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Abstract A new chemo sensor 2-(4-
methylbenzylideneamino)-isoindoline-1,3-dione (PDB) was
synthesized and characterized by UV—Vis., IR, 'H NMR,
'3C NMR spectral and elemental analysis. Its photophysical
properties in organic solvents with different polarity were
studied. The sensitivity of the PDB in different pH solutions
was investigated and the results indicated that PDB would be
able to act as an efficient “off-on—off” switch for pH. This
chemosensor displayed high selectivity towards Cu®" in the
presence of metal ions Ba®*, Cd**, Co®*, Hg**, Ni**, Pb*" K"
and Zn*" in DMF/H,O solution. Furthermore DNA binding
and molecular docking studies were also carried out to inves-
tigate the biological potential of the test compound. The inter-
action of compound (PDB) with Ct-DNA was examined by
absorption, CD spectroscopy, cyclic voltammetry and
viscosity measurements. In silico studies revealed that
the test compound (PDB) showed good affinity towards
the target receptor d (CGCGAATTCGCG), with the
binding energy of —7.70 kcal/mol.
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Introduction

Over the past years, design and development of molecular
sensors for the detection of anions and cations has been the
subject of great interest in research due to their high sensitivity
and rapid response. Copper is an essential biometal considered
as the third most abundant trace element in the human body
after iron and zinc, plays a vital role in a variety of physiolog-
ical processes including oxygen transportation, hormone mat-
uration, signal transduction [1]. Though copper is a significant
component due to its established role in biological systems,
accumulation of high doses of copper is extremely toxic [2].
Therefore, there is a considerable need for the development of
novel methods to recognize the copper ions in biological and
chemical systems. A variety of techniques has been reported to
detect Cu®" ions such as atomic absorption spectrometry
(AAS), inductively coupled plasma-atomic emission spec-
trometry (ICP-AES) and inductively coupled plasma-
mass spectrometry (ICP-MS) [3-5]. However enormous
cost of infrastructure maintenance and operative expen-
diture related to these techniques has stimulated the
search for new methods. In recent years, photo physical
methods for the detection of metal ions have attracted
tremendous attention because of their highly sensitivity,
specificity, simplicity and low-cost instrumentation [6, 7].
Literature is enriched with a number of mechanisms for sens-
ing signaling processes such as intra-molecular charge trans-
fer, photo-induced electron transfer (PET), excimer/exciplex
formation, ground-state charge transfer and excited-state pro-
ton transfer [8].

Schiff bases containing nitrogen and other donor atoms
have been extensively studied in coordination chemistry.
Schiff bases also gained significant interest in medicinal
chemistry because they have potential antibacterial [9], anti-
fungal [10], and antiviral applications [11]. A great number of

@ Springer


http://dx.doi.org/10.1007/s10895-015-1664-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s10895-015-1664-4&domain=pdf

1764

J Fluoresc (2015) 25:1763-1773

Schiff bases have been demonstrated as molecular sensors for
the recognition of metal ions due to their ability to
completely bind metal ions and to stabilize them in
various oxidation states. Recently, copper selective fluo-
rescent probe has been reported by Kumar et al. [12].
Shellaiah and co-workers reported an anthracene-based Schiff
base fluorescent turn-on sensor for copper [13]. Since Cu** is
a paramagnetic nature, it quenches fluorescence emission of
nearly all fluorophores through electron or energy transfer
mechanism [14].

Phthalimides are an important class of heterocyclic com-
pounds has received special attention of chemists in organic,
medicinal, analytical and coordination chemistry. Phthalimide
and their derivatives possess a wide range of biological activ-
ities including antimicrobial [15], antitumour [16] and DNA
cleaving activities [17]. Several phthalimide containing com-
pounds have also been described as molecular sensors for the
recognition of cations and anions [18]. This may be attributed
to their photostability, high fluorescence yields, strong absorp-
tion and emission in the UV—vis. region. Recently, 4-
benzoylamido-N-methylphthalimide and urea activated
phthalimide chemosensor has been designed and developed
for selective detection of fluoride ions (Fig. 1) [19, 20]. Based
on the above considerations, in this article we report a novel
chemosensor sensitive to solvent polarity, pH and selective to
Cu*" ions. To the best of our information, there has been no
report on the development of chemosensor for monitoring
Cu”" ions based on phthalimide derivatives conjugated to
the Schiff base moiety.

