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The interaction between pyrocatechol violet (PCV) and telomere DNA was studied in physiological 

buffer (pH 7.4) by spectroscopic and electrochemical methods. These results indicated that PCV could 

bind strongly to the telomere DNA and the major binding mode was intercalative. Based on the 

voltammetric titration, the binding constant (β) and binding ration (m) of PCV and telomere DNA were 

found to be 5.3×10
9 

mol L
-1

 and 1.7, respectively. The reduction of the peak current of PCV after 

adding telomere DNA was further used for the quantification of telomere DNA by Differential pulse 

voltammetry (DPV). The linear range for telomere DNA was in the range of 0.2 -13.0 μmol L
-1

 with 

the linear regression equation as ΔIpa(μA) = 0.075 (μmol L
-1

)-0.041 and the detection limit of 0.1 μmol 

L
-1

. The determination of telomere DNA was hardly impacted by foreign substances. 
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1. INTRODUCTION 

Telomeres can be considered as protective caps for chromosomes, composed of repeated DNA 

sequences, which is bounded by a series of specialized telomere proteins [1]. They possess the 

essential nucleoprotein structures and are located at the ends of all eukaryotic chromosomes, will 

protect the ends of chromosome from degradation and inadvertent recognition when DNA double-

strand breaks. During the replication of chromosomes, conventional DNA polymerases cannot fully 

replicate the ends of chromosomes. Hence telomeres get shorten every cell-cycle [2]. For telomeres in 

normal dividing cells, progressive shortening eventually results in the loss of end protection, even no 

cognitive ends of chromosome. Such protection ensures chromosomes’ retaining and properly 

inheriting in cell division. Besides, the loss of entire telomere ends triggers the cell-cycle’s rest and, in 
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mammalian cells, the initiation of cellular senescence, a state halting the progressive replication-

associated loss of terminal DNA sequences [3]. However, DNA can be damaged by several physical 

treatments and chemical reagents, such as UV light ionizing radiation, and photoexcited dyes, leading 

to the harmful mutations, cell death and cancer [4]. 

Pyrocatechol violet (PCV), a cationic dye from triphenylmethane family, is usually used to 

determination of Aluminum (Al) and other metal ions [5, 6]. Its structure is shown by scheme 1. PCV 

possesses π-π conjugated bond, which has better conductivity with a great amount of active sites [7]. 

The previous study showed that the poly (PCV) film modified electrodes had good electrocatalytic 

activity towards redox of small molecular compounds, like ascorbic acid, dopamine [8], hydrazine [9], 

H2O2 [10], NADH [11], etc. However, PCV, as triphenylmethane dye series, also has potential of 

carcinogenicity, mutagenity and teratogenicity [12-15]. Additionally, DNA is often considered as the 

target for many tumorigenic and mutagenic molecules [16, 17]. Considering all the facts above, studies 

on dyes-DNA interaction have attracted lots of interests, which are also considered as the key to 

designing DNA-target drugs [18-20]. Therefore, the research about PCV’s binding to telomere DNA 

can help to understand the reacting mechanism electrochemically and thermodynamically on molecular 

level, which can further contribute to designing new effective DNA-targeted anticancer drugs for 

carcinogenicity.  

O

C
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OH

OH

OH

 
 

Scheme1. The structure of pyrocatechol violet 

 

Small molecules react with DNA via covalent and noncovalent interactions, while most studies 

focus on the latter one. The binding of small molecules to DNA occurs mainly through three modes 

[21]: electrostatic interactions with the negatively-charged nucleic sugar–phosphate structure, binding 

interactions with the two grooves of the DNA double helix, and intercalation between the stacked base 

pairs of native DNA. Among these three modes, the intercalative binding is stronger than the other 

two, because the surface of intercalative molecule is sandwiched between the aromatic heterocyclic 

base pairs of DNA. 

In this research, the mutagenity mechanism of the interaction between PCV and telomere DNA 

was studied on the biomolecular level. Although there are some previous researches on the interaction 

between PCV and metal, no much attention is paid to the spectrophotometric and electrochemical 

aspects about the interacting mechanism between PCV and telomere DNA. Electrochemical methods, 

including metal complexes [22-24], anticancer or antivirus drugs [25- 28] and organic dyes [29, 30] to 
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DNA, are often used to investigate the binding of redox substances. The main advantages of the 

electrochemical methods are simple to conduct and sensitive to detect and direct to study, which are 

favored by more and more people recently. 

