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Abstract 

Using an amplified single molecule detection platform based on padlock probe 
and proximity ligation, detection of very low amounts of nucleic acid or protein 
molecules is achieved. Protein and nucleic acid analyses are performed in a 
similar fashion using circularizing DNA probes, rolling circle amplification and 
fluorescence-based counting of single reporter molecules. This allows a single 
system to be used for detection and identification of different types of biological 
threats, such as bacteria, bacterial spores, viruses, and toxins. 
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 1     Introduction 

The ability to accurately detect and identify microorganisms, or other potential agents of 
biological warfare, in field samples is an essential part of any biosecurity strategy. Any 
analysis platform should ideally fulfil a number of criteria such as high selectivity 
between targets and non-targets, a low limit of detection (LOD) ideally down to singe 
molecules, a wide dynamic range, quantitative precision, multiplexing capability, high 
speed, high throughput, and low cost.  
 
Our amplified single molecule detection (ASMD) platform is based on padlock probe 
and proximity ligation assays for targeting nucleic acids and proteins, respectively, with 
a high selectivity and low limit of detection. The digital readout format is based on 
single molecule counting, contrary to the average measurement strategies used by most 
biomolecular analysis methods. This yields high precision over a wide dynamic range. 
The padlock probe assay enables a high level of multiplexing compared to for example 
quantitative real-time PCR, enabling simultaneous detection of multiple analytes 
without the need to split samples.  

 2     Amplified single molecule detection 

The ASMD platform, illustrated in figure 1, is based on the generation of circular DNA 
molecules upon recognition of nucleic acid or protein targets using padlock probe or 
proximity ligation assays. 



 2.1     Padlock probe assay 

The padlock probe assay uses oligonucleotide probes where both ends are designed to 
hybridize to the DNA analyte, forming a substrate for a DNA ligase enzyme [1]. The 
ligase will join the two ends of the probe. This reaction is dependent on the probe being 
perfectly matched to the target near the ligation site, yielding high selectivity between 
targets with highly similar sequences. As an example, padlock probes have been used 
for the detection and subtyping of 77 different strains of Avian Influenza Virus [2]. 

 2.2     Proximity ligation assay 

The proximity ligation assays utilizes pairs of specific binders, such as antibodies or 
aptamers, that are equipped with short DNA strands that can be ligated to each other 
when two binders have bound the same target molecule [3,4]. This can be configured to 
generate circular DNA strands as reporters if the detection event, similarly to the 
padlock probe assay. It has previously been shown that the proximity ligation assay 
enables the detection of single viral particles in samples of 50 µ 
l, representing an LOD several orders of magnitude better than what is achieved by 
ELISA assays, the perhaps most commonly used protein detection method in this 
context [5].  
 
 

 
Figure 2.1: Illustration of the digital homogeneous single-molecule detection platform 

 
The circles generated by either assay are subjected to rolling circle amplification, 
generating large coils of DNA with repeated sequence motifs that are labelled with 
fluorophore-conjugated oligonucleotides. These coils of DNA, or rolling circle products 
(RCPs), are than passed through a microfluidic detection flow cell, and illuminated by 
laser light in multiple wavelengths. Emitted fluorescent light is collected into images, 
followed by thresholded binarization of image data and counting of objects in multiple 
color channels. 
 
We have previously demonstrated the ability of this analysis platform to detect as little 
as 10 Vibrio cholera genomes in 5 µl of sample [6]. We also showed the capability of 
this platform in discriminating between the similar sequences of Vibrio cholerae and 
Vibrio fischerii, achieving a selectivity of at least 5,000 when comparing objects 
counted in the presence of the correct or the interfering target for a single padlock 
probe. We have also shown that the RCA-based methodology is tolerant to complex 
sample matrices, such as blood or faeces, which may reduce the amount of sample 
preparation required compared to PCR-based analysis methods. 



 3     The BioNanoLab detection instrument 

The BioNanoLab project is a part of the Swedish Defence Nanotechnology Program, 
aiming to develop a combination of procedures and instrumentation for highly selective, 
multiplex detection and identification of bacteria, viruses, spores, and toxins in a single 
system. Within this project, we are developing a dedicated instrument for the ASMD 
platform described above. Previously, detection of RCPs has been performed using a 
confocal microscope with point illumination. In the novel instrument, we use line 
illumination in conjunction with high-power lasers and multiple CCD line detectors to 
achieve an increased sampling rate. We expect this to provide a substantial 
improvement with regards to the time required per sample and to the limit of detection 
achievable with the detection instrument. 
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