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RNA are ubiquituous macromolecular platforms that develop multiple biological roles in the
cell. Here, we present single-molecule investigations on double-stranded (ds) RNA and on
RNA G-quadruplex forming sequences.
DsRNA is the genetic material of a variety of viruses and has been recently recognized as a
relevant molecule in cells for its regulatory role. Despite that the elastic response of dsDNA
has been thoroughly characterized in recent years in single-molecule stretching experiments,
an equivalent study with dsRNA was still lacking. Here, we have engineered long dsRNA
molecules for their individual characterization contrasting information with dsDNA molecules
of the same sequence.1 It is known that dsRNA is an A-form molecule unlike dsDNA, which
exhibits B-form in physiological conditions.2-4 These structural types are distinguished at the
single-molecule level with atomic force microscopy and are the basis to understand their
different elastic response. Force-extension curves of dsRNA with optical and magnetic
tweezers manifest two main regimes of elasticity, an entropic regime whose end is marked by
the A-form contour-length and an intrinsic regime that ends in a low-cooperative
overstretching transition in which the molecule extends to 1.7 times its A-form contourlength. DsRNA does not switch between the A and B conformations in the presence of force.
Finally, dsRNA presents both a lower stretch modulus and overstretching transition force than
dsDNA, whereas the electrostatic and intrinsic contributions to the persistence length are
larger.

Left, force-extension curves of dsRNA and dsDNA, normalized in the extension axis to the A and B forms,
respectively. Right, Force-induced unfolding of RNA constructions of GGGUUA repeats by optical tweezers.
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G-quadruplexes are nucleic acid sequences that are rich in guanine and are capable of forming
a four-stranded conformation. These structures are rare from a biological point of view but it
is believed that they play a role in gene expression and telomere regulation. Here, we have
studied long human telomeric RNA (TERRA). These non-coding RNA molecules contain
subtelomere-derived sequences and an average of 34 GGGUUA repeats at their 3’ end.5
TERRA acts as a scaffold for the assembly of telomeric proteins involved in telomere
maintenance and telomeric heterochromatin formation.6,7 By using optical-tweezers and other
biophysical techniques, we have found that long RNA constructions of up to 25 GGGUUA
repeats form higher order structures comprised of single parallel G-quadruplex blocks, which
unfold at lower forces than their DNA counterparts. 8
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