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ABSTRACT

The graphene-modified glassy carbon electrode (Gr/GCE) was fabricated by casting graphene (Gr). Some electrochemical parameters for diethylstilbestrol
(DES) detection, such as pH, scan rate, and accumulation time were discussed. The interaction of DES with DNA at a Gr/GCE was studied by electrochemical
method and factors influencing the interaction were optimized. Under the optimized conditions, the results revealed that the peak current decreased and the peak
potential shifted to the positive side after adding DNA into the solution containing DES. We deduced that the interaction of DES with DNA mainly is intercalation.
The interaction of DES with DNA was studied by ultraviolet and visible (UV-Vis) absorption spectroscopy. Also, with the addition of DNA, hyperchromic effect
and small red shifts were observed in its UV-VIS spectra upon addition of DNA, results indicated that the DES molecule intercalated into the DNA, and the

complex of DES-DNA was formed.
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1. INTRODUCTION

Diethylstilbestrol (DES) was the first synthetic hormone. The molecular
structure of DES is shown in scheme 1. Used primarily to prevent miscarriage
and complications in pregnancy, DES was a common medication administered
by doctors between 1938 and 1971[1]. However, researchers found that women
who used DES themselves have a slightly increased risk of breast cancer-
approximately 30 percent higher than that of women who did not take DES [2-
4]. DES is now known to be an endocrine-disrupting chemical, one of a number
of substances that interfere with the endocrine system to cause cancer, birth
defects, and other developmental abnormalities. Therefore, the development
of efficient analytical methods for its detection to prevent illegal usage is very
important. Several analytical techniques have been used for the detection of
DES, such as GC-MS [5-7], HPLC [8], LC-MS [9-12], electrochemical
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Scheme. 1 Molecular structure of Diethylstilbestrol

immunoassay [13] or chemiluminescence [14]. Since the concentration
of DES in samples is extremely low, a preconcentration step (solid-phase
extraction or solid/liquid phase microextraction), is usually required. However,
the main problems associated with the use of sample preconcentration for the
determination of DES are the lack of selectivity and the low recovery. To date,
chemically modified electrodes have been applied for detection of DES [15-
19]. They are low-cost and usually do not require time consuming sample
preparation.

In recent years, the interaction between biological materials and DNA
has drawn great attention and has been extensively studied. Electrochemical
technique [20, 21] is an effective way. However, the behavior of DES and its
interaction with DNA at a graphene modified electrode have not been reported
so far. Graphene electrochemical sensors are of growing interest nowadays,
and they have been applied in various fields, such as detection of medicine,
additive in food, contamination in environment and so on [22-24].

In this paper, the electrochemical behavior of DES and its interaction with
DNA was successfully studied for the first time at the Gr /GCE. The interaction
of DES with DNA was also studied by UV—vis spectroscopy. Also, with the
addition of DNA, hyperchromic effect and small red shifts were observed in its
UV-VIS spectra upon addition of DNA, results indicated that the DES molecule
intercalated into the DNA, and the complex of DES-DNA was formed.
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2.- EXPERIMENTAL

2.1 Chemicals and Apparatus

DES was bought from Chengdu Aikeda Chemical Reagent Co., Ltd
(Chengdu, China). Calf thymus double-strand DNA (dsDNA) was purchased
from Shanghai Yuanye Bio-Technology Co., Ltd (Shanghai, China). Graphene
was synthesized from graphite powder according to our previously reported
method [23]. Phosphate buffer solutions (PBS) were prepared by mixing
disodium hydrogen phosphates and citric acid, both of which were purchased
from Beijing Chemical Reagent Co. (China). All other reagents were of
analytical grade and used as received.

Preparation of ssDNA stock solutions [21, 25]: The 2.0 mg mL"' dsDNA
was immersed in heat water (70~100°C) for 30 min and then cooled down
rapidly with ice salt bath. After 30 minutes, the natural double-stranded DNA
(dsDNA) had denaturated as single-stranded DNA (ssDNA).

Electrochemical experiments were carried out with a CHI-660E
electrochemical workstation (Shanghai CH Instrument Company, China). UV-
Vis spectra were recorded using a TU-1810 Spectrophotometer (Shimadzu)
with 1-cm path length quartz cuvettes.

