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2 M. TRIPATHI ET AL.

Two mononuclear copper () complexes [Cu(L);] (1) and
[Cu(L?),] (2) have been synthesized from 2-hydroxy-5 (phenyl-
diazenyl)benzaldehyde and 1-(2-hydroxy-5-(phenyldiazenyl)phe-
nyllethanone ligands. All these metal complexes are
characterized using different spectroscopy technique and these
two structures optimized theoretically. Nucleic acid binding
studies are carried out with both Cu(ll)-azo linked complexes
and molecular docking technique are also performed to know
best probable binding interaction mode with nucleic acid.

1. Introduction

Recently, design and synthesis of transition metal complexes and there
interaction with nucleic acid has become a subject of tremendous inter-
est.""* This interest not only for non-covalent interaction of metal com-
plexes with DNA and RNA but also to develop anti-inflammatory,
antifungal, anti bacterial, anti cancer agents and therapeutic drugs.!”®!
DNA is the starting material of protein synthesis machinery, targeting
DNA is most important step, RNA formed from DNA acts as template for
further process, RNA serve as migratory material from nucleoplasm to
cytoplasm. DNA is the main genetic carrier and it is main target of many
metal based drugs. So, DNA binding study is one of the important steps in
drug design, for knowing the chemical biological potency of the metal com-
plexes and enables to design best effective DNA targeted drugs.” '°
Several reports have been published on metal complexes interaction
with DNA!""") but only few information were published on RNA-metal
complex interaction.">'*! Hence, much attention has been targeted on the
design of metal-based complexes, which can bind to nucleic acid."”' The
efficacy of using azo (-N=N-) linked transition metal complexes in many
fields of applications such as catalysis,”* sensors,*"! antibacterial activity*> **!
and anticancer activity.?*! Copper(I) complexes are regarded as the most
promising alternatives to cis-platin as anticancer drugs. The biologically access-
ible redox potential made copper complexes a class of the most frequently
studied metallonucleases. In view of the diversified roles of azo derivatives of
metal complexes, it was thought important to design new Cu(Il)-azo linked
complexes and study their role on nucleic acid-metal complex interaction.'*”’

In this present work, we describe a detailed synthetic account of the
preparation of a mononuclear copper(II) complexes (1 and 2) by HL' and
HL2 (Chart 1). Complexes 1 and 2 were characterized by different
spectroscopy techniques and optimized structures theoretically. The nucleic
acid binding ability of these copper (II) complexes with ct-DNA (calf
thymus DNA) and t-RNA (torula yeast RNA) were studied by various
spectroscopic methods and molecular docking technique.
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2. Experimental section
2.1. Materials and reagents used

All the starting chemicals and solvents were analytically pure and used
without further purification. Copper(II) carbonate, aniline, sodium carbon-
ate, sodium nitrite were obtained from S D Fine Chem, India and triethyl-
amine, salicylaldehyde, 2-hydroxy acetophenone obtained from Merck,
India and were used without further purification. The 2-hydroxy-5 (phenyl-
diazenyl)benzaldehyde (HL') was prepared by published method®*’and
new ligand 1-(2-hydroxy-5-(phenyldiazenyl)phenyl)ethanone (HL?) was
prepared by modified literature method."**'All other chemicals and solvents
were reagent grade materials and were used as received without further
purification. Calf Thymus DNA (ct-DNA) used for experimentation was
purchased from Merck and Torula Yeast (t-RNA), Ethidium Bromide (EB),
Tris-HCl and NaOH from Sigma Aldrich. The stock solution of ct-DNA
was prepared in buffer (50 mM NaCl-5mM Tris-HCI) at room temperature
and retained pH 7.8 with 0.01M HCI prepared by standard procedure.
The stock solution of ct-DNA in buffer gave a ratio of 1.8-1.9:1 UV-
absorbance at 260-280 nm, pointing out that the DNA was sufficiently free
from protein contamination.!?®’ t-RNAP® (yeast) concentration was deter-
mined spectrophotometrically using a molar extinction coefficient (g)
6900 M 'cm ™' at 258 nm, expressed in terms of nucleotide phosphates.
The ratio of the absorbance at 260 to 280 nm indicated that the sample was
free from protein contaminations.?® All t-RNA binding experiments were
carried out in citrate-phosphate (CP) buffer (1mM [Na™], pH 7.0, contain-
ing 0.5mM Na,HPO, pH was adjusted using citric acid.*”! All the chemi-
cals used were of spectroscopic grade and deionized and triple distilled
water was passed through Millipore filters of pore size 0.221 uM (Millipore
India Pvt. Ltd. Bangalore, India) and used for preparing buffer and
other solutions.

Caution! Perchlorate salts are potentially explosive, only a small amount
should be prepared, and handled with proper care.