 

 

 

2. EXPERIMENTAL 

2.1. Apparatus and chemicals  

UV-Vis adsorption experiments were carried out on a Cary 5000 probe spectrophotometer 

(Varian, USA). Fluorescent experiments were measured with LS50B fluorospectrometer (Perkin 

Elmer, USA). Electrochemical experiments were performed with a CHI660B electrochemical 

workstation (Chenhua Instrumental, Shanghai, China) using a three-electrode system composed of a 

glassy carbon electrode (GCE, 3mm diameter) as working electrode, a platinum wire as auxiliary 

electrode and a saturated calomel electrode (SCE) as reference electrode. Mettler Toledo Seven Multi 

pH acidimeter (Shanghai Mettler Toledo instrument, China) was used for pH measurement. All the 

chemical reagents used were of analytical grade. Deionized water was used throughout the entire 

experiment (Resistance = 18.25 MΩ cm
-1

).  

PCV was provided by Tokyo Chemical Industry Co., Ltd. Special sequences single-stranded 

telomere DNA was purchased from Sangon Biotech (Shanghai) Co., Ltd. The single-stranded telomere 

DNA base sequence was as following: ss1: (5’-TTAGGGTTAGGG-3’); SS2: (5’-CCCTAACCCTAA-3’). 

 

2.2. Procedure 

Two special sequences single-stranded telomere DNA were annealed in a water bath at 86 °C 

for 12 min to obtain steady double-stranded telomere DNA. The double-stranded telomere DNA was 

dissolved in water or Tris-HCl buffer solution and stored at 4 °C for use. The concentration of double-

stranded telomere DNA was determined according to absorbance at 260 nm after establishing the 

absorbance ratio, (A260/A280) to be in the range of 1.80–1.90. This indicated that the double-stranded 

telomere DNA was sufficiently free from protein. The molar extinction coefficient, the ε260 of double-

stranded telomere DNA is taken as 6600 L mol
−1

 cm
−1

, and single-stranded telomere DNA is 8250 L 

mol
−1

 cm
−1 

[31]. Denatured single-stranded telomere DNA was produced by heating the double-

stranded telomere DNA solution in a water bath at 100 °C for 8 min, immediately followed by rapid 

cooling in an ice bath for 5 min [32]. PCV dye stock solution (5.00×10
−3

 mol L
-1

) was prepared by 

dissolving its powder in doubly distilled water, which diluted to the required volume before use. 0.05 

mol L
-1 

Tris-HCl buffer solution containing 0.1 mol L
-1

 NaCl was prepared by dissolving an 

appropriate amount of tris (hydroxymethyl) –aminomethane and NaCl and then adjusting the pH value 

with concentrated HCl and NaOH.  

Before measurements, the working electrode of GCE was polished successively with fine 

emery paper and 0.05 μm α-Al2O3 paste on chamois leather pad prior to each series of experiments. 

Residual polishing materials were removed by ultrasonic cleaning in 95% ethanol and water for 5 min 
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respectively. The procedures of the electrochemical studies of the interaction of PCV with telomere 

DNA are as follows: appropriate amounts of telomere DNA, PCV and Tris–HCl buffer were 

successively added to a colorimetric tube and then transferred to a 10 mL electrochemical cell after 

reacting for 20 min at ambient temperature to ensure the equilibration. Before the electrochemical 

experiments, the Tris-HCl buffer solution was degassed for at least 20 min by bubbling high-purity 

nitrogen gas and the solution was kept in a nitrogen environment to prevent the oxidation. Cyclic 

voltammetry (CV) was carried out in the range of -1.2 to 1.2 V and Differential pulse voltammetry 

(DPV) is under taken from -1.0 to 1.0 V with amplitude of 50 mV, pulse width of 50 ms and pulse 

period of 200 ms.  

 

 

3. RESULTS AND DISCUSSION 

3.1 Spectrophotometric studies 

3.1.1. UV-Vis absorption spectra of PCV in the presence of double strand telomere DNA   
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Figure 1. Absorption spectra of PCV in the presence of telomere DNA at different concentrations. 

CDNA = 0, 12.5, 24.5, 36.4, 48.0 μmol L
-1

 for curves a-e, respectively, and CPCV = 250.0 μmol L
-

1
 in 0.05 mol L

-1
 pH 7.4 Tris-HCl buffer solution (0.1 mol L

-1
 NaCl). 

