarizable continuum model.>® TDDFT in DMSO solvent was carried out to establish the
geometry of the coordination compound.®® Frontier MO composition analysis was performed
with Gauss Sum programme®’ and investigations of MO orbitai ond molecular electrostatic
potential (MEP) surface were done with GaussView. In afZiticx, frontier molecular orbital
energies were used to calculate quantum mechanical desc.iotors, like MO gap (E), ionization
potential (IP), electron affinity (EA), electronegativity (y, chemical hardness (1), mean energy
(M), chemical potential (p), chemical softness .o’ and electrophilicity index (w). These

computations were performed using the fc «ow.ng tormulae.®

AE = ELumo - Enomo (1) ; IP = - EHomo 2)

EA = - ELumo (C) X = -u=(IP+EA)2 (4)
n =AE2 ®) ; 6 = 12 (6)
©= %/2n 7 ; M= -y (8)

2.3.2.3 Non-covalent incw>raction (NCI) and bond critical point analysis:

This study was carried out to separate attractive and repulsive interactions present in molecular
systems allowing us to observe non-covalent interactions by mapping them as iso-surfaces over
the molecular system.®® It is possible to differentiate between attractive/stabilizing (favorable)
and repulsive (unfavorable) interactions using the plot of reduced density gradient (RDG) versus
sign of the product of second Hessian eigenvalue and electron density [sign (A2) pin a.u.]. The

color scheme of red, green and blue depicts strength of interactions; blue iso-surface denote
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strong attractive interactions, red iso-surface, strong repulsive interactions and green iso-surface,
weak attractive interactions. As expected, covalent and coordination bonds are represented by
blue. NCI calculations were done on Multiwfn version 3.8.4° The RDG-based NCI spike and iso-
surface plot of [Zn(Cur)] in gaseous and solution phase were visualized using VMD 1.9.2
program. In addition to electron density, at bond critical points it helps us to characterize the
strength of hydrogen bonds by DAMQT-2.1.0 package.**

2.3.3 Interaction of [Zn(Cur)] with calf thymus DNA:

As already mentioned, HCur dissolved in phosphate b:e, shows gradual decrease in
absorbance (Fig. S1, SI) that is realized by monitoring it ~ith time.'? 8 For this reason, DNA
binding studies could not be performed with it as the ccipound degrades in solution. For this
reason, an attempt was made to follow the intere.-d01 theoretically to realize what could have
happened if HCur were present as one urt ar.d were to interact with DNA. On the other hand,
[Zn(Cur)] dissolved in 150 mM NaCl, 25 mM KCI and 5 mM CacCly, in phosphate buffer (pH
7.4) or in biological milieu is stak'e >rJ does not degrade (Fig. S1, S 1). Hence, titration of
[Zn(Cur)] with calf thymus Di.A has been possible. A change in absorbance or fluorescence
following addition of calf th,.us was monitored. The following equilibrium (Eq. 9) depicts

binding of [Zn(Cur)] wiu: calf thymus DNA.

_ [L][Dma]

L+ DNA=L— DNA Ki = e 9)

L represents [Zn(Cur)]. Reciprocal of Kqprovides the apparent binding constant (Kapp).*2°
2.3.3.1 By UV-Vis spectroscopy
Eqg. 10 may be generated from Eq. 9 where reciprocal of the change in absorbance was plotted

against reciprocal of (Cp — Co). Cp denotes total concentration of calf thymus DNA while Co,
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denotes concentration of [Zn(Cur)]. Using Eq. 10, AAmaxand Kapp (= Kgt) was determined from

the intercept and the slope respectively.

1 1 K,

_ n d
AA - AA,,, ﬂﬁma:{(cD - CC-:I (10)

AA denotes change in absorbance of [Zn(Cur)] at pH = 7.4. AAmax indicates the maximum

possible change in absorbance.

“'ﬁAmar{J CC‘ (ll)

i) T w7 (12)

Subsequently, AA/AAmax was plotted against Cp. =r,s. 11 & 12 were used to fit the experimental
data by non-linear square fit analysis that r.rovideu a value for apparent binding constant for the
interaction of [Zn(Cur)] with calf ti.'mus DNA.***® A plot of AA/AAma against ratio of
concentration of calf thymus DNA to [Zn(Cur)] provides two straight lines intersection of which
provides np (number of nuclerddes bound to [Zn(Cur)]). Apparent binding constants (Kapp)
obtained from Eqgs. 10 & 12 ~hen multiplied with n, provides the overall binding constant (K*).
The titrimetric data o, [Z{Cur)] with calf thymus DNA was also analyzed according to a
modified form of the Scatchard equation [Eq. 13].* Overall binding constant (K*) and site size n
(= nvt = number of bound complex per nucleotide) was determined.

o, =K(n—r1) (13)

r = Cp/Cp; Cpdenotes concentration of bound form of [Zn(Cur)] while Cs denotes free form.
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2.3.3.2 By Fluorescence spectroscopy

Binding of [Zn(Cur)] with calf thymus DNA was also followed by fluorescence spectroscopy.
[Zn(Cur)] was excited at 436 nm while emission was followed over the wavelength range 436 to
700 nm. Emission maxima appeared at 584 nm. Upon addition of calf thymus DNA,
fluorescence increased which was followed after allowing for suitable corrections owing to
dilution; thus AF was obtained. Like the monitoring by UV-Vis spe.troscopy, standard equations
(Egs. 10-13) were used where change in fluorescence (AF) w2~ v2isidered instead of change in
absorbance (AA) and plotted against change in concentraticn due to DNA and [Zn(Cur)]. Hence,
using fluorescence spectroscopy, apparent binding conste. >t (Kapp), overall binding constant (K*)
and site size of interaction (either np or n) were de.~m.ned.