Various analytical methods have been employed for the
detection of DNA-drug interactions ranging from fluores-
cence spectroscopy [21], UV-visible spectroscopy [22], nucle-
ar magnetic resonance [23], electrochemistry [24], circular
dichroism [25] and hydrodynamic measurements [26]. The
efficiency of anticancer drugs may be attributed to their
DNA-interacting capabilities. Therefore, investigating
the interactions of small molecules with DNA has been
paid more attention in the cancer chemotherapy.
Molecular docking study occupied a unique position in
modern drug designing, as it provides detailed informa-
tion about drug-receptor interactions to predict the bind-
ing orientation of drug candidates to their target proteins
[27]. To provide an insight into biological efficacy of newly
synthesized molecule, it was also subjected to DNA
binding and docking studies against dodecamer
d(CGCGAATTCGCG),.

Herein, we describe the synthesis and spectroscopic prop-
erties of phthalimide derivative containing Schiff base moiety
for detection of Cu”" ions. In the present study, cyclic volt-
ammetry, viscosity measurements, UV—visible and CD spec-
troscopic techniques are used to determine binding modes,
hydrodynamic and conformational changes of PDB-DNA
complexes in ethanol solution.
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Experimental Section
Materials and Methods

All reagents were used as purchased from Sigma-Aldrich. The
solvents were of spectroscopy grade and used without further
treatment. The reaction was monitored by thin layer chromatog-
raphy using UV cabinet for visualization. Yield percent was of
purified product and was not optimized. Melting point was re-
corded using an electro-thermal melting point apparatus and
were uncorrected. Electronic spectra were obtained on a Perkin
Elmer Lamda 40 UV-Visible spectrophotometer. IR spectra were
recorded in the range of 4000-400 cm™' on a Perkin Elmer
Spectrum RXI IR Instrument as KBr discs. '"H NMR spectra
were recorded on Bruker DPX-300 NMR spectrometer operat-
ing at 300 MHz using DMSO-dg as solvent. Fluorescence spec-
tra were achieved with Jobin-Yvon Fluorolog 3-22 spectrofluo-
rometer using 450 W xenon lamp and R928P PMT as the exci-
tation source and detector, respectively. CD spectra were obtain-
ed on a Chirascan CD spectropolarimeter. Cyclic voltammetry
measurements were made on a DY2312 potentiostat.

Synthesis

Preparation of 2-(4-methylbenzylideneamino)
-isoindoline-1,3-dione (PDB)

N-aminophthalimide (0.324 g, 2 mmol) was suspended in boil-
ing glacial acetic acid (20 mL), followed by the addition of
solution of p-dimethylamino benzaldehyde (0.30 g, 2 mmol)
in ethanol (15 mL). The reaction mixture was stirred with
heating for 6 h. After cooling the solution, the resulting brown
precipitate was filtered, washed with cold ethanol. Finally the
compound dried in a vacuum desiccator over fused calcium
chloride. Brown solid; Yield 64 %; mp: 242 °C; UV Apax
(nm): 340, 235; IR ax (cm'): 2948, 2831 (C-H), 1773,
1704 (C=0), 1544 (C=N), 724 (Ar-H); '"H NMR (300 MHz,
DMSO-dg) 6 in ppm: 8.843 (s, 1H, N=CH), 8.031-8.133 (m,
2H, Ar-H), 7.833-7.863 (d, 2H, J=9.0 Hz, Ar-H), 7.658-7.687
(d, 2H, J=8.7 Hz, Ar-H), 6.773-6.802 (d, 2H, J=8.7 Hz, Ar-H),
3.012 (s, 6H, N-CH3); >C NMR (100 MHz, CDCl5) & in ppm:
166.52,154.34,149.61, 134.23, 131.95, 130.27, 125.16, 123.42,
110.98, 40.02; Anal. Calcd. for C{7H;5N30; (293.12): C, 69.61;
H, 5.15; N, 14.33. Found: C, 69.65; H, 5.13; N, 14.29.