 

UV-visible absorption spectra were initially used to investigate the interaction between PCV 

and the telomere DNA [33]. Molecules containing aromatic or phosphate chromophore groups can 

interact with the double helix structure of DNA. Therefore, the interaction between them can be 

studied basing on changes of the absorption spectra before and after reaction. As shown in Fig. 1, there 

is an absorption peak of PCV at 445 nm in the range from 350 to 550 nm in pH 7.4 Tris-HCl buffer 

solution. Telomere DNA has a maximum absorption at 260 nm (not shown in Fig. 1). After adding 

telomere DNA to PCV, no new peak appears, while the maximum absorbance at 445 nm has an 
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evident hypochromic effect. Meanwhile, an isosbestic point between 525 nm and 500 nm provides an 

evidence for the formation of the new PCV–DNA complex. This observed spectral effects attribute to 

a strong interaction between the electronic state of the interaction chromphore and of the DNA base 

[34]. Generally speaking, red shift (or blue shift) and hypochromic (or hyperchromic) effect can be 

observed in the absorption spectra if molecules intercalate into DNA [35]. Hypochromic effect will be 

obvious if the intercalation is strong [36]. Therefore, it can be concluded that the binding mode 

between PCV and telomere DNA is a typical characteristic of intercalation. 

 

3.1.2. Binding and thermodynamic constants with double-reciprocal method 

In order to further clarify the interaction mode of PCV with telomere DNA, the binding 

constant between PCV-DNA at 298K and 313K were calculated according to double-reciprocal 

equation (1):  
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Where A0 and A are the absorbances of PCV in the absence and presence of telomere DNA, and 

εG and εH-G are their absorption coefficients, respectively. The double reciprocal plots of A0/(A-A0) 

versus 1/[DNA] were linear (at 298 and 313K, respectively) and the binding constants were calculated 

from the ratio of the intercept to the slope equations as 2.10×10
4
 and 1.97×10

5
 L mol

-1
 at 298 and 

313K, respectively (Fig. 2). 
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  Figure 2. Plots of A0/(A-A0) versus 1/[DNA] for PCV-DNA system at 445 nm in 298 K (a) and 313K 

(b). Conditions: Cpcv=250.0 μmol L
-1

, CDNA=12.5, 24.5, 36.4, 48.0, 59.5, 81.8 μmol L
-1

 in 0.05 

mol  L
-1

 pH 7.4 Tris-HCl buffer solution (0.1 mol L
-1

 NaCl). 
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3.1.3. Thermodynamic parameters and nature of the binding forces 

Considering the dependence of binding constant on temperature, a thermodynamic process 

could be responsible for the formation of a complex. Hence, the thermodynamic parameters dependent 

on temperatures are analyzed to further characterize the interacting forces between a small molecule 

and DNA. Small molecules are bound to macromolecules via four binding modes: hydrogen bound, 

van der Waals, electrostatic, and hydrophobic interactions [37]. To clarify the interaction of PCV with 

DNA, thermodynamic parameters were calculated from Eqs.2-4. If the temperature does not vary 

significantly, the enthalpy change (ΔH) can be regarded as a constant. Its value can be evaluated from 

the Clausius-Clapeyron equation: 

 

)
11

()ln(
121

2

TTR

H

K

K



             (2) 

 

Where R is the gas constant, T is the experimental temperature, and K is the binding constant at 

the corresponding T. The Gibbs energy change (ΔG) and the entropy change (ΔS) can be obtained from 

Equations 3 and 4: 

 

KRTG ln        (3) 

 

STHG        (4) 

 

The thermodynamic parameters for the interaction of PCV and telomere DNA are shown in 

Table 1. According to Table 1, the negative value of ΔG reveals that the interaction process is 

spontaneous, while ΔH>0 and ΔS>0 associated with the interaction of PCV complex with DNA 

indicates that the binding is mainly entropy driven and the enthalpy is unfavorable for it (Table 1). In 

other words, the hydrophobic interaction plays a major role on this binding [38]. 

 

Table 1. Binding constants and thermodynamic parameters for the interaction of PCV and telomere 

DNA 

 

T/K K/(L·mol
-1

) ΔH/(J·mol
-1

) ΔG/(J·mol
-1

) ΔS/(J·mol
-1

k
-1

) 

298 2.10×10
4
 1.16×10

5
 -2.47×10

4
 472 

313 1.97×10
5
  -3.17×10

4
  

 

3.1.4. Melting studies   

Heat and alkaline environments can destroy the double helix structure of DNA. Thus, the 

thermal behavior of DNA in the presence of the PCV gives an insight into their conformational 

changes as well as the information about the interaction strength of PCV with telomere DNA. Helix 

melting was conducted by recording the DNA absorbance at 260 nm as a function of temperature from 
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25 to 90 °C. As the temperature of the solution increases, the double stranded DNA dissociates to 

single strands, generating a hyperchromic effect in the absorption spectra of DNA bases.  
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Figure 3. Melting curves of telomere DNA in the absence (curve a) and the presence (curve b) of PCV 

in 0.05 mol L
-1

 pH 7.4 Tris-HCl buffer solution (0.1 mol L
-1

 NaCl). 