2.2 Preparation of Gr-GCE

GCE was polished to a mirror-like surface with 0.05 pm alumina
slurry on microcloth pads, and sonicated in nitric acid (1:1, V/V), ethanol and
water. Then, 0.006 mL of graphene stock solution (0.5 mg mL™") was dropped
onto the surface of the GCE, also followed by drying under an infrared lamp.
The graphene and graphene-modied GCE were characterized by IR, SEM and
TEM, which have been reported in our previous work [23].

2.3 Experimental method

2.3.1 Electrochemical method

A certain amount of DES solution or the mixture of DES and DNA, PBS
(pH=4.0), distilled/deionized water were sequentially added into a cell. After
stirring for 20s, the voltammograms were recorded at a Cr/GCE in a certain
potential range. The modified electrode was placed in PBS (pH=4.0) and
scanned until no peak for reuse.

2.3.2 UV-Vis Method

5.00 mL of PBS (pH=4.0) , 5.00 mL of 1.00 x 10-* mol L' solution of DES
and a certain amount of 2.0 mg mL"! of calf thymus DNA solution were added
into a 25 mL volumetric flask, and than PBS was used to reach the final volume
of 25 mL. The mixed solution was stored in the refrigerator at a temperature
below 10 °C for one night and the UV -Vis spectra were recorded using a UV
Spectrophotometer with 1-cm path length quartz cuvettes in the wavelength
range of 200-500 nm.

3.- RESULTS AND DISCUSSION

3.1 Electrochemical properties of DES at the Gr/GCE

The electrochemical properties of DES were studied on a bare GCE and a
Cr/GCE by CV method. The experimental results revealed that the oxidation
current response of DES remarkably increased at the Cr/GCE in pH 4.0 PBS
(Seen in Figure 1), which suggested that the graphene has a high electrocatalytic
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activity toward the oxidation of DES. From the CVs of DES at the modified
electrode, it was now known that Epa =0.477 V and ipa=8.81X 105A.
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Fig. 1 Cyclic voltammograms (CVs) of 2.00x10° mol L' DES at a bare
GCE (1) and a Gr/GCE (2). Scan rate: 100 mV s

3.2 Optimization of Conditions for DES Detection

3.2.1 Influence of pH

Influence of pH on the electrochemical signal was analyzed by linear
sweep voltammetry in the pH range 2.2 to 8.0. It was evident that the highest
oxidation signal of DES was obtained at pH 4.0. Thus, pH=4.0 PBS was chosen
as the supporting electrolyte. Furthermore, the relationship between the peak
potential (£, and the solution pH can be described by the following equation
(Fig. 2, Insert): E, = 0.700 — 0.061 pH, R = 0.9981. The slope is 0.061, which
indicates that the number of electrons and protons involves in the reaction is
equal according to Nernst Equation.
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Fig. 2: CVs of 2.00x10°mol L' DES at a Gr-GCE at different pH (from
1to 7): 2.2, 3.0, 4.0, 5.0, 6.0, 7.0, and 8.0, respectively. Inset is the plot of
oxidation peak currents versus pH.

3.2.2 Influence of scan rate

The influence of scan rate was investigated. Electrochemical signal was
achieved by applying various scan rates of 20, 40, 60, 80,100, 120, 140 and 160
mV s and the results were shown in Figure 3. The current response increased
with the increasing of scan rate. As presented in Figure 3 (Insert), a linear
relationship between the response signal and scan rate of DES was obtained
from 20 to 160 mV s with a correlation coefficient of 0.9940. These show
that it is an adsorption process of electrochemical behaviors of DES at the Gr/
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Nano-Au/GCE by the following equation: b= 0.700 — 0.061 v. As a result, a
good signal was obtained when the scan rate is 100 mV s™!. Therefore, 100 mV
s 'was used as the scan rate in our work.
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Fig. 3: CVs of 2.00x10”° mol L-'DES at a Gr-GCE at different scan rate.
Each of the numbers from 1 to 8 corresponds to a scan rate of 20, 40, 60, 80,
100, 120, 140 and 160 mV s, respectively. Inset is the plot of redox peak
currents of CGA versus scan rates.
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3.3 The interaction DES with DNA and comparisons of the interaction
dsDNA and ssDNA with DES

In order to assess the different interaction strengths of DES with both
ssDNA and dsDNA, the interaction of dsDNA and ssDNA with DES was
studied electrochemically by using CV at Gr/GCE in PBS (pH 4.0) (Seen in
Figure 4). The results revealed that the peak current decreased and the peak
potential shifted positively after adding either dsDNA or ssDNA into the
solution containing DES. We deduced that the interaction of DES with DNA
mainly is intercalation [26].