2.2. Synthesis of ligand HL" and HL?

2.2.1 General Procedure for synthesis of Azo-linked ligands (HL'-HL?):
Azo dyes (HL'-HL?) were synthesized according to the modified well-
known literature procedure [19]. A mixture of aniline (0.93 g, 10 mmol) in
hydrochloric acid (2.5ml), and water (20mL) were heated to 70°C. The
clear solutions were poured into an ice-water mixture, and were diazotized
between 0°C to 5°C with sodium nitrite (0.97g, 14 mmol) dissolved
in water (5mlL). The cold diazo solutions were added to a solution of
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Scheme 1. Synthetic route of ligands HL' and HL

salicylaldehyde (1.06 ml, 10mmol) or 2-hydroxy acetophenone (1.20ml,
10 mmol) in water (19 mL) containing sodium hydroxide (3.99 g, 10 mmol)
and sodium carbonate (4.2 g, 40 mmol) during the period of 30 min at 0°C
during the adding process, the diazo solutions were vigorously stirred. The
products were collected by filtration and washed with 100 mL of NaCl solu-
tion (10%) under vacuum. Then, the solids were dried under vacuum at
80 °C overnight and recrystallized from acetonytrile. (Scheme 1)

2.2.2. Ligand (HL') 2-hydroxy-5 (phenyldiazenyl)benzaldehyde

Brown powder, yield: 2.15g (95%). Elemental analysis for C;3H;(N,0,
(226.23 g/mol): Calc. C, 69.02; H, 4.46; N, 12.38. Found: C, 68.96; H, 4.41;
N, 12.34%. NMR (CDCls, § ppm): 'H, 11.32 (br, 1 H, OH), 10.001 (s, 1 H,
CH=0), 8.16 (s, 1 H, aromatic CH), 7.88 (d, 2 H, aromatic CH), 7.37-7.51
(m, 5H, aromatic CH)). 13C, 196.18 (CHO), 163.38, 152.00, 145.55, 130.7,
130.26 128.97(2 x aromatic CH), 122.49 (2 x aromatic CH), 120.82, 119.94,
118.20. IR (KBr, Cm_l): 3365, 3058, 2872, 1666, 1607, 1575, 1523, 1477,
1285, 1156, 1107, 1071, 1019, 952, 900, 843, 765, 709, 683, 641, 581. UV-
Vis (MeOH); Apax= 340 nm.

2.2.3. Ligand (HL2) 1-(2-hydroxy-5-(phenyldiazenyl)phenyl)ethanone

Brown powder, yield: 1.76g (732%). Elemental analysis for
C14H15N,0,(240.26 g/mol): Calc. C, 69.99; H, 5.03; N, 11.66. Found: C, 62.00;
H, 4.05; N, 10.31%. NMR (CDCl;, & ppm): 'H, 12.61 (br, 1H, OH), 838 (s,
1H, aromatic CH), 8.13 (d, 1H, aromatic CH), 7.89 (d, 1 H, aromatic CH),
7.50-7.73 (m, 5H, aromatic CH), 2.75 (s, 3H, COCH,). 13C, 204.6 (C=0),
164.7, 152.3, 144.9, 130.8, 129.3, 129.0 (2 x aromatic CH), 127.8, 122.5 (2 x
aromatic CH) 119.2, 26.6. IR (KBr, cm™'): 30, 2857, 1659, 1619, 1574, 1479,
1379, 1278, 1191, 1170, 1155, 1016, 951, 842, 817, 764, 737, 691, 581, 508.
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UV-Vis (MeOH); Amax= 243nm, 340 nm. IR (KBr, cm™'): 3398, 3059, 2916,
1636, 1597, 1478, 1423, 1366, 1323, 1206, 1119, 1061, 1018, 834, 818, 766, 686,
666, 623, 516. UV-Vis (MeOH); A= 343 nm.

2.2.3. Synthesis of [Cu(L1)2] and [Cu(L2)2] complexes

The ligand 0.452 g (2 mmol) for HL' and 0.48 g (2mmol) for HL?* was dis-
solved in MeOH (25mL). The solution was stirred for 30 minutes and fol-
lowed by addition of Cu(ClO,),.6H,0 (0.37g, 1 mmol) in MeOH (5mL).
After 15min, a MeOH solution (5mL) of NEt; (2 mmol) was added slowly
to the previous solution during 10 min. Two reaction mixtures were then
stirred for another 30 min. Brown solids were separated from the resulting
green solution on solvent evaporation in air. The products were collected
by filtration and washed thoroughly with hexane and diethyl ether and
dried in vacuum over P,O,.

Caution!! Perchlorate complexes of metal ions involving organic ligands
are potentially explosive. Only small quantities of the complexes should be
prepared, and these should be handled with care.

[Cu(L"),]: Yield: 0.385 g, 75%. Elemental analysis for C,cH;3N,0,Cul
(513.06 g/mol): Calc. C, 60.76; H, 3.53; N, 10.90. Found: C, 60.70; H, 3.52;
N, 10.86%. Selected FT-IR bands (KBr, cm '): 3071, 1621, 1517, 1405,
1323, 1221, 1137, 962, 832, 768, 651. Molar conductance, Ay;: (DMF solu-
tion) 8.3 ohm 'cm’mol™!. UV-vis spectra [Apae nm (g, 1 mol ‘em™)]:
(DMEF solution) 372 (6100).

