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Abstract— De novo design and synthesis of complexes 1,2—diaminobenzene,dichloro glycyl glycinate tin(1V) and zirconium(lV), 1 and 2
as molecular drug entities were carried out. The structure elucidation of 1 and 2 wasdone by analytical techniques and spectroscopic
methods viz. IR, UV-vis, *H, *C, *°Sn NMR, ESI-Mass technigues. In vitro DNA binding studies of 1 and 2 by various biophysical
techniques viz electronic absorption, emission spectroscopy and circular dichroism measurements was carried out to evaluate their
potential to act as chemotherapeutic candidates; furthermore, cleavage studies with pBR322plasmid DNA and computer—aided molecular
docking studies were also done to study the mechanistic pathway and mode of binding at the molecular level.The observed results
revealed that the complex 1 exhibited greater DNA binding propensity in contrast to the complex 2 primarily via electrostatic binding mode.
The pBR322 DNA cleavage studies of both the complexes revealed the hydrolytic cleavage mechanismand DNA minor groove binding,
which was ascertained by molecular docking studies of the drug candidate.

Keywords: Sn(lV) and Zr(1V) glycyl glycine complexes; DNA binding profile; pBR322cleavage, molecular docking

1 INTRODUCTION

Metal—based antitumor chemotherapeutic drugs have
gained considerable interest after the serendipitous dis-

covery of cisplatin, an archetypical metal complex in
clinical use for treating solid malignancies [1,2]. Although the
platinum drugs have witnessed spectacular success, neverthe-
less, the challenges of platinum drugs such as systemic toxici-
ty, resistance and large number of phenotypes of cancers de-
rived from multiple etiologies have motivated researchers to
focus on other non platinum drugs. A substantial investigation
of other metals as antitumor chemotherapeutic agents which
includes (transition metal ions Ti, Fe ,Co ,Cu and Zn ; Zr, Ru,
Rh ,Pd, Ag, Au and non- transition metal ions , Sn and RSnX;
has been undertaken to overcome the problems of toxic side
effects and resistance (Blower and Annu, 2004; van Rijt and
Sadler, 2009). Tin (IV) complexes were proven as outstanding
class of novel antitumor and antiproliferative agents; much of
the earlier work has been carried out by Crowe ef al and
Gielen [3-5] which has been published and also patented.
Tin(IV) and Organotin compounds are involved in cancer
treatment via different mechanisms at the molecular level and
most of the tin complexes are DNA targeted . The phosphate
group of DNA sugar backbones usually acts as an anchoring
site and nitrogen of DNA base binding is extremely effective,
this often resulting in the stabilization of the tin center as an
octahedral species.Literature revealed that tin-based complex-
es exhibit pronounced cytotoxicity against human cell lines [6]

viz., Hela cells, MCF-7 cells and human neuroblastoma cell
line SY5Y [7] and further, it has also been demonstrated that
these complexes induce apoptosis via mitochondrial geneme-
diated pathway. Among the non-platinum chemotherapeu-
tics, tin(IV) and by electronic analogy, zirconium(IV) complex-
es with amino acid scaffold and non-leaving diammine lig-
ands are interesting as they could exhibit different mechanism
of action than platinum complexes and relatively fewer toxic
effects. Moreover, Zr(IV) is expected to act exclusively as a
strong Lewis acid and Zr(IV) complexes catalyze the hydroly-
sis of phosphodiester and dinucleotides under weakly acidic
conditions. Zirconium complexes reported in the literature
(Zirconocene-diacido complexes) exhibit wide spectrum of
antitumor activity against murine and human tumors with
reduced toxicity in comparison with cisplatin [8]. Among
them, synthetic agents capable of hydrolytically cleaving nu-
cleic acids are extremely important and have been attracting
increasing attention in view of their wide applications. On the
one hand, artificial hydrolytic catalysts may be employed as
biomimetic systems in elucidating the mechanisms of the cor-
responding restriction enzymes and nucleases, and they could
also be used as conformational probes in the determination of
DNA structure, as customized DNA restriction agents in mo-
lecular biology, and as antibiotic and chemotherapeutic drugs.