DNA Binding Studies

Absorbance Measurements

The absorption spectral titrations were performed in Tris—
HCI/NaCl buffer (0.01 M, pH 7.2) by varying the concentra-

tions of the DNA while fixing the sample concentration at
4.2x107> M. The absorption spectra were measured at
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Fig. 1 Structure of (i)
4-benzoylamido-N-
methylphthalimide (ii) urea
activated phthalimide

®

298 K over a wavelength range of 190400 nm. The concen-
tration of Ct-DNA in the stock solution was determined by
UV absorbance at 260 nm by taking the molar extinction co-
efficient value €,50=6600 L mol ' cm '. The absorbance of
Ct-DNA in buffer at 260 and 280 nm gave a ratio of 1.9:1
indicating that DNA was free from protein. The solutions were
allowed to equilibrate for 10 min before the absorption spectra
were recorded. Equal amount of DNA was added to both the
reference and the test solutions to eliminate the absorbance of
nucleic acid itself at the measured wavelength.

Circular Dichroism Spectra Studies

Circular dichroic experiments were carried out using a rectan-
gular quartz cell of 1 cm path length at 20+£0.5 °C. The CD
spectra of Ct-DNA (25 mM) in the absence and presence of
the test compound (25 mM) were determined at room temper-
ature in 5 mM Tris—HCl/ 50 mM NaCl buffer (pH 7.2) Each
CD spectrum was obtained by averaging three successive
scans and all observed CD profiles were corrected for the
buffer signal.

Viscosity Measurements

The viscosity of Ct-DNA in the absence and presence of the
target compound in the 5 mM Tris—HCl/ 50 mM NaCl buffer
solution (pH=7.2) was measured using Ostwald capillary vis-
cometer maintained at 25+0.1 °C. Hydrodynamic measure-
ments were performed by maintaining the DNA concentration
(4x 107> M) as constant while varying the concentration of the
compound within the range of 0.4—-1.6x107> M. The data
were reported as (/n°)"* versus the molar ratios, where 1°
and 1 are the specific viscosities of Ct-DNA alone and the
PDB—Ct-DNA complex. Viscosity values were determined
from the observed flow time of DNA-containing solutions
(t) and corrected for buffer solution (ty), 1= (t—to)/to.

FElectrochemical Studies

Electrochemical studies were performed in a single compart-
ment cell with a three-electrode configuration, glassy carbon

N—Me

(ii)

working electrode, platinum wire auxiliary electrode and sat-
urated calomel as a reference electrode. The glassy carbon
electrode was polished with alumina powder and the
solution was deoxygenated with nitrogen gas for
20 min prior to each experiment. Cyclic voltammetry
for compound (PDB) was carried out in the absence and pres-
ence of DNA in Tris-buffer (pH 7.5) and NaCl (20 mM) as
supporting electrolyte. All the experiments were carried out at
a scan rate 50 mVs ™ in the potential range +1.0 to —1.0 V at
room temperature.

Molecular Docking Studies

Docking studies of PDB were carried out on the
dodecamer d(CGCGAATTCGCG), (PDB ID: 1BNA),
to determine the biological efficiency of this compound.
The ligand was sketched in ChemDraw Ultra 8.0
assigned with proper 2D orientation (ChemOffice pack-
age) and was converted to energy minimized 3D struc-
tures for in silico protein—ligand docking using “Auto-
Dock Tools” [28]. The Protein Data Bank retrieved
crystal structure of the synthetic DNA dodecamer d
(CGCGAATTCGCG), (PDB ID: 1BNA) [29]. The
docking parameters including free binding energy, elec-
trostatic energy, intermolecular energy and torsional free en-
ergy were calculated.

Results and Discussion
Chemistry

We report here an efficient method for the synthesis of
novel phthalimide derivative (PDB) was given in
Scheme 1. The electronic spectra of the synthesized
compound were recorded in the range 200-600 nm in
EtOH solvent. In particular, the bands appeared in the
UV-Vis. spectrum of PDB at 300-400 nm can be at-
tributed to the excitation of electrons of azomethine
C=N group [30]. In this study, the peak observed at 240 nm
is attributed to the 7t-7t* transition of the phenyl rings and
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Scheme 1 Synthetic
procedure of 2-(4-
methylbenzylideneamino)-
isoindoline-1,3-dione (PDB)

Glacial Acetic acid,
Ethanol, 6h

352 nm peak is assigned to the 7t-7t* transition of azomethine
(CH=N) group.