[Cu(L?),]: Brown powder, yield, 0.352g (65%). Elemental analysis for
CysH,,N404Cul (542.04 g/mol): Cale. C, 62.04; H, 4.09; N, 10.34. Found: C,
62.00; H, 4.05; N, 10.31%. IR (KBr, cm™'): 3061, 1581, 1507, 1415, 1323, 1230,
1174, 1119, 971, 850, 749, 648. Ay (DMF solution) 6.22ohm™'cm®mol .
UV-vis spectra [Apay nm (g, 1 mol 'cm™Y)]: (DMF solution) 368 (2654).

2.3. Physical measurements

The elemental analyses (C, H, N) were performed with a Perkin-Elmer model
240C elemental analyzer. FT-IR spectra were recorded on a Perkin-Elmer
Spectrum RX1 spectrometer. The solution electrical conductivity and elec-
tronic spectra were obtained using a Unitech type U131C digital conductivity
meter with a solute concentration of about 10 °~10"*M and a Shimadzu UV
2450 UV-vis spectrophotometer for complexes and ligands respectively. For
the DNA binding study electronic spectra were recorded on UV-Vis absorp-
tion spectra were obtained by using Varian Cary 50 UV-Visible spectropho-
tometer with 1.0cm quartz cells. Fluorescence intensities were measured by
using Cary Eclipse fluorescence spectrophotometer (Varian, USA) equipped
with xenon flash lamp using 1.0cm quartz cells. The fluorescence spectra
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were recorded by keeping the concentration of solution as same in UV-Vis
absorption measurements. Ethidium bromide displacement method was also
carried out using fluorescence spectrophotometer, by varying the concentra-
tion of metal complexes and keeping the concentration of DNA/RNA con-
stant. Viscometric measurements were made using Ubbelohole viscometer,
pH measurements were carried out with Eutech Oakton digital pH meter
with a combined glass-calomel electrode and tarsons spin with micro centri-
fuge (1.5ml tube), 6000 ppm was used.

2.4. Computational details

In order to understand the structures of synthesized complexes 1 and 2
were computationally optimized using density functional theory (DFT)
technique at the B3LYP level of theory with LANL2DZ basis set.2-32 All
calculations were carried out using the Gaussian-03-E01 program with the
aid of the GaussView visualization program.”**! The vibrational frequency
calculations were performed to ensure that the optimized geometries repre-
sent the local minima on the potential energy surface

2.5. DNA binding experiments

2.5.1. Absorption method

The absorbance measurement spectra were scanned by keeping the concen-
tration of the complex constant and varying the concentration of DNA/
RNA from 0 to 200 mM, after each successive addition of ct-DNA/tRNA,
followed by 10 min of incubation. The data obtained were fitted in the fol-
lowing Equation [1],

[DNA/RNA]/[e, — &] = [DNA/RNA]/[ep- &] + 1/Kblep — &
[1]

Where, [DNA/RNA] is the concentration of ct-DNA/tRNA, ¢,, & and g,
correspond to the extinction coefficients, for the metal complex alone, for
each addition of ct-DNA/tRNA to the metal complex and for the metal
complex in the fully bound form, respectively. The same equation is used
for calculation of various parameters in successive addition of t-RNA. A
plot of [DNA/RNA]/[e, - &] versus [DNA/RNA], which gives K, the
intrinsic binding constant as the ratio of slope to the intercept.**! The
Percentage hyperchromicity is calculated using the formula,

% hyperchromicity = (Age. - Abound)/Ag.., Wwhere A denotes absorbance.



NUCLEOSIDES, NUCLEOTIDES AND NUCLEIC ACIDS 7

2.5.2. Fluorescence method

Fluorescence emission study is carried out by keeping concentration of metal
complex constant and varying the concentration of nucleic acid (0-200 mM).
Fluorescence intensities were recorded after every successive addition of
different nucleic acid solution, followed by 10 min of incubation. The values
obtained were calculated by using the following Equation|[2],

log[Fp — F/F] = logKs+ nlog[DNA/tRNA] (2]

Where, Fy and F are the fluorescence intensities of the fluorophore
in the absence and presence of different concentrations of ct-DNA/t-RNA
and n is the number of binding sites. The linear equations is obtained for
log(F - Fo)/F vs. log [DNA]/[RNA]. The values of K clearly underscore the
affinity of metal complexes for DNA/RNA.

2.5.3. EB Competitive Binding Method with Fluorescence Spectroscopy

In fluorescence competitive binding studies, nucleic acids were pretreated
with EB for 30 min. Fluorescence quenching experiments were conducted
by adding the metal complex solution to the samples containing 10 mM EB
and 100 mM ct-DNA at different complex concentrations (0-250 mM) solu-
tion and the effect on the emission intensity was measured. For the tRNA
quenching studies, 10mM of EB and 100mM of t-RNA at different com-
plex concentration (0-250 mM) were used and the emission intensity was
recorded. The observed Fluorescence values were corrected for Inner Filter
Effect (IFE) as per the equation [3](3¢!)

