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Electrochemical detection of adenine (A) and guanine (G) using the self-assembled monolayer of
copper(Il)-thiophenylazoimidazole modified gold electrode (Cu®-IATP-Au) is reported. The self-
assembled momolayer of 4-(2'-imidazolylazo)thiophenol (IATP) on gold electrode surface was prepared
10 by covalent immobilization of imidazole onto 4-aminothiophenol monolayer modified gold electrode by
diazotization-coupling reaction. The catalyst was formed by immobilizing Cu(Il) ion on the IATP
modified gold electrode. The modified gold electrode was characterised by Field emission scanning
electron microscopy, Energy dispersive X-ray analysis, Infrared spectroscopy, Cyclic voltammetry and
Electrochemical Impedance spectroscopic techniques. The Cu®>"-IATP-Au electrode exhibits excellent
15 electrocatalytic activity towards the oxidation of A and G. Without separation or pre-treatment, the
modified electrode can detect A and G simultaneously in a mixture and DNA sample. In presence of
excess common interferents such as ascorbic acid, citric acid, cysteine, glucose, Na*, K*, CI, S0,* had
no effect on the peak current of A and G. In differential pulse voltammetry measurement, the oxidation
current response of A and G was increased linearly in the concentration range 10 - 60 uM and the
20 detection limit was found to be 0.06 uM and 0.01 uM (S/N = 3), respectively. The proposed method was
applied to determine adenine and guanine in herring sperm DNA and the result was satisfactory.

1. Introduction

Adenine (A) and Guanine (G) are the building blocks of nucleic
acids and play an important role in genetic information storage,

25 protein biosynthesis and fulfill a variety of functions in the
metabolism of the cell.! The abnormal changes of the
concentration of A and G in nucleic acid may cause several
diseases, including Parkinson’s disease, carcinoma and liver
diseases.” Hence, the determination of A and G has great

30 significance to the bioscience and clinical diagnosis. Various
methods have been applied for their detection and measurement,
such as  chromatography,® electrophoresis,*  Chemical
luminescence,” Spectrophotometry ¢ or Surface enhanced Raman
scattering.” Although these methods are excellent but have

35 several shortcoming such as high cost, high time consumption
and tedious pretreatment steps.
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For routine analysis electrochemical techniques are very
45 promising due to low cost, high sensitivity, high selectivity and
ease of miniaturization. They are suitable for analysis of A and G
individually or simultaneously, ® still the electrochemical methods
suffer problems for the detection of nucleic bases such as slow
electron transfer kinetics, high overpotential and overlapping of
so their oxidation peaks. To overcome the problems, chemical
modification of electrode surface with suitable materials is
always beneficial. Varieties of materials have been used for the
electrode surface modification and used them to electrochemical
detection of A and G. Cyclodextrin modified poly(N-
acetylaniline) film,’ Graphene oxide intercalated by self-doped
polyaniline nanofibers'® or cobalt(Il)phthalocyanine modified
carbon paste electrode,''  Porous silicon supported Pt-Pd
nanoalloy modified carbon nanotube paste electrode ', Glassy
carbon electrode modified with overoxidized
polypyrrole/grapheme'?, multiwall carbon nanotubes (MWCNTs)
decorated with NiFe,O; magnetic nanoparticles”, Silver
nanoparticles(AgNPs)—
polydopamine(Pdop)@graphene(Gr)composite °, single-stranded
DNA-poly(sulfosalicylic acid)composite film,'® TiO, nanobelts,
6 V7 Graphene-COOH, ' 1,8,15,22-
tetraaminophthalocyanatonickel(IT),'® Tron hexacyanoferrate film,
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2 Azocalixarene, 2! graphine-Nafion composite film,* fullerene-
Ceo 2 and gold electrode modified with n-octadecylmercaptan,
followed by controllable adsorption of graphene sheets® have
been used for the electrochemical oxidation and detection of A
and G. However, these modified electrodes have some drawbacks
such as stability, reproducibility and use of costly chemicals for
electrode modification. In this context, the development of novel,
chip and simple strategy for electrode modification is highly
desirable. Diazonium salt has been extensively used for the
electrode surface modification.”> Diazonium group functionalized
electrode surface can coupled with phenolic, imidazole or amino
groups to form different diazotized compounds *° which are
capable of forming metal complexes. There are many reports that
metal-azo complexes can interact with the DNA bases and is
important in the field of anticancer drug research.”’ A and G
formed complexes with metals including copper, has been
extensively studied by electrochemical methods. ** A number of
articles have been devoted to the catalytic and electrocatalytic
activity of copper(Il) modified electrode for the redox reaction of
organic and biological compounds. For example, electrocatalytic
oxidation of hydroquinone with copper(Il)-L-cysteine® and
copper(IT)-5-amino-2-mercaptobenzimidazole® complex
monolayer modified gold electrode, catalytic oxidation of L-
cysteine in oxygen-saturated aqueous solution by copper(Il)
supported on a polymer, *' determination of cysteine at a glassy
carbon electrode modified by copper(Il) ions, ** determination of
ascorbic acid using dinuclear copper salicylaldehyde-glycine
schiff base modified GC electrode ** and copper(Il)-zeolite
modified electrode, ** electrocatalytic oxidation of carbohydrates
copper(I) oxide modified electrode *° and certain
catecholamines such as dopamine, L-dopa, epinephrine and
norepinephrine using copper(Il) complex and AgNPs modified
glassy carbon paste electrode. *

