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Abstract: The DNA-binding mode of 9-Phenyl carbazole with CT-DNA was investigated by absorption 

spectroscopy, EB-DNA displacement, circular dichroism, thermal denaturation and viscosity 

measurements. Results indicated that these compounds intercalate into the base pairs of CT-DNA. The 

effect of ionic strength on the fluorescence property of the system indicated the presence of electrostatic 

interaction via phosphate backbone of DNA helix. The intrinsic binding constant values suggested that 

compound has DNA binding propensity. This compound promote the cleavage of plasmid pBR322. These 

results may be useful for the design of 9-Phenyl carbazole with desired binding characteristics and 

useful to better understand the DNA binding mode of heterocyclic compound. 
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I. INTRODUCTION 

   DNA is the molecular target of many anticancer drugs in clinical use and development. Small molecule inhibitors can 

interact with DNA via covalent or non-covalent interactions [1]. Their associative interactions with the DNA molecule 

can cause dramatic changes in the physiological functions of DNA [3-5]. Therefore, understanding the interactions of 

small molecules with DNA is of significance in the rational design of more powerful and selective anticancer agents[6-

8].  

   Compounds containing carbazole core systems and their fused heterocyclic variants have attracted considerable 

attention from medicinal chemists because of their wide range of biological activities, such as anxiolytic, 

antibacterial/antifungal, antineoplastic, anticancer, DNA intercalator etc [13-15]. In this study we characterized the 

DNA binding mode of carbazole derivatives so as to gain better understanding of their interactions with the DNA 

molecule. 

 

II. MATERIALS AND METHODS 

Materials. CT-DNA and other chemicals were  purchased from sigma. The DNA concentration per nucleotide was 

determined by absorption spectroscopy using the molar absorption coefficient (6600 M−1 cm−1) at 260 nm [21]. The 

DNA solution was stored for a short period of time at 4°C if not used immediately [22]. 

Methods. The following spectrometric measurements were performed at 25°C in a quartz cuvette of 1 cm path length, 

and the sample solution was incubated for 10 min beforehand. 

Electronic Absorption Titration. Absorption titration was performed at a fixed compound concentration (10 µM) 

with various concentrations (0-100 µM) of CT-DNA. The absorption spectra were recorded on a Shimadzu UV-1800 

spectrophotometer. The absorbance due to DNA at the measured wavelength was nullified.  

 

2.1 Fluorescence Spectroscopic Studies 

EB Displacement Measurement. CT-DNA (10 µM) was pretreated with EB (10 µM) for 30 min at 25°C. Small 

aliquots of concentrated compound solution were added into the pretreated solution at various final concentrations (0-

100 µM). The samples were excited at 480 nm and the emission spectra were observed between 550-750 nm on a 

Fluoromax-4 Spectrofluorometer. The slit width Ex/Em was 5 nm/5 nm.  
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Effect of Ionic Strength. CT-DNA (20 µM) was pretreated with compound (10 µM) for 30 min at 25°C. Small 

aliquots of a concentrated NaCl solution were added into the pretreated solution at various final concentrations (0-0.4 

M). The corresponding fluorescence spectra were recorded by exciting the samples at 325 nm and the emission was 

observed between 400-625 nm. The slit width Ex/Em was 5 nm/5 nm. 

Circular Dichroism Titration. Circular dichroism (CD) spectra were recorded on a Jasco J-810 spectropolarimeter. 

CD titration was first performed at a fixed CT-DNA concentration (50 µM) with various concentrations (0-50 µM) of 

the compounds using the instrument parameters of 230-320 nm wavelength, scan speed 50 nm/min, 1 nm bandwidth, 

100 millidegree sensitivity, and 1 s response time, with an average of three scans. From sample, the buffer and 

compound background were subtracted. 

Viscosity Experiment. Viscosity measurements were carried out using an Ubbelodhe viscometer, immersed in a 

thermostatic water-bath that maintained at a constant temperature at 25.0 ±0.1°C. DNA samples approximately 200 

base pairs in average length were prepared by sonication of CT-DNA in order to minimize complexities arising from 

DNA flexibility [23]. The compounds (1–80 µM) were titrated with the DNA solution (100 µM). The flow time of each 

sample was measured by a digital stopwatch for three times, and the average result was considered.  

Thermal Denaturation Studies. Thermal denaturation studies were carried out with a Perkin-Elmer Lambda 35 

spectrophotometer equipped with a Peltier temperature-controlling programmer (±0.1°C). The absorbance at 260 nm 

was continuously monitored for solutions of CT-DNA (30 µM) in the absence and presence of the compound (10 µM). 