Foorr = Fops X 10(Aexc + Aem/2) (3]

Where, F... and F,, are the corrected and uncorrected fluorescence
intensities and A... and A.,, are the absorbance values at the current excita-
tion and emission wavelengths. The corrected values of Fluorescence were
used for the calculating quenching studies using Stern-Volmer-Equation.*®!

Where, Fy and F are the fluorescence intensities in the absence and pres-
ence of metal complex respectively, K, is a linear Stern-Volmer constant
and Q is the concentration of quencher.

2.5.4. Viscometric method

Hydrodynamic property and particularly viscosity provide a better conclu-
sion on the binding of small molecule to nucleic acid. This sort of inter-
action of small molecule to nucleic acid results in a substantial change of
the double helix, if intercalation suppose to the mode of binding whereas,
in other interactional mode helix of nucleic acid remain unchanged.
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Intercalation mode of binding causes lengthening and stiffening of the helix
which results in an increase in viscosity of nucleic acid.1 ml of ct-DNA/t-
RNA solution was placed in the viscometer and aliquots of stock solution
of the complex (0-800 ml)

Intercalation mode of binding causes lengthening and stiffening of
the helix which results in an increase in viscosity of nucleic acid.1 ml of
ct-DNA/t-RNA solution was placed in the viscometer and aliquots of stock
solution of the complex (0-800ml) under study were added. Flow time of
the sample alone and sample with different ratio of metal complex was
measured in triplicate with accuracy of 0.01 and the relative viscosity was
calculated using Equation [5],

n’sp/nsp = [(tcomplex - tO)/[(tcontrol - tO)] [5]

where, n’sp and nsp are the specific viscosity of ct-DNA/t-RNA in the
presence and absence of the metal complex and ty, tcomplexs teontrol are the
average efflux times of buffer, complex and ct-DNA/t-RNA, respectively.”*”)

2.5.5. Determination of fluorescence quantum efficiencies. The quantum
efficiency of nucleic acid binding ligand is a measure of the energy trans-
ferred from the nucleic acid to ligand upon complexation and is evaluated
from the ratio of the quantum efficiency of ligand to nucleic acid (qp) to
the quantum efficiency of the free ligand (qp),** as given by the following
Equation [6],

I &
Q=0_2,4 (6]
9 9 ©b
Where, I, Is ¢ and &, represents intensity and molar extinction coefficients
of the free and metal complex bound to ct-DNA/t-RNA, respectively.>”

2.5.6. Molecular Docking

Molecular docking was done by using software tool Autodock4.0.was
used for molecular docking studies.*” The DFT optimized geometry of
Complexes were prepared in PDB format of the complexes was obtained
by converting their CIF files using Mercury software. The crystal structures
of 1BNA d(CGCGAATTCGCG) DNA and (PDB ID: 1EHZ) t-RNA™™ has a
sequence of a monomer (GCGGAUUUAGCUCAGUUGG-GAGAGCGCCAG
ACUGAAGAUCUGGAGGUCCUGUGUUCGAUCCACAGAAUUCGCACCA)
were downloaded from RCSB Protein Data Bank. The water molecules
were removed from the DNA and tRNA before calculations. The binding
site was centered on the DNA and a grid box was created with
60 x 60 x 60 points and a 0.375 A grid spacing in which almost the entire
macromolecules were involved. For each docking calculation, different
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Scheme 2. Schematic representation of the Copper (Il) complexes obtained in this work.

poses were required within the energy range of 2kcal mol'. All other
parameters were kept at their default values.

3. Results and discussion
3.1. Synthesis and characterization

The azo linked derived ligands 2-hydroxy-5 (phenyldiazenyl)benzaldehyde
and 1-(2-hydroxy-5-(phenyldiazenyl)phenyl)ethanone (H3L) and its reac-
tion with copper(II) salts have been systematically investigated. (Scheme 2)
The control complexes 1 and 2, were synthesized by the use of NEt; in
MeOH solvent media produce mononuclear copper (II) complexes.

Brown complexes [Cu(p-L"),] and [Cu(p-L?),], (1 and 2) are directly
synthesized in ~75% and 65% yield in MeOH media under aerobic
conditions at room temperature by stirring a reaction mixture of
Cu(ClO,),-6H,0, HL' or HL2 and NEt; in 1:2:2 molar ratio for 1h.
The syntheses of 1 and 2 from HL' and HL2 are summarized in eq. I.1
and I.2.