at

In the present study, we have used a self assembled copper(Il)
containing azoimidazole complex modified gold electrode for the
detection of purine bases, A and G, individually and
simultaneously in the physiological pH. Electrode modification
process and the electrochemical oxidation behaviour of A and G
over the modified electrode were studied in detail. The modified
electrode has also been applied for the detection of DNA bases in
real sample.

2.
2.1.

Experimental
Chemicals and reagents

4-aminothiophenol (4-ATP) and NaClO, were purchased from
Sigma-Aldrich  (India).  Imidazole, = CuSO,.5H,0, and
K4[Fe(CN)g].3H,0O were purchased from Merck (India) and were
used as received. Denatured herring sperm DNA, A, G were
purchased from Sigma-Aldrich (India). Phosphate buffer solution
was prepared by mixing 0.1M NaClO,4 and 0.01M H;PO, and the
pH’s were adjusted by the addition of 0.11M NaOH using
Smalley’s method.”” Water was purified by double distillation
with alkaline KMnO,.
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2.2. Apparatus and instrumentations

The field emission scanning electron microscopy (FE SEM)
images and Energy dispersive X-ray (EDAX) analysis data were
obtained using FE-SEM, FEI INSPECT F50 operated at an
acceleration voltage of 20kV. FTIR spectra were recorded on a
Shimadzu 8400S spectrometer. Electrochemical measurements
were performed on a CHI 660C Electrochemical workstation (CH
Instrument, USA). A three electrode system was employed with
gold or modified gold electrode as working electrode, Pt wire as
counter electrode and Ag/AgCl (3M KCl) as reference electrode.
The pH measurements of solutions were carried out on a pH
meter (Macro Scientific works (Regd), New Delhi).

2.3. Electrode pre-treatment and immobilization of 4-(2-
imidazolylazo)thiophenol over gold electrode

A gold electrode (2 mm in diameter) was polished with 0.05 pm
a-alumina on a polishing pad and rinsed extensively with
anhydrous ethanol and distilled water. Then the gold electrode
was electrochemically cleaned in 0.5 M H,SO, until a steady
characteristic gold oxide cyclic voltammogram was obtained.*®
The cleaned gold electrode was immersed into the 4-ATP (1 mM)
solution for 20 hours. The self-assembled 4-ATP monolayer was
formed over electrode surface via gold-sulfur interaction and the
modified electrode was thoroughly washed with ethanol and
distilled water. After that the 4-ATP - Au electrode was dipped
into a 0.1 M HCI solution at 2 — 4 °C, and 0.1 g NaNO, solution
was added slowly. After 30 minute incubation, the diazotized
modified gold electrode (diazo-ATP-Au) was removed and rinsed
with ice cold distilled water. For coupling with imidazole, the
diazo-ATP-Au electrode was immersed into aqueous 0.025 M
imidazole solution for 30 minutes at 2-4 °C in stirring condition.
Finally, the 4-(2"-imidazolylazo)thiophenol modified gold
electrode (IATP-Au) was rinsed with distilled water and dried in
air (Fig. 1).

