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Abstract: Interactions of three synthetic B-carboline derivatives (compound A, compound B and com-
pound C) with three nucleic acids (CT-DNA, y-RNA and t-RNA) have been investigated in the presence
and absence of gold nanoparticles (AuNPs) using fluorescence quenching method and molecular docking
studies. The obtained results were suggested that all the studied compounds showed the intercalative mode
of binding with all nucleic acids in both the conditions. The estimated binding constant values were in the
range of 10°-10” M™! in the absence of gold nanoparticles while in the presence of AuNPs, binding constant
values were found to be in the range of 10*-10° M!. Among all the complexes in both the conditions com-
pound B showed a relatively strong binding affinity with CT-DNA. Molecular docking results indicated
that the hydrogen bonds and Van der Waals interactions have a major role in the complexation to the DNA
oligomers. From the molecular docking studies, it was also found that all the compounds showed the high-
est binding affinity with GC rich instead of AT-rich DNA. From all the above observations, it was found
that all the plausible interactions occur through the intercalation mode.

Keywords: Synthetic B-carbolines derivatives, AuNps, Drug-DNA interactions, fluorescence and molecu-
lar docking

Introduction antiparasitic, antimicrobial, anxiolytic,

antileishmanial, antifungal as well as antitumor
A B-carboline prototype containing natural activities [1-7]. They have recently drawn the
products and synthetic molecules have been attention of the researchers due to their anti-
reported Q1QAZ for their diverse biological tumour activities. These compounds inhibit
activities. These activities include antioxidative, the activity of Topisomerase and Cyclin-
sedative, hypnotic, anticonvulsant, antiviral, Dependent Kinase (CDK) etc. They also
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showed intercalative mode of binding with
DNA. Impressed by the biological activities of
natural B-carboline alkaloids such as harmine,
harmane, harmaline etc., scientists have
designed synthetic B-carboline derivatives. It
has been described that tetrahydro-B-carboline-
tetrazole hybrids behaved as powerful anti-
leishmanial agents [8-10] and might show other
biological activities as well.

Natural p-carboline drugs show various
pharmacological activities but in order to
increase their efficacy, several research groups
have focused to develop synthetic derivatives of
B-carboline. These synthetic derivatives [Fig. 1]
were synthesized by the chemical alteration of
compounds by introducing a chemical moiety.
An array of 9-substituted B-carboline derivatives
were synthesized from the preliminary material
harmine and L-tryptophan, respectively [11 &
12].
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Fig. 1: Synthetic B-carboline derivatives
1A. 2-(4-Bromophenyl-1-tert-butyl-1H-
tetrazol-5-yl-methyl)-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indole;
1B. 2-(1-tert-Butyl-1H-tetrazol-5-yl-4-
nitrophenyl-methyl)-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indole;
1C. 2-(1-Cyclohexyl-1H-tetrazol-5-yl-

Suitable substituents at both position-9 and 3 of
B-carboline derivatives might have a vital role in
determining their improved antitumor activities
and decreased acute toxicities and neurotoxic
effects [13 and 14]. The substitution leads to the
B-carboline derivatives having the potential as
an antitumor drug. The biological data has also
revealed that most of the synthetic derivatives
of B-carboline were identified as potent anti-
leishmanial agents [10].

In the present study, the molecular interactions
of synthetic -carboline derivatives with nucleic
acids viz. CT-DNA, y-RNA and t-RNA were
examined using fluorescence spectrophotometer.
Inspired, by the nanoscience, it was decided to
work on nucleic acid labelled gold nanoparticles
(AuNPs) also. The binding affinities of these
compounds were observed and their binding
constants were calculated in the presence and
absence of AuNPs. The DNA binding studies
are also useful in drug designing and synthesis
of new compounds with enhanced biological
properties. It may further shed light on the
efficient delivery of these drug molecules in the
presence of AuNPs.

Materials Required
Sample Preparation

CT-DNA solution was prepared by dissolving
small fragment of CT-DNA in phosphate buffer
of pH 7. RNA stock solutions were prepared
by dissolving in water. The concentrations of
prepared CT-DNA, y-RNA, t-RNA samples
were determined spectrometrically by using
molar extinction coefficient (¢) values 6600,
7800 and 6900 respectively. Drugs (compound
A, compound B and compound C) of 50 uM
were prepared by dissolving in a suitable
solvent.