2HL' + Cu(ClO,), - 6H,0 + 2NEt;[Culm—LY),] + 2NHEt;ClOs + 12H,0  (L.1)
2HL> + Cu(ClO,), - 6H,0 + 2NEt; [Culm—L1%),] + 2NHECIO, + 12H,0  (L1.2)

3.2. Structural analysis of complexes

3.2.1. NMR spectra

The 'H and 13C NMR spectra of the ligands (HL'-HL*) were performed
in CDCl;. solvent medium. The obtained data were given in the experi-
mental section. The 'H NMR and 13C NMR spectra of the ligands are
given in the Figure S1-S4 in the supporting information. The 'H NMR
spectrum of HL' and HL2 showed a broad signal at 11.52 and 11.03 ppm
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assigned to the phenolic-OH proton, respectively. The carbonyl group pro-
ton HC =0 and COCHj; in the compounds HL' and HL2 was observed at
10.00 ppm and 2.75ppm for both compounds.*!! Aromatic protons of
these two ligand were observed in the range of 7.37-8.38 ppm in the spec-
trum. The 13C NMR spectra of the HL' and HL2 showed signals at 196.18
and 204.6 ppm, respectively, assigned to the carbonyl group (C=0O) carbon
atom.!**! The aromatic carbons for two ligands were observed in the 122.5-
164.7 ppm range. These NMR spectrum of the ligands showed that there
was no major organic impurity in the ligands.

3.2.2. FT-IR Spectroscopy

The infrared spectra of the free ligands HL1, HL2 and their copper(II)
complexes were obtained using a KBr disc. The characteristic IR spectral
data of the ligands and its complexes are given in Table 1. The infrared
spectral bands of the free ligands were compared with those of the Cu(II)
complexes to access the coordination of the ligands to Cu(II) ion. The
spectra of HL1, HL2 ligands and their Cu(II) complexes were given in
Figures S5-S8, respectively. The FT-IR spectra of the ligands showed
characteristic bands for OH, aromatic C-H, -N =N- and C-O vibrations.
In the spectra of the ligands HL' and HL? the phenolic group v (O-H)
stretching was observed at a range of 3365cm™ '-3398cm ' as a broad
band.[**> #!

The absence of these bands confirmed the formation of the complexes
by deprotonation of the phenolic group of the ligand. The characteristic
peak of azo group v (-N=N-) at the range of 1473-1478 cm ™' confirmed
that all the azo-linked ligands and their complexes containing azo group in
the solid state.**! A comparison between infrared spectra of HL' or HL2
and 1 or 2 complexes shows that a band, characteristic of v (C-O) at 1285
or 1205cm™ ', are shifted to 1325 or 1317cm™ ', due to C-O-M bond for-
mation. In these spectra, the ligands HL' or HL2 and complexes 1 or 2
exhibits bands at 3058cm ™' or 3059cm ™' and 3071cm ™' or 3052cm”’
that are assignable to vibrations of aromatic C-H stretchings.!**! In add-
ition, all the metal complexes show new bands in the range at 698-
544cm” " due to formation of M-O, further confirming formation of coord-
ination complexes. After complex formation the carbonyl group v (C=0)
stretching shifted to the lower wavenumber values of the complexes

Table 1. Characteristic IR absorption bands for ligands and its complexes.

Compound v (N=N) v (O-H) V(C—H) aromatic v (C=0) v (C-0) v (Cu-0)
HL' 1477 3365 3058 1636 1285 -
HL? 1478 3398 3059 1621 1206 -
[Cu(p-L"),] 1473 - 3071 1666 1325 651

[Cu(u-L?),] 1475 - 3052 1632 1317 648
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[Cu(L"),] and [Cu(L?),] from 1636cm-' to 1621 cm-' and 1666 cm-' to
1632 cm-' respectively.!*”!

3.2.3. Absorption Properties of Complexes in Solution

Absorption spectra for ligands were recorded in MeOH but complexes 1 and
2 were recorded in DMF solvent medium because of very poor solubility of
these metal complexes in MeOH. The azo linked containing ligands HL' and
HL2 shows absorption band in the range 300-400 nm. (Figure $9).1°! The
bands in these range can be assigned to the m — 1™ transitions due to 7 elec-
trons in the structure of the aromatic ligands. The absorption bands of the
complexes 1 and 2 were ligand based electronic transitions. In the spectra of
the complexes there is no assignable d-d transitions being observed.!*> *”!

3.2.4. Optimized structures

Cu(II) forms a neutral complex as shown in Figures 1 and 2 with the anionic
form of ligand. So two ligands take part to form square planner complexes
having molecular formula CysH;sN,0,Cul (1) CysH,,N,0,Cul(2) both the
complexes have C-1 point group of symmetry. Selective bond parameters are
listed in Table 2. The bond distance between Cu-O phenoiic Varies between
1.919A (for 1) to 1.911 A (2) and that of Cu-O cupoxylic 1.980A (for 1) to
1.969 A (2).8! Extra -CH; in complex 2 (+I effect) increase the electron
density on ‘O’ atom, favor the Cu-O bond formation stronger. Related bond
angels pivoting the Cu atom are in right angle (varies £0.5°) and the dihe-
dral angles recorded infers the square planner structure of the complexes.

3.3. DNA binding studies

3.3.1. Electronic absorption Studies
UV-Vis absorption spectroscopy emerge as effective method to find out the
transitional interaction between nucleic acids (DNA/RNA) and metal

J v o

i

Figure 1. Optimized Structure of 1.
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Figure 2. Optimized Structure of 2.