ECH

Au Electrede

Fig. 1 Schematic representation for the fabrication of gold
electrode and the electrochemical oxidation mechanism of
adenine and guanine.
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2.4. Copper complexation on IATP/Au electrode

The IATP - Au electrode was immersed into 1 x 10° M CuSO,
solution (containing 0.1 M KNOj3) at pH 5.6 and stirred for 4
hours. After complexation, the electrode (Cu**-IATP-Au) was
washed thoroughly with distilled water and then dried in air for
further experiment.

3. Results and discussion

3.1. Choice of Materials

Copper has unique coordination chemistry which renders it
suitable for many enzymatic reactions, such as superoxide
dismutase (SOD), ascorbic acid oxidase, cytochrome-c-oxidase
actions.* Imidazole moiety can be found in almost all copper(Il)
enzymes. In biological system, superoxide dismutase catalyses
the dismutation of poisonous superoxide to O, and H,0,.
Copper(II) is the catalytic center in SOD, on reduction by
superoxide O,", blue [Cu"(his’)(his-H);] changes to colourless
[Cu'(his-H),]. Ascorbic acid oxidase is a blue copper(Il)
containing protein that catalyses the oxidation of ascorbic acid to
dehydroascorbic acid by O,. Cytochrome-c-oxidase is a terminal
enzyme in the respiratory chain. It brings about the oxidation of
the reduced form of [Fe(Cyt-c)red] with concomitant reduction
of molecular oxygen to water. These inspire us to make the
biomimetic catalyst containing Cu(Il)-Imidazole moiety which
can oxidise the purine bases, adenine and guanine and at the same
time determine the concentration. Verities of nanomaterials, nano
composites and few metal complexes have been used so far for
electrode modification and applied for elctrocatalytic oxidation of
adenine and guanine.”?* Similarly, different copper(Il) ion
modified electrodes have been used for electrocatalytic oxidation
of various organic and biologically important molecules.>*® For
the first time, we have modified gold electrode by the self-
copper(Il)-thiophenylazoimidazole complex
monolayer and utilized this bio-mimetic sensor for the
electrocatalytic oxidation of adenine and guanine in physiological
pH. The proposed sensor exhibited a simple, rapid and sensitive
determination of adenine and guanine individually as well as

assembled

simultaneously with low detection limit.

3.2. Surface morphology of the Cu**/IATPmodified gold

electrode

The step wise modification and surface morphology of the bare
and self-assembled monolayer modified gold electrodes were
characterised by FE SEM. Fig. 2 (A — D) shows the clear change
of surface morphology and suggested the formation of Cu*'-
IATP film on gold surface. EDAX images (Fig.3 (A -D) also
confirms the step wise modification. In the FTIR spectra, 4-ATP
modified gold electrode shows two absorbance peaks at 3443 and
3342 cm™! due to presence of -NH, group. After diazotization and

coupling with imidazole these peaks are absent but a new peak

60

Fig. 2 SEM images of bare (A), 4-ATP modified (B), IATP
modified (C), Cu?*-IATP modified gold electrode

appeared at around 1376 cm™ due to -N=N-bond formation. After

. complexation with copper(Il) ion the -N=N- stretching frequency

decreased due to back donation from copper to —-N=N- ©* orbital
and the azo peak observed at 1366 cm™'. Along with these a new
peak observed at 460 cm™ and is due to Cu-N bond stretching
which also supports the Cu®'- IATP- Au modification.

Fig. 3 EDAX spectrum of bare (A), 4-ATP modified (B), IATP
modified (C), Cu?*-IATP modified gold electrode

3.3. Electrochemical characterisation of the Cu?/IATP

65 modified gold electrode

The stepwise modification was examined by CV using
[Fe(CN)g]*™ as redox probe in 0.1 M PBS buffer at pH 7 (Fig.

This journal is © The Royal Society of Chemistry [year]
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Fig. 4 FTIR spectra of (a) 4-ATP modified (b) IATP modified (b)
and (c) Cu*"-IATP modified gold electrode

5). For the bare electrode the cyclic voltammogram of 0.5 mM
[Fe(CN)¢]* exhibit electrochemically reversible redox couple.
However, 4-ATP modified Au electrode, the cyclic
voltammogram of [Fe(CN),]* exhibit an irreversible feature with
low current height than that of bare gold. The current height
decreases even more when diazotized (diazo-ATP- Au) and
imidazole coupled (IATP - Au) gold electrode was used. The
experimental results indicate that the electronic communication
between Au and [Fe(CN)e]* is blocked due to SAM formation.
Electrochemical impedance spectroscopy supports the CV results.
In the Nyquist plot the diameter of the semi-circle decreases
gradually when step wise modification on the gold electrode
surface was carried out. The observed trend (Fig. 6) is due to the
fact that the modified electrode blocked the electron transfer rate
for the oxidation of [Fe(CN)4]*.

