Using PNA Oligomers for RNA Visualization and Function Inhibition
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Messenger RNA (mRNA) translation is a critical cellular process, and its precise temporal + The interaction between pre-folded DNA HPs (0.5 uM) and HP1 MUT (2)  1.544 + 0.08 T 1 E
and spatial regulation has far-reaching implications in molecular biology and medicine. varying concentrations of PNA oligomer of up to 2 uM was HP1 P+2 (4) 1.668 + 0.024 | - .
Peptide Nucleic Acids (PNA) are synthetic nucleic acid analogs with a unique peptide-like studied in buffer solution containing 100 mM NaCl and HP1P+6(4)  2.007 + 0.168 | _
backbone making them resistant to enzymatic degradation. Due to their high binding incubated at room temperature for 1 hour. The HPs were HP2 (4) 1.926 + 0.223 E
specificity, PNAs form stable complexes with RNA and DNA, providing a novel strategy for folded by heating at 95°C for 1 min followed by slow cooling to HP2 P+2(5)  1.148  0.153 D
translational inhibition and RNA detection and visualization. 25°C and storing on ice. Reactions were resolved using native HP2 P+7 (6) 166 + 0.126 DO & ¢
L . . . . . PAGE and bands were visualized by SYBR Gold staining.
It is critical to understand the interaction dynamics between PNAs and nucleic acids. Fig. 4: (A) Slope () values for the indicated DNA HPs calculated using a custom R script.
' 1 ] VO | ' nce variations for HP1 and HP2 are indi “P+n”, with n he number of
e e i maging ocle o SiyRNA . DNAHPIPNA mulimer comploxes fored (F 24, GUBIBX et o o 200 ity s
|nvas|on) with the rate constant kpS as the relevant parameter predicted Hoogsteen base pairs. (B) Graphical representation of slopes (y) for indicated HPs.
Understanding these interactions will enable us to develop new strategies for controlling since the corresponding kinetic products were formed in
gene expression and visualizing RNA transport and localization in live cells. presence of excess PNA and equilibrium was not reached. Conclusions
Aims: This study set out to identify the molecular principles governing PNA-double Theretore, DNA HP/PNA complex formation was analyzed
stranded DNA (dsDNA) complex formation, assess the feasibility of performing PNA- for pseudo-first-order kinetics. * This study demonstrated that PNA oligomers can efficiently invade
mediated translation inhibition, and evaluate the use of PNA oligomers in RNA detection. | - | A:T DNA hairpins in conditions of reduced PNA excess (4 vs. 200-
By investigating the interactions between PNA oligomers and DNA hairpin (HP) models + The tlm? course of binding was assessed by plotting _In-(D/DO) fold), and at a salt Concentration. closer to physiological co_nditions
derived from the sequence of oskar mMRNA, which is essential for posterior axis versus time, whers 5, was thg totql ONA PP concentr_a tion and (100 vs. 10 mM NaCl) then previously reported to be required for
determination in Drosophila embryos, this r,esearch will provide insights into the PNA's o oS the free DNA HP-' 1he linearity Of thesg plots (Fig. 55) invasion of long double stranded DNAs (2). DNA duplex invasion
. SopTiia Smoryos, ren Wit prov J confirmed the pseudo-first-order behavior, with k¢ as the by PNA oligomers followed pseudo-first-order kinetics, with similar,
potential for translational inhibition and live-cell imaging during egg chamber development. oseudo-first-order rate constant. To assess exponential siightly smaller, slope values as long dsDNA.
relationship of k,; with PNA concentration (ks ~ PY), the slope o _
Methods v was calculated from the corresponding plots of Inf—In(D/D,)] * Among the hairpins studied, HP1, HP1 MUT and HP2, showed a
versus In([PNAJ/[HP]) (Fig. 3B). gregte_r efﬂClency In forming Comlple_x_es W|tr_1 PNA. Although
e N statistical analysis revealed no significant differences between
1. Selection of . Among the tested hairpins, HP1, HP1 MUT and HP2, hairpins, furth.e.r_experiments are planned to increase sample size
candidate demonstrated a more efficient HP duplex invasion, which was and reproducibility.
DNA Hairpins y evident from the pronounced gel shifts and steeper slopes » Our data suggest that designing PNAs capable to form triple and
(Fig. 4). While statistical analysis using pairwise Tukey double strands may facilitate DNA duplex invasion for hairpins and
2. Incubation of comparisons did not find significant differences between these can be extended to RNA targets for detection and visualization, as
HP with varying slopes, larger standard errors were obtained for four of six total well as function impairment.
concentrations of HPs, and only three data points were used to calculate each
" PNA Yy slope. Additional experiments are underway to improve results Acknowledgements
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