2.3.4 Molecular Modelling

2.3.4.1 Molecular Docking

Molecular docking studies were pe~for.d using the Autodock software (version 4.2.6) which is
an interactive molecular grapi..2s program using which the binding energy was obtained.*®
Additionally, the commar2-h.>~ tool Autodock Vina (version 1.2.3; http://vina.scripps.edu)*349
was used from where b ding affinity values were obtained. Both binding energy and binding
affinity, output of programs used and regarded as docking score were generated using different
scoring functions.>%! The crystal structure of DNA (PDB ID: 1BNA)> was downloaded from
the protein data bank (http://www.rcsb.org./pdb) having resolution of 1.90A. The downloaded
DNA has A and B chains having the sequence 5'-D(CGCGAATTCGCG)-3'. Before performing
molecular interaction studies DNA was checked for missing nitrogenous base pairs using UCSF

Chimera (version 1.15; https://www.rbvi.ucsf.edu/chimera) and its energy was minimized using
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steepest descent and conjugate gradient techniques. It was then saved in PDB format.
Subsequently, molecular interaction experiments were performed. Optimized HCur and
[Zn(Cur)] were saved as two separate mol2 files and were further converted to PDB using the
openbabel software. Thereafter, using Autodock tools (version 1.5.6) saved PDB files of DNA
and chosen molecules were opened. After merging non-polar hydrogens on both receptor and
target molecules they were saved in PDBQT format.>® Grid boxes were created with specific
dimensions at a spacing of 0.35 A. Docking studies of 1BNA-HCu: and 1BNA-[Zn(Cur)] were
carried out using Lamarckian Genetic Algorithm (LGA) to z~r.zve the lowest free energy of
binding (G). For molecular docking studies, three replicc*as were performed; for each a total
number of 10 solutions were computed, each showinn .« energy minima having a population
size of 150 and number of evaluations ~250000. th2 maximum number of generations being
27000.5% 5 After docking, RMSD cluster mas were obtained with cluster tolerance of 2.0 A,
each for HCur and [Zn(Cur)]. The B\2VIA Discovery Studio (version 2021) and PyMOL
software (DeLano, 2002) were us2d (o visualisation of 2D and 3D interactions of different
nucleotides with HCur and [Z:.‘Cui)], to visualize the best possible geometry of compounds
inside DNA.

2.3.6.2 Molecular Dynainics

MD simulation studies were carried out on free DNA (PDBID: 1BNA), HCur docked DNA and
[Zn(Cur)] docked DNA complex to investigate stability and physical movements. Desmond
(version 2020.1)> was used to run molecular dynamics simulation which is a GPU-accelerated
program running on the Linux operating system integrated with an NVIDIA RTX 3060 Ti GPU
and Intel i7 9700kF processor. In order to prepare the systems, the OPLS-2005 force field>® and

explicit solvent model with SPC water molecules were employed.®’ Energy of all systems were
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then reduced by using an orthorhombic boundary solvation box having dimension 10A x 10A x
10A. Then, the correct quantity of Na* or CI" ions was introduced to each system to neutralize it.

Each system received an additional 0.15 M NaCl solution to replicate the physiological
environment. The Desmond default relaxation approach was used to relax the prepared systems.
An NVT ensemble was initially used to equilibrate the entire system for 500 ps at 10 K.
Following the preceding phase, an NPT ensemble was used to complete a quick run of
equilibration and minimization for 100 ns at 300 K and 1.0132C ha. pressure. The Nose-How
over chain coupling approach was used to set up NPT ensem’jle. ® Temperature was set to 300 K,
relaxation period was set at 1.0 ps and pressure was me...:an.2d at 1 bar throughout simulations.
A time step of 2 fs was applied. With a relaxation d'.ratiua of 2 ps, the Martyna-Tobias-Klein
chain coupling scheme barostat method wa" en.loyed to control pressure.®® Long-range
electrostatic interactions were calculated us:~g the particle mesh Ewald approach ®° with a fixed

coulomb interaction radius of 9.0A. V% th >ach trajectory, bonded forces were calculated using

RESPA integrator for a time ste; ot 2 fs. Maestro, a Desmond GUI application, was used to
study simulation interaction di.rams. One can also forecast stability of DNA and DNA-ligand
compounds using simula ion- lerived parameters including root-mean square deviation (RMSD),
root mean square fluctuation (RMSF), number of H-bonds and radius of gyration.5:

2.3.6.3 Binding free energy analysis by MDS

The generalized Born surface area (MM-GBSA) method and molecular mechanics were utilized
to calculate binding free energies of DNA-ligand complexes. The simulation trajectory's last 10
frames out of 1000 with a 1-step sampling size and OPLS-2005 force field coupled with python
script thermal_mmgbsa.py were used to determine MM-GBSA binding free energy.5? 8 The

principle of additivity was used to estimate binding free energy of MD trajectory using MM-
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GBSA (kcal/mol), in which individual energy modules like columbic, covalent, hydrogen bond,
van der Waals, self-contact, lipophilic, solvation and stacking of ligand and DNA were obtained.
Equation 14 was used to calculate AGpinding