Table 2. Selective Bond parameters of Optimized structures.

1 2

Bond Length A

Cu(51) - 0(23)=1.919 Cu(50) - 0(23)=1.911

Cu(51) - 0(26) =1.980 Cu(50) — O(25) =1.969

Cu(51) - 0(49)=1.919 Cu(50) - 0(48)=1.911

Cu(51) - 0(52) =1.980 Cu(50) — O(51) =1.969

Bond Angle (°)

0(23)-Cu(51)-0(26) = 90.503 0(23)-Cu(50)-0(25) = 89.452

0(26)-Cu(51)-0(49) = 89.497 0(25)-Cu(50)-0(48) = 90.548

0(49)-Cu(51)-0(52) = 90.505 0(48)-Cu(50)-0(51) = 89.452

0(52)-Cu(51)-0(23) = 89.495 0(51)-Cu(50)-0(23) = 89.548

Dihedral Angle(®)

0(23)-0(26)-Cu(51)-0(49) = 179.99 0(23)-0(25)-Cu(50)-0(48) = 179.99
0(26)-0(49)-Cu(51)-0(52) = 179.99 0(25)-0(48)-Cu(50)-0(51) = 180.00
0(49)-0(52)-Cu(51)-0(23) = 179.99 0(48)-0(51)-Cu(50)-0(23) = 179.99

0(52)-0(23)-Cu(51)-0(26) = 179.99 0(51)-0(23)-Cu(50)-0(25) = 180.00

complexes.m’ > Aromatic group, heteroatom comprises of nitrogen, oxy-
gen, and sulfur donor atom containing metallic complexes are synthesized
and their ct-DNA binding affinity is checked.”™ **! Herein this method
interactional parameter can be investigated by comparing absorption spec-
tra of Cu(IlI) complexes before (without adding nucleic acids) and after
(with adding nucleic acids) the reaction is keenly observed. Measurement
of two Cu(II) complexes 1 and 2 chelating with azo group ligands were
studied with ct-DNA and t-RNA using absorption spectroscopy shown in
Figure(3a, S10a) and Figure (3b,S10b). In Figure-3a and Figure S10a both
the complex of Cu(Il) titrated with increasing amount of ct-DNA which
clearly, illustrate a hyperchromic shift at approx. range of 200-290 nm,
which resemble 7—7* transitions of the pyrimidine and purine ring sys-
tems with interacting Cu(II) complexes with nucleobases, increasing hyper-
chromism (Ag, for 1 is 32%, for 2 is 22%) with a narrow range of (10 nm)
red-shift, predicting preference of groove binding mode over intercalative
mode of DNA binding. Isosbestic point (I,) observed at approx. 294 nm in
1 whereas in 2, I, observed around 295 nm, which indicates a spectral shift
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Figure 3. Absorption spectra (a) for complex 1 in a 5% DMF-5mM Tris-HCI-50 mM NaCl buffer
at pH 7.2 in the absence (R=0) and presence of (R=25) of increasing amounts of ct-DNA.
Inset: plots of [DNA]/(ea — &f) vs. [DNA] for titration of DNA with complex, (b) for 1 in a 5%
DMF-5mM Tris-HCI-50 mM NaCl buffer at pH 7.2 in the absence (R=0) and presence of
(R=25) of increasing amounts of t RNA. Inset: plots of [RNA]/(ea — &f) vs. [RNA] for titration of
RNA with complexes.

in complexes at Isosbectic point spectral orientation is uniformly constant
after I, point a sudden downfall in spectra i.e., hypochromic transition in
spectra is observed between 300-500 nm which merely due to n—n* transi-
tion. A clear variable transition is observed in both complexes in different
range of spectra. Both the complexes are struggling for their insertion in
ct-DNA double helix, this can be clearly seen in the pattern of spectra
observed. To determine the intrinsic binding constant, K, of the 1/[DNA]
systems, the quantity [DNA]/|ea-ef| at 266 nm for 1 and 262 nm for 2 was
plotted as a function of the molar concentration of respectively duplex
ct-DNA (inset in Figure. 3a and Figure. S8a. Whereas, in case of t-RNA
both the Cu(II) complex in Figure 3b and Figure S10b, titrated same as
mentioned above with ct-DNA, exhibit a similar pattern of spectra as
ct-DNA, but the structural conformation of tRNA is very complex its
insight reveals a different pockets which attributes different binding inter-
actions, hyperchromism seen in figures indicate as complexes bind with
tRNA which probably may be due to electrostatic interaction this may be
due to between Cu(II) complexes and negatively phosphate backbone of
the tRNA.?! On the other hand, the yeast tRNA helix offers many hydro-
gen bonding sites in both the minor and major grooves, and it is likely
that the aromatic groups of Cu(II) complex possess the potency of forming
hydrogen bonds with tRNA, which may also contribute to the observed

hyperchromism.**!

