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Structure

CUG-binding protein 1 (CUGBP1) is a ubiquitous RNA-binding protein implicated in altered RNA metabolism
linked to myotonic dystrophy type 1. Crystal structures of the RRM domains in complex with cognate RNAs
(Teplova et al., 2010) reveal molecular details for the selectivity of CUGBP1 toward GU-rich mRNA elements.

Posttranscriptional regulation of gene
expression involves various aspects,
such as mRNA processing (splicing, cap-
ping and polyadenylation), mRNA export,
and mRNA decay. These processes
depend on the binding of multidomain
RNA binding proteins or noncoding RNAs
to cis-acting RNA sequences found adja-
cent to intron/exon splice sites and in
3’ and 5 untranslated regions (UTRs)
of eukaryotic pre-mRNA transcripts.
Sequence variations in the regulatory
elements can significantly alter posttran-
scriptional regulation of gene expression
and are thus linked to human diseases.

The turnover of eukaryotic mRNAs is
mostly modulated by conserved se-
quence elements located in the 3'-UTR.
A well-characterized example is the
AU-rich element (ARE), which is impli-
cated in the regulation of mRNA half-life
(Wilusz et al., 2001). The GU-rich regula-
tory element (GRE) represents a recently
discovered sequence motif found in
the 3-UTR of certain mRNAs. The GRE
consensus sequence UGUUUGUUUGU
has been shown to mediate rapid decay
of a number of GRE-containing tran-
scripts in primary human T cells (Vlasova
et al., 2008).

A key factor that recognizes GRE motifs
and promotes mRNA degradation is the
CUG-binding protein 1 (CUGBP1). This
protein has been shown to associate
with abnormally extended CUG repeats
that occur in patients with myotonic
dystrophy type 1 (Timchenko et al,
1996). CUGBP1 belongs to the CELF
(CUGBP and ETR-3-like factors) family
of proteins that have additional func-
tions in modulating pre-mRNA splicing,
enhancing translation, and triggering
mRNA deadenylation (Barreau et al.,
2006). CELF family members share a

highly similar domain organization, com-
prising three RNA recognition motifs
(RRM). RRM1 and RRM2 are adjacent
to each other and separated by a long
nonconserved linker from the C-terminal
RRMB3 (Figure 1A).

In this issue of Structure, Teplova et al.
(2010) report on the crystal structures of
RRM1 and the tandem RRM1/2 domains
of CUGBP1 bound to GRE RNAs. In
all structures, a single UGUU or UGUG
repeat within the GRE is recognized by
either RRM1 or RRM2. Both domains
adopt the canonical RRM fold composed
of a four-stranded B sheet, representing
the typical RNA binding surface, flanked
by two a helices (Figure 1B). The recogni-
tion of the UGUU/G motifs by the RRMs is
almost identical, owing to conserved
amino acids at key positions of the  sheet
that are employed for RNA binding
(Figure 1C). The bases of the third and
fourth positions of the tetranucleotide
motif (UU or UG) stack on two conserved
phenylalanine rings of the RNP (ribonu-
cleoprotein) sequence motifs of the RRM
domains (Clery et al., 2008). A number
of direct or water-mediated intermolec-
ular hydrogen bonds contribute to the
recognition of all four nucleotides. This
hydrogen bond network is denser for the
base edges of the central GU step,
implying their importance for binding
specificity (Teplova et al., 2010).

The authors note that the conformation
of the first pair of nucleotides (UG) has
structural similarity with left-handed
Z-RNA. Such RNA conformations are
found with alternating CG base pairs,
and are characterized by a syn conforma-
tion of the guanine bases as a hallmark
of left-handed helices (Popenda et al.,
2004). A similar conformation is found
for the CUGBP1-bound RNA, where the
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guanine in the second position of the
UGU(U/G) RNA motifs displays a syn
glycosidic torsion angle. This observation
may explain the selectivity of the CUGBP1
RRMs toward GU-rich elements. Muta-
tions targeting the guanine residue further
support its role for the specificity of the
interaction (Teplova et al., 2010).