 

This transition of double stranded DNA to single stranded DNA is denoted as the melting 

temperature (Tm) of DNA. It can be observed that intercalation binding can stabilize the molecular 

structure and Tm increases by about 5-8 °C, while the non-intercalation binding causes no obvious 

increase in Tm [39]. The melting curves of DNA in the absence and presence of complexes (curve a) 

and (curve b) are given in Fig. 3. The Tm of DNA in the absence of PCV is 50 °C under our 

experimental conditions, while it rises to about 55 °C in the presence of PCV. Therefore, the 

interaction between PCV and telomere DNA causes the increasing of Tm, suggesting the binding of 

PCV with telomere DNA should be an intercalation binding. 

 

3.1.5. Fluorescence spectra 

Fig. 4 displays the fluorescence spectra of 250.0 μmol L
-1

 PCV with different concentrations of 

telomere DNA in 0.05 mol L
-1

 Tris-HCl buffer solution (pH 7.4). The fluorescence intensity increases 

markedly with increasing the concentration of telomere DNA from Fig. 4. The stronger enhancement 

in fluorescence intensity may be mainly due to the increase of the molecular planarity of the complex 

and the decrease of the collision frequency of the solvent molecules with the molecule, which is caused 

by the diffusion between adjacent base pairs of DNA [33]. The increase in the PCV-DNA complex 

planarity and the decrease in the collision frequency of solvent molecules with PCV usually lead to the 

enhancement of the PCV fluorescence emission, which also agrees with observations for other 

intercalators [40-42]. Meanwhile, such enhancement could be found in pH 6.5 and 8.5 solutions as the 

same as pH 7.4 conditions. 
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Figure 4. Fluorescence spectra of PCV in the absence and presence of DNA at CDNA = 0, 12.5, 36.4, 

48.0, 59.5, 70.8 μmol L
-1 

for curve a-f, respectively, and CPCV= 250.0 μmol L
-1

 in 0.05 mol L
-1

 

pH 7.4 Tris-HCl buffer solution (0.1 mol L
-1

 NaCl). 

 

3.2. Electrochemical Characterizations of PCV interacting with double strand telomere DNA 

3.2.1 Cyclic Voltammetry 

Fig. 5 represents the cyclic voltammograms of PCV and its mixture with telomere DNA. Fig. 

5c reveals that telomere DNA is non-electroactive in Tris-HCl buffer solution. However, PCV has 

three redox peaks in the potential range from -1.2 to 1.2 V at the scan rate of 0.05 Vs
-1

 with two 

oxidative peaks at 0.232 V (P1), 0.652 V (P2) and a reductive peak at -0.777 V (P3) respectively in Fig. 

5a. These peak positions are close to that reported in pH 9.2 phosphate buffer solutions [43]. Potentials 

of these three peaks do change in the pH range between 6.5 and 8.5, indicating protons involve in the 

electrode reaction. The ratio of the oxidation peak current (Ipa) to the reduction peak current (Ipc) is less 

than one unit, suggesting that the electrochemical process of PCV is irreversible. Throughout the 

experiments on these systems, the oxidation peak (P2) is more sensitive and reproducible than that of 

the reduction peak (P3) and oxidation peak (P1). Thus, the oxidation peak (P2) is chosen as the analysis 

signal for further studies. 

Additionally, for an irreversible reduction process, the number of electron transfer (n) could be 

obtained by Eq. (5) [44]: 

 

nFRTEE papa /857.1|| 2/     (5) 

 

Where Epa/2 is the half peak potential, α represents the electron transfer coefficient (generally, 

0.3 < α < 0.7), F denotes the Faraday constant (96487 Coulombs mol
-1

), R is the universal gas constant 

(8.314 J K
-1

 mol
-1

), T is Kelvin temperature (K). α is assumed to be 0.5 for a totally irreversible 

process. In this presented study, a value of 56 mV for |Epa-Epa/2| is obtained from Fig. 5 and the value 
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of n of 1.7(≈2) is yielded referring to Eq. (5) [44]. So, the electrochemical oxidation of PCV undergoes 

2e
-
 transfer process. 
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Figure 5. Cyclic voltammograms of 250.0 μmol L

-1
 PCV without (a), with 14.0 μmol L

-1
 telomere 

DNA (b) and cyclic voltammograms of 14.0 μmol L
-1

 telomere DNA (c) in 0.05 mol L
-1

 pH 7.4 

Tris-HCl buffer solution (0.1 mol L
-1

 NaCl). Insert: Plots of Ipa versus v
1/2

 for PCV (a) and 

PCV-DNA complex (b). 

