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Abstract 

Electrochemical Impedance Spectroscopy (EIS) was 

applied for ligand-base DNA sensor. The sensor electrode 

was modified with ligands, N,N'-bis(3-aminopropyl)-2,7-di-

amino-1,8-naphthyridine (DANPs). Probe-DNA composed 

of target specific anti-sense DNA sequence at one end and 

a cytosine-bulge (C-bulge) structure at the other end was 

used for finalization of the sensor. The EIS measurement 

showed the DANP on the electrode surface could anchor 

the probe-DNA through strong affinity between DANP and 

C-bulge. The finalized sensor could detect the target DNA. 
 

1. Introduction 

Electrochemical Impedance Spectroscopy (EIS) has been 

used as a technique to detect biomolecules. EIS uses three elec-

trodes, working, counter and reference electrodes [1,2]. The 

electrodes were put into the solution which contains the target 

biomolecules to be measured and the Impedance spectroscopy 

is measured scanning frequency typically from 1MHz to 0.1Hz. 

The solutions are added with electroactive mediator, such as 

ferri/ferrocyanide and their concentration is usually several 

mM. Since EIS is not sensitive to the solution ionic strength, 

bio-sensing can be carried out with near physiological condi-

tions, which is different from Field effect transistor (FET). We 

applied this EIS measurement to detect DNA. 

DNA sensing EIS electrode was usually modified by the 

probe DNA, anti-sense DNA against the target. After modifi-

cation, every electrode becomes target specific and the final-

ized electrode can be used for one target DNA sequence. To 

evade such lack of flexibility, we proposed ligand-DNA sen-

sor. The EIS electrode was modified by the ligand, N,N'-

bis(3-aminopropyl)-2,7-diamino-1,8-naphthyridine (DANP) 

Our previous work showed that a cytosine-bulge (C-bulge) 

structure has strong affinity against the DANP [3,4]. Based 

on our previous work, we prepared a probe-DNA which was 

composed of target specific anti-sense DNA sequence at one 

end and a cytosine-bulge (C-bulge) structure at the other end. 

It was expected that putting the probe DNA solution onto the 

DANP modified electrode and pure water rinsing would fi-

nalize the EIS electrode.  

The concept of this ligand-sensor was studied using EIS. 

measurement technique. The obtained results showed that the 

ligand-DANP electrode can be finalized by probe DNA with 

C-bulge structure and EIS measurement can be applicable to 

DNA sensing. 

 

2. Surface modification 

The DANP modification was carried out with three steps. 

Firstly, MUA/MCH mix self-assembly monolayer was pro-

duced. The cleaned gold electrode was immersed in a mix-

ture solution of 11-mercaptoundecanoic acid (MUA) and 6-

mercapto-1-hexanol (MCH) with the ratio of 1 : 3 for 24 

hours. Secondly the carboxyl groups of MUA were activated 

by EDC-NHS. Thirdly, the DANP molecules were cova-

lently attached to the MUA molecule top. The remaining un-

reacted carboxylic group was inactivated by ethanolamine.  

 

3. Results and discussion 

  Figure 2. shows the EIS measurement principle. The im-

pedance is measured using working electrode and counter 

electrode. The frequency range is typically 1MHz ~ 0.1Hz 

and AC voltage (Vac), 10mV. From electric circuit point of 

  
Figure1:Scheme. The concept of the flexible DNA-ligand sen-

sor. The target specific DNA probes are anchored on the ligand 

modified surface using the specific binding between the DANP 

and cytosine bulge. 