It is well known that peptides and proteins are the natural-
ly occurring multifunctional ligands and forms an excellent
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coordination platform because they contain a variety of poten-
tial donor centers such as N-terminal nitrogen atom (usually a
primary —NH>), carbonyl oxygen and the C-terminal carbox-
ylate group of the peptide bond [9]. The metallopeptides are
considered unique among metal-based nucleic acid-binding
agents due to their ability to recognize DNA ornucleotides.
The nature of the peptide affects both the DNA binding affini-
ty and the cross linking efficiency of metallopeptides and have
been widely used as synthetic hydrolyses and chemical nucle-
ases [10,11]. Among the numerous metal complexes investi-
gated, those containing amino acids and/ or peptide ligands
provide models of protein-DNA and metallopeptide-derived
antitumor agent-DNA interaction [12]. Recently, a science
daily has reported that peptides could target the protein-
protein interface of a key enzyme in DNA synthesis crucial for
cancer growth [13]. Therefore, metal-based peptide scaffolds
could provide an excellent delivery system into the specific
tumor target sites and could be less toxic to normal tissues.
Previous studies reveals that interaction of peptides with or-
ganotin moieties is quite interesting since peptides can be very
effective ligands and furthermore it has been demonstrated
that these organotindipeptide complexes shows modest activi-
ty against P388 lymphocytic leukemia cells.Moreover it has
been reported by R. Krameret al thatconjugates of peptide nu-
cleic acids and Zr(IV) complexes efficiently hydrolyze com-
plementary single-stranded DNA in a sequence selective fash-
ion [14,15]. Herein we report the synthesis and characteriza-
tion of mixed ligand tin(IV) and zirconium(IV) complexes de-
rived from 1,2-diaminobenzene and glycyl glycine ligand
scaffold as potential chemo-therapeutic drug candidates. In
vitro binding studies of these complexes with CT-DNA and
nucleotide were explored by absorption and emission titration
methods to elucidate their mode of binding and pharmacolog-
ical potential. The pBR322 DNA cleavage studies of both the
complexes revealed the hydrolytic cleavage mechanismand
DNA minor groove binding. Furthermore, computer-aided
molecular docking studies were carried out to visualize the
binding mode of the drug candidate (minor groove binding) at
the molecular level.

2 PROCEDURE FOR PAPER SUBMISSION

2.1 Reagents and materials

All reagents were commercially available and used as sup-
plied without further purification for all syntheses and exper-
iments. Glycyl glycine (Glygly), o-phenylenediamine (OPD),
Tris(hydroxymethyl)aminomethane or Tris buffer, agarose gel,
ascorbic acid, sodium azide (NaNs), DMSO, superoxide dis-
mutase (SOD), methyl green, DAPI, mercaptopropionic acid
(MPA) (Sigma-Aldrich), SnCly.5H,O and ZrCly (Fisher Scien-
tific), 6X loading dye (Fermental Life Science), Human DNA
topoisomerase I (Calbiochem) and Supercoiled pBR322 plas-
mid DNA (Genei) were utilized as received. Disodium salt of
CT DNA purchased from Sigma Chem. Co. and was stored at
4 °C. DNA-melting experiments were carried out by monitor-
ing the absorbance of CT DNA (1 x 10-* M) at 260 nm with
varying temperature in the absence and presence of complexes
1 and 2, in a 1:1 ratio of DNA to complex with a ramp rate of

0.1°C min in Tris buffer (pH 7.2) using a Peltier system at-
tached to the UV-Vis spectrophotometer.

2.2 Methods and Instrumentation

Carbon, hydrogen and nitrogen contents were determined
using CHNSO Elemental Analyzer ElementarVario EL
[IImodel. Molar conductance was performed at room tempera-
ture on a Digisun electronic conductivity bridge. Fourier-
transform IR (FTIR) spectra were recorded on an Interspec
2020 FTIR spectrometer. Electronic spectra were recorded on
UV-vis 1700 PharmaSpec UV-vis spectrophotometer (Shi-
madzu). Data were reported in Amax/nm. The 1H and 13C
NMR spectra were obtained on a Bruker DRX-400 spectrome-
ter operating at room temperature. Solutions of CT DNA in
buffer gave a ratio of absorbance at 260 nm and 280 nm of ca.
1.9 indicating that DNA was free from protein. CD spectra
were measured on Jasco J-815-CD spectropolarimeter at room
temperature using a 1 cm quartz cuvette. Cleavage experi-
ments were performed with the help of Axygen electrophore-
sis supported by a Genei power supply with a potential range
of 50-500 V, visualized and photographed by Vilber INFINI-
TY gel documentation system.

2.3.DNA-binding and cleavage experiments

DNA binding experiments include absorption spectral trac-
es, emission spectroscopy and circular dichroism conformed
to the standard methods and practices previously adopted by
our laboratory [16]. While measuring the absorption spectra
an equal amount of DNA was added to the compound solu-
tion and the reference solution to eliminate the absorbance of
the CT DNA itself, and the CD contribution by the CT DNA
and Tris buffer was subtracted through base line correction.

The cleavage experiments of supercoiled pBR322 DNA (300
ng) by complex 1 and 2 (10-30 pM) in Tris-HCl/NaCl (5:50
mM) buffer at pH 7.2 was carried out using agarose gel elec-
trophoresis. The samples were incubated for 45 min at 310 K.
A loading buffer containing 25% bromophenol blue, 0.25%
xylene cyanol, 30% glycerol was added and electrophoresis
was carried out at 50 V for 1 h in Tris-HCI buffer using 1%
agarose gel containing 1.0 mg/ml ethidium bromide. The
DNA cleavage with added reductant was monitored as in case
of cleavage experiment without added reductant using aga-
rose gel electrophoresis.