 

According to Galus and Adams’ reports concerning the electrochemical behaviors of 

triphenylmethane dyes such as crystal violet, brilliant green, malachite green and so on [45, 46], the 

first oxidation peak (P1) is due to the oxidation of hydrated form and the second oxidative peak (P2) to 

the oxidation of the unhydrated form of PCV. The reduction peak (P3) is the reduction of quinine–

hydroquinone [47]. So, it is possible that PCV has two electrons electrochemical oxidation process 

happened on the GCE with the equation shown by scheme 2.  
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Scheme2. The oxidation process of pyrocatechol violet 
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After adding 1.25×10
-3

 mol L
-1

 telomere DNA into 250.0 μmol L
-1

 PCV solution and then 

voltammetrically detected under the same condition, no new redox peak appeared in voltammogram. 

The oxidation peak current of P2 decreased dramatically along with a positive shift of the potential 

(Fig. 5b), suggesting that PCV is bound to telomere DNA via an intercalative mode as well as in pH 

8.5 [23]. At the same time, we also find that the oxidation peak current of P2 declined with more 

negative shift of the potential, indicating an electrostatic interaction of PCV protonated with the outer 

negatively charged DNA phosphate in pH 6.5. Bardetal et al. [48] reported the positive shift in peak 

potential for hydrophobic interactions (for intercalators) and negative shift for electrostatic 

interactions. Therefore, the positive shift in peak potential of PCV observed in the present work 

revealed the presence of intercalative mode of binding between telomere DNA and PCV. The acting 

force is mainly hydrophobic between them, which is consistent with the thermodynamics experiment.   

Also, according to the value of |Epa-Epa/2| in Fig. 5 and Eq.(5), the number of electron transfer is 

calculated to be about 2, suggesting that PCV-DNA complex also undergoes a two electron transfer 

process. Moreover, the relationship between the peak current and scan rates in the absence and 

presence of telomere DNA are investigated. In both cases of telomere DNA’s presence and absence, 

the oxidation peak current of P2 is linearly related to the square root of the scan rate, showing that the 

electrode process of free PCV and PCV-DNA are controlled by irreversible diffusion [44]. As shown 

Fig. 5, the regression equations are Ipa/μA=-2.02v
1/2

/(vs
-1

)
1/2

-0.502(R
2
=0.997) and Ipa/μA=-0.52v

1/2
/(vs

-

1
)
1/2

-0.7(R
2
=0.997), for free PCV and PCV-DNA complex. Obviously, the slop of free PCV system is 

much larger than that of PCV-DNA complex system, suggesting that free PCV diffused more quickly 

than that of DNA PCV-DNA complex. As the result of the above experiments, the decrease of peak 

currents of PCV upon adding telomere DNA could be caused by the diffusion of an equilibrium 

mixture of free and telomere DNA-bound PCV to the electrode surface [44]. 

The change of electron-transfer rate constant (Ks) of electroactive molecules after interaction 

with DNA is often used to probe the difference of electrochemical properties between small molecules 

and their DNA-bound complex DNA [49, 50]. In this work, the Ks of DNA-bound PCV was also 

determined and then compared with that of free PCV. The plots of the oxidation peak potentials (Epa) 

of PCV (curve a) and PCV-DNA complex (curve b) with the scan rate (v) are in Fig. 7. The oxidation 

peak potential (P2) values increases as the scan rate for both of the systems rises. Then the formal 

potentials of free and DNA-bound PCV were obtained to be +0.652 V and +0.680 V, via prolonging 

the Epa–V curves to Epa axis. Additionally, it is observed that Epa is linearly dependent on logarithm of 

scan rate (lnV) for both the systems (Fig. 6), which is in accordance with the following Laviron’s Eq. 

