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Nanopore microscope identifies short RNA and RNA 
isoforms  
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Identifying RNA molecules is a remaining challenge in biotechnology. This is driven by the discovery of 
RNAs that control cellular function ranging in length from a few to 1000s of nucleotides. Here we 
design three-dimensional nucleic acid constructs that enable the identification of short and long RNA 
molecules and nanopore readout. 
First, we describe the identification of transcript isoforms at the single-molecule level using solid-state 
nanopore microscopy. We refold target RNA into RNA identifiers with designed sets of complementary 
DNA strands. Each reshaped molecule carries a unique sequence of structural (pseudo)colours. The 
sequence of structural colours of RNA identifiers enables simultaneous identification and relative 
quantification of multiple RNA targets without prior amplification. RNA IDs discriminate circular and 
linear transcript isoforms in a one-step, enzyme-free reaction in a complex human transcriptome using 
single-molecule read-out [1].  
In the second part, we use designed DNA identifier that allows the multiplexed identification of short 
RNA molecules. We demonstrate the power of the approach by identifying common viruses and their 
variants with a nanopores microscope [2].  
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This talk will present an update of our ongoing efforts to assess the potential of 
nanoplasmonic optical tweezers for interrogating the conformational dynamics of single 
unmodified proteins in aqueous solution.  Specifically, we employ double nanohole (DNH) 
structures to trap single enzyme proteins [1,2] for minutes to hours.  Concurrently, we 
monitor changes in transmission through the DNH upon exposure of the trapped protein to 
substrate, product, or inhibitor molecules.  We show that experiments with trapped enzymes 
that are known to undergo significant conformational changes during their catalytic cycle, 
exhibit multiple, well-defined transmission levels.[3] Increasing concentration of substrate 
molecules increases the frequency of transitions between these transmission levels in a dose-
dependent manner, while the presence of different inhibitors reduces the frequency of 
transitions by favoring certain transmission levels (Fig. 1).  Step-fitting the transmission 
recordings makes it possible to follow the rate of transition between all levels, revealing 
individual enzymatic cycles, single molecule turnover frequencies, as well as heretofore 
unknown enzymatic sub-cycles during catalysis.[3] The talk will conclude with an outlook of 
applying this approach to additional unmodified enzymes, motor proteins, and transporters 
as well as a discussion of its current limitations and possible improvements. 

 

 
 
Fig. 1 Monitoring changes in normalized transmission through a double nanohole (DNH) with a single trapped adenylate kinase (AdK) 

enzyme in response to increasing concentrations of the enzyme substrate ADP as well as the presence of the inhibitor Ap5A.[3]  The 
magnified area shaded in pink shows a step-fit to three transmission levels and reveals the lifetime of each level as well as the turnover 
frequency of the enzyme on a single molecule level.  Considering the polarizability [4] of various conformations of AdK, combined with 
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previous observations that AdK populates predominantly its open conformation in the absence of substrate (0 µM ADP) and that AdK must 
cycle through the closed conformation during catalysis, made it possible to assign the lowest transmission level to AdK’s open (o) 
conformation, the intermediate transmission level to its partially closed (pc) conformation and the highest transmission level to its fully 
closed (fc) conformation. 
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