2.4. Molecular docking

The rigid molecular docking studies were performed by us-
ing HEX 6.1 software [16], which is an interactive molecular
graphics program to understand the drug-DNA interactions.
The Structure of the complexes was sketched by
CHEMSKETCH (http://www.acdlabs.com) and converted to
pdb format from mol format by OPENBABEL
(http:/ /www.vcclab.org/lab/babel/). The structure of the B-
DNA dodecamer (CGCGAATTCGCG)2 (PDB ID:1BNA) and
human-DNA-Topo I complex (PDB ID: 15C7) were down-
loaded from the protein data bank (
http:/ /www.rcsb.org./pdb). All calculations were carried out
on an Intel Pentium 4, 2.4 GHz based machine running MS
Windows XP SP2 as operating system. Visualization of the
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docked pose has been done
(http:/ /www.cgl.ucsf.edu/chimera/)
program.

by using CHIMERA
molecular  graphics

2.5 Synthesis
2.5.1 Synthesis of C;oH».N4O;Cl,Sn (1)

To a stirred methanolic solution (15 ml) of glycyl glycine
(0.130 g, Immol) was added a methanolic solution (15 ml) of
SnCly.5H,O (0.343 g, 1 mmol). The solution was stirred for 24 h
at room temperature. The completion of the reaction was mon-
itored with the help of TLC. A solution of o-
phenylenediamine (0.108 g. 1 mmol) in methanol was added
slowly to the reaction mixture. The reaction mixture was
refluxed at 65 °C for 8 h, which yielded pale reddish orange
colored precipitate. It was filtered, washed with cold MeOH
and dried in vacuo over anhydrous CaCl,. Yield = 70%. M.P. =
120 + 2°C. Anal. Calc. for Ci0H»N4O;Cl,Sn, (%) C, 24.03 H,
4.44; N, 11.21, Found: C, 22.19; H, 4.08; N, 10.31. IR (KBr, cm~
1): 3277 v(NHy); 1746: v(COO); 2825 v(CH); 1583 v(C=C); 1678
Vas(COO); 1492 v5(COO); 1349 v(C-N); 754 (Ar); 583 v(Sn-O);
440 v(Sn-N).Molar Conductance, Ay (1x102 M, H,O): 22 Q-
Iem? mol-! (non-electrolyte). 'H NMR (400 MHz, D;O, 8): 3.63
(NCHo,, peptide), 3.98 (-CH,, peptide), 4.72 NH, (coordinated,
OPD), 3.70 NH; (free OPD), 7.40-7.43 (protons of phenyl
groups). 3C NMR (100 MHz, DO, &): 172.84 (O-C=0O-NH,);
167.34 (CH.-C=0); 149.28 (ArC-NH,, coordinated OPD);
130.16 (ArC-NHo,, free OPD); 113.65-127.06 (ArC); 40.93 (NH,-
CH, peptide); 35.37 (-CH,, peptide). 1%Sn NMR (149.12 MHz,
DMSO, 8): -611.49. Uv-vis absorption: Amax (H20, 10 M), nm
(e/10° M1 em™) 230 (2.11), 278 (1.24) and 457 (0.80). ESI-MS
(m/z): [C10H22N407 CIZSn] ; 499.2.

25.2 SyntheSiS of C10H18N4OSZrC|2 (2)

This complex was prepared in a manner analogous to that
of complex 1, using ZrCly (0.233 g, 1 mmol) in place of
SnCly.5H>O (0.343 g, 1 mmol), resulting the pale orange col-
ored product. It was filtered, washed with cold MeOH and
dried in vacuo over anhydrous CaCl,. Yield = 59%. M.P. = 145
1 2°C. Anal. Calc. forCyoH1sN4OsZrCl, (%) C, 27.5; H, 4.16; N,
12.8, Found: C, 25.05; H, 4.56; N, 11.38.IR (KBr, cm):3408
v(NH,); 2928 v(CH); 1734: v(COO); 1563 v(C=C); 1678
Vas(COO); 1452 v,(COO); 1317 v(C-N); 758 (Ar); 527 v(Zr-O);
452 v(Zr-N). Molar Conductance, Ay (1x10-* M, H,O): 19 Q-
Iem? mol-! (non-electrolyte). "H NMR (400 MHz, D;O, 6): 3.54
(NCHo,, peptide); 3.86 (-CH,, peptide); 4.72 NH, (coordinated,
OPD), 3.84 NH, (free OPD), 6.84-6.91 (protons of phenyl
groups). ®C NMR (100 MHz, DO, §): 170.78 (O-C=0O-NH,);
166.16 (CH,-C=0); 117.2-132.57 (ArC); 38.7 (NH>-CH, pep-
tide); 39.79 (-CH,, peptide). Uv-vis absorption: Amax (D20, 10-3
M), nm (g/10° M cm™): 230 (1.23), 283 (0.66) and 451
(036)ESI—MS (I’I‘l/ Z)Z [C10H13N405ZI‘C12] 4362

