i reoctome
Processing of Capped Intronless Pre-

MmRNA

W reactome

Gillespie, ME., Joshi-Tope, G., Marzluff, WF., Wahle, E.

European Bioinformatics Institute, New York University Langone Medical Center, Ontario Institute for
Cancer Research, Oregon Health and Science University.

The contents of this document may be freely copied and distributed in any media, provided the authors,
plus the institutions, are credited, as stated under the terms of Creative Commons Attribution 4.0 Inter-
national (CC BY 4.0) License. For more information see our license.

14/09/2021


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://reactome.org/license

Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and cross-
referenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by
systems biologists building predictive models of normal and disease variant pathways.

The development of Reactome is supported by grants from the US National Institutes of Health (P41
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and
the European Molecular Biology Laboratory (EBI Industry program).
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Co-transcriptional pre-mRNA splicing is not obligatory. Pre-mRNA splicing begins co-transcriptionally
and often continues post-transcriptionally. Human genes contain an average of nine introns per gene,
which cannot serve as splicing substrates until both 5' and 3' ends of each intron are synthesized. Thus
the time that it takes for pol II to synthesize each intron defines a minimal time and distance along the
gene in which splicing factors can be recruited. The time that it takes for pol II to reach the end of the
gene defines the maximal time in which splicing could occur co-transcriptionally. Thus, the kinetics of
transcription can affect the kinetics of splicing.

There are two classes of intronless pre-mRNAs (mRNAs expressed from genes that lack introns). The first
class encodes the replication dependent histone mRNAs. These mRNAs have unique 3' ends that do not
have a polyA tail. The replication dependent histone mRNAs in all metazoans, as well as Chlamydomo-
nas and Volvox fall into this class.

The second class of mRNAs end in polyA tails, which are formed by a mechanism similar to that which
poly-adenylate pre-mRNAs containing introns. In the intronless genes there is a different method of re-
placing the 3' splice site that activates polyadenylation.
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There are two well-documented trans-acting factors required for histone pre-mRNA processing. These
are:

1 Stem-loop binding protein (SLBP), also termed hairpin binding protein (HBP). This 32 kDa protein is
likely the first protein that binds to the histone pre-mRNA as it is being transcribed.

The U7 snRNP. This particle contains the U7 snRNA, the smallest of the snRNAs which varies from 57-70
nts long depending on the species. The 5' end of U7 snRNA binds to a sequence 3' of the stemloop, termed
the histone downstream element (HDE). There are a number of proteins found in the U7 snRNP. There
are 7 Sm proteins, as are present in the spliceosomal snRNP. Five of these proteins are the same as ones
found in the spliceosomal snRNPs and there are 2, Lsm10 and Lsm11 that are unique to U7 snRNP.

A third protein joins the U7 snRNP, ZFP100, a large zinc finger protein. ZFP100 interacts with SLBP
bound to the histone pre-mRNA and with Lsm11 and likely plays a critical role in recruiting U7 snRNP to
the histone pre-mRNA.

It should be noted that there must be other trans-acting factors, including the factor that catalyzes the
cleavage reaction. The cleavage occurs in the presence of EDTA as does the cleavage reaction in poly-
adenylation, it is likely that this reaction is catalyzed by a protein. There may well be additional proteins
associated with U7 snRNP, and since under some conditions in vitro processing occurs in the absence of
SLBP, it is possible that all of the other factors required for processing are associated with the active form
of U7 snRNP.
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This class of mRNAs is expressed from genes that lack introns yet the transcripts end in polyA tails.
These tails are formed by a mechanism similar to that for pre-mRNAs containing introns. It is believed
that there is a cis-element that replaces the 3' splice site that normally serves to activate polyadenylation
of intron containing pre-mRNAs.
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The 3' ends of eukaryotic mRNAs are generated by posttranscriptional processing of an extended
primary transcript. For almost all RNAs, 3' processing consists of two steps: The mRNA is first cleaved at
a particular phosphodiester bond downstream of the coding sequence. The upstream fragment then re-
ceives a poly(A) tail of approximately 250 adenylate residues whereas the downstream fragment is de-
graded. The two partial reactions are coupled so that reaction intermediates are usually undetectable.
While 3' processing can be studied as an isolated event in vitro, it appears to be connected to transcrip-
tion, splicing and transcription termination in vivo.
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