The temperature of the solution was increased by 1°C/min. Data were presented as A/A0 versus temperature, where A0, 

A are the initial and observed absorbance at 260 nm, respectively. 

DNA Cleavage Study. For the gel electrophoresis experiments, supercoiled pBR322 DNA (0.2 µg, 33 µM) was treated 

with compound in Tris–HCl buffer and the solution were then irradiated at room temperature with a UV lamp (365 nm, 

10 W). A loading buffer containing 25% bromophenol blue, 30% glycerol was added and electrophoresis was carried 

out at 70 V for 90 min in Tris–acetic acid–EDTA buffer using 0.8% agarose gel containing 1.0 µg/mL EB and 

photographed under UV light. 

 

III. RESULTS AND DISCUSSION 

The carbazole derivative was (Fig. 1) was chosen for the DNA binding mode studies, which was purchased from sigma. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic structure of compounds 

Electronic Absorption Titration. The electronic absorption spectroscopy is one of the most useful techniques in 

DNA-binding studies [25]. Fig. 2 shows the absorption spectra of compound in absence and presence of increasing 

amounts of CT-DNA. 

Figure 2. Absorption spectra of compound (10 µM) in the absence and presence of increasing amounts of CT-DNA (0-

100 µM) at 25 °C in 50 mM NaCl and 5 mM Tris-HCl buffer (pH 7.2). The arrow shows the absorbance changing upon 

increasing the DNA concentration. Inset shows the plot of [DNA]/ (εa-εf) vs [DNA] for the titration of DNA to the 

compounds. 
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   Addition of increasing amounts of CT-DNA results in hypochromic and bathochromic shifts, these spectral 

characteristics suggest that the compounds mostly bind to DNA by intercalation [26]. From the absorption titration 

data, the intrinsic binding constant Kb was determined using Wolfe–Shimer equation [28]: 

 [DNA]/ (εa- εf) = [DNA]/ (εb- εf) + 1/Kb (εb- εf)  

Where εa, εf and εb correspond to Aobsd/[compound], the extinction coefficient of the free compound and the extinction 

coefficient of the compound in the fully bound form, respectively. A plot of [DNA]/ (εa - εf) versus [DNA] gives the Kb 

as the ratio of the slope to the intercept. Intrinsic binding constants Kb of 1.68×104 M-1 were measured for compounds 

 

2.2 Fluorescence Spectroscopic Studies 

EB Displacement Measurement. The molecular fluorophore, EB, is known to show intense fluorescence light when 

bound to DNA, due to its strong intercalation between the adjacent DNA base pairs. The emission spectra of EB bound 

to DNA in the absence and presence of compound is shown in Fig. 3.  

Figure 3.  Emission spectrum of EB bound to DNA in the presence of compound  at 25 °C ([EB] = 10 µM, [DNA] = 

10 µM, [compound] = 0-100 µM, ex=480 nm). The arrow shows the intensity change upon increasing compound 

concentrations. d. Plot of I0/I vs. [Compound] for the titration of the compounds to DNA-EB system.  
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The quenching of EB bound to DNA by the compounds is in agreement with the classical Stern–Volmer equation: 

 Io/I = 1 + Ksv[Q], 

Linear Stern–Volmer quenching constant (Ksv) of 1.62×103 M-1 were determined for compounds.  

Effect of Ionic Strength. Monitoring the spectral changes with different ionic strength is an efficient method for 

distinguishing the binding modes between small molecules and CT-DNA [32, 33]. The effect of ionic strength on 

compound–DNA binding was studied (Fig. 4). 

Figure 4. Emission spectrum of compound bound to DNA in the presence of NaCl ([compound] = 10 µM, [DNA] = 20 

µM, [NaCl] = 0-0.4 M, ex=325 nm) at 25 °C. The arrow shows the intensity change upon increasing NaCl 

concentrations. d. Plots of emission intensity I0 / I vs [NaCl]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Linear Stern–Volmer quenching constant (Ksv) of 0.817×103 M-1 were determined for compounds. This result displayed 

a strong dependence of fluorescence intensity on ionic strength. This result indicated that the mode of binding of 

compounds is partially electrostatic via DNA phosphate backbone. This electrostatic interaction may be stabilizing the 

DNA-compound complex. 

Circular Dichroism Titration. On the addition of compound to a solution of the CT-DNA, significant changes in its 

CD spectrum were observed (Fig. 5). The negative band shifted to higher wavelength, where as the positive signal 

disappeared gradually, such changes are likely to result from structural alterations induced by the compound upon 

binding to CT-DNA. 