Interestingly, the RNA recognition by
RRM1 and RRM2 is distinct from the
one reported for the RRM3 domain of
CUGBP1 (Tsuda et al., 2009). RRM3
contains a conserved N-terminal exten-
sion that interacts with the B sheet and is
important for RNA binding. The structure
of RRM3 with (UG); RNA revealed that
the complex is formed via extensive
stacking interactions, but none of the
guanine residues was found in a syn
conformation.

Teplova et al. (2010) report that the indi-
vidual RRM1 and RRM2 domains bind
with comparable affinities to UUGUU sub-
strates. In contrast, the tandem RRM1/2
domains show increased affinity for an
RNA comprising two sequential UUGUU
motifs, thus indicating substantial bind-
ing cooperativity. Indeed, NMR studies
confirm that in solution both RRMs
interact with a tandem repeat RNA, con-
taining two consecutive UGUU elements
separated by one or two uracil residues.
NMR relaxation data indicate that the
two RRM domains tumble independently
in the absence of RNA. However, the
complex comprising the tandem RRM
domains and the tandem RNA repeat is
compact and rigid, consistent with the
observed binding cooperativity (Fig-
ure 1D). Different structural and dynam-
ical arrangements of tandem RRM
domains have been observed (Lunde
et al., 2007). In many cases, significant
domain contacts stabilize a unique
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Figure 1. Binding of CUGBP1 RRM1 and RRM2 Domains to UGUU RNA Motifs

(A) Domain organization of the CUGBP1 protein.

(B) Structural topology of the CUGBP1 RRM1 and RRM2 domains. Strands are shown as yellow arrows
and helices as cyan cylinders. The approximate positions of the RNA bases recognized are indicated
schematically.

(C) Superposition of the CUGBP1 RRM1 and RRM2 crystal structures in complex with UGUU tetranucleo-
tides. The conserved RNP1 and RNP2 phenylalanine residues that participate in stacking interactions with
the RNA are shown as green sticks. Nucleotides are depicted as sticks as well, and colored orange for
uracil residues and magenta for the syn-guanine residue. N and C termini of the RRMs and the 5" and
3’ ends of the RNAs are indicated.

(D) Schematic representation of the domain arrangement of the tandem RRMs of CUGBP1. In the free
form, the two domains tumble independently (top). Upon binding to a tandem UGUU repeat, a more
compact domain arrangement is induced (bottom).

domain arrangement. In other cases
weak or no interactions between the two
domains are observed in the absence of
the RNA ligand, and a stable conforma-
tion is only induced upon ligand binding.
In such cases, crystallization may inter-
fere with native domain arrangements
that exist in solution (Simon et al., 2010).
It is therefore important and advisable to
combine the crystallographic data with
solution techniques such as NMR spec-
troscopy, as has been done by Teplova
et al. in the present work.

The structural analyses of the CUGBP1
RRM-RNA interactions (Teplova et al.,
2010; Tsuda et al., 2009) set the stage
for understanding the molecular functions
of CELF family members. Yet several
challenges lie ahead to reveal mecha-
nistic details of the role of CELF proteins
in GRE-mediated mRNA decay and alter-
native splicing. It will be important to
determine if all RRMs are required for
the diverse functions or whether perhaps
the distinct RNA binding selectivities of
RRM1/RRM2 and RRM3 contribute inde-

pendently to different processes. It will
also be interesting to identify other fac-
tors that may associate with GU-rich
sequences, and if they also recognize an
unusual conformation of the bound RNA,
such as the syn guanine observed in the
CUGBP1-RNA interaction. Finally, it will
be critical to characterize the functional
interplay between CUGBP1 and other
splicing regulators that contribute to aber-
rant mMRNA splicing observed in myotonic
dystrophy 1.
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