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Introduction Methodology 

Biosensing mechanism for the aptasensor in the presence (A) and 
absence (B) of CEA 

A novel amperometric aptasensor for the highly specific detection of carcinoembryonic 

antigen (CEA) was constructed. The sensing interface was assembled by 

electrodeposition of reduced graphene oxide (rGO) and gold nanoparticles (AuNP) on a 

carbon screen-printed electrode (SPE), and further functionalization with a biotin and 

thiol-modified anti-CEA DNA hairpin aptamer. 

Development of an Off/On switch nanostructured aptasensor for the biomarker carcinoembrionic antigen, based on disposable 

electrodes functionalized with reduced graphene oxide/gold nanoparticles and a specific aptamer. 

Optimization of the 

experimental conditions 

Conclusions 
This novel amperometric aptasensor for CEA determination takes advantage of the use of a biotin-functionalized DNA aptamer as a biorecognition element, which 

allows stable interaction with the Strp-HRP conjugate upon association with the cancer biomarker. The simple electrode design and sensing approach allowed high 

reproducibility of the constructed biosensor. The analytical properties of this device, in term of broad range of response, low detection limit, storage stability and 

specificity allows its further evaluation for the point-of-care detection of CEA in clinical samples. This electrode architecture and sensing approach can also be 

extended to other aptasensors for amperometric analysis of a wide variety of industrial, clinical and environmental samples. 

Characterization 

FE-SEM images of the SPE before (A) and after 

sequential modification with rGO (B), AuNP (C), anti-

CEA aptamer (D), casein (E) and CEA (F) 

Electrochemical characterization 

Nyquist plots (A) and cyclic voltammograms (B, scan rate = 50 mV/s) of SPE before 

(a) and after sequential modification with rGO (b), AuNP (c), Apt (d) and casein (e), 

measured in 0.1 M KCl solution containing 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) 

     Selectivity & interferences 

A) Relative specific/non-specific response of the aptasensor 

toward CEA (20 ng/mL), cardiac troponin I (cTnI, 1 ng/mL),      

C-reactive protein (CRP, 2 μg/mL), human serum albumin 

(HSA, 50 mg/mL), thrombin (TBA, 1.4 ng/mL) and human 

immunoglobulin G (HIgG, 50 ng/mL). B) Response of the 

aptasensor toward CEA and mixtures with other potential 

interfering proteins, at the same concentration cited above 

Calibration curves 

Objective 

Calibration plots for CEA aptasensor in buffer (A) and 

reconstituted human serum solution (B) 

Stability 

Effect of time of 

storage  at 4ºC in dry 

conditions (blue) and 

in 100 mmol/L sodium 

phosphate buffer, pH 

7.40 (red) 

Assembly of the aptamer-modified electrode 

Variable Range Tested Selected Value

 rGO electrodeposition 

(number of voltammetric cycles)

Time for AuNPs electrodeposition (s) 60-300 240

Apt concentration (µM) 0-20 10

Immobilization time for Apt (min) 30-120 90

Blocking agent (%, w/v) BSA-Casein Casein

0-10 2

Incubation time for casein (min) 0-90 60

Influence of 0.1% casein 

in the sample buffer solution 

Incubation time for CEA (min) 15-90 30

Strp-HRP conjugate concentration (mU/mL) 0,5-500 25

Incubation time for Strp-HRP (min) 0-15 5

1-9 5

With caseinWith-Withouth

Linear Range Limit of Detection

buffer solution 20 pg/mL-2 μg/mL 15 pg/mL

reconstituted human serum 20 pg/mL-2 μg/mL 16 pg/mL

The sensing approach relies on the 

specific recognition of CEA by the 

folded aptamer, causing unfolding of 

the DNA hairpin structure and 

unmasking the biotin residues at the 

aptamer chain. Further incubation with 

a sptreptavidin-peroxidase conjugate 

(Strp-HRP) allows the amperometric 

detection of the cancer biomarker. 