The binding constants were obtained by plotting the data [DNA/RNA]/
|ea-f] versus [DNA/RNA] and finding the best linear fit using the follow-
ing equation.®> >®! The ratio of slope to intercept in the plot of [DNA]/(a
- &f) versus [DNA] gives the value of K;, The K, values obtained by the lin-
ear fittings of the experimental data are 1 is 7.6+02x10°M ' 2 is
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5.7+0.4 x 10* M~ "The structure of tRNA"™ is highly complex structure to
find out its insight interaction is K, t-RNA value 1 is 6.5+0.3 x 10°M ' 2
is 1.8+0.5x 10° M.

3.3.2. Fluorescence emission studies

The fluorescent method has wide range of sensitivity, reliability and accuracy.
This method adds the more precision and correctness in predicting the bind-
ing mode of interaction. Previous findings unfolds the mechanism of various
sensitive fluorescent probe which retrieve the structural variation of nucleic
acids and the way this fluorescent probe binds with DNA/RNA reveals
the exact binding interaction.®”) Hence, this probes used as reference for
interpretation of binding route/pattern of small molecules. Here, in this work
the 1 complex with 375nm in Tris HCL without nucleic acid at room tem-
perature showed maximum emission at 390 nm, where as 2 was excited with
395nm in same buffer showed emission at near approx 425nm. On addition
of increasing amount on nucleic acid a distinct spectra observed which estab-
lish the binding mode. In Figure 4a and Figure Slla indicates the hyperchro-
mic spectra of both complex on adding increasing amount of ct-DNA,
where as in Figure 4b and Figure S11b indicates the spectra of t-RNA which
too shows the hyperchromic shift. The spectral shift resembles same as infer-
ence drawn from UV method.

Hence in both cases interaction give rise to a consistent enhanced orienta-
tion of spectral shift which indicates that complete intercalation of complex
with nucleic acid is missing, the binding mode may be partial intercalation
or groove as hyperchromic shift laid more emphasis on these binding modes.
The binding affinity constant (Kp) for ct-DNA calculated for complex 1 as
9.17+0.5 x 1072 M~! number of binding sites(n) was found as 0.29, whereas
value for complex 2 were calculated as 6.77+0.3 x 10> M~ and value of n

8004
7004
6004
5004
4004
3004
2004
1004

Log[Fo-FiF]

Intensity

LLE, T T T T T 1
400 450 500 550 600 650 700
Wavelength{nm) Wavelengthinm)

Figure 4. Emission spectra (a) for 1 in DMF, in the absence and in presence of ct-DNA in 5mM
Tris-HCI-50 mM NaCl, pH =7.2, at room temperature. Inset: plots of log[|Fo — F|/F] vs. log[DNA]
for titration of DNA with complex (b) Emission spectra of 1 in the absence and in presence of
t-RNA in 5mM Tris-HCI-50 mM Nadl, pH =7.2, at room temperature. Inset: plots of log[|Fo — F|/
F1 vs. log[RNA] for titration of RNA with complex.
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is 0.89, whereas value K; for tRNA were observed for 1 as 5.73+£0.5 x 107>
M~ and 0.79 observed number of binding sites, for second complex 2 K¢
was calculated as 1.06+0.2 x 107> M~ " and 0.7 number of binding sites.

3.3.3. Competitive Binding Method

Further studies were carry forward to confirm the binding modes,
Ethidium Bromide (EB) a classical intercalator is used as probe, EB itself is
non-emissive in buffer solution, but when mixed with nucleic acid(DNA/
RNA) show enhance fluorescence emission. EB-DNA/RNA®! system show
enhanced emission as EB intercalates between the base pairs of nucleic
acids and imparts fluorescent property.®® In this method second complex
(1 and 2) try to competes with conjugated EB-Nucleic acid system, if com-
peting molecules was found successful in quenching the enhanced emission
of EB bound with nucleic acid, then the of reaction phase will be probably
symbolizes intercalation or groove binder that whereas on the other side
if complexes fails in quenching EB from EB-DNA/RNA system its clearly
predicts as complex as surface or major groove binder. Presently, com-
plexes 1 and 2 were reacted with EB-DNA system, in Figure 5a complex 1
shows remarkable decrease in spectra as its able to displace intercalated EB
from system most probable binding mode inferred as intercalator or groove
above findings point minor groove as binding mode and fluorescence
values were corrected using IFE which is further used for calculating Stern-
Volmer constant, K, found as 1.04+0.2 x 10°M~', whereas complex 2
shows (Figure S12a) immense increase pattern of spectra this clearly shows
that this complex was unable to quench EB from EB-DNA system and the
value K, obtained as -1.40+0.4 x 10> M, values obtained and spectral
shift nullify the assumption of intercalator and minor groove its confirms
other non-covalent mode of interaction. Figure 5b and Figure S12b both
complexes 1 and 2 competes with EB in EB-tRNA system in this both

(a) w (b)
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Figure 5. Emission spectra (a) EB bound to DNA in the presence of increasing amount of com-
plexes 1 (Inset: Stern—Volmer plots (Fo/F vs.[1]) of fluorescence titration); (b) Emission spectra of
EB bound to RNA in the presence of increasing amount of complexes 1 (Inset: Stern-Volmer
plots (Fo/F vs. [1/2]) of fluorescence titration).
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complexes show same spectral shift alignment i.e., enhancement in fluores-
cent spectra.

