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Elucidatidating the Binding Interaction of the LINK-A
lncRNA to PIP3 Using Nuclear Magnetic Resonance
(NMR) Spectroscopy
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Long non-coding RNAs (ncRNAs) play a significant role in
transcriptional regulation; therefore, mutations in their sequences can lead to human disease. An example is provided
by the promoter associated non-coding RNA (paRNA) that,
when bound with Argonaut 1 (Ago1) and a miRNA, plays
a key role in coordinating gene silencing of the tumor suppressor CDH1 in epithelial cells. The paRNA expression
can be implicated with cancer. This is due to a single nucleotide polymorphism (SNP) at positions -160(C/A) relative
to the CDH1 promoter. The -160(A) isoform favors a unique
secondary structure of the paRNA, distinct from more common -160(C), which favors over-suppression of CDH1 and
leads to increased cancer risk. To better understand how the
-160(A) isoform mechanistically drives increased suppression of CDH1, our lab is applying NMR-based methods to
determine the 3D structure of the paRNA. However, the T7
RNA polymerase used to synthesize RNA is prone to producing heterogeneous products in longer RNAs such as this one.
Having exact lengths of the transcript is important for improving signal-to-noise and peak sharpness in NMR spectra,
which is critical for 3D structure determination. To overcome
this problem, I designed a pUC19 plasmid containing the
paRNA -160(A) sequence with a downstream self-cleaving
hepatitis delta virus (HDV) ribozyme. Following transcription, the HDV ribozyme undergoes self-cleavage, producing
homogenous ends at the 3’ end of the paRNA. My results
show that HDV incorporation produces a single species of
RNA with no 3’ overhang and improves NMR spectra quality. This cloning tool is easily adaptable to other large RNAs,
facilitating data collection for other large RNAs used in our
lab. Ultimately, our ability to predict the 3D structure of this
paRNA could someday lead to its use as a potential drug target.

Long non-coding (lnc)RNAs have multiple biological functions, including recruitment of kinases to regulate signaling pathways involved in tumorigenesis and other human diseases. Of particular interest is the proposed interaction between Long Intergenic Noncoding RNA for
Kinase Activation (LINK-A) and the membrane component phosphatidylinositol-3,4,5-triphosphate (PIP3 ). The proposed interaction between PIP3 -LINK-A would be the first
example of a direct interaction between a non-coding RNA
and phospholipid. I investigated the proposed interaction
between LINK-A and PIP3 using Nuclear Magnetic Resonance (NMR) spectroscopy. Multiple NMR-based experiments were performed to assess the degree of binding on the
basis of line-width broadening of NMR spectra. Wild-type
and mutated RNA constructs were titrated into a 100 uM solution of PIP3 , but the NMR data showed no evidence of linewidth broadening, indicating that no direct interaction occurs
between wild-type or mutated RNA constructs. Presumably,
the reported cellular interaction is not direct and might require
an additional mediating factor. I determined the 3D structure
of the LINK-A RNA hairpin, required to recruit PIP3 , using
biophysical molecular modeling and NMR data. My results
provide a biophysical foundation to elucidate the functional
role of LINK-A in PIP3 recruitment and kinase activation.
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