Figure 5. CD spectra of CT-DNA (50 µM) titrated with compound [0-50 µM] at 25 °C over the wavelength range 230-

320 nm.  
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Viscosity Experiment. To throw further light on the DNA binding mode, viscosity measurements were carried out for 

compounds The effect of compounds on the CT-DNA Data are presented as (η/η0)
1/3 vs. binding ratio where η and η0 

are the viscosity of DNA in the presence and absence of complex, respectively (Fig. 6).  

Figure 6. Effect of increasing amounts of compound  on the relative viscosity of CT-DNA at 25.0 ± 0.1 °C. [DNA] = 

100 µM, r = [compound]/ [DNA] = 0-0.8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The increased degree of viscosity may depend on the affinity of the compounds to DNA. These results suggest that the 

compounds intercalate between the base pairs of DNA, the difference in binding strength of the compounds is caused 

by the structural modification in molecule. 

Thermal Denaturation Studies. The thermal denaturation experiment carried out for DNA in the absence of the 

compound revealed a Tm of 76°C under our experimental conditions. However, with the addition of compound, the Tm 

of the DNA increased to  76.8°C for compound 2 and   (Fig. 7). These results further confirm the order of binding 

strength of these compounds.  

Figure 7. Melting temperature curves of DNA in the absence and presence of compound [compound] = 10 µM and 

[DNA] = 30 µM. 
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Cleavage of plasmid pBR322 The photo-cleavage of pBR322 DNA in the absence and presence of three compounds 

were carried out as shown in Fig. 8.  

 
Figure 8. Photo activated cleavage of supercoiled plasmid DNA, pBR322 [0.2 µg, 33µM] by increasing the 

concentration of compound. Lane 1: DNA control; Lane 2: DNA + 10 µM; Lane 3: DNA + 20 µM; Lane 4: DNA + 30 

µM; Lane 5: DNA + 40 µM; Lane 6: DNA + 50 µM. 

   Almost no DNA cleavage was observed for the control, in which compound was absent (lane 0). With increasing 

concentrations of the three compounds (lanes 1–5), the amount of form I of pBR322 DNA diminishes gradually, 

whereas form II increases. In summary, three compounds are able to perform an efficient cleavage of pBR322 DNA. 

All results were obtained from experiments that were performed at least in triplicate. 

 

REFERENCES 

[1]. Y. Cao and X. W. He, “Studies of interaction between safranine T and double helix DNA by spectral 

methods,” Spectrochim. Acta A., vol 54, pp. 883-892, 1998. 

[2]. P. B. Dervan, “Molecular Recognition of DNA by Small Molecules,”  Bioorg. Med. Chem., vol 9, pp 2215-

2235, July 2001. 

[3]. L. H. Hurley, “DNA and associated processes as targets for cancer therapy,” Nat. Rev. Cancer, vol 2, pp 188-

200, 2002. 

[4]. B. Gold, “Effect of cationic charge localization on DNA structure,” Biopolymers, vol 65, pp 173-179, 

November 2002. 

[5]. M. F. Brana, M. Cacho, A. Gradillas, B. de Pascual-Teresa, and A. Ramos, “Intercalators as anticancer drugs,” 

Curr. Pharm. Des, vol 7, pp 1745-1780, December 2001. 

[6]. S. Neidle, “DNA minor-groove recognition by small molecules,” Nat. Prod. Rep, vol 18, pp 291-309, June 

2001. 

[7]. W. B. Tan, A. Bhambhani, M. R. Duff, A. Rodger, and C. V. Kumar, “Spectroscopic identification of binding 

modes of anthracene probes and DNA sequence recognition,” Photochem. Photobiol, vol 82, pp 20-30, 

January 2006. 

[8]. J. J. Chen, J. C. Drach, L. B. Townsend, “Convergent Synthesis of polyhalogenated quinoloines C-nucleosides 

as potential antiviral agents,” J. Org. Chem, vol 68, pp 4170-4178, May 2003. 

[9]. X. Song, B. S. Vig, P. L. Lorenzi, J. C. Drach, L. B. Townsend, G. L. Amidon, “Amino acid ester prodrugs of 

the antiviral agent 2-bromo-5,6-dichloro-1-(beta-Dribofuranosyl) benzimidazole as potential substrates of 

hPEPT1 transporter,” J. Med. Chem, vol 48, pp 1274-1277,  February 2005. 