The FT-IR spectra of the title compound were recorded in
the 4000400 cm ™' region. The IR spectrum of the synthe-
sized compound exhibited characteristic signal at 1544 cm ',
which is assigned to the azomethine group corroborated well
with the proposed structure. The bands observed at 1704—
1773 cm™', can be attributed to C=0O stretching vibrations
(See supporting information, Fig. S1).

The 'H NMR spectra were recorded in DMSO-dg solvent
and representative spectra is given in Fig. 2. "H NMR spec-
trum of compound (PDB) showed two doublet peaks at 7.68
and 6.80 correspond to aromatic protons. The phthalimide
ring protons exhibit multiplets in 8.13—7.83 ppm range.
While a sharp signal appears at 3.01 ppm corresponds to
CH; proton. The signal due to azomethine group observed
as singlet at 8.84 ppm indicates the formation of Schiff base
compound. Furthermore, the appearance of a signal at
149 ppm in the '*C NMR spectrum of PDB confirms the
formation of proposed Schiff base framework. The aromatic
signals for PDB were observed in 110-134 ppm range.
Moreover, the signal due to CH; was obtained at 40 ppm.

The Influence of Solvents on UV-vis. and Fluorescence
Spectra

The photophysical sensitivity of PDB towards various
solvents of different polarity was studied in order to
find out its spectral properties in organic solvents. The
absorbance and fluorescence spectra of PDB in different
solvents were shown in Fig. 3 and its photophysical
characteristics were presented in Table 1. It can be
clearly seen from Fig. 3 that upon increasing the polar-
ity of the solvent there was a red-shift in absorbance
and fluorescence maxima of compound PDB. For exam-
ple, the maximum absorption in acetone and dimethyl
formamide was located at 356 nm whereas the maxi-
mum absorption in diethyl ether and cyclohexane has
a blue shift in a range of 8 nm respectively. In addition,
it exhibited strong fluorescence in nonpolar solvents
such as cyclohexane and diethyl ether while in polar
solvents, the fluorescence intensity of compound
(PDB) was considerably diminished. The observed
bathochromic shift in polar solvents, indicating that the
singlet excited state is more polar than the ground state.
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Fig. 2 "H NMR spectra of 2-(4-(dimethylamino)benzylideneamino)-Isoindoline-1,3-dione (PDB)
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Fig. 3 a Absorbance spectra of the PDB. b Fluorescence emission
spectra of PDB in different solvents

Since the dipole moment of the molecule is increased
upon excitation, the excited molecule is better stabilized
in polar solvent, due to large dipole—dipole interactions and
intermolecular hydrogen bonds between PDB and solvent
molecules [31].

Table 1  Photophysical characteristics of compound PDB in different
solvents

Solvent Aabs (nm) Absorbance At (nm) Intensity
DEE 3475 0.883 424 778.7
CYH 348.5 1.207 427 582.7
ACT 3515 0916 425 130.7
ACN 356.5 0.726 427.5 101.3
DMF 356 0.812 431 61.89
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Fig.5 a The absorption spectrum of PDB and in the presence of different
metal ions (5 eq) in DMF/ H,O (1:1, v/); b The absorption spectrum of
PDB in ethanol solution at different [Cu2+]=(1 ,2.5,5,6.5,7.5,8.5,9 and
10 eq.); [PDB]=1.2x10° M
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Fig. 6 a The fluorescence spectrum of PDB and in the presence of
different metal ions (5 eq) DMF/ H,O (1:1, v/v). b The fluorescence
spectrum of PDB in ethanol solution at different [Cu®"] (1, 2.5, 5, 6.5,
7.5,8.5 and 10 eq); [PDB]=12x10° M

The Effect of pH on the Fluorescence Spectra

The effect of pH on its fluorescence spectra was studied in a
range from 2 to 12. As can be seen from the Fig. 4, the fluo-
rescence emission of the probe in acidic medium is low. Upon
increasing the pH of the medium from 2 to 6, the emission
became blue shifted with greater intensity enhancement.
While in 6 to 8 pH range, the enhanced fluorescence intensity
was gradually decreased. However, further increasing from 8
to 12 the fluorescence intensity of PDB decreased significant-
ly. The changes in the fluorescence intensity as a function of
pH for compound PDB was probably due to the protonation of
imine (C=N) nitrogen that would affect the ICT interaction,
subsequently the emission would be quenched in the acidic
medium. The quenching of the luminescence of the test com-
pound could be also attributed to the damage of C=N bond of

@ Springer

Schiff base in low or high pH value [32]. The fluorescence
intensity of PDB displayed steady signals in the pH range
from 4 to 8. Therefore, the experiments followed have been
carried out in nearly neutral solution of pH 6.8.