3,4,5-trimethoxyphenyl-methyl)-2,3,4,9- Instrumentation
tetrahydro-1H-pyrido[3,4-b]indole.
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UV-Vis Spectrophotometer

It has provided information regarding the
absorption peak of gold nanoparticles. Gold
nanoparticles exhibit an optical feature generally
referred to as Surface Plasmon Resonance
(SPR) [15-17]. SPR of gold nanoparticles
is dependent on both the shape and size of
gold nanoparticles, which results in a strong
absorbance band in the visible region (500 nm
- 600 nm). The wavelength of absorbance peak
increased with particle diameter and uneven
particle shape, which was measured by Agilent
Cary UV-Vis spectrophotometer. Due to the
alteration in the shape, morphology and particle
size, the wavelength shift significantly into the
far-red region of the spectrum when compared
to a spherical particle of the same diameter [18-
20].

X-Ray Diffractometer

XRD pattern of gold nanoparticles was
recorded using X-ray diffractometer (Bruker
AXS D8 Advance, Germany) consuming Cu-
ka radiation (Amax=1.54 A) at 40 kV and 30
mA to determine crystallographic information.
X-ray diffractograms of nanomaterials
deliver a profusion of information from phase
composition to crystallite size and lattice
strain of crystallographic orientation [21].
This technique is based on Bragg’s Law which
depicts the relationship among the diffraction
angle, the lattice spacing and the wavelength of
electromagnetic radiation [22-28].

Fluorescence Spectrophotometer

Fluorescence spectroscopy is a sensitive method
to study the drug-nucleic acid interactions
in solution. The change in the fluorescence
emission spectrum of the drug on binding
with nucleic acid is used to determine the
drug-nucleic acid interactions. Quantitative
measurements of the binding of drugs with
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nucleic acids were accomplished from the
fluorescence spectroscopic studies using CARY
Eclipse Fluorescence Spectrophotometer [29-
31].

Procedure
Preparation of Gold Nanoparticles (AuNPs)

Citrate capped gold nanoparticles were prepared
by Turkevich method. The synthesized citrate-
capped Au nanoparticles performed the dual
functionofareducingagentas well as astabilizer.
Gold ions were reduced in gold atoms by citrate
anions and stabilized colloidal AuNPs were
obtained [33-38]. The obtained AuNPs were
stored in the refrigerator at 4 °C till required.
Gold nanoparticles were characterized by XRD
and UV-Vis Spectroscopy. The concentration
of AuNPs was determined using UV-Visible
spectroscopy with a characteristic absorbance
peak at 527 nm.

DNA-Labelled Gold Nanoparticles

Citrate capped AuNPs were labelled with an
appropriate amount of nucleic acid. The solution
of nucleic acid was prepared in phosphate buffer
at pH 7.4 and the nucleic acid concentration was
determined spectrophotometrically by using
the molar extinction coefficient. The prepared
AuNPs was then diluted and added to the
nucleic acid solution. It was stirred vigorously
and was further used for monitoring the nucleic
acid—drug interactions [39-41].

DNA-Labelled

Evaluation of Gold

Nanoparticles

The nucleic acid-labelled AuNPs were evaluated
by using UV-visible spectrometer. The pristine
DNA and RNA showed absorbance peak at 260
nm, while AuNPs revealed a peak at 527 nm. On
the formation of nucleic acid-labelled AuNPs,
there were hypochromic and bathochromic
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effects observed in the absorption wavelength of
nucleic acid and gold nanoparticles respectively
[42-46].

Molecular Docking Studies

Molecular docking studies were carried out with
the AutoDock version 4.2 software. The crystal
structures of DNA 1 and DNA 2 (PDB 4BZV
and PDB 1G3X) were obtained from Protein
Data Bank (http://www.rcsb.org/pdb). The 3D
structure of drugs was constructed by ACD Labs
Freeware ChemSketch and BIOVIA Discovery
Studio. All the hydrogen atoms and Gasteiger
charges were added with the help of Autodock
tools. Full grid size was set to 120x120x120 for
X-, Y- and Z-axes, respectively. Other necessary
parameters were allotted to the default values by
Autodock program. After the course of docking
procedure, most favolurable configurations
were generated [47-52].