3 RESULTS AND DISCUSSION

3.1 Synthesis and characterization
All the complexes are readily soluble in H20 solvent. In
complexes 1 and 2, the coordination geometry of central metal

atoms was found to be octahedral environment (Scheme 1 and
2), which was proposed on the basis of elemental analytical
data and spectroscopic studies, IR, UV-vis, ESI-MS 'H,
BCNMR ("*Sn NMR in case of 1). These results are in agree-
ment with the proposed 1:1:1 stoichiometry between the metal
ion and ligands. The in vitro binding studies of 1 and 2 with
CT DNA were carried out by using absorption, emission titra-
tions and circular dichroic studies. Furthermore, the cleavage
studies of 1 and 2 with pBR322 plasmid DNA and molecular
docking with DNA by computational methods were carried
out.

SACly 5HZ0 °\ o he
o 2 %
N—75n 4H0
OH o NHs é HoN

®e LD N O stirring 24h +MeOH ]
——
refluxed at
\E e 65°C for 8h
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Scheme 1. The synthetic of complexes 1 and 2.

3.1.1 Infrared spectra

The IR spectra of complexes 1 and 2 agree with the corre-
sponding formulae and the proposed structure (Scheme 1).
The bands around 1678 and 1452-1492 cmobserved in the
free amino acid corresponding to the anti-symmetric and
symmetric COO- stretching vibrations were shifted inthe
complexes suggesting the coordination of carboxylate group
of the amino acid to the metal ions through deprotonation
[17]. The bands around 1531 and 1269 cm™ observed in the
free dipeptide attributed to amide II and III bands [due to
O(NH) + v(C-N) in the compound containing neutral second-
ary peptide groups were replaced by a new absorption bands
at 1349 and 1317 cm™, respectively in complexes 1 and 2.This
is characteristic feature for a deprotonated secondary peptide
complex, since on removal of peptide proton the band be-
comes a pure C-N stretch [18].

The Av = [vas(COz2) —vs(CO2)] value was used to determine
the nature of binding of carboxylate to transition metal ion. In
general, the difference in Av between asymmetric vas(CO2) and
symmetric vs(COz) absorption frequencies below 200 cm sug-
gested the bidentate carboxylate moiety, while greater than
200 cm implicates the unidentate carboxylation. In all cases,
the Av values were above 235 cm! suggestive of coordination
of the carboxylate group in a monodendate fashion [19,20].
The IR spectra of the complexes 1 and 2 exhibited a very broad
band at ~3277-3408 c¢cm™ corresponding to the coordinated
dipeptide of glycyl glycine and o—phenylenediamine, suggest-
ing that the coordination of -NH: group of both dipeptide and
o-phenylenediamine to the metal ions [21]. Furthermore, the
medium intensity bands at ~440-452 and 527-583 cm™ were
attributed to stretching vibration of(Sn/Zr-N), (Sn/Zr-O), re-
spectively [22].
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3.1.2 Nuclear magnetic resonance spectra

The 'H and ®C NMR spectra of complexes 1and 2 were
recorded in DMSO-d6 solution and displayed signals for
aliphatic and aromatic protons with chemical shift values
in accordance with their proposed structure. In 'H NMR
spectrum of complex 1, signals due to free carboxylic (COOH)
and amide linkage (-NH-) groups as expected in the range
12.0-10.0, 12.55 and 11.81 ppm, respectively were absent,
which commensurate with the fact that coordination to the
metal center takes place of these functional groups via depro-
tonation [23,24]. Additionally, the 'H spectra exhibited charac-
teristic resonance signals at 3.63-3.54 and 3.98-3.86 ppm corre-
sponding to the NCHz and CH-: proton of the peptide, the ar-
omatic proton of o—phenylenediamine appeared as a multiplet
at 6.84-7.40 ppm [25,26]. The *C NMR spectra of complexes 1
and 2 were characterized by various resonances due to O-
C=0, CH>-C=0O, ArC-NH:;, NH>—CH and -CH: carbons at
172.84-170.78, 166.16, 40.93-38.7, 35.37-39.79 ppm, respective-
ly of the coordinated dipeptide and o—phenylenediamine. Ad-
ditionally, complexes 1 and 2 exhibited aromatic carbon signa-
tures at 117-132 ppm. The “Sn chemical shift, (®Sn) is sensi-
tive to the chemical environment of the tin atom. The °Sn
NMR of complex 1 displayed a single peak at 611 ppm indi-
cating octahedral geometry of tin atom [27,28].