The IATP - Au can form a neutral monolayer at pH 7. The faradic
currents for the probe redox reaction were decrease (Fig. 5) when
modified the gold electrode surface with IATP. Reasonably,
hydrogen bonds have more chance to form between imidazolic
NH and n-n staking are more effectively formed in this condition.
A value may be obtained for surface coverage 0 = 0.99 using 0 =
[1-(ip/ip°)] relation*” where ip0 and i, are peak currents of redox
probe at bare and IATP/Au electrodes, respectively under the
same condition. The value obtained for ipo and i, were 3.717 x10°
> HA and 4.610 x107 pA at pH = 7.0. From EIS spectra the Ry
was increased from bare Au (7.736 x 10° Q) to IATP - Au (5.817
x 10* Q). This difference is due to insulation effects originated
from assemblies of neutrally charged IATP layer at pH 7.
Assuming that all the current passes through pin-holes and
defects, a value may be obtained for 6 using 6 = [1 - (Re / Ry
relation,*’ where R,* and R, are the charge transfer resistance of
redox probe at bare Au and IATP - Au electrodes under the
similar conditions and a value of 0.87 was estimated for 6. The
difference observed between 0 values obtained from CV and EIS
method may be attributed to the contribution of tunnelling
effects.”!

60
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Fig. 5 Cyclic voltammograms of 0.5 mM Ky[Fe(CN)4] in 0.1M
PBS at pH 7 using different working electrode [bare Au (red),
ATP -Au (light blue), ATP-N*? - Au(dark blue) and IATP - Au
(black)]. [Inset: enlarge figure of two overlapping curve for ATP
-N*? - Au (dark blue) and IATP - Au (black)]
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Fig. 6 Nyquest plot (-Z” versus Z') of 0.5 mM K,[Fe(CN)¢] in

0.IM PBSat pH = 7.0 using various working electrodefrom
impedance measurement [bare Au (red), mod Au with 4-ATP
(light blue), Au-ATP- N*? (dark blue) and Au-IAT (black)], E,.=5
mv, and frequency range: 0.1Hz to 10000 Hz.

In order to confirm the Cu(II) complexation with azoimidazole on
the gold surface (IATP/Au), a comparable CV was taken for bare
Au, IATP - Au and Cu*" - IATP - Au in 0.1 M PBS buffer at pH
7 (Fig. S1). A Cu*"/Cu" redox couple (E;, = 0.3 V, AE = 120
mV) supports the formation of Cu®" - IATP - Au SAM. Fig.S2
shows the cyclic voltammograms for different concentration (0.1
mM — 0.7 mM) of Cu(ll) ion on the IATP - Au modified
electrode. Both cathodic and anodic peak current increased with
increasing concentration of Cu(Il) ions. The influence of pH of
the electrolytic solution on the electrochemistry of Cu(II)azo-

imidazole complex over Au electrode was studied. The cathodic

4|Journal Name, [year], [vol], 00—00
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peak current reached the maximum value at pH 7.0 (Fig. S3)
which indicates that at this pH strong complexation takes place.
Electrochemical impedance spectra of the bare and modified
electrodes were taken in 0.1 M PBS buffer at pH 7 and from the

X Nyquest plot it is clearly shows that the Rer value for Cu? -
IATP - Au electrode is less than IATP - Au or bare Au.