(6)  

 

VnFRTRTKnFnFRTEE Spapa ln)/()/ln()/('0    (6) 

 

For an irreversible oxidation process [51], the values of Ks are evaluated to be 0.52 s
−1

 in the 

absence of DNA and 0.54 s
−1

 in presence of DNA according to Eq. (6).  
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Figure 6. Relationship between the oxidation peak potentials (Epa) and the logarithm of scan rate 

(lnV). 
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Figure 7. Relationships between the oxidation peak potential (Epa) and the scan rate (v) for PCV (a) 

and PCV-DNA complex (b). 

 

Since Ks in the absence and presence of telomere DNA are almost same, we propose that the 

telomere DNA does not alter the electrochemical kinetics of oxidation of PCV [32]. That is to say, 

PCV-DNA complex still keep the electroactivity of free PCV in homogeneous solution [52]. 

The decrease in peak current of PCV after being added into telomere DNA may be due to the 

following two reasons: the first reason could be the electrochemical phenomena, which resulted in the 

changes of electrochemical parameter such as the surface reaction rate constant (Ks) [32]. The values 

of Ks is evaluated to be 0.52 s
-1 

and in the absence of telomere DNA and 0.54 s
-1

 in presence of 

telomere DNA. Since the values Ks in the absence and presence of telomere DNA are almost the same, 

we propose that the telomere DNA did not alter the electrochemical kinetics of oxidation of PCV and 

formed complex between PCV and telomere DNA.  
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Another possibility for decreasing in peak current may be due to the competitive adsorption 

between PCV and telomere DNA. Since the electrode process of PCV is a diffusion controlled 

irreversible process and no adsorption time is given in these experiments, the possibility of competitive 

adsorption between PCV and telomere DNA can be ruled out. It was reported [53] that under the 

conditions of lower concentration species, larger electrode area and shorter accumulation time, 

competitive adsorption between PCV and telomere DNA does not exist. In view of the above, the 

decrease in peak current of PCV upon the addition of telomere DNA is mainly attributed to decrease in 

equilibrium concentration of free PCV. This decrease in the concentration of PCV could be attributed 

to the formation of the electrochemically inactive PCV-DNA system, which indicates that the PCV 

interacts with telomere DNA.  

 

3.2.2 Differential Pulse Voltammetry 

Differential pulse voltammetry method (DPV) is chosen for analytical application because it is 

more sensitive than cyclic voltammetric method. When adding telomere DNA to PCV solution, 

marked decrease in oxidation peak current of PCV with a large positive shift in peak potential was 

noticed. Besides, no new oxidation peaks were noticed. This revealed the interaction between telomere 

DNA and PCV. The interaction of PCV was found to depend on time. In order to find out the 

interaction time, we recorded the differential pulse voltammogram of PCV in presence of telomere 

DNA at different time intervals. We observed a significant decrease in peak current of PCV up to 20 

min. After 20 min, the peak current of PCV remained almost the same. Therefore, an interaction time 

of 20 min should be maintained throughout the experiment. Fig. 8 shows the DPV of PCV in the 

absence (curve a) and presence of excess telomere DNA (curve c). PCV has an oxidation peak at 0.652 

V, which was corresponding to the peak of P2 on the cyclic voltammogram, where the oxidation peak 

currents of PCV decreases dramatically and the peak potential shifts from 0.652 V to 0.680 V after 

interacting with telomere DNA. From the previous study [48], it was reported that if both the oxidized 

and reduced forms of a small molecule interacted with DNA, the corresponding equilibrium constants 

for each oxidation state binding telomere DNA could be calculated from the following Eq. (7): 

 

)/ln()( 0

'0'00 KK
nF

RT
EEE Rfb          (7) 

Where E
0'

, b and E
0'

, f are the formal potentials for DNA-bound and free forms of PCV, 

respectively, are determined by the formula of E
0’

=Epa +ΔEp/2, (Epa , the DPV peak potential; ΔEp, the 

pulse amplitude); K0 and KR are the binding constants of oxidized and reduced forms to telomere DNA, 

respectively. Thus, for the limiting potential shift of 28 mV after interacting with excess telomere 

DNA, the ratio of the binding constants (KR/K0) is 8.1 from calculation, indicating that the reduced 

form of PCV (PCVRed) bound to telomere DNA is 8 times stronger than the oxidation form (PCVox). 

This result is consistent with the characteristic of an intercalation mode [48]. 
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Figure 8. Differential pulse voltammograms of 250.0 μmol L

-1
 PCV in the absence (a) and presence of 

14.0 μmol L
-1

 single-stranded telomere DNA (b) and 14.0 μmol L
-1

 double-stranded telomere 

DNA (c) in a buffer solution of 0.05 mol L
-1

 pH 7.4 Tris-HCl (0.1 mol L
-1

 NaCl). 

