Mass spectrometric evidence for the underrepresented RNA-protein crosslinks
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Abstract

In protein-RNA complexes, UVC crosslinks proteins predominantly to uracil. Concrete
evidence for other UVC-crosslinked RNA bases is lacking. Here, | elucidate mass
spectrometric signatures of UVC-crosslinked guanine, cytidine, and methyladenine. This

can help us capture the native protein-RNA interactions in more detail.

Main Text

RNA-binding sites (RBSs) are amino acids in RNA-binding proteins (RBPs) that make
direct contacts with RNA. Through bottom-up mass spectrometric analysis, UV-
crosslinked and hydrofluoride-treated RNA moieties can pinpoint the exact RBSs on
peptides’2. Previous studies showed that UVC irradiation dominantly crosslinks uracil to

proteins®39, but finding solid evidence for other low-abundance RNA adducts has
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remained challenging. Here | sought to identify the underrepresented UVC-crosslinked

RNA moieties using a previous RBS-mapping dataset’'° via two different approaches.

First, | exploited previous observations that neutral loss of ribose occurs from UV-
crosslinked RNA nucleosides’?. Fragpipe open search with diagnostic ion mining'-16
followed by inspection of fragment ions (b, y) for ribose loss unraveled two additional
UVC-crosslinked RNA moieties (Table 1). One RNA adduct mass corresponded to
guanosine with ammonia loss, while the other could be either cytosine with ammonia loss

or uridine with water loss.

In addition, | looked into RNA-binding domains (RBDs) with well-defined RNA sequence
specificity. | examined the precursor mass shifts from peptides located within PABPC1
RRM1-2 (poly(A)-binding)'"-?%, RBFOX2 RRM (G-crosslinking)?"22, and PTBP1 RRM1
(polypyrimidine-binding)?3-2°. Most unexpectedly, methyladenine/adenosine crosslinks?6,
but not adenine/adenosine crosslinks, were detected on H144 of PAPBC1 RRM2 domain
(Figure 1a). Meanwhile, guanosine crosslinks were identified on F154/V155 of RBFOX2
RRM (Figure 1b), and cytosine crosslinks on H133 of PTBP1 RRM1 (Figure 1c). All
identified RBSs (except V155, which may have been catalogued owing to in-solution
dynamic fluctuation, mislocalization during open search, or electron hopping during UVC-
crosslinking®) were proximal to adenines, guanine, or cytosine in previously reported

ribonucleoprotein structures?’-°, respectively.

RBSs harboring the five newly identified RNA adducts were predominantly identified in
annotated RBPs (Table 2). These adduct types may be incorporated in closed search

parameters on UVC-crosslinked RBS datasets, but at the cost of search space inflation”.
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Figures and Tables
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Figure 1. UVC-crosslinks on RBDs with well-defined sequence specificity.

(a) UVC-crosslinked methyladenine/adenosine on PABPC1 RRM1-2. Top: Nominal
precursor mass shifts of peptide-spectrum matches (PSMs) within PABPC1 RRM1-2
(amino acid positions: 11-175)'6. Bottom: Structure of PABPC1 RRM1-2 in complex with
poly(A) RNA (PDB: 1CVJ)?. (b) UVC-crosslinked guanosine on RBFOX2 RRM. Top:
Nominal precursor mass shifts of PSMs within RBFOX2 RRM (amino acid positions: 111-
187)'6. Bottom: Structure of RBFOX2 RRM in complex with pre-miR-20b RNA (PDB:
2N82)%8. (c) UVC-crosslinked cytosine on PTBP1 RRM1. Top: Nominal precursor mass
shifts of PSMs within PTBP1 RRM1 (amino acid positions: 59-143)'¢. Bottom: Structure

of PTBP1 RRM1 in complex with UCUUU stem-loop RNA (PDB: 2N30)%°.
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Table 1. UVC-crosslinked RNA moieties with ribose fragmentation.

MS1 shift (Da)

Chemical formula

Nucleoside-(neutral loss)

226.0594

CoH10N20s

Cytosine-NHj3

Uridine-H20

266.065

C10H10N4Os

Guanosine-NHs

Table 2. RBSs/proteins identified with the underrepresented RNA adducts.

Evidence type Ribose fragmentation RBDs with sequence specificity
RNA adduct Cl)jtr ?(jsir:-lil-'l:?/ Guanosine-NH3 Mi[géfgsei:g‘e/ Guanosine Cytosine
Nominal mass 226 266 149/281 283 243
#Protein 141 40 62 55 210
#RBS 411 89 120 112 614
%RBS in RBP 97.8 100.0 98.3 99.1 99.0

Data & code availability

The mass spectrometry data and the structural data have been retrieved from the PRIDE
repository (PXD016254) or the RCSB PDB database (1CVJ, 2N82, 2N30), respectively.
Fragpipe workflows, analysis results, protein sequence/annotation resources, and the

custom Python codes used in this study have been deposited to the GitHub repository

(https://qgithub.com/jwbaebio/RBS-ID-mining).
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Methods

Four .raw files (UVC, RBS-ID) in PXD016254 dataset were searched against the Swiss-
prot human proteome database (2022.10.11.) using Fragpipe (v18.0) with the parameters
specified in the Open_RBSID.workflow file. The global.diagmine.tsv file was looked up
for signatures of ribose loss from b/y-ions. The four psm.tsv files were merged and looked
up for precursor modifications on peptides from PABPC1 RRM1-2, RBFOX2 RRM, or
PTBP1 RRM1 domains. For nominal modification masses 149/281, 283, or 243, PSMs
with unique localizations were taken to identify RBSs in PABPC1 RRM1-2, RBFOX2 RRM,
or PTBP1 RRM1, respectively. The RNA-protein complex structures were visualized
from .pdb files (1CVJ, 2N82, 2N30) using PyMOL (v.1.7.2.1.). Also, the number of
identified RBSs and proteins with respective modifications proteome-wide were counted,
with RBP annotations integrated (2022.10.28.). All custom Python codes are available in

the RBS-ID-mining.ipynb file.
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