AGpinging = AGym + AGsop, — AGgy (14)
where AGuinding designates binding free energy, AGmm designates difference between free
energies of DNA-ligand complexes and total energy of DNA and ligand in an isolated state,
AGsoly denotes difference in solvation energies of the DNA-livad adduct and sum of the
solvation energies of DNA and ligand in unbound state, ACs,.. ucstgnates difference in surface
area energies for DNA and ligand.
3. Results and Discussions
3.1 Characterization of the Zn"-Curcumin cony .
3.1.1 Using different instrumental techn.u.s:
Owing to poor solubility in water, specu:'m of [Zn(Cur)] was recorded in DMSO (Fig. S2, Sl).
Amax Was detected at 426 nm. IR sp.ctruz of [Zn(Cur)] was compared with that of HCur (Fig. S3
and S4, S | respectively). Mass spectrum of [Zn(Cur)] shows molecular ion peaks at m/z =
508.4731, 510.5261, 512 z.%z uwing to three relatively abundant isotopes of Zn (m/zweo being
508.38 for %4Zn; 510.38 1.+ ®Zn; 512.38 for %8Zn) (Fig. S5, SI). Following the loss of a molecule
of water from the molecular ion, peaks with m/z values 490.7648, 492 and 494 were obtained,
Fig. S5, SI; m/zwneo for these fragments being 490.38 for 84Zn; 492.38 for %Zn; 494.38 for %zn.
Loss of a molecule of water and acetate from the molecular ion, results in peaks with m/z values
449.2687, 451.4157 and 453.1284; Fig. S5, SI; m/zmeo being 449.38 for %Zn; 451.38 for %°Zn;
453.38 for %8Zn. Experimental responses in the mass spectrum were in excellent agreement with

theoretically expected fragments. In fact, they were also in extremely good agreement pertaining
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to that expected of a fragment considering the relative abundance of isotopes of Zn [five stable
isotopes being ®4Zn (48.63%), %6Zn (27.90%), 'Zn (4.10%), ®8Zn (18.75%), and "°Zn (0.62%);
the three most abundant of the five were identified in our mass spectrum]. Hence, mass spectrum
provides clean evidence in favor of [Zn(Cur)(CH3COO)H.0]. TGA (Fig. S6, Sl) also indicates
that formula of our coordination compound is [Zn(Cur)(CH3COO)H20].

3.1.2 DFT calculations based on spectroscopic evidence

Ground states of optimized molecular structures were singlet. The ground state optimized
geometries of [Zn(Cur)] (in gaseous state and in DMSQO) and z* +:Zur in keto and enol forms are
depicted in Figs. 3(A) and 3(B) respectively, with a nui."bering scheme for the coordination
environment. The optimized coordinates of these confinu.=ctons [Zn(Cur)] are provided in Table
S1, Sl. Important parameters concerning the coc'dir.ation geometry are arranged in Table 1.
Calculated bond lengths (Table 1) for Zn O 7re in good agreement with those that are reported
for [Zn(Cur)(bipy)(acetate)],** whose s‘ructure was established from single crystal X ray
diffraction studies. Final optimizeZ st.*ctures of ground state configurations show tetrahedral

coordination both in gas and sni.*ion (DMSO) phases (Fig. 3A).
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Table 1: Coordinated bond distances (in };) and bond angles (in °) of [Zn(Cur)]

Bond  Gaseous phase In DMSO Angle Gaseous phase In DMSO
Zn1-02 1.976 2.006 02-Zn1-06 92.08 90.55
Zn1-07 1.967 1.987 02-Zn1-07 120.43 106.36
Zn1-06 1.993 2.008 06-Zn1-08 117.50 107.79
Zn1-08 1.968 1.989 07-Zn1-08 21.66 90.77

3.1.2.1 MO composition analysis:

The frontier orbital of [Zn(Cur)] optimized in gas and sclution phases and HCur in solution
phase are shown in Fig. S6 and Fig. S7, SlI, respectiv.'v. Description of both occupied and
virtual MOs were made based on their atomic v~mr,osition and visual inspection of a three-
dimensional representation. [Zn(Cur)] mc ety was assumed to be composed of four fragments,
Zn, Curcumin, water and acetate. Their ."mpositions are described in Table S2, SI. We observed
both for gas and solution phase: ¢ t'mized geometries, HOMO-1 to LUMO+4 have no
contribution from the metal; i. « contributions only from curcumin. For HOMO-2 to HOMO-4
there was some contributi~rn f-om the metal. According to calculations, the HOMO-LUMO
energy gap for [Zn(Cur), in gas and solution phases were 3.09 eV and 2.63 eV respectively. On
the other hand, HOMO-LUMO energy gap for HCur in solution phase was 3.30 eV (shown in
Fig. S8, SI). The HOMO-LUMO gap in gas and solution phases of [Zn(Cur)] are shown in

Figure 4.
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The highest occupied molecu>r orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) are ligand-centi‘c in each phase with almost the entire contribution coming from HCur.
For molecular crystals, r=dcal energy band gap resulting from UV-Vis absorption could be used
to confirm the HOMO-LUMO energy gap (Fig. 4). The optical energy band gap (Eg) calculated

using Eg = 1240/Amax €V was found to be 2.91 eV equivalent to theoretical HOMO-LUMO

energy gap of [Zn(Cur)] in DMSO (2.63 eV).
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Fig. 5 Experimental UV-Vis absorption ma'a: 1a with corresponding optical bandgap

