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Background

Optimization of PAR-CL conditions

Pilot proteomic analysis of silica purified RBPs

The emergence of multidrug resistance greatly threatens progress in the prevention
and control of human malaria infection, creating serious need for the development
of novel antimalarial and transmission-blocking strategies. However, identifying
promising targets of intervention within the malaria parasite’s complex lifecycle has
been challenging as the molecular drivers of lifecycle progression remain
incompletely characterized. RNA-binding proteins (RBPs) have become attractive
targets of intervention as post-transcriptional regulation is essential to Plasmodium
development and disease transmission. Yet, due to lack of in vivo methodologies
that identify proteins directly bound to RNA and reveal their cognate motifs,
characterization of RNA-protein interactions in P. falciparum has been limited. Here,
we optimize the parameters of Photoactivatable Ribonucleoside-enhancing
Crosslinking (PAR-CL)1 for use in identifying RBPs and their target RNAs. The use of
PAR-CL enhances RNA-protein crosslinking specificity to zero-distance and enables
the identification of both proteins and RNA-interacting motifs using mass
spectrometry and novel sequencing techniques, respectively.

To determine the appropriate sample preparation conditions for PAR-CL we incubated synchronous
trophozoite stage parasites with 4-TU at varying concentrations and durations. Samples were crosslinked
at the PAR-CL wavelength (365nm) at various energy densities (J/cm2) and subjected to silica purification
and RNA digestion. A. Both sample input (5% total protein) and recovered protein were visualized by
silver staining. We found that incubation with 4-TU resulted in no significant difference in the banding
profile or concentration of protein. Additionally, we found all crosslinking conditions produced distinct
protein profiles from the no crosslinking control and that protein banding peaked at 0.45 J/cm2. While all
4-TU conditions tested appeared to enable PAR-CL RNA-protein crosslinking and purification, we moved
forward with the 400 µM 4-TU 4 h condition as it had the shortest incubation period, allowing the most
flexibility in experiment planning.

To determine the identity of RBPs recovered using different crosslinking methods, we conducted a pilot mass
spectrometry analysis of silica purified samples (visualized in panel B to the left). The eluted samples underwent RNA
digestion and total eluted protein was analyzed by mass spectrometry. A. A total of 127 proteins were found to be
enriched in crosslinked samples when compared to a no crosslinking control. While PAR-CL crosslinking resulted in a
higher number of enriched proteins, there was some overlap between conventional (cCL) and PAR-CL protein
enrichment. B. Proteins enriched in our pilot experiment were compared to the conventional crosslinking experiment
conducted by Bunnik et al. in 2016.3 Sample purification is a major difference between studies: our study purified
proteins associated with all RNA species while Bunnik et al. isolated proteins bound to mRNA. Despite this difference,
our results had overlap in identified RNA-associated proteins. C. Gene ontology (GO) term analysis was done on the
combined crosslinking enriched hits using a p-value cutoff of 0.01. All GO terms significantly enriched are displayed
prioritized by ontology and p-value.
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Samples were visualized by silver staining and western blotting. In a pilot proteomic
analysis, samples were analyzed using the QE Plus mass spectrometer.
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Using the optimized conditions (400 µM 4-TU and 0.45
we next compared protein elution profiles
from samples that were conventional (cCL; 254 nm) and PAR-CL (365 nm) crosslinked to a control sample
that did not undergo crosslinking (noCL). B. Protein recovery was visualized by silver staining. C. To quickly
assess the specificity of proteins recovered in crosslinked samples we probed for polyadenylate-binding
protein 1 (P.y. PABP1; from Dr. Scott Lindner, Penn State University) and P.f. aldolase. While aldolase,
which does not bind RNA, was not found in any of the eluted samples, PABP1 was present in the RNA-RBP
crosslinked samples.
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Isolation of crosslinked RNA-RBP complexes was completed using two distinct RNA
purification methods (outlined in the figure below): Silica purification resulted in the
capture of RBPs crosslinked to any RNA species and oligo d(T) purification resulted in
capture of RBPs crosslinked to mRNA specifically.
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Experiments were conducted using a transgenic P. falciparum strain 3D7::FCU-GFP,
previously characterized in Painter et al.2, that has been genetically altered to salvage
thiol-modified uracil. Parasites were incubated with 4-thiouracil (4-TU) at
concentrations and durations indicated, saponin lysed, and RNA-protein interactions
crosslinked at either conventional (cCL; 254 nm) or PAR-CL (365 nm) wavelengths
(outlined in the figure below).
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• Our study establishes optimized conditions for PAR-CL and RNA-RBP complex recovery in
P. falciparum, providing a new and powerful tool for the study of RNA-protein
interaction throughout parasite development and transmission.
• A pilot analysis of optimally collected samples using mass spectrometry resulted in
identification of previously known and novel RBP candidates, both confirming our
method and demonstrating the possibility of its increased sensitivity.
• Ongoing studies include the replication of our mass spectrometry analysis as well as the
optimization of RNA capture and sequencing to identify cognate RBP binding sites in the
late trophozoite/schizont stage of development.
• Once our initial characterization of a single developmental stage is complete, we plan to
continue our comprehensive characterization of the RNA-protein interactome
throughout the IDC and transmission stages of parasitic development with the aim of
elucidating RBPs critical for lifecycle progression.