Result and Discussion
Characterization of Gold Nanoparticles

Gold nanoparticles were characterized by XRD
and UV-Vis Spectroscopy.

UV-Vis Spectroscopy

Evaluation of Nucleic Acid-Labelled Gold
Nanoparticles: The nucleic acid-labelled
AuNPs were evaluated by using UV-visible
spectrophotometer. As shown [Fig. 2], AuNPs
had given its characteristic peak at 527 nm
which had further increased and shifted to 530
nm after the labelling with the nucleic acid.
In addition to it, the nucleic acid peak was
shifted from 260 nm to 256 nm after labelling
with AuNPs. All the above hypochromic and
bathochromic shifts confirm the labelling of
nucleic acid with AuNPs.
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Fig. 2: UV-Vis spectra of nucleic acids
labelled AuNPs; A) CT-DN-labelled AuNPs;
B) yeast-RNA-labelled AuNPs; C) transfer-

RNA-labelled AuNPS

XRD

X-ray diffraction (XRD) is a powerful and
primary tool for examining the structure and
average size of nanomaterial. In this technique,
the crystalline atoms cause a beam of X-rays
to diffract due to many specific planes and
directions. A complete analysis of these planes
and directions can produce a 3-D picture of
the density of electrons within the crystal. The
presence of a peak at 38.1 and 44.3 corresponds
to (111) and (200) plane of gold nanoparticles
as shown in Fig. 3.
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Fig. 3: XRD of gold nanoparticles

The particle size of gold nanoparticles was in
the range of 30 nm.
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Study of Drug-Nucleic Acid Interactions
in the Absence and Presence of Gold
Nanoparticles Using Fluorescence Studies

Fluorescence technique was selected for
studying drug-nucleic acid interactions. In the
present piece of work, the fluorescence studies
were performed by taking a fixed concentration
of compounds with increasing concentration
of nucleic acid in the fluorescence free quartz
cuvette of 1 cm path length. The excitation and
emission bandpass was 5 nm each. Consistent
quenching was observed among all titrations
which clearly indicated that compound under
study binds with the nucleic acid. The quenching
data obtained from titrations were analyzed by a
double reciprocal method for the evaluation of
binding constants by drawing double reciprocal
plot between 1/[Nucleic Acid] vs 1/[E-E].
Where E; is the initial emission maximum,
while E is the emission maximum after each
addition of nucleic acid aliquots). A straight
line was obtained in each case and the ratio of
intercept to the slope was used for calculating
binding constant. This method was useful in the
case of non-specific ligand interactions with the
nucleic acid.

In the Absence of Gold Nanoparticles

The fixed concentration of drugs was titrated
with increasing concentration of pristine nucleic
acid and the hypochromic effect was observed
which confirmed the interaction of all drugs
with all nucleic acids. It was observed that
the fluorescence intensity decreases with the
increasing amount of nucleic acid. Firstly, in the
initial addition of nucleic acid, large quenching
of emission pattern was observed but as the
amount of nucleic acid increased the quenching
rate of emission peak decreased. The titrations
of all the compounds (A-C) were carried out
until quenching of 10% of initial emission was
observed.
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In the present work, the fluorescence emission
spectra were measured at room temperature at
pH 7.5 and concentration of drugs. To obtain
the emission peak, the solution of compound A,
compound B and compound C were excited at
280 nm, 285 nm and 282 nm respectively and the
emission maxima were observed at 357 nm, 324
nm and 364 nm respectively. The nucleic acid
aliquots from 5 pl to 50 pl were added in drug
solution for three different sets of experiments.

B - Carboline Derivatives: Nucleic Acid
Complex

After the analysis of fluorescence, it was
found that the fluorescence intensity of drugs
(Compound A-C) decreased with increasing
concentration of nucleic acid. The quenching
pattern of initial emission is indicated by the
arrow as shown [Fig. 4 A, 5 A & 6 A]. The value
of binding constant was calculated using double
reciprocal plot between 1/ [nucleic acid] vs 1/
[E,-E] [Fig. 4 B, 5B & 6 B].