   
 

Figure2. Electrochemical Impedance Spectroscopy (EIS) meas-

urement principle. The DANP immobilized working electrode 

could be represented by the Randle circuit  

 A-3-01 (Invited) Extended Abstracts of the 2019 International Conference on Solid State Devices and Materials, Nagoya, 2019, pp29-30

- 29 -



view, the working electrode surface could be represented by 

Randle circuit, active electrolyte resistance Rs in series with 

the parallel combination of the double-layer capacitance Cdl 

and charge transfer resistance Rct accompanying by Warburg 

impedance. The Nyquist plot of the measured impedance 

would be a combination of a semicircle and a diagonal line 

with a slope of 45°. The diameter of the semicircle corre-

sponds to the charge transfer resistance Rct.The diagonal 

line at low frequencies, is the Warburg impedance. The re-

actants diffuse farther and the Warburg-impedance increases.  

When the probe-DNAs hybridize the target DNAs, the charge 

transfer is hindered and Rct increases. The degree of Rct in-

crease should be in proportion to the degree of DNA hybridi-

zation, i.e. target DNA concentration.  

  To investigate the interac-

tion between DANP fixed on 

an electrode and C-bulge 

structure, we carried out elec-

trochemical impedance spec-

troscopy measurements 

(Gamry Interface 1000E po-

tentiostat, Gamry Inc., USA). 

The commercial electrode was 

set as the 3-electrode system. 

A 3 mm diameter Au electrode 

modified with DANP was 

used as the working electrode, 

a 57 mm length 0.5 mm diam-

eter platinum wire as the 

counter electrode, and an 

Ag/AgCl electrode was the 

reference electrode (RE) 

(ALS Co., Ltd. Japan). 

Firstly, EIS measurement was carried out using nucleo-

tide DNAs with and without C-bulge structure to investigate 

the DANP and C-bulge interaction. Buffer condition was10 

mM Tris-HCl (pH 8.0), 50 mM KCl, and 1.5 mM MgCl2 with 

1 mM [Fe(CN)6]3−and 1 mM [Fe(CN)6]4− as redox mediators. 

Frequency range was from 1MHz to 0.1Hz and Vac was 

10mV. Figure 4(a) shows the EIS results before and after ad-

dition of 26 nucleotide DNA without C-Bulge. The Rct in-

creased roughly twice from 4kto 8k On the other hand, 

when 28 nucleotide DNA with C-bulge structure was added, 

the Rct increased over 6 times, reached aroung12 k(Figure 

4(b)) The result clearly shows that the DANP on the electrode 

can capture the DNA with C-bulge structure. The Rct increase 

observed without C-bulge may come from the electrostatic 

attractive force between DANP and DNA. This non-specific 

binding DNA could be washed away. 

Based on the results, probe-DNA fixation and target DNA 

detection by the DANP modified electrode was investigated. 

20 nucleotide DNA which has an anti-sense sequence for the 

gene cytochrome b at 3’end was attached to 28 nucleotide 

DNA with the C-bulge (probe-DNA). Firstly, we measured 

EIS of the DANP surface. Secondly, we measured EIS after 

1M probe-DNA addition. Finally, we added 1M target 20 

nucleotide DNA and measured EIS. Figure 5 shows the result. 

The Rct increased at each step and it was indicated that the 

DANP anchored the probe-DNA and the probe DNA hybrid-

ized the target DNA. The results demonstrated clearly the fea-

sibility of the ligand-DNA sensor. 

 

3. Conclusions 

  A ligand-base DNA sensor with EIS technique is proposed. 

EIS working electrode modified with DANP ligand success-

fully anchor the probe-DNA which is composed of target spe-

cific anti-sense DNA sequence at one end and a cytosine-

bulge (C-bulge) structure at the other end. The finalized EIS 

electrode can hybridize the target DNA. It was also demon-

strated the EIS sensitivity is high. However, the absolute Rct 

is not so reproducible. The Rct increase ratio could solve this 

issue. 
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Figure 3. The set-up image 

of EIS measurement sys-

tem. 

Figure 4. Nyquist plot of EIS using DANP modified elec-

trode. The broken and real line represent before and af-

ter DNA addition, respectively. (a) DNA without and (b) 

with C-bugle structure.  

 
Figure 5.  Nyquist plot of EIS of DAMP modified electrode, 

probe-DNA finalization, target DNA hybridization. 
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