3.1.2.2 Opto-electronic absorption proper*,"

Since excitation from ground state to an ex.'ted state in a dielectric medium (DMSO) would
result in identical absorption as that r :cr,. 42d experimentally in the same solvent, opto-electronic
property was helpful in pin ncinting precise molecular geometry. DMSO has a cut off
wavelength for absorption at ~?63 nm. Since the absorption spectrum of [Zn(Cur)] exhibits
dispersion below 30C nin. th.erefore to compare observed patterns with calculated ones, the
spectrum was recorded up to 650 nm rather than going below 300 nm (Fig. 5). A multiple
transition nature for [Zn(Cur)] is supported by computed electronic absorption spectrum in
DMSO having several peaks. The experimental spectrum’s peaks were visually assigned. In
Table S3, S, the most likely transitions are presented in increasing order of energy in which they
appear in the spectrum with maximum intensity (f > 0.10) corresponding to experimental

absorption peaks and related excitation wavelengths, energy, oscillator strengths (f), character
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and CI coefficients. Excitation peaks were mainly due to charge-transfer transitions within

HCur. Almost all states were regarded as singlet that were used for TDDFT calculations.

1.0
Experimental absorption spectra
Calculated absorption spectra
0.8 Calculated peak position

0.6

0.4

0.2

Normalized Absorbance (a.u.)

1 L wele——

300 350 400 450 5. 550 600 650

Waveleng*:, \) (nm)

0.0

Fig. 5: Comparison of experimental and t*.za1ctical UV-Vis absorption spectra showing

most feasible peak positions

Natural transition orbital (NTO) ~=aly~*s based on computed transition density matrices were
used to explain results of exciwd siate computation. The terms “electron/particle™ and "hole™
transition orbitals were v=21 (= describe virtual/unoccupied and occupied NTOs respectively.
From a relative weightay~ of transition density matrices and occupied-virtual pair contributions
to excitation we were able to recognize and depict electronic transitions that were being studied
in terms of excitation from a hole-NTO to an electron-NTO for solution phase excited geometry.
Fig. 6 shows NTOs for the most significant peaks.

The most significant computed peak was at 431 nm (2.7313 eV, f = 1.6121), which was the
lowest energy transition observed experimentally, close to 426 nm. This transition is due to

ILCT. The next higher energy UV transition estimated at 394.88 nm (3.13 eV, f = 0.180) is


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

also attributed to ILCT and was experimentally found at 410 nm. The UV excitation at 351.07
nm (3.5316 eV, f = 0.0001) detected close to the experimental peak at 350 nm may be attributed

to ILCT or an extremely weak LLCT.

Experimental Calculated | Excitation Excited Osc.

Exf,i:::;(m Excitation (nm)|Energy (eV Ses Strength (f) M ELECTRON HOLE

involved

426 453.94 2.7313 S3 1.6121 1

ILCT

£ 2
99 ,, .S
;‘ \\ﬁ o “i =
¥ ILCT ‘
-/
T - Yad
350 351.07 | 3.5316 | S6 | 2.%00. [0.98 ! . f‘}_’ J Ja ¥ 5
. = ‘g‘
| ¥*  ILCT/LLCT "

Fig. 6: NTO -u.olyais describing the calculated UV-Vis peak positions

410 394.88 3.1398 S5 | 0.1080 [ 0.9

~

3.1.2.3 Quantum descrip ‘or analysis:

Frontier molecular orbitals affect a molecule's kinetic stability, electrical conductivity and
chemical reactivity (HOMOs and LUMOs). Soft molecules are those that have narrow HOMO-
LUMO energy gap. These exhibit greater biological and chemical reactivity. Molecules having
large HOMO-LUMO energy gap have low biological response, are extremely stable and are less
reactive towards other compounds. Intra-molecular charge transfer (ICT) from an electron-donor

group to an electron-acceptor group is possible in small HOMO-LUMO energy gaps. Good
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electron acceptor molecular systems have lower ELumo than good electron donor molecular
systems with higher Enomo. In Table 2, we compare the quantum descriptor of HCur with that of
[Zn(Cur)] that was obtained after geometry optimisation. Electron donation (IP) and electron
acceptance (EA) is faciliated due to low HOMO-LUMO gap. Electron affinity of [Zn(Cur)] is
quite high compared to HCur which indicates that the complex might easily interact with
nucleotides from DNA by dragging the electron density towards itself. On the other hand, a soft
molecule is defined as one having lower 1 value (Eq. 5).%% % Upor, complex formation with zn",
HCur becomes soft and shows greater electron delocalizatior: *h.: acilitates more non-covalent
interaction. A high value of ® (electrophilicity index) rep.=sents high affinity towards electron
rich species. [Zn(Cur)] has a higher affinity compared tn, ‘Cur.

