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ABSTRACT

The IMP family of RNA binding proteins, also named as insulin-like growth factor 2 (IGF2) mRNA-binding proteins
(IGF2BPs), are highly conserved RNA regulators that are involved in many RNA processing stages, including mRNA stabil-
ity, localization, and translation. There are three paralogs in the IMP family, IMP1-3, in mammals that all adopt the same
domain arrangement with two RNA recognition motifs (RRM) in the N terminus and four KH domains in the C terminus.
Here, we report the structure and biochemical characterization of IMP3 RRM12 and its complex with two short RNAs.
These structures show that both RRM domains of IMP3 adopt the canonical RRM topology with two α-helices packed
on an anti-parallel four stranded β-sheet. The spatial orientation of RRM1 to RRM2 is unique compared with other known
tandem RRM structures. In the IMP3 RRM12 complex with RNA, only RRM1 is involved in RNA binding and recognizes a
dinucleotide sequence.
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INTRODUCTION

RNA-binding proteins (RBPs) participate in all levels of
gene expression by orchestrating the assembly and dis-
assembly of distinct mRNA–protein complexes (mRNPs)
that function at specific stages of a transcript’s life to regu-
late transcription, splicing, export, localization, translation,
and degradation (Müller-McNicoll and Neugebauer 2013;
Singh et al. 2015). While the repertoire of domains that
have been found to interact with RNA continues to in-
crease, many RBPs contain a few well-characterized do-
mains (Gerstberger et al. 2014; Castello et al. 2016).
Among the most abundant of these domains are the
RNA recognition motif (RRM) and hnRNP K-homology
(KH) domain, which both predominantly recognize short
RNA motifs (Query et al. 1989; Siomi et al. 1993). To
compensate for this limited sequence specificity, the
cooperative interaction of multiple RBDs within an RBP
or multiple RBPs within an mRNP enables recognition of
specific RNAs (Lunde et al. 2007; Hennig and Sattler
2015). Understanding how the higher order assembly of
RNA–protein complexes integrates both sequence and
structural information remains a central challenge in post-
transcriptional regulation (Gronland and Ramos 2017).
The IMP RNA-binding proteins (IMP1, IMP2, and

IMP3) are a conserved family of multidomain RBPs (two
RRMs and four KH domains) that have been found to reg-
ulate RNA localization, translation, and stability (Degrauwe

et al. 2016b). Their diversity of function is exemplified
by the multiple independent discoveries (Vg1RBP/Vera,
IMP1-3, CRD-BP, KOC, ZBP1, and IGF2BP1-3) of these
RBPs in a variety of experimental systems (Deshler et al.
1997; Müeller-Pillasch et al. 1997; Ross et al. 1997;
Doyle et al. 1998; Havin et al. 1998; Nielsen et al. 1999).
The IMPs are highly expressed during development and
are down-regulated postnatally, though IMP2 expression
is maintained in adult tissues, but are often reexpressed
or amplified in numerous cancers and correlate with poor
survival (Bell et al. 2013; Degrauwe et al. 2016b). Recent
work has also demonstrated a direct role for the IMP family
in promoting oncogenic transformation (JnBaptiste et al.
2017).
The six RBDs of the IMP proteins are arranged into

three pairs RRM1+RRM2 (RRM12), KH1+KH2 (KH12),
and KH3+KH4 (KH34) that are separated by flexible link-
ers. The interaction between IMP1 (ZBP1) KH34 and the
zipcode cis-acting element of the β-actin 3′UTR has been
extensively biochemically and structurally characterized
(Chao et al. 2010; Patel et al. 2012; Nicastro et al. 2017).
While the isolated KH34 domain is capable of high affinity
and specific RNA recognition, less is known concerning
how the RRM12 and KH12 domains contribute to the func-
tion of the full-length proteins. Several genome-wide

Corresponding author: jeffrey.chao@fmi.ch
Article is online at http://www.rnajournal.org/cgi/doi/10.1261/rna.