Fig. 4: A) Fluorescence emission spectra
of (a) Compound A with CT-DNA,

(b) Compound A with yeast-RNA, (¢)
Compound A with transfer-RNA; B) Double
reciprocal plot of Compound A (a) with CT-

DNA, b) with yeast-RNA, ¢) with transfer-
RNA

Vol. 9 (6), November - December 2019



Chemistry & Biology Interface, 2019, 9, 6, 285-296

Fig. 5: A) Fluorescence emission spectra
of (a) Compound B with CT-DNA,

(b) Compound B with yeast-RNA, (c¢)
Compound B with transfer-RNA; B) Double
reciprocal plot of Compound B (a) with CT-

DNA, b) with yeast-RNA, ¢) with transfer-
RNA

Fig. 6: A) Fluorescence emission spectra
of (a) Compound C with CT-DNA,

(b) Compound C with yeast-RNA, (¢)
Compound C with transfer-RNA; B) Double
reciprocal plot of Compound C (a) with CT-

DNA, b) with yeast-RNA, ¢) with transfer-
RNA

Table 1: Binding constant values of
Compound A, Compound B and Compound
C with all the nucleic acids (CT-DNA,
y-RNA sand t-RNA) in the absence of

AuNPs
Complex Binding Constant (M)
Compound A: CT-DNA 45X 10°
Compound A: y-RNA 92X 10°
Compound A: t-RNA 3.3X10¢
Compound B: CT-DNA 1.6 X 107
Compound B: y-RNA 6.1 X 10°
Compound B: t-RNA 1.6 X 10¢
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Compound C: CT-DNA 1.1 X10¢
Compound C: y-RNA 3.6X10°
Compound C: t-RNA 1.5X10°

The calculated binding constant for compounds
A-C with all the nucleic acids were estimated in
the range of 10°-107 M (Table 1). It revealed
that all drugs showed complementary binding
with all nucleic acids. All the Compounds
showed the prominent binding with CT- DNA
as compared to y-RNA and t-RNA. Among all
the complexes in the absence of AuNPs, it was
found that compound B showed strong binding
with CT-DNA and compound C showed poor
binding with t-RNA. The calculation of binding
constants was also carried out to determine
the plausible order of binding among all the
complexes in the absence of AuNPs as noted
below:

Compound B : CT-DNA > Compound B : y-RNA
> Compound A : CT-DNA > Compound A :
t-RNA > Compound B : t-RNA > Compound C :
CT-DNA > Compound A : y-RNA > Compound
C : y-RNA > Compound C : t-RNA

In the Presence of AuNPs

The fixed concentrations of drugs were
excited on their corresponding wavelengths
and showed their characteristic emission
maxima as discussed earlier after the addition
of aliquots of nucleic acid labelled AuNPs
measuring from 5 pl to 50 pl. It was found
that the fluorescence intensity decreased with
increasing concentration of nucleic acid marked
by an arrow [Fig. 7 A, 8 A & 9 A]. The value
of binding constant was calculated using double
reciprocal plot between 1/[AuNPs-nucleic acid]
vs 1/[E-E] [Fig. 7B, 8 B & 9 B].

Vol. 9 (6), November - December 2019



Chemistry & Biology Interface, 2019, 9, 6, 285-296

Fig. 7: A) Fluorescence emission spectra
of (a) Compound A with CT-DNA labelled
AuNPS, (b) Compound A with yeast-RNA

labelled AuNPs, (¢) Compound A with
transfer-RNA labelled AuNPs; B) Double
reciprocal plot of Compound A (a) with

CT-DNA labelled AuNPs, (b) with yeast-

RNA labelled AulNPs, (¢) with transfer-RNA
labelled AuNPs

Fig. 8: A) Fluorescence emission spectra
of (a) Compound B with CT-DNA labelled
AuNPS, (b) Compound B with yeast-RNA

labelled AuNPs, (¢) Compound B with
transfer-RNA labelled AuNPs; B) Double
reciprocal plot of Compound B (a) with