3.1.3 Mass spectroscopy

The formation of metal complexes and the speciation of
various ionic forms in H20 solution were studied with ESI-
MS. The spectra of the complexes 1 and 2 displayed prominent
peaks corresponding to the molecular ion fragment at 499.2
and 436.2, respectively. Major peaks at m/z: 357.1 and 249.1
were observed for complex 1 corresponding to the frag-
ments [CioH22N1O7 Cl2 Sn -4H20 - 2Cl], and [CioH2N4O7 Cl2 Sn
—4H20 - 2Cl - OPD]. The complex 2 exhibited peaks at m/z:
329.1 and 221.1 ascribed to the fragments [CioHisN«OsZrCl—
2H:0-2Cl] and [C10H1sN4OsZrCl-2H-0 -2Cl- OPD], respec-
tively.
3.1.4 Electronic spectra

The electronic absorption spectra of complexes 1 and 2
were obtained in the region 200—- 1100 nm at room tempera-
ture. The electronic spectrum of free dipeptide displayed in-
tense absorption bands at 220 nm due to an n — 7* transition
which was shifted to ~230 nm upon coordination with metal
ions, and has been assigned to a N-—(5n/Zr) ligand to metal
charge transfer (LMCT) transition (Dehand et al., 1979). A
broad band at 278 nm was attributed to T — 7* transitions of
carboxylate group (COO-) of dipeptide to the metal ion
(charge transfer transition).

3.2 DNA binding studies
3.2.1 Electronic absorption titration

Electronic absorption spectrum is one of the most common-
ly used tools for the study of the development of the binding
of DNA with metal complexes. The absorption spectra of
complexes 1 and 2 in the absence and presence of CT-DNA at
constant concentration of complexes are shown in Fig. 1(a, b).
The complexes 1 and 2 exhibited intraligand absorption bands
in the UV region at 230 and 278 nm, respectively. On addition

of CT-DNA (increasing concentration [(0.066-0.333)x10-* M] to
complexes 1 and 2, there is a sharp hyperchromism with a
significant blue shift of~3-5 nmin the absorption bandattribut-
ed to the electrostatic binding mode and stabilization of the
complex—-DNA adduct [29,30]. Moreover, 'hyperchromic' effect
reflects the corresponding changes of DNA in its conformation
and structure after the complex-DNA interaction has taken
place due to (i) external contact (surface binding) with the du-
plex through hydrogen bonding interactions between coordi-
nated -NH: and oxygen atoms of the ligands with the edge of
DNA bases which are accessible both in the major and minor
grooves, (ii) coordinate covalent binding to N7/N3 of the base
pairs of DNA due to the replacement of the labile water mole-
cule. Also, the presence of aromatic moieties could facilitate
partial intercalation by insertion of the complexes into the ad-
jacent base pairs of DNA.

To evaluate the binding ability of the complexes 1 and 2
with CT- DNA, the intrinsic binding constants Kv of the com-
plexes were determined from Wolfe-Shimer Eq. (1) by moni-
toring the changes in absorbance bands with increasing con-
centration of CT-DNA [31]:

[DNA] _ [DNA] 1

[5a_3f]_[5b_5f] Kole, —&¢]

Where [DNA] represents the concentration of DNA, ¢4, ¢f

and ¢ are the apparent extinction coefficient Aws/[M], the ex-
tinction coefficient for free metal complex and the extinction
coefficient for metal complex in the fully bound form, respec-
tively. In the plots of [DNA]/e. —¢f versus [DNA], K is given by
the ratio of the slope to the intercept. The binding constant
obtained for 1 and 2 were found to be 5.17x10* and 2.64x10*
M, respectively.The Ki values revealed that 1 exhibited great-
er propensity towards CT DNA than 2, thereby shows strong-
er binding affinity.
To further investigate the selective recognition and validate
the binding mode of the complexes 1 and 2 withCT-DNA via
electrostatic binding, the interaction of complexes 1 and 2 was
carried out with nucleotide 5'-GMP. The absorption spectra of
complexes 1 and 2 in presence of 5-GMP are shown in Fig.
2(a, b). On addition of 5'-GMP to the complexes 1 and 2, there
was a sharp increase “hyperchromic” effect in the absorption
bands at ~278 nmwith no shift in absorbance. This observation
supports the binding of metal (Sn/Zr) complexes via electro-
static interaction mode as observed in case of CT DNA. The
intrinsic binding constant K» values for 1land 2 were found to
be 3.4x10* and 1.77x10*M, respectively and the extent of
binding of Sn(IV) 1 and Zr(IV) 2 was of the order 1> 2, respec-
tively which revealed higher preference of Sn(IV) complex to
the 5-GMP as compared to Zr(IV) complex.
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Fig. 1. Absorption spectral traces of complexes (a) 1, (b) 2in
5mM Tris HCl / 50 mM NaCl buffer at pH 7.2 upon addi-
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perimental data points; full lines, linear fitting of the data.
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(0.067x10~*- 0.33 x10*M) in buffer (5mM Tris—-HCI/50 mM
NaCl, pH= 7.2) at room temperature. Inset: plot of [5'-
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Fig. 3. Emission spectra of EB bound to DNA in the absence and
presence complexes (a) 1, (b) 2 in 5 mM Tris—=HCI/50 mM NaCl

ffer. Arrows show the intensity changes upon increasing concen-

tration of the complex. Inset: Plots of lo/lvsr (= [complex]/ [DNA]).

