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In this issue of Molecular Cell, Tripathi and coworkers (Tripathi et al., 2010) decode some of the functions of
a long noncoding RNA MALAT1. They provide evidence that MALAT1 regulates alternative splicing by
controlling the activity of the SR protein family of splicing factors.
Protein-coding genes cover only a small
fraction of mammalian genomes, which
raises a puzzling question about the function of the pervasive transcription of the
noncoding genome. Noncoding RNAs
(ncRNAs) can be arbitrarily divided into
short ncRNAs, typically !20–200 nt in
length, and long ncRNAs ranging from
!200 nt to 100 kb (Mercer et al., 2009).
Although much evidence on the importance of the different types of short
ncRNAs in the regulation of gene expression has accumulated, the functions of
long ncRNAs remain largely unexplored.
It seems unlikely that the long ncRNAs
are just transcriptional noise, because
many of them are conserved, their expression is developmentally regulated,
and they have tissue-specific expression
patterns (Mercer et al., 2009). Furthermore, several long ncRNAs appear to be
misregulated in diseases, such as cancer.
Loci encoding long ncRNAs often overlap
with or are interspersed between multiple
protein-coding or noncoding genes in the
genome, where they may regulate the
expression of their neighbors. Moreover,
long ncRNAs have been shown to act
as chromatin modifiers, as transcriptional
regulators that affect the activity of
transcription factors or RNA polymerase
II, and as posttranscriptional regulators that bind to complementary RNA
sequences (Mercer et al., 2009). In other
words, long ncRNAs seem to have the
capacity to operate on every step of
gene expression.
One of the most versatile processing
steps in the life of an mRNA molecule is
pre-mRNA splicing. Most eukaryotic premRNAs contain introns, which have to
be removed, and exons, which are ligated
together, before mRNAs can be trans-

lated into proteins. Although the spliceosome performs splicing catalysis, additional splicing factors are required to
determine the splice sites. Pre-mRNAs
can be alternatively spliced, providing a
major source of transcriptome and proteome diversity in cells (Pan et al., 2008).
SR proteins are a family of splicing factors
involved in both constitutive and alternative splicing (Lin and Fu, 2007). They all
share a modular structure with one or
two N-terminal RNA recognition motifs
(RRMs) and an RS domain composed of
arginine-serine repeats. The RS domain
is a target for extensive phosphorylation,
and the phosphorylation status of the
RS domain is important for the activity of
SR proteins in splicing. SR proteins are
primarily located in the nucleus where
they are enriched in speckles. Although
SR proteins are abundantly and ubiquitously expressed in cells and tissues,
their cellular expression levels are tightly
regulated. Indeed, even relatively small
perturbations in the concentration of SR
proteins can influence alternative splicing
patterns (Lin and Fu, 2007). However,
how the concentration or activity of SR
proteins is regulated in cells is not fully
understood.
Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1; also known
as nuclear enriched autosomal transcript
2, NEAT2) is a highly conserved long
ncRNA originally identified as a transcript
overexpressed in many cancers (Ji et al.,
2003). Interestingly, MALAT1 is retained
in the nucleus and predominantly localizes to nuclear speckles. Because SR
proteins and other splicing factors are
also enriched in these nuclear subdomains, Tripathi and coworkers asked in
this issue of Molecular Cell whether

MALAT1 could play a role in the regulation of pre-mRNA metabolism and/
or the integrity of the speckle per se
(Tripathi et al., 2010). They first determined whether MALAT1 directly associates with SR proteins. Computational
analysis identified predicted SR proteinbinding motifs in MALAT1 RNA, and
specific interactions between MALAT1
and a subset of SR protein family members were shown by RNA immunoprecipitation. One of the SR proteins, SRSF1,
displayed specific binding to MALAT1
via its RRM.
Do SR proteins recruit MALAT1 to
nuclear speckles? Depletion of SRSF1
suggested that this is not the case;
however, it is formally possible that
other SR protein family members play
a redundant role in MALAT1 localization
to speckles. Interestingly, another long
ncRNA NEAT1 was recently shown to
be critical for the integrity of paraspeckles, nuclear subdomains implicated
in the regulation of mRNA nuclear export
(Bond and Fox, 2009; Chen and Carmichael, 2009). In agreement with a role for
ncRNA in the establishment or maintainence of nuclear subdomains, MALAT1
was required for proper localization of
SRSF1 as well as several other splicing factors to nuclear speckles (Tripathi
et al., 2010). However, MALAT1 is apparently not required for speckle integrity,
because poly A+ RNA and UAP56 continue to localize in a speckled pattern when MALAT1 is depleted. Thus,
MALAT1 activity appears to be specifically
linked to SR proteins rather than generally
to speckles as nuclear subcompartments.
Links between the regulation of transcription and splicing are provided in
a related paper, which showed that
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