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Development of fluorogenic peptide probes carrying internally-incorporated cyanine dyes
as FID indicators for dSRNAs
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Chapter 1 — Introduction and Background

Chapter 2 — Small Molecule — PNA Oligomer for the Bacterial rRNA A-site
Chapter 3 — Light-Up Peptide Indicator for HIV-1 TAR RNA

Chapter 4 — Conclusion and Future Outlook

In Chapter 1, she expounded on dsRNA-targeting probe scene that serves as the backdrop for both Chapters 2
and 3. She pointed out that new analytical methods for double-stranded RNA (dsRNA) need to be developed to
overcome problems such as poor selectivity or perturbation / destruction of the native dsRNA structure. To that
end, she designed two fluorogenic peptide probes — the small molecule — PNA oligomer conjugate (SPOC) probe
and the light-up peptide indicator (LUPI). These two probes both have a thiazole orange (TO) fluorophore that is
internally-incorporated into the probe. These two probes were designed to be used as fluorescent indicators in a
fluorescent indicator displacement (FID) assay to screen for new small molecules that could potentially act as
drugs targeting dsSRNA. The mechanism for the FID assay as well as characteristics of good FID indicators were

also discussed.

Chapter 2. The first dSRNA target she chose the bacterial ribosomal RNA acceptor site (rRNA A-site). The bac
rRNA A-site is the proofreading centre of the bacterial ribosome, and thus has been an attractive drug target for
many decades. It contains an internal loop flanked by dsRNA regions. In this chapter, she designed the small
molecule — PNA oligomer conjugate (SPOC) probe to simultaneously bind to the internal loop and the dsSRNA
region by a simple conjugation strategy between ATMND-C>-NH> (internal loop binder) and a tFIT probe. The
SPOC probe was expected form a triplex with the bacteria rRNA A-site through Hoogsteen base-pairing, with the
ATMND moiety binding to the internal loop.
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This conjugation strategy, although simple, worked impressively. Notably, the SPOC probe was able to bind to the
dsRNA target even at a neutral pH, which is an unfavourable condition for Hoogsteen base-pairing. This was
because the conjugated ATMND moiety was able to act as an anchor, facilitating binding even at pH 7.0. The
probe was measured to have a dissociation constant (Kq) of 190 + 72 nM and bound specifically to the bac rRNA
A-site over the corresponding human rRNA A-sites. Lastly, she showed how the SPOC probe had potential as an
FID indicator by conducting a mock FID assay, where the degree of displacement was in good correlation with the

reported K4 value of the test compounds.

However, the SPOC probe design has its drawbacks. The lack of information about small molecules that can
specifically bind to RNA structural features as well as the need for a homopurine stretch of RNA for
Hoogsteen-base pairing limits the dsRNA targets that SPOC can be applied to.

Thus, in Chapter 3, she turns to a new probe design — LUPL. This time, instead of targeting a dsSRNA, she
targeted a ribonucleoprotein (RNP) complex (RNA + RNA-binding protein, RBP). As such, LUPI was designed to
be a peptide indicator based on a well-known RNP complex— the HIV-1 Tat protein — TAR RNA model. The Tat
protein binds to the TAR RNA to greatly enhance viral transcription. Without the Tat-TAR interaction, gene
expression and replication are adversely affected. Hence, finding Tat-TAR inhibitors is an attractive therapeutic
strategy. Unlike SPOC, LUPI is made up of amino acids, with its internally-incorporated TO acting as a surrogate
amino acid, something that has never been reported before. Its amino acid sequence is based on the arginine rich

motif (ARM) of the Tat protein, the part that is responsible for binding to TAR RNA.

By comparing LUPI with three other probes, one of which was the original Tat peptide fluorescent indicator, she
showed that LUPI has superior light-up response, binding affinity (Kq = 1.0 + 0.6 nM) and selectivity towards the
TAR RNA over two other unrelated RNAs. Moreover, in a mock FID assay with five test compounds, only the test
compound with a Kq comparable to LUPI’s was able to displace it, highlighting LUPI’s ability to sieve out

super-strong binders.

Finally, in Chapter 4, she summarized her findings for the SPOC and LUPI probes as well as provide some
thoughts about how these two probes can be tailored for other dsRNA targets, as well as other possible ways to

develop the probe designs even further.
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