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Illicit Drugs and Roadside Accidents

E-Aptasensing Platform

Biosensor Development Workflow Literature & Novelty

Target 3.5: Strengthen the prevention and treatment 
of substance abuse, including narcotic drug abuse
Target 3.6: Halve the number of global deaths and 
injuries from road traffic accidents by 2030
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DNA Aptamers in Biosensors
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§ “Aptasensors”: biosensors based on aptamers are ideal for monitoring illicit drugs on the 
roadside.

§ Aptamers are single-stranded oligonucleotides that fold into defined architectures by 
binding specific targets with high affinity and selectivity.

Advantages over classical antibodies 
ü Stability
ü Ease, consistency and scalability of synthesis 
ü Low immunogenicity
ü Lower cost 
ü Ability to chemically modify and engineer easily

Aptamer
ü Affinity
ü Selectivity

Binding Studies 
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§ Understanding the Structure-Function Relationship of an aptamer is crucial to reliably 
incorporate it into a biosensor. This has been the bottleneck of aptasensor development. 

Improved
ü Affinity
ü Selectivity
ü Signal change

DNA strand 3D aptamer

1

First cocaine aptamers
• µM affinity
• Poor selectivity

2004 2024
New aptamers

• nM affinity
• Excellent selectivity
• No structural data

Structural parameters Free aptamer A_T2 Aptamer A_T2 + cocaine
Overall shape Partially folded/elongated/ flexible Fully folded/ compact/ rigid

Radius of gyration (Rg) 20.29 Å 15.60 Å 

Maximum dimension (Dmax) 75 Å 49 Å 

Structure envelope 
prediction 

(by Dummy Atom Modelling)

Computational Predictions

Rational aptamer engineering
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ØThis work is launch-point towards developing a functional, 
portable biosensing device suitable for routine roadside drug 
testing in oral fluid, meeting legislative requirements.

Results on E-aptasensor Future Work

AlphaFold vs SAXS
χ2  = 8

(good fit)

Truncated 
aptamer 

A_T2

Structural characterisation provides strong evidences of 
“structure switching” of the aptamer upon cocaine binding

Alphafold prediction of aptamer A_T2

§ Driving under the influence of illicit drugs is a major cause of roadside accidents 
      in New Zealand as well as globally, especially in the recent years. 
§ This can be restrained by implementing routine roadside drug testing.
§ A reliable device which meets legislative requirements is currently unavailable.
§ Development of a suitable sensor for easy, reliable drug testing is of prime interest.
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Significant signal change on sensor!!
Limitation: affinity is compromised by stem truncations
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Characterisation
 Toolbox

Further characterisation of aptamers

Engineered aptamers

Testing on proof-of-concept e-aptasensors

Adapting to other drugs: THC, methamphetamine, MDMA

cocaine

Small-angle X-ray Scattering (SAXS)
§ Provide low-resolution structural information of aptamers in solution 

§ Useful in investigating secondary interactions of aptamers

Nuclear Magnetic Resonance (NMR) Spectroscopy

Imino proton region of 1H-NMR spectrum of aptamer A_T2
 

Free aptamer

Our work
• Structural knowledge
• Aptamer engineering
• Prototype aptasensor

Initial Aptamer Design 
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Full length Aptamers
Eg: Aptamer A 

Engineered Aptamers
Eg: Aptamers: A_T1 & A_T2

A_T1
A_T2

Calculated Kd ~ 9 µM

~0%

Reported Kd = 22 nM 
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Aptamer + cocaine
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