065649.118.

© 2018 Jia et al. This article is distributed exclusively by the
RNA Society for the first 12 months after the full-issue publication
date (see http://rnajournal.cshlp.org/site/misc/terms.xhtml). After 12
months, it is available under a Creative Commons License (Attribu-
tion-NonCommercial 4.0 International), asdescribedathttp://creative-
commons.org/licenses/by-nc/4.0/.

REPORT

RNA 24:1659–1666; Published by Cold Spring Harbor Laboratory Press for the RNA Society 1659

mailto:jeffrey.chao@fmi.ch
mailto:jeffrey.chao@fmi.ch
mailto:jeffrey.chao@fmi.ch
http://www.rnajournal.org/cgi/doi/10.1261/rna.065649.118
http://www.rnajournal.org/cgi/doi/10.1261/rna.065649.118
http://www.rnajournal.org/cgi/doi/10.1261/rna.065649.118
http://www.rnajournal.org/site/misc/terms.xhtml
http://rnajournal.cshlp.org/site/misc/terms.xhtml
http://rnajournal.cshlp.org/site/misc/terms.xhtml
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.rnajournal.org/site/misc/terms.xhtml


studies of IMP family members have identified RNAs that
are bound in vivo; however, a complete understanding
of how IMP family members recognize and regulate their
respective target mRNAs has not yet been achieved
(Hafner et al. 2010; Conway et al. 2016; Degrauwe et al.
2016a; Ennajdaoui et al. 2016).

Here, we report the crystal structures of unbound
IMP3 RRM12 domain and its complex with RNA. These
structures show that both of the RRM1 and RRM2 do-
mains adopt canonical RRM folds (β1α1β2β3α2β4); however,
only the RNA-binding surface of RRM1 is accessible.
Biochemical experiments show that IMP3 RRM12 recog-
nizes short cytosine and adenine sequences with modest
affinity. The structure of IMP3 RRM12 bound to ACAC
and CCCColigonucleotides confirmed that the RNA-bind-
ing interface is exclusively comprised of residues within
RRM1, and RNA-binding does not induce a conformation-
al change in the orientation of RRM1 to RRM2. These find-
ings provide insight into the function of the N-terminal
RRM domains of the IMP family of RBPs.

RESULTS AND DISCUSSION

Crystal structure of IMP3 RRM12

While the role of the C-terminal KH domains (KH34) of
ZBP1/IMP1 in recognition of RNA has been extensively
biochemically and structurally characterized, much less is
known about the function of N-terminal RRM domains
(RRM12) and the middle KH domains (KH12) (Fig. 1A).
To better understand the function of RRM12, we ex-
pressed and purified IMP3 RRM12 (residues 1–161) from
bacteria with an N-terminal maltose binding protein
(MBP) tag and a C-terminal His6 tag. After removal of the
MBP-tag by TEV protease, IMP3 RRM12 was found to be
a monomer in solution (Supplemental Fig. S1A). Crystals
of IMP3 RRM12 were obtained that belonged to the space
group P1 and diffracted to 1.3 Å resolution (Supplemental
Table 1). The structure was solved by molecular replace-
ment using an NMR model of the IMP3 RRM2 domain
(PDB 2E44). There are two copies of IMP3 RRM12 in the
crystallographic asymmetric unit and the electron density
allowed complete modeling of IMP3 RRM12 (residues
1–161, chain A and residues 1–159, chain B) as well as
an N-terminal serine residue, which remained after TEV
cleavage, and part of the C-terminal His-tag (chain A).
Both structures of IMP3 RRM12 are nearly identical with
a root-mean-square deviation (RMSD) of 0.47 Å for 159
Cα atoms.

