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Abstract: 
A novel electrochemical technique for the detection of DNA sequence has been developed by a 
simple electrochemical deposition of chloro-2,2':6',2''-terpyridine platinum (II) chloride dihydrate (Pt-
complex) on a glassy carbon electrode. The intercalation of a Pt-complex to a double-stranded DNA 
(ds-DNA), which is formed with the complementary recognition of probe DNA to target DNA, caused to 
suppress the electroreduction of the Pt-complex due to the steric hindrance and decrease of the 
diffusion coefficient. Thus, the catalytic current for reducing proton by the platinum deposited on the 
glassy carbon electrode decreased with the increase of the concentration of target DNA. An amplified 
response for measuring the current for reducing proton as compared with that for reducing the Pt-
complex itself could provide the highly sensitive measurement of ds-DNA. 
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Introduction 
The development of simple and sensitive 
determination of DNA with the specific 
sequence is of considerable practical interest 
for many years. Electrochemical behavior of the 
direct electron transfer of nucleobases was well 
studied by using the mercury [1], boron-doped 
diamond [2, 3] and diamond-like carbon 
electrode [4].  The spatial trapping to the 
capture DNA immobilized on the substrate and 
the modification with signal molecules (e.g. 
fluorescent and redox active species, and 
enzyme) have been usually applied to 
determine DNA concentration with the target 
sequence. A hybridization to form the double-
stranded DNA (ds-DNA) involves the mediation 
[5] or intercalation [6] of electroactive species. 
However, in many cases, the capture DNA 
which recognize and trap DNA with the target 
sequence should be immobilized on the 
electrode surface.  

Recently, we have reported on the electrolytic 
deposition of cisplatin and the application of the 
platinum deposition for the highly-sensitive 
determination of DNA [7]. This procedure based 
on the suppression of platinum deposition by 
the decrease of the free cisplatin with the 

complexation of cisplatin with DNA, while does 
not support the quantitative determination of 
DNA with specific sequences. 

In this presentation, we propose a simple and 
sensitive technique for the determination of 
DNA sequence based on the combination of the 
intercalation of chloro-2,2,':6',2''-terpyridine 
chloride platinum (II) dehydrate (Pt-complex) 
into ds-DNA formed with hybridization and the 
catalytic reduction of proton with the platinum 
deposited on a glassy carbon (GC) electrodes. 
Figure 1 shows the the principle of the 
electrochemical determination of target DNA 
with specific sequence by the intercalation of 
Pt-complexes to the hybridized ds-DNA. In the 
absence of target DNAs, Pt-complex was 
reduced to deposit platinum on the glassy 
carbon electrodes, which follows the increase of 
the cathodic current corresponding to the 
electrochemical reduction of proton on the 
deposited platinum surface (Fig. 1 Left). The 
formation of ds-DNA by adding the DNA with 
the specific sequence causes the decrease of 
the concentration of the free Pt-complex by the 
intercalation and thereby decreases the 
catalytic current for proton due to the decrease 
of the rate for the platinum deposition. (Fig. 1 
Right) 
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Fig. 1. Principle of the electrochemical determination of target DNA with specific sequence by the intercalation 

of Pt-complexes to the hybridized ds-DNA. 

Experimental Details 
Cyclic voltammetry was usually performed by 
sweeping the potential between 0.4 and −1.5 V 
vs. Ag/AgCl with the scan rate 50 mV/s in the 
buffer solution containing 0.1 mM Pt-complex to 
determine the potential for the deposition of Pt-
complex. 

The increasing rates of the catalytic current for 
proton by the deposited platinum were 
measured by amperometry with the stirring in 
the presence of the different concentration of 
target DNA. Pt-conplexes were synthesized 
according to published procedures [8]. Three 
synthetic oligonucleotides (20-mer) were used 
in this work and had the following sequences: 
5’-TAT GGC TGG CTG GCT GGC AC-3’ used 
as a target DNA, 5’-GTG CCA GCC AGC CAG 
CCA TA-3’ used as a probe DNA and 5’-TAT 
GAC TGA CTG ACT GAC AC-3’ used as a 
negative control DNA with non-complementary 
sequence, respectively. The different 
concentrations of target DNA were added to 0.1 
M phosphate buffer (pH 7.0) containing 2.5 μM 
probe DNA and 5.0 μM Pt-complex to allow to 
the hybridization and intercalation. After the 
incubation for 24 h, the potential for the 
electrode was stepped to -1.1 V from 0.4 V to 
deposit the platinum and measure the 
increasing rate of the reduction current for 
proton catalyzed by the deposited platinum. 

