
A  L A B - O N - P A P E R  B I O S E N S O R  F O R  A T P  
Q U A N T I F I C A T I O N  V I A  A  C H E M I L U M I N E S C E N T  
D N A  N A N O S W I T C H  A S S A Y

Elisa Lazzarinia, Alessandro Porchettab, Ilaria Trozzia, Andrea Pacea, Donato Calabriaa, Martina Zangheria, Massimo 

Guardiglia and Mara Mirasolia

a Department of Chemistry “G. Ciamician”, Alma Mater Studiorum University of Bologna, Bologna, Italy.

b Department of Chemistry, University of Rome, Tor Vergata, Rome, Italy.

elisa.lazzarini6@unibo.it

The 4th International Electronic Conference on Biosensors
(IECB 2024)



PA P E R - B A S E D  
M I C R O F L U I D I C  
A N A L Y T I C A L  D E V I C E S
(µPADs)

• Cheap

• Biodegradability

• Controlled porousness and capillarity

• Simple fabrication

• Easy disposal

• Point of Care (POC) applications 
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D N A  

N A N O T E C H N O L O G I E S
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D N A  N A N O S W I T C H L A B - O N - PA P E R  D E V I C E  F O R  

A T P D E T E C T I O N

Switch: 5′-ACCTGGGGGAGTATCCAACCCTGCGGAGGAAGGTTTTGGGTGGGTTGGGTGGGT-3′
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A N A L Y T I C A L  P R O C E D U R E
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Hemin 5,0 mol L-1

ATP 500 mol L
-1
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D E T E R M I N A T I O N  O F  E X P E R I M E N T A L  P A R A M E T E R S

Determination of the optimal concentration of hemin, keeping 

constant concentration of DNA (1 µM). 

Optimization of the incubation time of the DNA nanoswitch with 

hemin in the presence of a minimal concentration of ATP (100 nM) 

monitoring the best CL signal-to-noise ratio. 

Optimization of incubation time of the DNA nanoswitch with 

ATP, keeping constant the concentration of hemin. 
Calibration curve generated by combining the results 

obtained by analyzing ATP standard solutions. 

LOD = 30 μM



P E P E R - B A S E D  A N A LY T I C A L  T E S T
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Three point curve

Reference curve

Comparison of slope between reference and three-point calibration curve. 

(b)

Imaging of CL signal corresponding to three-point calibration 

curve acquired by mobile BI-CMOS camera of smartphone 

Samsung S20 (Samsung, Seoul, South Korea).
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Calibration curve generated by combining the results obtained by 

analysing ATP standard solutions with different µPAD biosensors. 

(a)

LOD = 3 μM



A S S A Y  S P E C I F I C I T Y  
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CL signals measured in the origami µPAD for 50 µM 

standard solutions of ATP and the potentially interfering 

nucleotides AMP, dNTPs.

Crystallographic structure of aptamer specific for ATP.Results of molecular docking study: comparison between docking score 

values and intermolecular energy (kcal/mol) (abalone software) for each 

nucleotide docked with the aptamer. 



A S S A Y  S P E C I F I C I T Y  
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(e) (d)

Most probable 3D structures obtained by molecular docking simulations 

for the complexes of ATP with aptamer. 

Most probable 3D structures obtained by molecular docking simulations 

for the complexes of AMP with aptamer.



A C C U R A C Y  A N D  S T A B I L I T Y
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Monitoring of stability over time of paper-based device preserved at 

+4°C in the dark by CL signal detection, testing a solution of ATP 

standard at concentration of 100 µM.

Results of the recovery study of the origami µPAD biosensor performed on a commercial drinking 

water sample spiked with known amounts of ATP.



C O N C L U S I O N S
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An Origami µPAD biosensor for ATP 

quantification relying on DNA 

nanoswitch aptasensing, followed by 

CL detection has been proposed. 
The same approach could be used 

for other biomolecules as toxins

and clinical markers of interest. 
Immobilization on paper improved the 

analytical sensitivity and the portability

of the system. 

Implementation of a smartphone’s 

camera method (CMOS) and dedicated 

application for data elaboration to 

further improve assay portability and 

widespread applicability.
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