CT-DNA labelled AuNPs, (b) with yeast-

RNA labelled AuNPs, (c¢) with transfer-RNA
labelled AuNPs

Chemistry & Biology Interface

Fig. 9: A) Fluorescence emission spectra
of (a) Compound C with CT-DNA labelled
AuNPS, (b) Compound C with yeast-RNA

labelled AuNPs, (¢) Compound C with
transfer-RNA labelled AuNPs; B) Double
reciprocal plot of Compound C (a) with

CT-DNA labelled AuNPs, (b) with yeast-

RNA labelled AuNPs, (c¢) with transfer-RNA
labelled AuNPs

Table 2: Binding constant values of
Compound A, Compound B and Compound
C with all the nucleic acids (CT-DNA,
y-RNA and t-RNA) in the presence of

AuNPs
Complex Binding Constant (M)
Compound A:AuNPs-CT-DNA 64X 10°M"!
Compound A:AuNPs-y-RNA 29X 10°M!
Compound A:AuNPs-t-RNA 23X 10°M!
Compound B:AuNPs-CT-DNA 6.5 X 10°M!
Compound B:AuNPs-y-RNA 5.8 X 10*M!
Compound B:AuNPs-t-RNA 8.0 X 10* M!
Compound C:AuNPs-CT-DNA 1.2X10°M!
Compound C:AuNPs-y-RNA 3.1 X 10°M!
Compound C:AuNPs-t-RNA 25X 10*°M!

291

On the assessment of the binding constant values
in the presence of AuNPs for compounds A-C
with all the nucleic acids (CT-DNA, y-RNA
and t-RNA) it was found that all the compounds
showed the binding in the range to 10*— 10° M.
From Table 2, it revealed that in the presence
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of AuNPs compound B showed the maximum
binding affinity with CT-DNA and compound C
showed minimum binding affinity with t-RNA.
The estimated order of binding in the presence
of nucleic acid is summarized below:

Compound B : AuNPs-CT-DNA > Compound
A : AuNPs-y-RNA > Compound A : AuNPs-
CT-DNA > Compound C : AuNPs-y-RNA >
Compound A : AuNPs-t-RNA > Compound C
: AuNPs-CT-DNA > Compound B : AuNPs-
t-RNA > Compound B : AuNPs-y-RNA >
Compound C : AuNPs-t-RNA

Table 3: Comparative Binding Constant
Values of p-Carboline Derivatives in
the Absence and Presence of Gold

Nanoparticles (AuNPs)
Nucleic | In the Absence of | In the Presence of
Complexes .
Acid AuNPs AuNPs

Compound A 45X 10°M! 6.4X 10°M!
Compound B| CT-DNA 1.6 X 10" M! 6.5 X 10° M!
Compound C 1.1 X 10° M 1.2X 10°M!
Compound A 92X 10°M! 2.9 X 10°M!
Compound B| y-RNA 6.1 X 10°M™! 5.8 X 10* M!
Compound C 3.6 X 10°M! 3.1 X10°M?!
Compound A 3.3 X 10°M! 23X 10°M!
Compound B| t-RNA 1.6 X 10° M"! 8.0 X 10* M
Compound C 1.5 X 10° M 25X 10*M!

On comparing the binding constant values of
Compounds A-C with all the nucleic acids (CT-
DNA, y-RNA and t-RNA) in the presence and
absence of AuNPs it was observed that among
all 18 complexes the highest binding affinity
was shown by compound B with CT-DNA
(Table 3).

Molecular Docking Studies

Molecular docking method provides some
insightinto drug-DNA interactions by generating
structure scaffold of the drug-DNA complexes.
It can also contribute to mechanistic studies by
inserting a drug into specific DNA binding sites.
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In the present study, the molecular docking
was performed to analyze the binding site
information and the comparative efficiency of
binding among the three -carboline derivatives
(A-C) with GC-rich and AT-rich DNA. In each
docking, the 10 most complimentary structures
were analyzed, in all the performed 20 runs.
The planar ring segment of drug structure was
intercalated in the cavity of DNA sequences
[Fig. 10 A & 10 B]. Examination of docking
was clearly indicated that all the derivatives
showed intercalation mode of binding instead
of the groove binding. Results also suggested
that Van der Waals, electrostatic and certain
hydrogen-bonds (Table IV) facilitated the
favoured binding modes among complexes of
drugs and DNA.