 

3.2.3 Comparison of the interaction of PCV-double-stranded telomere DNA with  

PCV-single-stranded telomere DNA 

The binding proposed for the interaction between small molecules and DNA double helix 

include intercalative binding, groove binding and electrostatic binding. Among these, intercalation and 

groove binding modes depend on DNA double helix. However, the electrostatic binding occurs out of 

the groove of the DNA. If the interaction models are intercalative and groove binding, the interacting 

capability would decrease in presence of denatured DNA. It was found that the interaction between 

PCV and denatured single-stranded telomere DNA (Fig. 8, curve b), while the obtained signal showed 

minor change compared with free PCV (Fig. 8, curve a), indicating that the interaction between PCV 

and denatured telomere DNA is very weak. However, the electrostatic interactions may continue to 

operate even after DNA’s denaturation. After denatured single-stranded telomere DNA’s interaction 

with PCV, the oxidation peak potential shifts negatively. This could be attributed to the electrostatic 

binding between PCV and negative-charged backbone PO2 group of denatured DNA. For the 

denatured telomere DNA, the hydrogen bonding between two associated strands is destroyed and the 

two strands are separated into two “random-coil” states, resulting in the extinction of intercalation sites 

for the external molecules. 

Appreciable decrease in the electrochemical signals after interacting with telomere DNA 

further supports that the PCV intercalates into double helix of telomere DNA.  

Fig. 9 shows the relationship between oxidation peak current (Ipa) and concentration of PCV. It 

is found that in the incipient stage, the oxidation peak (Ipa) decreases rapidly with the increase of 

telomere DNA concentration, and then becomes placid (stable value) when the equilibrium 

concentration of PCV goes over 14.0 μmol L
-1

, which suggests a complete interaction of telomere 

DNA with 250.0 μmol L
-1

 PCV.  
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Figure 9. Plot of Ipa vs [DNA] for 250.0 μmol L
-1

 PCV with varying concentration of DNA in a buffer 

solution of 0.05 mol L
-1

 pH 7.4 Tris-HCl (0.1 mol L
-1

 NaCl). 

 

According to reference [27, 48, 54, 55], the binding ratio (m) and binding constant (β) can be 

obtained, under the condition of PCV binds telomere DNA to form a simple complex. Assuming that 

PCV and telomere DNA produce only a single complex of telomere DNA-mPCV: 

 

mPCVDNAmPCVDNA   

 

The binding constant is  

 

][]/[ DNAPCVmPCVDNA m  

 

 Because  

 

][][ mPCVDNACDNA DNA   

 

DNAPa KCI  max,  

 

][ mPCVDNAKIPa   

 Therefore 

 

][max, DNAKII PaPa   

 

And the following equations can be deduced 

 

]lg[lg)]/lg[ max, PCVmIII PaPaPa    
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Or              )]/[1)(/1(/1/1 max,max,

m

PaPaPa PCVIII    

 

Where ΔIpa represents the oxidation peak current differences with and without telomere DNA, 

ΔIpa,max corresponds to the maximum difference of the peak currents before and after the addition of 

telomere DNA. Cpcv and [PCV] correspond to the concentration added and the equilibrium 

concentration of PCV. If telomere DNA and PCV form a single complex, the plot of lg[ΔIpa/(ΔIpa,max-

ΔIpa)] versus lg[PCV] is linear. Fig. 10 shows that lg[ΔIpa/(ΔIpa,max-ΔIpa)] depends on lg[PCV], with a 

fine straight line. From the slope and the intercept of the straight line, the values of m and β can be 

acquired as 1.7 and 5.3×10
9
 mol L

-1
. A tentative idea was that the binding ratio of telomere DNA and 

PCV was 1: 2.  
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Figure 10. The plot of lg[ΔIpa/(ΔIpa,max-ΔIpa)] versus lg[PCV]. 