But, the peak potential of the DES solution containing dsDNA is more
positive than that of the DES solution containing ssDNA. Furthermore, the
signals were found the signal decreased significantly than that with ssDNA.
This is probably because dsDNA have the double helix structure, DES can be
embedded into the double helix structure and the complex of DES-dsDNA was
formed. On the contrary, ssDNA does not have a double helix structure and
intercalation relatively weak. Therefore, dsSDNA was used in our work.
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Fig. 4: CVs of DES (curve 1), the mixture of CGA and ssDNA DNA
(curve 2), and the mixture of DES and dsDNA (curve 3) in pH 4.0 at a Gr-GCE.



3.4 Optimality Conditions of electrochemical method

Different effect factors, such as time, temperature, and DNA concentration
were determined in our work.

3.4.1 Effects of interaction time

The effect of interaction time on the interaction between DES and dsDNA
was studies from 5 to 45 min. The peak current decreases gradually with the
increase of the reaction time and attains a minimum value after 20 minutes.

3.4.2 Effect of temperature

The effect of temperature was examined over the range of 25 to 60°C.
It was found that the peak current decreased and the peak potential shifted
to more positive values with increasing temperature. When the temperature is
higher than 45°C, the peak current is basically stable. So, the experiment was
carried out at 45°C.

3.5 Effect of DNA concentration

The effect of DNA concentration over the range 0.005~ 0.06mg mL"' on
the peak current of DES with stirring for 20 minutes at 45°C was examined by
using the CV method. It was found that the peak current decreased and the peak
potential shifted to the positive side with an increase in the amount of DNA as
shown in Figure 5. We also deduced that there existed the interaction between
DES and DNA [26].
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Fig. 5: Cvs of 2.00x10° mol L' DES containing different concentrations
of DNA at the Gr-GCE. Each of the letters from 1 to 8 corresponds to a
concentration of DNA: 0.005, 0.008, 0.010, 0.015, 0.020, 0.040, 0.050 and
0.060, respectively (in mg mL™").

3.6 Determination of UV-Vis absorption spectroscopy

In this part of the study, UV-Vis absorption spectroscopy was further
employed to examine the interaction of DES with dsSDNA. When dsDNA was
added to DES solution, the absorption peak increased, that was hyperchromic
effect. We then deduced there were some changes in absorbance and the
position of the band would red shift when DES interacts with DNA. The
possible reasons to explain why the spectral have some effects may be that
[27, 28] it can cause an energy decrease, and a decrease of the =—7* transition
energy when the empty n* -orbital of the small molecule couples with the
n-orbital of the DNA base pairs. It shows that their electron clouds affected and
overlapped each other statically to form an association. So, the binding mode
between DES and DNA was electrostatic interaction [29-31]. With the increase
of the concentration, the absorption peak shifted towards longer wavelengths,
which is red-shifted. It indicates that new function group was produced after
adding DNA solution into the DES solution and there existed the intercalation
binding between DES and DNA.
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Fig. 6: UV-Vis spectra of 2.00x10° mol L' DES containing different
concentrations of DNA at the Gr-GCE. Each of the letters from a to d
corresponds to a concentration of DNA: 0.000, 0.005, 0.008 and 0.010,
respectively (in mg mL™").

4 CONCLUSIONS

The interaction of DES with DNA has been studied in two ways in
PBS on the surface of Gr/GCE. DES could interact with DNA and formed a
complex. Under the optimized conditions, the results revealed that the peak
current decreased and the peak potential shifted to the positive side after adding
DNA into the solution containing DES. Based on this, we deduced that the
interaction of DES with DNA mainly was intercalation. The interaction of
DES with DNA was studied by UV-vis spectroscopy. Also, with the addition
of DNA, hyperchromic effect and small red shifts were observed in its UV-
VIS spectra upon addition of DNA, results indicated that the DES molecule
intercalated into the DNA, and the complex of DES-DNA was formed.
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