Results and Discussion 
We investigated the reduction potential for Pt-
complex on the GC electrode. Figure 1 shows 
the cyclic voltammograms for 0.1 mM Pt-
complex in 0.1 M phosphate buffer (pH 7.0). 
The potential was swept at 50 mV/s. For the 
first scan, the reduction current was slightly 
observed around -1.0 V (Fig. 2A inset) and 
dramatically increased in negative potential 
region beyond -1.0 V in the buffer solution 

containing Pt-complex (Fig. 2Aa), while no 
reduction response was obtained without 
complex (Fig. 2Ab). For the repeated scans, 
discernible increase of reduction current was 
given in negative potential region beyond -1.0 
V. After washing the electrode, the voltammetric 
measurement was performed in the same 
solution without Pt-complex. The similar 
voltammogram in the solution containing Pt-
complex was obtained in the free solution. 
These results strongly suggest that Pt-complex 
was reduced to deposit platinum on the GC 
electrodes by applying the potential < -1.0 V, 
which follows the appearance of large reduction 
current corresponding to the electrochemical 
reaction of proton on the deposited platinum 
surface. Thus, the measurement of the 
reduction current for proton is proved to be 
highly suitable for monitoring the deposition of 
Pt-complex, since the catalytic current for 
reducing proton is much larger than the current 
for the platinum deposition. 

Figure 3 shows the variations of reduction 
currents in the presence of different 
concentration of Pt-complex. The potential was 
stepped from 0.4 V to -1.1 V to reduce the 
complex. After step-like responses were 
observed, reduction currents were gradually 
increased. The increasing rate of reduction 
current decreased with decreasing the 
concentration of Pt-complex. The low 
concentration of Pt-complex during deposition 
should decrease the deposition rate of platinum, 
hence decreasing the increasing rate for the 
catalytic reduction of proton. Thus, the 
monitoring of the reduction current for proton is 
proved to be highly suitable for determining the 
concentration of Pt-complex, since the catalytic 
current for reducing proton is considerably 
much larger than the current for the platinum 
deposition (e.g., see Fig. 2A). 

GC electrode

Pt 
complexes

add target DNA

intercalation

probe DNA

Pt Pt Pt

H+

Increase of deposited Pt
High catalytic current of proton

Pt 
complexes

Pt

H+

Decrease of deposited Pt
Low catalytic current of proton

hybridization

DOI 10.5162/IMCS2012/2.2.2

IMCS 2012 – The 14th International Meeting on Chemical Sensors 170



 

 

 
Fig. 2. Electrochemical properties for Pt-
complexes on the glassy carbon electrode by 
cyclic voltammetry.  (A): Cyclic voltammograms 
of first cycle on the glassy carbon electrode (a) 
in the presence and (b) in the absence of 0.1 
mM Pt-complexes. (B): Cyclic voltammograms 
of (a) second, (b) fourth and (c) sixth scan. 

 
Fig. 3. Variations of reduction currents on GC 
electrode in 0.1 M phosphate buffer containing 
Pt-complexes at -1.1 V. Concentrations of 
complexes are (a) 10, (b) 5.0, (c) 2.5, (d) 0.5 
and (e) 0 μM.  