Selectivity and Sensitivity of PDB to Metal lons
Absorbance Spectroscopic Studies

The absorbance sensitivity of PDB towards metal ions such as
Ba®’, Cd*', Co**, Hg*", Cu®’, Ni**, Pb*", K" and Zn*" was
primarily investigated. The absorbance spectrum of PDB
displayed two characteristic peaks at 240 and 352 nm in
DMF/ H,O solution. As can be seen in Fig. 5, upon addition
of 5 equivalents of metal ions Ba?", Cd**, Co*", Hg2+, cu*,
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Ni**, Pb*", K* and Zn*" to the solution containing 1 equivalent
of PDB, a slight decrease in band intensity with no marginal
shift in peak positions was observed. However upon the addi-
tion of Cu?" with the same concentration, a marginal
bathochromic shift of the band at 240 with a slight decrease
in band intensity in the absorption band at 352 was observed.
Furthermore, with the progressive addition of various concen-
trations of Cu®" ions to ethanol solution of PDB with a fixed
concentration, the absorbance of PDB at 340 nm was gradually
increased with a concomitant new peak centered at 430 nm The
enhanced absorption appeared around 340 nm is due to binding
of phthalimide derivative on Cu metal ion. Moreover, a new
absorption band at 430 nm emerged gradually along with the
addition of increased amounts of copper (II) ions (inset of

Fig. 5b). According to the above data, we can conclude that
among the various tested metal ions, copper exhibits consider-
ably stronger complexation with the probe.

Fluorescence Spectroscopic Studies

The sensitivity of PDB towards Cu®" over other transi-
tion metals was further investigated by means of
flouremetric titrations. The fluorescence spectrum of
PDB displayed characteristic peak at 410 nm. As can
be seen in the Fig. 6a, no Significant spectral changes
were observed in the presence of Ba®', Cd*", Co?",
Hg2+, Ni**, Pb**, K and Zn*" which reveals that none
or poor affinities of these metal ions towards the probe.
However, addition of Cu®" induced dramatic increase in
the fluorescence maxima of PDB at 410 nm. The ob-
served fluorescence enhancement can be attributed to
the formation of a complex between Cu®" ions and lone
Pair electrons of imine nitrogen of PDB molecule. The
fluorescence spectra of PDB with various concentrations
of Cu®" were also studied and shown in the Fig. 6b. As
can be seen in the figure, the fluorescence emission of
PDB decreased by increasing the concentration of Cu®" ions.
The fluorescence quenching might be due to the electron
transfer between phthalimide derivative and the Cu®* ion [33].

Selective Binding of Cu**

Competition experiments were also conducted with a purpose
to validate the selectivity of PDB for Cu over other tested
metal ions. The fluorescence intensity of PDB (10 uM) caused
by Cu?", (5 equiv) and other metal ions (5 equiv.) such as

Fig. 9 UV-vis. absorption 3
spectra of compound PDB

(4.2x107> M, red) in the presence

of increasing amount of Ct-DNA 2.5 |

(6.1=7.1x10°° M). The arrow
indicates the absorbance change
upon increasing DNA 5 ]
concentration. The inset is plot
of DNA concentration/ (g, -¢y)
vs DNA concentration for the
titration of DNA to

compound (PDB)
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Fig. 10 CD spectra of Ct-DNA (25 mM) in the absence and presence of
the compound PDB (25 mM), in 5 mM phosphate buffer

Ba®*, Cd**, Co®*, Hg*", Ni**, Pb*" and Zn** in DMF/H,O
were demonstrated in Fig. 7b. It can be clearly seen that Cu®"
induced fluorescence enhancement was not significantly in-
terfered by other metal ions. These findings clearly indicate
that PDB shows high selectivity toward Cu®" over other com-
petitive metal ions.