(m) experimental data points; full lines, linear fitting of the data.

3.2.2 Ethidium bromide displacement assay

In the absence of CT-DNA, no luminescence was observed
for complexes 1 and 2 eitherin aqueous solution, in any organ-
ic solvent or in the presence of DNA. Hence, the binding of
complexes 1 and 2 with CT-DNA cannot be directly predicted
through the emission spectra. Therefore, interaction of the
complexes 1 and 2 with CT-DNA was carried out by acompet-
itive binding experiment using ethidium bromide (EB) as a
probe.EB (3,8-diamino-5—-ethyl-6-phenylphenanthrium bro-
mide), a phenanthridine fluorescence dye, is a typical probe
for intercalation (Wilson et al., 1993) form soluble complexes
with CT-DNA and emits intense fluorescence when intercalat-
ed into the base pairs of DNA [32]. The addition of the com-
plexes to DNA pretreated with EB ([DNA]/[EB] =1) solution
caused an appreciable reduction in fluorescence intensity due
to replacement of EB by the complexes [33]. The complexes 1
and 2 showed decrease in the emission intensity of EB-DNA
system Fig. 3(a, b), which indicated that the complexes 1 and 2
were bind to DNA wvia electrostatic interactions releasing EB
molecules gradually from the EB-DNA system [34]. The
quenching efficiency for each complex was evaluated by using
Stern—Volmer equation:

I/I=1+ Ksv.r 2

Where Io and I represent the fluorescence intensities in the
absence and presence of the complexes 1 and 2 respectively; r
is the concentration ratio of the complex to DNA, and Ksv is
used to evaluate the quenching efficiency and is obtained as
the slope of Io/Ivs. r (=[complex]/[DNA]). The Ksv value for the
complexes 1 and 2 were found to be 2.25 and 1.51, respectively,
the maximum value obtained for complex 1 is in agreement
with its highest Kv value, i.e. Complex 1 binds to CT-DNA
very strongly, hence maximum quenching.

3.2.3 Circular dichroism

The circular dichroism pattern observed for CT-DNA pro-
vide further and definitive conformational of the DNA bind-
ing event with complexes 1 and 2.The CD spectrum of CT-
DNA exhibits a positive band at 278 nm (UV: Amax, 260 nm)
due to base stacking and a negative band at 240 nm due to the
right-handed helicity of B-DNA form which are quite sensi-
tive to the mode of DNA interactions with complexes. Groove
binding and electrostatic interaction of the complexes with
DNA are known to exhibit only marginal changes in the inten-
sity of both negative band as well as the positive band of
DNA. On the other hand, intercalators are known to enhance
the intensities of both these bands [35]. The CD spectrum of
DNA exhibited decrease in intensity of both positive and nega-
tive bands when the complexes 1 and 2 were incubated with
CT DNA suggesting that the complexes could unwind the
DNA helix and lead to loss of helicity. Incubation of B-DNA
with complexes 1 and 2 induced marginal changes both in its
positive and negative bands retaining the basic shape which
suggested that the binding of the complexes retained B-
conformational form of DNA [36] revealing the electrostatic
binding mode and groove binding interactions consistent with
the other DNA binding studies.
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Fig. 4. CD spectra of (a) CT DNA alone, (b) in the presence of
1, (c) in the presence of 2. [Complexes] =1 x 10* M, [DNA]=1
x 107 M.

3.3 DNA cleavage assay
3.3.1 DNA cleavage without added reductant

In order to assess the chemical nuclease activity of com-
plexes 1 and 2, agarose gel electrophoresis was performed us-
ing pBR322 plasmid DNA as a substrate in a medium of 5 mM
Tris—-HC1/50 mM NaCl buffer, at pH 7.2 without addition of
any reductant. When circular plasmid DNA was subjected to
gel electrophoretic mobility assays, relatively fast migration
was observed for the intact supercoiled Form (I). However, if
scission of DNA occurs atone strand (nicking), the supercoiled
DNA converted into a slowermoving open/nicked circular
Form (II). If both strands cleaved, a linear Form (III) was gen-
erated [37]. A concentration dependent DNA cleavage by
complexes 1 and 2 was first performed in which pBR322 DNA
(300 ng) was incubated at 310 K for 45 min. As shown in Fig. 5,
with the increase of concentration of 1 and 2, DNA was con-
verted from Form I (Supercoiled Form) to Form II (Nicked
Circular Form) and then to Form III (Linear Form), which in-
dicates that the complexes are capable of performing direct
double strand scission of DNA.
3.3.2 In presence of activators