3.4. Electrochemical oxidation of adenine and guanine

The modified gold electrode Cu®*" - IATP - Au was used for the
electrochemical oxidation of nucleobases A and G. Fig.7 shows
the cyclic voltammograms of 1 mM guanine in 0.1 M PBS (pH 7
) using the bare Au (red curve), IATP - Au (blue curve) and Cu?*
- IATP - Au (green curve) electrodes. For bare Au and IATP/Au
electrode manifested only a featureless voltammetric profile
between 0 to +1.0 V whereas in case of Cu®' - IATP - Au
electrode two irreversible oxidation peaks appeared at + 0.85 V
and 0.96 V for guanine. An irreversible oxidation peak was
observed at + 1.2 V for adenine when Cu”" - IATP - Au electrode
used as working electrode (Fig. 8). No such prominent peak was
observed when bare Au (red curve) and IATP/Au (blue curve)
" electrodes was used under similar condition. The detailed
oxidation mechanism of purine bases is shown in Fig. 1.
Electrochemical oxidation of guanine followed a two step
mechanism with loss of two electrons and two protons in each
step and the first step was rate-determining step ** on the other
hand adenine underwent a multistep six electron six protons

25
oxidation involving irreversible chemical steps.**

Current / 1e-5A

-14 T T T T T T T
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Potential / \ vs Ag/AgCI

Fig. 7 Overlaid cyclic voltammogram and Nyquist plot (inset) of
1 mM Guanine in 0.1 M PBS solution at pH 7 using different

“ working electrodes. [Bare Au (red), IATP - Au (blue) and Cu*" -
IATP - Au (green)]

Current / 1e-6A

Potential / V vs Ag/AgCI

Fig. 8 Overlaid cyclic voltammogram and Nyquest plot (-Z

3 versus Z') (inset) of 1 mM adenine in 0.1 M PBS solution at pH 7
using different working electrode. [bare Au (red), IATP - Au
(blue) and Cu?* - IATP - Au (green)].

EIS was carried out for both A and G at pH 7.0 (PBS buffer)
using the modified and bare electrodes. The diameter of the
semicircle observed in the Nyquist plot corresponds to charge
transfer resistance, R.; the smaller the semi-circle, faster is the
charge transfer.** Figure 7 and 8 (inset) shows that the diameter
of semi-circle (R,) changes upon modification of gold electrode
surface. The R values in different electrode system shows the
following tread: TATP-Au ( 3.9 x 10° Q) > bare Au (2.9 x 10° Q)
> Cu*"-IATP-Au ( 1.9 x 10° Q) and IATP-Au ( 13.3 x 10° Q) >
bare Au (11.7 x 10° ©) > Cu**-IATP-Au (7.2 x 10* Q) for G and
A, respectively. The observed trend is due to the fact that the
copper(Il) complex modified electrode ease the electron transfer
so rate for the oxidation of A and G whereas IATP modified gold
electrode blocked the electron transfer. Electrochemical
impedance measurements clearly indicate that Cu®*-IATP-Au
SAM modified electrode has lower resistance as compared to the
bare Au and IATP-Au electrodes. This study reveals that the
ss Cu’-IATP-Au  SAM  modified electrode is an
electrocatalyst for A and G oxidation.
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3.5. Determination of adenine and guanine using DPV
Based on the
simultaneous determination of A and G were performed using
DPV. Fig S4 shows the DPV curves of G with different

60
concentration. In the individual determination of purine bases the

optimum conditions, the individual and

oxidation peak current of G was linear with its concentration in
the range of 150-600 uM (Inset Fig. S4). The detection limit for
G is estimated to be 0.007 uM (S/N = 3). Fig. S5 indicated that
oxidation peak current of A increased linearly in the range of 150
- 600 uM. The detection limit for A was 0.058 uM (S/N = 3). Fig.
9 shows the DPV curves of G with different concentrations in the

6!

X

presence of 100 uM A and the oxidation peak current of G was
linear with its concentration range of 10 — 60 uM. The regression
equation was I,, = 0.0055 ¢ + 1.3113 (R2 = 0.9917, 95%

This journal is © The Royal Society of Chemistry [year]
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confidence limit for the slope = * 0.10 and intercept = £ 0.42)
with a detection limit of 0.01 uM (S/N = 3). Similarly, Fig. 10
shows the DPV curves of A with different concentrations in the
presence of 100 uM G and the oxidation peak current of A
] increased linearly in the concentration range of 10 — 60 uM. The
regression equation was I, = 0.0088 ¢ + 2.1627 (R? = 0.9974,
+ 0.09 and intercept =
+0.31) with a detection limit of 0.06 uM (S/N = 3). For further
evaluating the feasibility of the Cu*" - IATP - Au electrode for A
and G determination simultaneously by simultaneous changing
their concentration (Fig. S6). All the results indicated that the

95% confidence limit for the slope =

simultaneous and sensitive detection of A and G could be

achieved at copper(Il) complex modified gold electrode. Table 1
shows a comparison of the proposed electrochemical method and
the other modified electrodes reported for adenine and guanine. It

15

2

can be seen that the detection limit and linear range of the

proposed method are comparable with the reported methods.