Table 2: Quantum descriptor for HCur and Zp . Cur)] in eV with B3LYP-6-31G+(d,p)

functional

Compound | HOMO | LUMO | AE |IP | =A | X n M o ®

HCur -5.57 227 [3.30%.57|2.27[392]1.65]-3.920.60 | 4.65

[Zn(Cur)] |-557 |-2.94 33 [ 5.57 | 2.94 [ 4.26 | 1.32 | -4.26 | 0.75 | 6.87

L

3.1.2.4 MEP surface analy=is:

Fig 7 displays “molerila- el¢ ctrostatic potential surface” computed over optimal geometries in
both gas and solvent g..ases. The envelope's iso-value was selected to be 0.02 a.u. and the
reverse rainbow color scheme was used throughout.®” Areas with negative potential are denoted
in red, while areas with positive potential are in blue. It is evident hydrogen atoms on phenolic
O-H are positively charged, whereas hydrogen on CHs are just marginally positive. H- atoms in
H20 are likewise identified to be somewhat positive. The most negative potential regions were
next to carbonyl O atoms, along with O-atoms of acetate, while the ring of HCur was found to

have greater MEP values than carbonyl oxygens. Inferring that there is a strong likelihood that
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molecules would create hydrogen bonding connections between H of water and carbonyl O of an
acetate that could eventually stabilize the system, we compared MEP of keto and enol forms of
HCur only and found carbonyl oxygens are electron rich ( red in colour, Fig. S9, SI ) along with

phenolic OH.

a) Gaseous Phase b) Solution Phase

-150.86 kJ/mole 160.16 kJ/mole

Fig 7: Molecular electrostatic Potential sv:%ace of [Zn(Cur)] in (a) Gas phase and (b)

solution phase

3.2 Non-covalent interactions (NCI) ¢ :nd bond Critical Point Analysis
From NCI analysis (Fig. 8), it v-as ocserved carbonyl-O of acetate in [Zn(Cur)] and H of H-O-H

in water form strong intra-mo:~cular hydrogen bond; displayed as the blue iso-surface.

Fig 8: NCI plots of [Zn(Cur)] (I) Gas phase (a,b), (I1) Solution Phase (c, d)
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The bond strength of [Zn(Cur)] was estimated by critical point analysis with Quantum theory of
atoms-in-molecules (QTAIM) descriptors. Surprisingly, there is a strong hydrogen bond obtained
between water and acetate ion. Using critical point analysis, we observed threefold enhancement
in strength of the formed hydrogen bond over that of normal hydrogen bond. It may be noticed
from Table S4, Sl that for normal hydrogen bonds (NHB)\p = 0.02 e/bohr® and for strong
hydrogen bonds it is (SHB)\p = 0.062 e/bohr®. In fact, strength of an SHB is equivalent to that of

a coordinate covalent bond, but less than a covalent bond which is u.'1ally 0.2 e/bohr?,

Fig 9: DFT optimised geomet:’ 0" .n(Cur)] showing hydrogen bond critical points (CP)
indicated by blue an i Liack spheres; black spheres represent bond critical points
(3, -1) in which one ¥ tnem represents hydrogen bond critical point; blue spheres

represent ring cniical point.

3.3.1 Experimental binding of [Zn(Cur)] with calf thymus DNA

[Zn(Cur)] was titrated with calf thymus DNA at constant pH (= 7.4) and constant ionic strength
(0.15 mM) of the medium. A gradual decrease in absorbance at 430 nm or a gradual increase in
fluorescence at 570 nm helped in evaluating the interaction occurring between [Zn(Cur)] and calf

thymus DNA (Fig. 8).
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Fig. 9: (A) Absorption spectra

of [Zn(Cur)] in the
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and presence of different
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concentrations of calf thymus DNA (2) 250.79 %, (3) 524.49 uM, (4) 745.56 uM, (5)
1217.12 uM, (6) 1578.42 uM, (7) 1905.25 +.M, (8) 2204.31 pM, (9) 2411.16 pM and
(10) 2625.83 uM; [NaCl] = 150 mi1, .H = 7.4; Temp. = 298 K. (B) Fluorescence
intensity of [Zn(Cur)] in the absenc= (1) and presence of different concentrations of
calf-thymus DNA (2) 355.,% M, (3) 1056.03 uM, (4) 1742.64 uM, (5) 2278.28

uM;;[NaCl] =150 mM, p' ' =7 4, Temp. = 298 K.

Fig. 9 is a double reciprocal lot of 1/AA versus 1/[Cp-CL] [Eq. 10] that provides values for Kapp

(= Kg1) from two indeponusit titrations.*246 An average of their values was 2.23 x 10° M,

Fig. 10 B is a plot of AA/AAmax versus concentration of calf thymus DNA to which non-

linear curve fit was applied (Egs. 11 & 12). Two independent titrations provide an average

apparent binding constant of 2.25 x 10° M at 298 K. Inset of Fig. 10 provides a value of np

as 10.0, i.e. number of nucleotides bound to [Zn(Cur)] following interaction with calf thymus

DNA 4246
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Fig 10: (A) Double reciprocal plot foi *he interaction of [Zn(Cur)] with calf-thymus DNA to

evaluate apparent bindn.q constant (Kapp) of the complex to DNA, (B) binding
isotherm for [Zn(Cu.\l nteracting with calf thymus DNA when AA/AAmax Was
plotted against ~o.cerration of DNA,; the dark line is the fitted data obeying Eq. 12.
Inset: Plot of norn.alized increase in absorbance as a function of mole-ratio of calf
thymus DNA to [Zn(Cur)]. (C) A modified Scatchard plot for interaction of
[Zn(Cur)] with calf thymus DNA,; (D) a plot showing 1/fraction of total compound
bound vs 1/concentration of calf thymus DNA taken ; [Zn(Cur)] = 41.2 uM, [NaCl] =
150 mM, pH = 7.4 (30 mM phosphate buffer), Temp.= 298K.
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The titration data was also fitted to a modified Scatchard equation (Eqg. 5, Fig. 10).*” K* and

n (= npt) were obtained. Values obtained from Eq. 13 were close to that obtained from other

methods of analyses (Eq. 9-12, Figs. 9 & 10) justifying techniques that calculate them.