The mechanistic pathway of DNA cleavage mediated by
complexes was investigated by gel electrophoresis in the pres-
ence of various activators viz., glutathione (GSH), ascorbic
acid (Asc), hydrogen peroxide (H20z) and mercaptopropionic
acid (MPA){Fig.5 (a)}. The cleavage activity of 1 and 2were
significantly enhanced by these activators and follows the or-
der MPA > H202>Asc> GSH for 1, while 2 follows the order
MPA >Asc> H20:>GSH.

3.3.3 Effect of radical scavengers on DNA cleavage

In order to investigate the role of reactive oxygen species in
the cleavage activity of DNA, comparative DNA cleavage ex-
periments in the presence different common scavengers such
as DMSO and Ethyl alcohol (hydroxyl radical scavengers),
NaN; (singlet oxygen scavenger) and SOD (superoxide oxygen
scavenger) were used prior to the addition of 1 and 2 to DNA
solution.. As shown in Fig. 5(b) the cleavage activity 1 and 2
was reduced dramatically in the presence of hydroxyl radical
scavenger’s ethyl alcohol and DMSO Fig. 6(a), indicating that
the freely diffusible hydroxyl radical is one of the intermedi-
ates involved in the DNA scission process. On the other hand,
addition of NaNs and SOD (Lanes 2, 3 for 1 and Lanes 6, 7 for
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2, 4 respectively), also do not attenuate the DNA strand

scission and even in presence of SOD the cleavage reaction
was quite enhanced.These results suggested that hydroxyl
radicals, singlet oxygen and superoxide anion radicals are not
involved in the DNA cleavage system.Since the complexes 1
and 2are able to cleave DNA in the absence of any reducing
agent, it might be assumed that a discernible hydrolytic path
might cleave DNA.

3.3.4 DNA cleavage in presence of recognition ele-
ments (groove binding)

DNA recognition elements, minor groove binding agent
(DAPI) and major groove binding agent (Methyl Green)
[38,39] were used to probe the potential interacting sites of
complexes 1 and 2with pBR322 DNA Fig. 6(b). The cleavage
patterns, demonstrated that in presence of methyl green DNA
cleavage activity is affected significantly, suggesting that mi-
nor groove are involved in the complex—-DNA interactions.

ey Form 11
ey Form 111
e Form 1

1 2 3 4 5 6

ey Form 11
ety Form 111

e Form |

Fig. 5(a). The cleavage patterns of the agarose gel electrophoresis
diagram showing cleavage of pBR322 supercoiled DNA (300 ng) by 1
and 2 at 310 K after 45 min of incubation; Lane 1, DNA control; Lane
2,5 uM of 1+ DNA; Lane 3, 10 uM of 1 + DNA; Lane 4: 20 uM of
2+ DNA; Lane 5: 30 uM of 1+ DNA; Lane 6: 40 uM of 2 + DNA.

— Form II

w—p Form I

i1 2 3 4 % & 7T & 9

Fig. 5(b). Agarose gel electrophoresis pattern for the cleavage of
pBR322 supercoiled DNA (300 ng) by 1 and 2 in presence of different
activating agents at 310 K after incubation for 45 min. Lane 1: DNA
control; Lane 2: 40 1 + H,O; (0.4 M) + DNA; Lane 3: 40 uM of 1 +
Ascorbic acid (0.4 M) + DNA; Lane 4: 40 pM of 1 + MPA (0.4 M) +
DNA; Lane 5: 40 uM of 1 + GSH (0.4 M) + DNA; Lane 6: 40 uM of 2
+ H,0, (0.4 M) + DNA; Lane 7: 40 uM of 2 + Ascorbic acid (0.4 M) +
DNA; Lane 8: 40 uM of 2 + MPA (0.4 M) + DNA; Lane 9: 40 uM of
2+ GSH (0.4 M) + DNA.