To further investigate the stoichiometry of the com-
plex, Job’s method for absorbance measurement was
applied with a total concentration of 1x10> mol L'
Cu?" and PDB. A plot of [Cu*']/ {[Cu®']+[PDB]} versus the
molar fraction of Cu?" was provided in Fig. 8. It was
observed that the maximum absorbance was obtained at
0.66, indicating a 1:2 stoichiometry of the Cu”** to PDB
in the complex.

0.96
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0.94 4

o’-\ A
£
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A
0.90 T T T T
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[Compound/DNA]

Fig. 11 Effect of increasing amount of PDB on the relative viscosity of
DNA at pH 7.4 and 25 °C, [DNA]=4x10"> M and [compound]=0.4 —
1.6x10° M
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DNA Binding Studies
Absorption Measurements

The interaction of compound PDB with Ct-DNA was studied
by titrating a constant concentration of PDB with increasing
concentration of DNA. The absorption spectra of PDB exhib-
ited two characteristic absorption bands. It was observed that
the absorbance intensity of PDB at 350 nm increased gradu-
ally without any significant shift of the peak with the increas-
ing concentration of Ct-DNA (Fig. 9). The absorption spectra
of the compound PDB exhibited hyperchromism of 36.14 %
at 350 nm respectively. In particular, hypochromism and
hyperchromism are the spectral features observed during the
spectrophotometric titration of small molecules with Ct-DNA
[34]. It was reported that hyperchromic effect occurs due to
the breakage of the DNA duplex secondary structure whereas
hypochromic effect results from contraction of DNA in the
helix. The results obtained from the UV titration experiments
suggested that the compound bind to Ct-DNA probably via
groove binding modes and the binding caused a slight pertur-
bation to the Ct-DNA molecule [35].

In order to get insight into the DNA binding strength of this
compound, the intrinsic binding constant K;, was calculated
using the following equation [36].

[DNA]
(ea—er)

_ DNA] 1,
= o) +K—b(£b €f)

Where, [DNA] is the concentration of DNA in base pairs, €,
is the extinction coefficient observed for the compound at the
given DNA concentration, ¢ is the extinction coefficient of the

——PDB
—— PDB+DNA
0.00004
0.00000
<
=
-0.00004
-0.00008

T L) T

L)
06 04 02 00 02 -04 -06
E(V)

Fig. 12 Cyclic voltammograms of 3.5x10™* M of compound PDB in
50 mM Tris-buffer, pH 7.5 at 50 mV s~ scan rate without DNA (black)
and with DNA (red)
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Fig. 13 Molecular docked model
of the most favourable binding
site of compound (PDB)

with DNA dodecamer

duplex of sequence
d(CGCGAATTCGCG),

(PDB ID: 1BNA)

compound free in solution, and ¢y, is the extinction coefficient
of the compound when fully bound to DNA. A plot of [DNAY/
(€4 — €p) versus [DNA] gave a slope 1/(e;, — €¢) and Y intercept
equal to 1/Ky, (&, — €y) respectively. The intrinsic binding con-
stant K, is the ratio of the slope to intercept.

The K4, value for compound PDB was calculated and found
tobe 1.53x10° M ', suggesting that PDB has a strong binding
affinity for Ct- DNA.

Circular Dichroism Spectra Studies

CD spectroscopy is most useful technique has been used to
study the changes in DNA morphology during drug—DNA
interactions. The CD spectra of the compound in the absence
and presence of Ct-DNA are illustrated in Fig. 10. The char-
acteristic CD spectrum of B-form DNA mainly consists of a
positive band at 275 nm (due to base stacking) and a negative
band at 245 nm (due to helicity) [37]. In general, electrostatic
and groove binding have little or no effect on DNA base
stacking and helicity whereas, intercalative binding affects
both the positive and negative bands [38]. As depicted in the
Fig. 10, a moderate decrease in both the positive and negative
bands was observed with no significant change in the band
shape. The test compound induced certain conformational
changes of the DNA helix, such as the transformation from a
B-like to a C-like structure. Considering that the binding of
PDB has little effect on the CD spectra of DNA, it can be

concluded that the binding mode of PDB to DNA might be
electrostatic or groove binding.