-0.5

Increasing
concentration

Current / 1e-6A

1 y=00085x+ 13113
W =09917

Potential / V vs Ag/AgCI

Fig. 9 Overlaid DPV for each increment of 10 uM G to 100 uM
A at Cu*" - IATP SAM modified gold electrode in 0.1 M PBS
buffer solution at pH 7.0.
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Fig. 10 DPVs obtained for each10 pM A to 100 uM G at Cu*" -
IATP SAM modified gold electrode in 0.1 M PBS buffer solution

2 at pH 7.0.
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3.6. Effect of accumulation time and potential

The effect of accumulation time on the oxidation behaviour of
adenine and guanine at Cu®" - IATP - Au electrode was
investigated by DPV. Fig S7(a) shows that both the oxidation
peak current of A and G increased slowly with increasing
accumulation time from 0 — 150 sec and thereafter they remain
constant. Therefore, an accumulation time of 150 sec was chosen
as the optimum time for further study. In addition, the influence
of accumulation potential on the peak current was examined over
the potential range 0.0 to 0.6 V and 0.0 to 0.5 V for adenine and
guanine, respectively (Fig 7(b). The peak current decreased by
changing accumulation potential to more positive value and is
due to the oxidation of A and G during the accumulation step at
potential higher than 0.6 V and 0.5 V for adenine and guanine,
respectively. In fact, the maximum observed currents were equal
to those observed for open circuit accumulation.

3.7. Effect of scan rate and pH

The oxidation peak current of adenine and guanine increased
linearly with the scan rate in the range of 10 - 90 mV/s (Fig. S8)
following the linear regression equation I, (uA) = 0.0323 v (mV
s1) —0.0624 (R* = 0.9939) and I, (A) = 0.0393 v (mV s™) +
47321 (R* = 0.9925) for adenine and guanine, respectively.
These indicated that the electrooxidation reactions of adenine and
guanine at Cu®" - IATP - Au electrode were the surface controlled
process. The effect of pH on the electrooxidation of A and G
were also investigated in the range of pH 3.0 — 9.0. As shown in
Fig. S9 the oxidation peak potential A and G were pH dependent
and that they shifted toward more negative potential with

increaments in solution pH following the linear regression

. equation of E,, (V) =-0.059 pH + 1.421 (R* = 0.994) and Ep (V)

=-0.060 pH + 1.169 (R* = 0.993), respectively. The slope of 59.0
and 60.0 mV / pH indicated that equal numbers of protons and
electrons were involved in the electrode reaction process.”’
Investigation of the influence of pH on the peak current of purine
bases at the modified gold electrode revealed that that peak
current of A and G reached a maximum at pH 7.0 and then
decreased by increasing pH of the solution (Fig. S9). On the other
hand Cu(Il) complexation with azoimidazole on the gold surface
(IATP/Au) is maximum at pH 7.0. Considering both results, we
have chosen pH 7.0 for the subsequent experiments.

3.8. Interference, reproducibility and stability

The current responses of A and G were studied in presence of
some common electroactive interferences such as ascorbic acid,
citric acid, cysteine, glucose, Na*, K*, CI" and SO4* in 0.1 M
PBS. A 1000 fold excess of ascorbic acid, citric acid, cysteine,
glucose, Na*, K*, CI" and SO,* had no effect on the peak currents
of the A and G. A representative DPV is given in Fig. S10 where
ascorbic acid was used 1000 fold excess in A and G mixture. The

6|Journal Name, [year], [vol], 00-00
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Table 1 Comparative account of different electrochemical sensors for the determination of adenine and guanine

Electrode Adenine Guanine Reference

Linear range  Detection Linear range Detection

Limit (uM) Limit (uM)