L ) =

¥

Fig. 10: A) B-carboline derivatives binding
with intercalation cavity of duplex DNA;
B) B-carboline derivatives binding with
intercalation cavity of duplex DNA.

Vol. 9 (6), November - December 2019



Chemistry & Biology Interface, 2019, 9, 6, 285-296

The energetically favoured confirmations
clearly indicate that all drugs fit into the GC rich
cavity [Fig. 10 A & 10 B]. While in the case
AT-rich cavity compound A and compound C
approach towards DNA minor groove instead
of intercalation cavity. Thus, it concluded that
there is complementary base specific DNA
binding with drugs.

Table 4: Calculated Binding Energy
and Binding Constant for All Three
p-Carbolines:DNA Complexes from Docking

Method
l;l;::ng Binding Hydrogen
Complexes gy Constant yarog
(AG Bonds
) (K thenrelical)
theoretical
Compound A : ; G3H7:Drug
DNAI1 -7.60 3.92x10 N17
G3H7:Drug
Compound B : ; N17,
DNA 1 6.59 119x10 G15H7:Drug
027
Compound C : . G6H3:Drug
DNA 1 -6.33 4.52x10 N17.N19
Compound A : . .

DNA 2 -6.47 5.75x10 G3H2:Drug N9
Compound B : 5 G12H3:Drug
DNA 2 5.13 5.94x10 027
Compound C : 5 G16H3:Drug
DNA 2 -4.63 2.8x10 027

Furthermore, the theoretical binding energy
and binding constants (Table 4) concluded
that all the compounds (A-C) showed the
highest binding with GC rich instead of AT-
rich DNA. It was also noticed that compound
A and compound C possess the excellent
binding with GC rich cavity among other
complexes. Theoretical binding constant (10°-
10°) values were different from experimental
values (10°-107). For the theoretical complexes,
the plausible binding sites for DNA 1 (i.e.
GC rich cavity) with all three compounds (A-
C) are G3H7:Drug N17, G3H7:Drug N17,
G15H7:Drug 027 and G6H3:Drug N17, N19
respectively and for DNA 2 (i.e. AT rich cavity)
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with all three compounds (A-C) are G3H2:Drug
N9, G12H3:Drug O27 and G16H3:Drug 027
respectively. The conformations obtained after
runs Autodock clearly indicate the formation
of hydrogen bonding with H, O and N atoms
of P-carboline derivatives. The experiment
results for all the complexes are higher than
the theoretical binding results. From all the
above observations, it was revealed that all the
B-carboline showed affinity towards GC base
pairs and interacts through the intercalation
mode of binding.

Conclusions

The comparative binding study of three
synthetic B-carboline derivatives compound (A-
C) with three nucleic acids (CT-DNA, y-RNA
and t-RNA) were studied in the presence and
absence of gold nanoparticles (AuNPs) by
fluorescence quenching method and molecular
docking studies. The decrease in the peak height
of emission spectra for all the complexes in all
the cases confirms the interactions between
drugs and nucleic acids. The obtained binding
constant values were in the range of 103-107 M"!
and 10*-10° M in the absence and presence of
AuNPs respectively. On comparing the binding
constant values in the presence and absence
of AuNPs Compound B:CT-DNA complex
showed the maximum interaction among all
complexes. From this study, the greater binding
constant in the absence of AuNPs as compared
to their presence signifies the competitive
binding occurred between the nucleic acids and
AuNPs with drugs. Fluorescence quenching and
Molecular docking studies suggested that the
B-carboline derivatives plausibly interact via
intercalation mode of binding and GC specificity
with nucleic acids. The major forces involve
in the complexations are hydrogen bonding,
electrostatic and Van der Waals forces. This
study provides information about the order of
binding in both the cases and some information
about the mechanism of action of drugs.
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