Hence in case of t-RNA its clearly neglect chance of intercalation but
considered as a groove binder. The value of K, obtained as in negative and
numerically equals to -1.81£0.2 x 10°M " for 1 and -1.71 x 10°M ™" for 2.

3.3.4. Viscometric studies
Hydrodynamic measurements are techniques come out to be an acute
method which provides clear evidences of binding mode. As it known fact
that relative viscosity tends to increase if complexes insert itself into the
base pairs of nucleic acids commonly observed in intercalation interactional
mode, worthwhile in other cases relative viscosity may be increases too due
to sticking or attaching of complexes in inserted pockets of groove
region[60_62] or sometimes a decrease phenomena in relative viscosity occur
this may be due to kinking of DNA/RNA fragments encountered as a
results of interaction. Therefore, in Figure 6a,b indicates the changes in
relative viscosity of ct-DNA and t-RNA alone and after reacting with com-
plexes in increasing concentration.[®® ¢4

In Figure 6a the graph display increase in relative viscosity in case of
ct-DNA, this may be due to successful insertion of both complexes in
ct-DNA binding sockets which results in up gradation in graph, whereas,
in case of t-RNA both the complexes show a decrease in relative viscosity
measurement, as t-RNA is highly complicated structure inference of viscos-
ity not add much to interpretation, but a rough idea may be drawn, as in
this case it show that molecule were unable to insert itself into t-RNA.

3.3.5. Quantum efficiency

Quantum efficiency (Q) calculation supports the extent of binding of both
Cu(II)complexes 1 and 2 of to nucleic acid. A plot of absorbance against
the inverse of nucleic acid concentration gave an exponential plot from
which a quantum efficiency value of greater than one has been determined
which indicates enhancement of the energy of the bound ligand. Q>1 is

1o- (8) os~ (b) —=— RNA
N - =
: -
0 - - - s
-~
‘.'_) o ‘-? 0.4
= o & —
e F =
- o0
] 200 400 600 800 T 200 ad0 [T 80
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Figure 6. Effect of increasing amount of the Complex 1 and 2 on the relative viscosities of
a) ct-DNA and b) t-RNA, at 25°C.
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Figure 7. Molecular docked model of 1 with (a) DNA (b) RNA dodecamer duplex.

indicative of enhancement of fluorescence intensity and greater retention of
fluorescence energy by the bound both the complex due to shielding within
the binding site from quenching by solvent.*"!

3.3.6. Molecular docking

Theoretically software base calculations too were done to find out the best
probable binding interaction mode. Methods play an important role in
eliminating the tentative position most to correct position were precisely
known. Molecular docking analysis of the both Cu(II) azo complexes 1 and
2 were performed. The best fitted poses with most favorable energetic cal-
culation were chosen. Energetically most favorable conformations for the
(IBNA) DNA docked structures of both the complexes were shown in
Figure 7a and Figure S13a. It was observed that both complexes fitted well
into the groove region of DNA with A/T and G/C rich regions.

Both the Complexes 1 and 2 favor multiple types of chemical bonding
with Carbon, Oxygen, and Nitrogen of adenine, thymine and Guanine base
pairs of DNA. 1 complex docked into the minor groove region of DNA
with Carbon-Hydrogen and =n-m type of interact, whereas 2 complex
docked into major groove region of the DNA showing m-alkyl and m-anion
sort of interaction. The relative binding energies of both the complexes
docked into DNA are -12.07 kcal/mol and -11.64 kcal/mol respectively. In
case of RNA both the complexes possess the interactional affinity with
carbon and nitrogen component of adenine and Uracil.®® In Figure 7b
and Figure S13b docked structures of both the complexes are shown with
RNA. Both the complex bind exactly on the same region of RNA. The rela-
tive binding energy of both the complexes are calculated as -4.86 kcal/mol.

4, Conclusion

The work done in this paper helps in knowing exact insights of DNA and
RNA by the sort of interaction portrayed by both the Cu(II) Complexes.
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Inference drawn from experimental work verified with computational
work. Techniques employed are absorption spectroscopy briefly gives the
assumption of partial intercalation and groove binders, which further
checked with fluorescence spectroscopy which to flows with assumption
drawn from UV method. Competitive Binding assay laid the confirmation
of binding mode as minor groove in case of DNA for 1 and major groove
for 2. Displacement assays clearly resolve the confusion of intercalation
for both the complexes. Viscometric measurement complements the finding
of above methods. Finally, molecular docking analysis were done which
confirmed the assumption of both the complexes as groove binders. Hence,
it can be concluded that 1 binds in minor groove region of DNA and
when it comes to RNA it switches it binding mode from minor to major
groove, While 2 shows potency as major groove binders in both the cases.
Experimental data complements the theoretical findings and proves
as important tool.
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