[10]. J. D. Venable, H. Cai, W. Chai, C. A. Dvorak, C. A. Grice, J. A. Jablonowski, C. R. Shah, A. K. Kwok, K. S. 

Ly, B. Pio, J. Wei, P. J. Desai, W. Jiang, S. Nguyen, P. Ling, S. J. Wilson, P. J. Dunford, R. L. Thurmond, T. 

W. Lovenberg, L. Karlsson, N.I. Carruthers, and J. P. Edwards, “Preparation and Biological Evaluation of 

Indole, Benzimidazole, and Thienopyrrole Piperazine Carboxamides: Potent Human Histamine H4 

Antagonists,” J. Med. Chem, vol 48, pp 8289-8298, December 2005. 

[11]. M. E. Reichmann, S. A. Rice, C. A. Thomas, and P. Doty, “A further examination of the molecular weight 

and size of desoxypentose nucleic acid,” J. Am. Chem. Soc., vol 76, pp 3047-3053, June 1954. 



IJARSCT   ISSN (Online) 2581-9429 

     

 

          International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

 

 Volume 12, Issue 4, December 2021 

 
 

Copyright to IJARSCT       DOI: 10.48175/IJARSCT-2370                  170 

 www.ijarsct.co.in  

     Impact Factor: 5.731 

[12]. W. Zhong, J. S. Yu, W. Huang, K. Ni, and Y. Liang, “Spectroscopic Studies of Interaction of  

Chlorobenzylidine with DNA,” Biopolymers, vol 62, pp 315-323, October 2001. 

[13]. J. B. Chaires, N. Dattagupta, and D. M. Crothers, “Studies on Interaction of Anthracycline Antibiotics and 

Deoxyribonucleic Acid: Equilibrium Binding Studies on Interaction of Daunomycin with Deoxyribonucleic 

Acid,” Biochemistry, vol 21, pp 3933-3940, August 1982. 

[14]. J. K. Barton, A. T. Danishefsky, and J. M Goldberg, “Tris(phenanthroline) Ru(II): Stereoselectivity in 

Binding to DNA,” J. Am. Chem. Soc, vol 106, pp 2172-2176, April 1984. 

[15]. F. Gao, H. Chao, F. Zhou, Y. X. Yuan, B. Peng,  and L. N. Ji, “DNA interactions of a functionalized 

ruthenium(II) mixed-polypyridyl complex [Ru(bpy)2ppd]2+,” J. Inorg. Biochem, vol 100, pp 1487-1494, 

September 2006. 

[16]. A. Wolfe, G. H. Shimer, and T. Meehan, “Polycyclic aromatic hydrocarbons physically intercalate into 

duplex regions of denatured DNA,” Biochemistry, vol 26, pp 6392-6396, October 1987. 

[17]. J. B. Lepecq, and C. Paoletti, “A Fluorescent Complex between Ethidium Bromide and Nucleic Acids 

Physical-Chemical Characterization,” J. Mol. Biol, vol 27, pp 87-106, July 1967. 

[18]. F. Y. Wu, Y. L. Xiang, Y. M. Wu, and F. Y. Xie, “Study of interaction of a fluorescent probe with DNA,” J. 

Lumin., vol 129, pp 1286-1291, November 2009. 

[19]. T. C. Michael, R. Marisol, and J. B. Allen, “Voltammetric studies of the interaction of metal chelates with 

DNA. 2. Tris-chelated complexes of cobalt(III) and iron(II) with 1,10-phenanthroline and 2,2′-bipyridine,” J. 

Am. Chem. Soc, vol 111, pp 8901-8911, November 1989. 

[20]. M. Eriksson, M. Leijon, C. Hiort, B. Norden, A. Gradsland, “Binding of delta- and lambda-[Ru(phen)3]2+ to 

[d(CGCG ATCGCG)]2 Studied by NMR,” Biochemistry, vol 33, pp 5031-5040, May 1994. 

[21]. Y. Xiong, X. F. He, X. H. Zou, J. Z. Wu, X. M. Chen, L. N. Ji, R. H. Li, J. Y. Zhou, and K. B. Yu, 

“Interaction of polypyridyl ruthenium(II) complexes containing non-planar ligands with DNA,” J. Chem. Soc. 

Dalton. Trans, vol 1, pp 19-24, October 1999. 

[22]. A. Sitlani, E. C. Long, A.M. Pyle, and J. K. Barton, “DNA Photocleavage by Phenanthrenequinone Diimine 

Complexes of Rhodium (III): shape-selective recognition and reaction,” J. Am. Chem. Soc,vol 114, pp 2303–

2312, March 1992. 