The increasing rates of the catalytic currents 
were investigated by amperometry in the 
presence of the different concentrations of ds-
DNA from herring sperm. ds-DNA was added to 
the 0.1 M buffer containing 5.0 μM Pt-complex. 
After 90 min incubation, the potential of the GC 
electrode was stepped to -1.1 V to deposit the 
platinum and measure the catalytic currents. 
Figure 4 shows the current-time curves 
obtained in the buffer containing the different 
concentrations of ds-DNA. The reduction 
currents are gradually increased because of the 
increase of the proton reduction with increasing 

the formation of platinum particles on the GC 
surface. In the solution without ds-DNA, the 
current reached the steady-state value 100 s 
after applying the potential. Furthermore, the 
increasing rate of the current significantly 
reduced with increasing ds-DNA concentration 
up to 50 μM. A concentration at least as low as 
50 nM can be detected in the present system. 
Pt-complexes were intercalated into added ds-
DNA, leading to decreased the concentration of 
free-complex. The decrease of deposition rate 
of platinum would be caused to the steric 
hindrance and increase of the diffusion 
coefficient of Pt-complex by the intercalation to 
ds-DNA.  

 
Fig. 4. Variations of reduction currents on GC 
electrode (a-e) in the presence of 5.0 μM Pt-
complexes containing ds-DNA (concentration: 
(a) 0, (b) 0.05, (c) 0.5, (d) 5.0 and (e) 50 μM) 
and (f) in the absence of Pt-complex. 

The increase of the reduction current was 
investigated to determine the concentration of 
target DNA. Figure 5A shows the amperometric 
current responses in 0.1 M buffer solution 
containing 2.5 μM probe DNA and different 
concentrations of target DNA. In the absence of 
target DNA, the reduction current drastically 
increased after the potential was stepped to 
−1.1 V because of the increase of the proton 
reduction with increasing the platinum surface 
(Fig. 5b). The current-time curve obtained with 
only probe DNA is similar to that obtained with 
only Pt-complex (Fig. 5a). The result provably 
indicated that the Pt-complex does not interact 
with the single-stranded DNA (ss-DNA).  

The addition of target DNA actually brought 
about a delay for the increase in the reduction 
current (Fig. 5c – 5g). Pt-complexes were 
intercalated into the ds-DNA formed by the 
complementary recognition event between the 
probe DNA and the target DNA added in the 
solution, and thereby decrease of the 
concentration of free Pt-complex. However, 
increasing rate obtained in the solution added 
DNA with non-complementary sequence is 
comparable with that in the solution without 
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target DNA (Fig. 5Ah and 5Ab), because of the 
unprovided ds-DNA for intercalation. Thus, the 
presence of ss-DNA with non-complementary 
sequence does not inhibit the platinum 
deposition by decreasing the concentration of 
free complex. These results suggest that the 
DNA concentration can be determined from the 
current-time curve for the reduction of proton.  

 
Fig. 5. (A) Current-time curves in 0.1 M 
phosphate buffer containing 5.0 μM Pt-complex, 
2.5 μM probe DNA and the different 
concentrations of target DNA. (a) Response 
obtained with only 5.0 μM Pt-complex. 
Concentrations of target DNA are (b) 0, (c) 0.25, 
(d) 0.5, (e) 1.0 (f) 2.5 and (g) 5.0 μM. (h) 
Response obtained in the presence of 2.5 μM 
ss-DNA with non-complementary sequence to 
the probe DNA. (B) Relationship between the 
target DNA concentration and the average 
increasing rates of reduction currents obtained 
60−70 s after applying the potential. 

Figure 5B shows the relationship between the 
target DNA concentration and the average 
increasing rates of reduction currents obtained 
60−70 s after applying the potential. The 
reduction current decreased with the increase 
of the DNA concentration up to 2.5 μM and 
saturated in the higher concentration due to the 
limitation of the formation of ds-DNA. The 
significant difference of the increasing rate was 
observed in 0.25 μM target DNA. The 
measurement of the catalytic reduction current 
for proton actually resulted in the simple and 
sensitive determination of target DNA with 
complementary sequence. 

Conclusion 
We have demonstrated that DNA with the target 
sequence can be electrochemically detected on 
the basis of the intercalation of Pt-complexes 
into the ds-DNA which formed by the 
hybridization between the target and probe 
DNAs. The electrocatalytic current for proton 
reduction which is catalyzed by the platinum 
deposition decreased with the decrease of free 
Pt-complex and suppression of the reduction of 
Pt-complex intercalated due to the steric 
hindrance. The present procedure yields a 
simple determination of DNA with specific 
sequence without the necessity of 
immobilization of capture DNA.  
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