 

3.3 The influence of ionic strength on interaction of PCV and telomere DNA 

The effect of the ionic strength controlled by adding NaCl on the interaction of PCV and 

telomere DNA are also studied. It is found that in the range of 0-0.3 mol L
-1

, the oxidation peak 

potential of PCV shifts positively when increasing ionic strength. This evidence suggests that adding 

NaCl weakens the electrostatic interaction between PCV and telomere DNA [23]. The explanation can 

be the ionic strength shielding effect of the added Na
+
 on the outer negatively charged DNA 

phosphate. When I goes beyond 0.1 mol L
-1

, the oxidation peak potential becomes approximately 

constant, which indicates that PCV can no longer interact with DNA electrostatically at high ionic 

strength. The dash line in Fig. 11 divides the binding mode of PCV and telomere DNA into two parts: 

the mixture of electrostatic and intercalative modes ( I < 0.1 mol L
-1

) and the only intercalative mode ( 

I ≥ 0.1 mol L
-1

) . 
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Figure 11. Effect of ionic strength ( I ) on the oxidation peak potential (Epa) of PCV-DNA system. 

 

3.4 Calibration Curve and Detection Limit 

Under the optimum condition of the standard procedure, by keeping the concentration of PCV 

as 250.0
 
μmol L

-1
, the calibration curve for detecting telomere DNA was obtained. When the 

concentration of telomere DNA is in the range of 0.2 to 14.0 μmol L
-1

, a linear relationship of the 

decrease of the oxidative peak current (ΔIpa) with telomere DNA concentration (C) was obtained with 

a linear regression equation ΔIpa(μA) = 0.0751C (μmol L
-1

)-0.0410, R
2
=0.9922 (Fig. 12), providing a 

possibility for quantitative determination of telomere DNA via using PCV an electroactive probe. The 

detection limit (3σ) was 0.1 μmol L
-1

, where σ was the standard deviation of the blank measurements 

(n=10).   
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Figure12. Plot of Δ Ipa vs [DNA] for 250.0 μmol L

-1
 PCV with varying concentration of DNA in a 

buffer solution of 0.05 mol L
-1

 pH 7.4 Tris-HCl (0.1 mol L
-1

 NaCl). 
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3.5. Interference test of foreign substances 

Maintaining the concentration of telomere DNA as 1.2×10
-5

 mol L
-1

, the interference of foreign 

substances such as some amino acids, glutathione, sodium glutamate and various cations at pH 7.4 on 

the determination of telomere DNA were tested according to the standards procedure. The results are 

shown in Table 2. Therefore we conclude that the determination of telomere DNA is hardly impacted, 

which shows that the interaction of PCV and telomere DNA provides a possibility for detecting the 

content of telomere DNA in practical samples. 

 

Table 2. Effect of coexisting substances on the determination of 1.2×10
-5

 mol L
-1

 telomere DNA.PCV 

(250.0 μmol L
-1

), pH 7.4. 

 

Coexisting 

Substance 

Concentration 

(μg/ml) 

Relative 

error (Δip%) 

Coexisting 

Substance 

Concentration 

(μmol/L) 

Relative error 

(Δip%) 

L-Aspartic 

acid 

10 2.14 Cu
2+

 10 -2.47 

L-Serine 10 3.75 Fe
3+

 10 -6.44 

Glutathione 10 -0.81 Mg
2+

 10 3.05 

Citric acid 10 5.93 Ca
2+

 10 2.17 

Sodium 

Glutamate 

10 -4.56 Zn
2+

 10 4.23 

 

 

 

4. CONCLUSION 

In this research, the interaction of PCV with telomere DNA was studied by electrochemical and 

spectroscopic methods. The binding of PCV to telomere DNA resulted in a series of changes in the 

electrochemical behavior and spectra characteristics. Upon binding to telomere DNA, the adsorption 

spectra of PCV showed peculiar hypochromic effect and the fluorescence emission of PCV efficiently 

increased due to the decrease of the collision frequency of the solvent molecules. Meanwhile, the 

melting temperature of the solution containing PCV increased in the presence of telomere DNA. 

Moreover, we also found that the irreversible oxidation peak of the PCV was observed decreasing and 

underwent a positive shift of potential. From these experimental results, it could be affirmed that the 

interaction of PCV with telomere DNA was intercalative mode. The intercalation caused changes in 

the shape of the DNA helix and hindered DNA replication and RNA transcription [56]. Furthermore, 

The results of the CV study showed that the interaction was mainly of an electrostatic one in Tris-HCl 

buffer solution at pH 6.5 in lower ionic strength, whereas intercalative binding and hydrophobic force 

played dominant role at pH 8.5 and 7.4 in ( I ≥ 0.1 mol L
-1

) Tris-HCl buffer solution. These 

investigations indicated that electrochemistry coupling with spectroscopy techniques could provide a 

convenient way to characterize both the binding mode and the intercalation mechanism of PCV 

binding to telomere DNA, which was important for the mechanism of mutagenity and the design of 

new effective anticancer drugs. 
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