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ABSTRACT 
We introduce out-of-plane metallic nanowire formation on DNA templates, which are stretched through a 

porous membrane by applying a receding meniscus interface. We demonstrate the direct electrical detection of 
DNA using these gold nanowire bridges between the membrane’s opposite surfaces. Such a simple electrical read-
out can be extended for biosensor applications, thanks to the high specificity and multiplexing offered by Rolling 
Circle Amplification (RCA). 
 
INTRODUCTION 

DNA stretching to form DNA nanowires on planar structures, such as glass slides [1], PDMS [2], or SU8 pil-
lars [3], has previously been reported. This concept is promising for building molecular nanobridges that are use-
ful in the electrical activation of DNA templates, for the construction of DNA–based nanocircuitry [4]. The poor 
electrical properties of DNA [5-6] can be overcome by creating metal nanowires, where the DNA acts as template 
for the seed-mediated growth of silver [7], gold [8-10], or palladium [11,12] wires. Most previous methods that 
build metal nanowires used DNA fixation to flat surfaces, followed by metal enhancement to create fixated con-
ductive nanowires [7,8,10-12];  another study used a microwave process for nanowire synthesis in bulk solution 
[12], later extended by Russell et al. [10] for electrical biosensing of DNA, however, with only limited efficiency 
and sensitivity.  

Here, we utilize specific padlock probes (PLPs) and RCA to synthesize long ssDNA concatemers (Rolling 
Circle Products-RCPs) on a gold-modified porous membrane (Fig. 1). Thereafter, the RCPs are stretched by 
forced convection through the membrane pores, followed by gold enhancement chemistry to convert the stretched 
DNA into gold nanowires (AuNWs). These out-of-plane AuNWs are detected by direct electrical measurement of 
the resistance between the membrane’s surface electrodes. 

 
RESULTS 

We successfully generated cross-membrane gold wires. The cross-membrane electrical resistance value was 
measured and noticed to drop from an open circuit resistance (prior to gold enhancement) to below 20 Ohm (= 
setup Limit of Detection ) after enhancement from 10 min to 55 min, for all positive assays. Control 
measurements where one of the assay steps was omitted, e.g. zero PLP concentration, no stretching by convection, 
or omitting gold chemistry steps, resulted in no detectable RCP stretching, as characterized by optical 
measurements including SEM and Confocal Laser Scanning Microscopy (CLSM).   

 
CONCLUSION 

The advantages of the demonstrated system including technical simplicity and assay efficiency, combined to-
gether with the high signal-to-noise ratio, makes it appealing for multiplexed point-of-care sensing of biomole-
cules in diverse fields such as clinical (e.g., for infectious diseases and cancer diagnostics), military and environ-
mental monitoring settings. The formation of out-of-plane AuNWs based on the porous membrane geometry is 
promising to improve the detection of  low-abundant DNA and promote the  bio-compatibility with nanocircuit 
systems, thank to the generation of the stretched DNA. Commendable molecular specificity arising from PLPs 
and enhanced sensitivity due to the assay design allow for a large dynamic range for measurement of both nucleic 
acids and proteins (when combined with proximity ligation assay), thus extending the flexibility of the system for 
precise biomolecule sensing.  
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Figure 1:Schematic illustration of synthesis of gold nanowires from stretched RCPs, coated with complementary Au-seed 
particle oligonucleotides between the porous polymer membrane surfaces 
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