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1. Introduction  

 

The preparation and active performance of 3D-printed nanocarbon electrodes for improved detection of 

DNA hybridization is described. The surface-confined 3D-printed nanocarbon electrodes facilitate the 

streptavidin–alkaline phosphatase conjugate binding to the biotinylated DNA probe. Enzymes catalyse 

the formation of an electro-active indicator (1-naphthol) from 1-naphthyl phosphate. This enhances the 

oxidation of 1-naphthyl phosphate into electrochemically oxidizable indicator 1-naphthol, which is 

subsequently detected. A significant amplification in the signal from the 3D-printed electrode has 

confirmed its applicability for DNA hybridization monitoring. Such a facile and inexpensive detection 

technique has greatly simplified the testing protocol, offering both a centralized and a decentralized 

network for DNA hybridization sensing.   

 

2. Experimental - The electrodes were printed using Fused Deposition Modeling (FDM) technique, 

which is a rapid prototyping (RP) technology that involves the layer-by-layer deposition of thermoplastic 

material according to the input program assigned to the printer. In order to enhance the electrical 

conductivity of the 3DnCE, a solvent-activation procedure was used [1]. The target DNA (t-DNA) was 

adsorbed to the 3DnCE electrode surface. The t-DNA-modified electrode was then washed with 1x 

sodium phosphate buffer (PBS), followed by incubation in 5% bovine serum albumin (BSA) in PBS to 

block the uncovered surface of the electrode. Afterwards, the electrode was washed again in 1x PBS. 

Then, biotinylated (wt273bio) probe of concentration 50 µg/mL (10 µL) was added on the electrode’s 

surface to hybridize it with t-DNA (50 µg/mL) for 120 s (hybridization time).  

Later, the hybridized electrode was rinsed with 1x PBS solution and then inoculated in 1.5 mL 1x PBS of 

solution containing 100-fold diluted streptavidin–alkaline phosphatase (SALP) and 2% BSA. SALP 

conjugate was attached to the biotinylated DNA probe. After that, the electrode was rinsed in 1x PBS 

containing 0.5% Tween 20, followed by washing by 1x PBS. Then, the electrode was positioned in a 

voltammetric cell containing 15 mL of carbonate buffer having pH 9.5, and 0.5 mM of 1-naphthyl 

phosphate. For the enzymatic production of 1-naphthol (electro-active (el. active)) from 1-naphthyl 

phosphate (electro-inactive (el. inactive)), the electrode was incubated in the electrochemical solution for 

180 s before measurement.  

 

3. Results and Discussion –The response of the analytical system to target ssDNA (t-DNA). The 

biotinylated DNA probe concentration was fixed to 50 µg/mL and the concentration of the t-DNA was 

varied from 2.5 to 50 µg/mL as shown in image 1. An increase in the signal was observed with an 

increase in the t-DNA concentration from 2.5 to 50 µg/mL with 180 s as the enzyme conversion time.  

  

4. Conclusions - Here, we demonstrated an enzyme-linked DNA hybridization assay using a 3D 

nanocarbon electrode as the transducing platform. In this method, the 3DnCE surface is modified with the 

target DNA and its hybridization with biotinylated DNA probes and streptavidin–alkaline phosphatase 

used for enzymatically amplified detection. The novelty of this work is that it incorporates the wide-scale 

use of 3D printing technology to create custom-shaped devices on-demand during any given period and 

place, and in an environmentally benign manner. Using cost effective, easily accessible 3DnCEs, we 

demonstrated the fast detection of the target DNA using complimentary biotinylated probes (50 µg/mL) 

with the detection range to be determined (2.5 to 50 µg/mL) and 0.98 as the regression coefficient. This 

method has also shown superior selectivity against the non-complimentary DNA strand. Based on the 

encouraging results of this study, it is conceivable that 3D printing may become a key element of 

biosensor fabrication in the near future. 
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