Viscosity Measurements

To further investigate the interaction of compound (PDB) with
Ct-DNA, viscosity measurements were carried out to observe
the hydrodynamic changes of DNA with the addition of in-
creasing concentrations of compound. The effects of the test
compound on the viscosity of Ct-DNA are shown in Fig. 11.
Intercalative binding of small molecules into DNA base pairs
leads to elongation and/or rigidification of the double helix,
which resulted in a significant increment in DNA viscosity
while partial and/or non-classical intercalation trend to bend
or kink of the DNA helix, resulting reduction in its effective
length, thereby decrease in viscosity [39]. As illustrated in the
Fig. 11, the viscosity of Ct-DNA decreased steadily with in-
creasing concentrations of the compound, indicating that the
compound may interact with Ct-DNA by non-intercalative
mode. The viscosity result clearly reveals that this compound
binds to DNA through groove binding correlated well the
results obtained from UV—Vis. and CD spectroscopy.

Electrochemical Studies

The typical cyclic voltammograms of compound (PDB) in the
absence and presence of nucleic acids in Tris—HCI buffer

Table 2 Molecular docking parameters of PDB with B-DNA dodecamer duplex (PDB ID: 1BNA)

Compound AG (kcal/mol)  E jper-mor (kcal/mol)  E ¢ (kcal/mol)  E orsional (kcal/mol)  Cluster rmsd  Reference rmsd  NB involved in bonding

PDB =7.70

-8.17 0.04 0.82

0.00 26.14 DC-9, DG-16, DA-17
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solutions are shown in Fig. 11. It has been reported that inter-
calation causes positive shift in electrochemical potential
whereas electrostatic interaction trend to the negative shift in
the peak potential [40]. As shown in the Fig. 12, the peak
current was dropped by 31 % for compound PDB with
significant negative shift in peak potential. The drop in
peak current on addition of Ct-DNA can be credited to the
slower mass transfer of the compounds bound to DNA, which
leads to a decrease in concentration of the free compound in
solution [41].

Moreover, negative shifts in peak potential are indicative of
groove binding of test compound with the Ct-DNA [42].
Thus, the results obtained from electrochemical studies further
support the results of hydrodynamic measurements, UV—Vis
and CD spectral studies.

Molecular Docking Studies

Molecular docking analysis of PDB was carried out against
dodecamer d(CGCGAATTCGCG), (PDB ID: 1BNA). The
binding modes of compound were shown in Fig. 13. As illus-
trated in the figure the carbonyl oxygen of phthalimide of PDB
displayed a strong hydrogen-bonding interaction with DNA
bases. In addition, test compound exhibited additional stabili-
zation through hydrophobic and van der Waals interactions
with nearby nucleotides. The summary of docking results was
reported in Table 2. The results of the docking studies reveal
that compound (PDB) fit in the minor groove region (C9/
G16A17) and the minimum binding energy was calculated to
be —7.70 kcal/mol, indicating that the molecule has made stron-
ger interactions with the B-DNA. As a consequence, it can be
concluded that compound (PDB) is a promising candidate for
further study as potential anticancer agent. The encouraging
results from the DNA binding and docking studies impelled
us to go for anticancer and antimicrobial studies of the synthe-
sized compound and further studies are in progress.

Conclusions

In summary, we have developed a novel phthalimide-based
chemosensor sensitive to solvent polarity, pH and selective to
Cu®" ions. The structural characterization of the synthesized
compound was determined by elemental analysis, IR, 'H
NMR, ">C NMR and electronic spectral analysis. The relative
intensity of fluorescence emission maxima depending on sol-
vent polarity, suggesting the compound (PDB) would be able
to act as solvent polarity sensor. The fluorescence intensity of
PDB is quenched at a lower pH when the azomethine group is
protonated, while it increases very sharply from 2 to 6.
Further, upon increasing the pH of the solution the
quenching of the fluorescence intensity was noticed, demon-
strating the high potential of the compound to act as an

@ Springer

effective “off—on— oft” switch for pH. The interaction of
PDB with Ct-DNA was studied in detail by different spectro-
scopic techniques and the evidences have suggested that the
compound could interact with DNA via groove binding. The
docking results indicated that the test compound have shown
good affinity towards the target receptor.

ACN Acetonitrile, ACT Acetone, Ct-DNA Calf-thymus
DNA, CD Circular dichroism, CYH Cyclo hexane, DEE
Diethyl ether, DMF Dimethyl formamide, DMSO Dimethyl
sulfoxide, DNA Deoxyribonucleic acid, /CT Intra molecular
charge transfer
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