Table 3: Binding parameters for interaction of [Zn(Cur)] with calf thymus DNA at pH =7.4.

Titration of this complex with DNA is important for a number of reasons. First, since

DNA Apparent binding constant Overall bindirn Constant
binding Kapp (M) K*(M™)
methods No. Site K* - 1%0p ~ N
Double | sjze A Overall | Site size
of Double | Non- | reciproca | from | Doubl< ‘ .'un- | Double binding | from
reciproca | linea | | plot,y- | mole | recipr~ca & linea | reciproca | Constant | Scatchar
Expt I plot rplot | intercept | _ratio | 1:10* r | plot, y- from d plot
x107® x10°8 =1 plot x10* | intercept | Scatchar
%1073 =1 d x10*
\ x10*
1 2.54 251 241 lb.ﬂ 2.54 2.51 241 1.86 6.0
Absorbance 2 1.91 1.99 1.89 | 1.0 2.10 2.19 2.08 2.04 8.0
Fluorescenc 1 2.08 1.77 1.42 5.0 1.04 0.90 0.71 1.49 6.0
€ 2 0.96 0.92 0.7- 8.0 0.58 0.55 0.57 0.70 7.0

titration of HCur with DNA has not oeon possible owing to reasons mentioned earlier, the

monomeric complex of Zn" with ; 'Cui, where HCur shows no degradation, makes it a model

study that in a way represents by 2ding of HCur to DNA.

However, while consider ng tie data, one has to remember that for [Zn(Cur)] there would be

an influence of Zn" to bi~Jing.2% 4245 Therefore, being able to maintain HCur as a single unit

in solution, and that there would be no extra influence due to the coordination compound

owing to lack of redox behavior on the part of Zn", the binding constant value of the

coordination compound could well represent HCur.2° Hence, with HCur connected to a metal

centre, one can now have an idea of its binding to DNA, that was not possible earlier,

Nature, Secondly, from an estimate of binding constant values obtained for [Zn(Cur)] it

might become possible to explain some of the mechanisms involved during an interaction of
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HCur w

ith DNA (considering HCur as one unit in this coordination compound) and its

consequences thereof, during biological interactions, where besides various fragmented

forms generated in solution, a substantial portion does remain as one unit.!1318-20 Hence,

together

(that is fragmented products of HCur and “HCur as one unit”) it might become
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possible to explain a lot of the beneficial activities of HCur,1213.18-20

Fig : 11 (A) Double reciprocal plot for the interaction of [Zn(Cur)] with calf-thymus DNA to

evaluate apparent binding constant (Kapp), (B) Binding isotherm for [Zn(Cur)]
interacting with calf thymus DNA when AF/AFmax Was plotted against concentration
of DNA; the dark line indicates fitted data obeying Eq. 12. Inset: Plot of normalized
increase in absorbance as a function of mole-ratio of calf thymus DNA to [Zn(Cur)].
(C) A modified Scatchard plot for interaction of [Zn(Cur)] with calf thymus DNA,;

(D) A plot showing 1/fraction of total compound bound vs 1/conc. of calf thymus
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DNA,; [Zn(Cur)] = 82.4 uM, [NaCl] = 150 mM, pH = 7.4 (30 mM phosphate buffer),
Temp.= 298K.

3.3.2 Computational DNA binding studies

3.3.2.1 Molecular docking studies

Binding modes of [Zn(Cur)] and HCur with desired regions of DNA were established using in
silico molecular docking. This is a compelling framework fci comprehending interactions
between compounds and DNA in any rational drug design #nd ‘or understanding structural
characteristics of ligand-receptor complexes, binding energ\ ard affinity of a ligand with its
receptors that supports experimental findings. Both rolecuies were successfully docked with
PDB ID: 1BNA having the sequence d(CGCGA”T1CGCG)2 to undergo extensive molecular
mechanics for estimating binding energy o~ b ding affinity of [Zn(Cur)] and HCur with the
chosen DNA (PDB ID: 1BNA) (Fig.12 and .? respectively). Rigid molecular docking was used
to determine binding pattern. To fc.e.ost optimum molecule-DNA fit and analyze the most
energetically advantageous docke ! position, the molecule was made flexible to achieve several
conformations. Autodockvina (v2rsion 1.2.3) and Autodock 4.2.6 predicted docking scores of -
8.29 Kcal/mole and -7.6." Kcal/mole respectively for HCur with an inhibitory concentration of
2.41uM. As shown by 2T and 3D interaction diagrams (Fig. 14 and 15), the nucleotide Gua-10
chain A of DNA formed hydrogen bonds (H-bonds) with HCur’s enolic oxygen and hydrogen,
measuring 2.06 A and 1.89 A respectively. Table S5, Sl includes a list of additional interaction

modes. It is evident from Fig. 14 (a) that HCur interacts with the chosen DNA.
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a)