IJSER © 2021
http://www.ijser.org



http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021

ISSN 2229-5518

3.4. Molecular docking with DNA

Recently, molecular docking techniques are widely used to
visualize experimental structures available for the drug-DNA
interactions in rational drug design, as well as in the develop-
ment of small molecule therapeutics. Targeting the minor
groove of DNA through binding to a small molecule has long
been considered an important tool in molecular recognition of
a specific DNA sequence [40-42]. In order to get more insight
into the mode of binding, complexes 1 and 2 were successively
docked with DNA duplex of sequence d(CGCGAATTCGCG):
dodecamer (PDB ID:1BNA), and provide an energetically fa-
vorable docked pose that is shown in Fig. 7 (a, b). The results
shows that complexes 1 and 2 interacts with DNA via an elec-
trostatic mode involving outside edge stacking interactions
with the oxygen atom of the phosphate backbone of DNA. In
this model, complexes 1 and 2 are snuggly fitted into the curve
contour of DNA minor groove in the G-C(~ 13.2 “A) ones, and
slightly bends the DNA in such a way that a part of the aro-
matic rings of o—phenylenediamine ligand makes more effec-
tive m—m stacking

Fig. 6(a). Agarose gel electrophoresis pattern for the cleavage of
PBR322 supercoiled DNA (300 ng) by byl and 2 in presence of
Reactive oxygen species at 310 K after incubation for 45 min.
Lane 1: DNA control; Lane 2: 40 uM of 1 + tert-butyl alcohol (0.4
M) + DNA; Lane 3: 40 uM of 1+ DMSO (0.4 M) + DNA; Lane 4:
40 pM of 1+NaNs (0.4 M) + DNA; Lane 5: 40 uM of 1+ SOD (15
units) + DNA; Lane 6: 40 uM of 2 + tert-butyl alcohol (0.4 M) +
DNA; Lane 7: 40 uM of 2 + DMSO (0.4 M) + DNA; Lane 8: 40
uM of 2+ NaNs (0.4 M) + DNA; Lane 9: 40 uM of 2 + SOD (15
units) + DNA.

ey Form 11

=—p Form I
1 2 3 4 5
Fig. 6(b). A garose gel electrophoresis pattern for the cleavage of
PBR322 supercoiled DNA (300 ng) by byl and 2 in presence of
DNA minor binding agent DAPI and major binding agent me-
thyl green at 310 K after incubation for 45 min. Lane 1, DNA
control; Lane 2, 40 uM of 1 + DNA + DAPI (8 mM); Lane 3, 40 uM of
1 + DNA + methyl green (2.5 mL of a 0.01mg/ml solution); Lane 4, 40

uM of 2 + DNA + DAPI (8 mM); Lane 3, 40 uM of 2 + DNA + me-
thyl green (2.5 mL of a 0.01mg/ml solution).

11

and m—cation interactions between DNA base pairs and
lead to van der Waals interaction with the DNA functional
groups which define the stability of groove. Moreover, the
dipeptide ring of the complexes were arranged in a parallel
fashion with respect to the deoxyribosegroove walls of the
DNA and was stabilized by hydrogenbonding (2.8-3.8 A) be-
tween the amino group and DC11 residue (3.11°A), chlorine
and DC16 residue (3.27°A) for complex 1 whereas carbonyl
group of peptide shows strong hydrogenbonding with the
DC23 residue at a distance of 3.07°A for complex 2 in the GC
region of the minor groove. The resulting relative binding en-
ergy of docked metal complexes 1 and 2 with DNA were
found to be —260.6 and -218.8 kJ mol, respectively. This value
is consistent with the high binding constant obtained from
spectroscopic titration and groove binding in presence of mi-
nor groove binder DAPI and major groove binder MG from
DNA cleavage studies.

DG16

(a) |

- -

Fig. 7. Molecular docked model of complexes (a) 1 and (b) 2
with  DNA  dodecamer duplex of sequence
d(CGCGAATTCGCG): (PDB ID: 1BNA).

Fig. 8. Molecular docked model of complexes (a) 1 and (b) 2
showing chemically significant hydrogen-bonding with DNA
dodecamer duplex of sequence d(CGCGAATTCGCG): (PDB
ID: 1BNA).
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4 CONCLUSION

We describe herein, the synthesis and characterization of
newtin(IV) and zirconium(IV) complexes 1 and 2, respectively
derived from the dipeptide (glygly) and o—phenylenediamine
ligand scaffold. The tin(IV) complex 1 shows electronic analo-
gy to zirconium(IV) complex 2 ,therefore their comparative
DNA binding propensity was evaluated by employing various
biophysical techniques. The spectroscopic binding titrations
show that 1 was more avid DNA binding agent as compared
to 2. The cleavage efficiency of 1 and 2 was demonstrated with
pBR322 plasmid DNA and it was observed that both the com-
plexes undergo prominent double-strand DNA cleavage in a
concentration dependent manner by the hydrolytic pathway.
Both complexes are highly efficient nuclease agents due to its
ability to perform direct double strand cleavage. Double-
strand breaks in DNA duplex are thought to be more signifi-
cant sources of cell death and genomic instability than single
strand breaks, as they are less readily repaired by DNA repair
mechanisms.These studies were additionally validated by
computational docking technique with target molecules to
examine its mode of DNA binding and the studies revealed
the electrostatic interaction, in addition to selective binding
towards the minor groove of DNA in G/C rich sequences.
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