(uM) (uM)
GNO-SPAN/CPE 0.5-200 0.05 0.5-200 0.075 10
Pt-Pd/PSi/CNPE 0.1-10 0.03 0.1-10 0.02 12
PPyox/GR/GCE 0.06-100 0.02 0.04-100 0.01 13
MWCNT/NiFe,0,/GCE 0.1-4.0 0.01 0.05-3.0 0.006 14
AgNPs-Pdop@Gr/GCE 0.02-40 0.002 0.02-40 0.004 15
(PSSA-ssDNA /GCE 0.065-1.1 0.02 0.065-1.1 0.02 16
graphene-COOH/GCE 0.5-200 0.025 0.5-200 0.05 18
40-NillITAPc/GCE - - 10-100 0.03 19
FeHCF/GCE - - 0-145 0.10 20
azocalix[4]arene/GCE 0.125-200 0.07 0.125-200 0.05 21
Cu**/IATP/Au 10 - 60 0.06 10 -60 0.01 This work

GNO: single-layered graphene oxide, SPANI: sulfonated polyaniline, Pt-Pd/Psi: Porous silicon supported Pt-Pd nanoalloy,
PPyox/GR : overoxidized polypyrrole/grapheme, MWCNT/NiFe,0,: multiwall carbon nanotubes (MWCNTs) decorated

with NiFe,04 magnetic nanoparticles, AgNPs-Pdop@Gr: Ag nanoparticles(AgNPs)—
polydopamine(Pdop)@graphene(Gr)composite, = PSSA—ssDNA: Poly(sulfosalicylic acid) and single-stranded DNA
composite,  graphene-COOH:  carboxylic  acid  functionalized  graphene,  40-Ni"TAPc 1,8,15,22-

tetraaminophthalocyanatonickel(Il), FeHCF: Iron hexacyanoferrate film

modified electrode shows reproducible results for A and G. The
reproducibility of the modified electrode was examined by 8
successive DPV measurements of A and G in PBS solution. The
results showed a relative standard deviation (RSD) of 0.5 %,
» indicating that the electrode has good reproducibility. The
modified electrode also displays good storage stability if kept in
aqueous medium at room temperature over a period of 30 days.

3.9 Real sample analysis

The copper(Il) complex modified gold electrode, Cu®* - IATP —
“ Au, was used to determine DNA bases simultaneously in the

denatured herring sperm DNA sample. Figure 11 shows the

overlaid DPV of PBS, herring sperm DNA solution and after

addition of standard A, G solution in herring sperm DNA

. solution. The DPV of herring sperm DNA clearly shows four

oxidation peaks for four DNA bases. The content of A and G in
herring sperm DNA were calculated using the standard addition
method and direct interpolation of the linear regression. The
results are summarised in Table 2 and agree with the data

© reported in literature.”’ The accuracy of the method was also

verified by recovery studies adding standard DNA base solution

to the real sample and 99-100 % recoveries were obtained.
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Table 2 Determination of A and G in herring sperm DNA sample
with copper(II) complex modified gold electrode

Bases  Detected Added Found Recovery
(uM) (mM) (mM) (%)

A 44+004 1.0 0.99 99.0

G 35+0.01 1.0 1.004 100.4

-1.04

-2.04

-3.04

-5.0 4

-6.0 T T T T T T T T 10
16 14 12 10 08 06 04 02 0 02

Potential / VV vs Ag/AgClI

Fig. 11 Overlaid DPVs of 0.1 M PBS solution (red), herring
sperm DNA solution (blue) and after addition of standard A, G
solution in herring sperm DNA solution (green).

Conclusions

A novel electrochemical sensor has been prepared and is used to
detect A and G individually, simultaneously in a mixture and in
herring sperm DNA. The electrochemical oxidation of A and G
was studied using cyclic voltammetry and a prominent anodic
oxidation peak was observed using Cu®>" - IATP - Au modified
electrode. EIS results show the following order of charge transfer
resistance: IATP - Au > bare Au > Cu®" -IATP - Au for A and G
in PBS (pH 7) and supports the electrocatalytic nature of copper
complex modified gold electrode. Distinguishable oxidation
peaks of the A and G can be obtained using Cu®** - IATP - Au
modified electrode which is very helpful to analyse DNA
fragments simultaneously. The modified electrode showed high
sensitivity, low detection limit, higher reproducibility and good
stability. Moreover, the electrode modification process is easy,
economic as well as reproducible. The new sensor can be used for

clinical diagnosis and genetic research.
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