Fig 12: Docked position of [Zn(Cur)] in enol form wiu,. ONA (PDB ID :1BNA) (a) side view

(b) top view (c) surface view

Docking scores of -8.56 Kcal/mole anu 3.36 Kcal/mole respectively were obtained for
[Zn(Cur)] anticipated by Autodock vira v1.2.3 and Autodock v4.2.6 with inhibitory
concentration 0.7298 uM. We rezi220 that interacting nucleotides Gua-14(B) (2.43A, 2.49A),
Gua-10(A)(1.88A), Gua-16(C)M1.84A), Ade-17(B)(2.01A) and Ade-18(B)(1.68A) form H-
bonds. This was obtainer; iem the 2D and 3D interaction diagrams (Fig. 15). Therefore, from
binding energy and affinit ' values (S4, Sl) it could be concluded that [Zn(Cur)] interacts with the
chosen DNA via intercalation and has greater binding energy than HCur [Fig.12 (b) and Fig.13
(b)]. In Fig. 12 (c) and Fig. 13 (c) magenta indicates all types of polar interactions, green
indicates the normal state of the nucleic acid base while white indicates all other weakly

interacting regions.


http://mostwiedzy.pl

/\__/__\> MOST WIEDZY Downloaded from mostwiedzy.pl

Fig 13: Docked position of HCur with DNA (PDB 11 :.3NA) (a) side view (b) top view (c)

surface view

Interactions

[ vancer wass Il crfavoratie Accepor-dcceptor
[l Conventonaitydrogen Bond [l 7#seced

[ carbon Hyrogen gond

Fig 14: Docked position of HCur with DNA (PDB ID : 1BNA) (a) 2D representation of
interactions (b) 3D representation of interactions
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Fig 15: Docked position of [Zn(Cur)] with DN\ (PDB ID : 1BNA) (a) 2D representation
of interactions (b) 3D representati.or. of interactions

3.3.2.2 Molecular Dynamics

An understanding of the stability o’ apo-DNA, DNA-HCur and DNA-[Zn(Cur)] guided by root
mean square deviation (RMZ2D) ,f DNA during the 100 ns simulation provides stability to DNA
in an otherwise identic.' s ent, charge, electrolyte environment. A decrease in RMSD value of
DNA is an indication ot the extent to which the same DNA is stable in a similar environment.
Comparing RMSD trends for simulations followed over 100 ns, both HCur and [Zn(Cur)]
docked DNA show stable conformations. Although initially the RMSD values are similar for
DNA-[Zn(Cur)], DNA-HCur and DNA itself but as time progressed, tendencies of interactions
become different and the one due to DNA-[Zn(Cur)] and DNA-HCur move significantly lower
than the red line that denotes RMSD values for DNA itself. This could indicate the Zn compound

in its interaction with DNA is very steady on aspects concerning stability; on the other hand,
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HCur takes time to adjust, manifested by its observed fluctuations. However, once it has suitably
bound itself it also remains steady, so as to match the trend-line for DNA-[Zn(Cur)]. The average
RMSD of apo-DNA is 10.67 A, while for DNA attached to HCur and [Zn(Cur)] they are 9.39 A
and 9.29 A (Figure 16A) respectively. Unbound DNA with a higher RMSD has therefore
undergone more conformational change in its two chains, A and B. The fact that RMSD reduces
when HCur and [Zn(Cur)] are bound to DNA indicates they form stable adducts with DNA that
can withstand further conformational changes within DNA. A low>r RMSD of [Zn(Cur)] with
DNA suggests higher stability of the complex than HCur-DNA..

In our case, the Root Mean Square Fluctuation (RMSF) w~uld be a measure of the motion of a
nucleobase around its mean position along the trajector,” of MD simulation. It should indicate
flexibility of some portions of the chosen DNA 71> N/\). RMSF of the bound form of HCur with
1BNA is similar to that of 1BNA itself, ¢ artiralarly in the region of residue index 10-15, while
that of [Zn(Cur)] bound 1BNA shows significantly lower fluctuation in the same region (Fig. 16
B). The RMSF plot of [Zn(Cur)] ehil it a significantly lower nature than that for HCur, clearly
indicating positional fluctuatior.. of iiucleobases were more in the other two states as compared
to the [Zn(Cur)] derived b~y < ate.

In molecular dynamics simulation, radius of gyration (Rg) measures how compact the receptor is
upon binding to a ligand. Lower Rg values imply the ligand is more compact inside the receptor
cavity, thus stabilizing the adduct. In this investigation, DNA linked to [Zn(Cur)] initially
showed somewhat increased displacements between 17 to 20 ns, but thereafter, it became stable
(Figure 16 C). Contrarily, HCur bound to DNA exhibits variability between 20 to 80 ns that
denote less efficient binding. Significantly stable gyration (Rg) of [Zn(Cur)] with DNA suggests

that the DNA is oriented in a highly compact manner when attached to [Zn(Cur)].
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SASA was determined using the entire atom's 100 ns molecular dynamics journey and plotted
against time (Figure 16 D). An understanding of the ligand's location within the binding pocket
could be had through an analysis of SASA parameters. One might think of ligand binding to a
receptor cavity as that of a solvent replacement effect. A lower SASA value compared to apo-
DNA suggest that the ligand is present in the binding pocket.

When HCur was bound to DNA, the average SASA value was 558.613 A? while when
[Zn(Cur)] was attached, the average SASA value was 455.654 A?. ese values are significantly
lower than when compounds were not bound to DNA (896.272 £.2}. Again, it may be noted that
decrease in average SASA value was significantly lower ‘n case of [Zn(Cur)] than in case of
HCur. Based on our findings mentioned above, it may ‘e concluded [Zn(Cur)] has a higher
affinity for DNA and that it intercalates after 101 | si'nulation (Fig. 16D).

Number of hydrogen bonds between CNA and HCur or [Zn(Cur)] shows adducts (i. e.
complexes) have significant interaction «d that they are stable. As simulation continued for 100
ns, there were considerable numbe~ 0. Fydrogen bonds between DNA and HCur or [Zn(Cur)]
(Figure 16E). In Figure 16E, a average of three hydrogen bonds were seen forming between
DNA and [Zn(Cur)] over *ne >~urse of 100 ns simulation detecting molecules achieving stable

associated species. In co.trast, only one hydrogen bond was formed between DNA and HCur in

the same time scale of simulation.
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Fig 16: (A) RMSD plot of free DNA (PDB ID : 1BNA), DNA with HCur and DNA with
[Zn(Cur)], (B) RMSF plot of free DNA (PDB ID : 1BNA), DNA with HCur and
DNA with [Zn(Cur)], (C) Radius of gyration plot of free DNA (PDB ID : 1BNA),
DNA with HCur and DNA with [Zn(Cur)], (D) SASA and (E) Hydrogen bonding
plots of HCur and [Zn(Cur)] formed with DNA during simulation.
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This suggests associated structures formed by [Zn(Cur)] are more stable than that formed by
HCur with the same DNA background (PDB ID-1BNA). The interaction of [Zn(Cur)] with
1BNA at the first frame (0 ns), an intermediate frame (50 ns) and last frame (100 ns) is provided
in Fig. 17. From the three figures, it is clearly evident that [Zn(Cur)] binding is one of
intercalation as the compound tries to position itself between the strands of DNA. This signifies

[Zn(Cur)] is well docked at a site of 1BNA that has been further confirmed by MM-GBSA

calculations (Table 4).

Fig 17: Structural supe-imposition of (a) first frame (0 ns); (b) an intermediate frame (50
ns) and (c) last frame (100ns) of [Zn(Cur)] bound with 1BNA after simulation

3.3.2.3 Molecular Mechanics Generalized Born Surface Area (MM-GBSA) calculations

Utilizing the molecular dynamic simulation trajectory, binding free energy along with other
contributing energies in the form of MM-GBSA were determined for DNA-HCur and DNA-
[Zn(Cur)] complex systems. Results in Table 4 suggest that maximum contribution to AGuoinding

for stability of the simulated compounds were due to AGning-coulomb, AGuing-van der waals and
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AGping-lipophilic while AGping-covalent and AGuing-solvation contribute to instability. AGpinding
for DNA-[Zn(Cur)] complex was comparatively more negative in terms of free energy than
DNA-HCur. These results support the potential of [Zn(Cur)] over HCur in binding DNA and
showed efficiency of binding to the selected DNA and an ability to form stable DNA-ligand

complexes.

Table 4. Binding free energy components for the DNA-k~ar and DNA-[Zn(Cur)]
complexes calculated by MM-GBSA.

Compound MM-GBSA (kcal’mo.;
code AGbind AGpindLipo AGbinavdW AGtin Coc'inb | AGohingS0lVGB | AGringCovalent
DNA-HCur -46.50% -17.13+ -47.29 £ -C.Chhit 35.97+ 2.76+£ 1.90
6.35 1.23 2.17 5.7 2.78
DNA- -50.89+ -21.53+ -51.28+ J.5174+ 46.58+ 1.75+ 2.50
[Zn(Cur)] 2.28 3.54 1.25 1.20 3.24

(Going) total free energy of binding; (GuinaLig ) hpophilic energy; (GoinavdW) van der Waals
interaction energy; (GpindCoulomb) prime .oulomb energy; (GoinaSolvGB) solvation energy

generalized born; (GhindCovalent) covai~m tinding energy

4. Conclusion:

The present study sungests »AD simulation and binding free energy calculations are in good
agreement with docking <wdies and that they exhibit properties of higher binding and probable
inhibiton of DNA in its functional role in the bio-system. Theoretical studies corroborate an
experimental DNA binding study that was done using calf thymus DNA. Hence, such
compounds may be considered as potential drug candidates against DNA since they target the
DNA moiety and inhibit activities like replication and transcription that play crucial roles for
stopping the growth of cells.
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Highlights

1) Unlike Curcumin, Zn" complex, [Zn(Cur)] was found to be very stable at physiological pH,
2) [Zn(Cur)] is monomeric, tetrahedral, having one Curcumin, an acetate and one water molecule.
3) Structure was obtained with the help of DFT calculations.

4) Experimental DNA binding leads to evaluation of binding constants for the complex.

5) Molecular docking was carried out for [Zn(Cur)] with DNA to visualize 2D and 3D interactions.
6) Molecular dynamics simulation revealed detailed understanding of binding pattern.

7) Binding of [Zn(Cur)] with DNA represents binding of undissociaw.1 Curcumin to DNA.

8) Theoretical studies on DNA identify Curcumin’s affinity for c2lls; experimentally unrealized.
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