In the IMP3 RRM12 structure, both of the individual
RRM1 and RRM2 domains adopt the canonical RRM-fold
with β1α1β2β3α2β4 topology, which positions the two α-he-
lices over an anti-parallel four-stranded β-sheet (Fig. 1C;
Afroz et al. 2015). The tandem RRM domains form a com-
pact structure that is stabilized by an interface of ∼700 Å2

of buried surface area. In RRM1, the canonical RNA-bind-
ing surface formed by β1 (RNP2 motif) and β3 (RNP1 motif)
are solvent accessible (Fig. 1C). The N terminus of RRM1
and RRM1 α2 pack against the surface formed by the β1
and β3 strands of RRM2, which occludes the potential
RNA-binding interface of RRM2 (Fig. 1C, Supplemental
Fig. S1B). Gln84 within RRM2 β1, which is usually a con-
served phenylalanine or tyrosine residue within the RNP2
motif, makes a hydrogen bond with His72 in RRM1 β4
(Fig. 1B,D). Also, in the interface of RRM1 and RRM2, hy-
drogen bonds formed between Glu55 on RRM1 α2 and
Thr115, Ser117 on Loop3 of RRM2 contribute to the stabi-
lization of this conformation (Fig. 1D). The orientation of
RRM2 relative to RRM1 is further stabilized by the C termi-
nus of RRM2 that is threaded through a pocket formed by
the linker that connects RRM1 and RRM2. Hydrogen bonds
formed between Gln78, Arg81, and Asp156 as well as two
salt bridges between the sidechains of Arg81 and Asp156
also stabilize this conformation (Fig. 1C,E). In addition, a
dense network of interactions among the linker residues,
which are conserved within the IMPs, contributes to the
conformation of the IMP3 RRM12 domain (Supplemental
Figs. S1C, S2).

The arrangement of the tandem IMP3 RRM domains is
unique compared to previously determined structures of
proteins containing multiple RRMs (Supplemental Fig.
S3). The orientation of RRM1 to RRM2 in FBP-interacting
repressor (FIR) has the highest structural similarity (RMSD
3.07 Å) and also closely packs the α2 helix of RRM1 onto
the β-sheet surface of RRM2, though it is rotated by ∼45°
(Supplemental Fig. S3; Cukier et al. 2010). Interestingly,
the structure of FIR RRM12 does not change upon nucleic
acid binding and, consequently, only RRM1 is involved in
DNA recognition.

RNA-binding affinity and sequence specificity
of IMP3 RRM12

In order to identify the RNA-binding sequence specificity
of IMP3 RRM12, we performed an in vitro SELEX (system-
atic evolution of ligands by exponential enrichment) ex-
periment using an RNA library containing 14 randomized
nucleotides. RNA sequences were selected for by binding
to MBP-IMP3 RRM12 that was immobilized on amylose
resin. While the structure of IMP3 RRM12 suggested that
only RRM1 is accessible for RNA-binding, a 14-nucleotide
random sequence was used in the SELEX experiment. This
length RNA would potentially be able to interact with
RRM2, if the conformation we observed in the crystal struc-
ture was dynamic in solution, or identify any noncanonical
RNA-binding interfaces within IMP3 RRM12. After nine
rounds of selection, the enriched RNA population was
determined by sequencing (Supplemental Table 2). A
majority (80%) of the sequences contained a stretch
of pyrimidine nucleotides of at least three with CCC being
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the most common. The other sequences all contained
a CC dinucleotide within the randomized nucleotides;
however, this sequence was also present in the constant
regions used for PCR amplification. IMP3 RRM12 recogni-

tion of only a short RNA sequence is consistent with elec-
trophoretic mobility shift assays that demonstrated only
weak binding affinity for the selected RNA population dur-
ing the course of the selection (data not shown).

A

B

C D

E

FIGURE 1. Structure of IMP3 RRM12 domain. (A) Schematic diagram showing conserved domain arrangement of IMP-family members.
(B) Sequence alignment of RRM12 domains of IMP1-3. Identical residues (white), highly conserved (red), and not conserved (black) are depicted.
Residues involved in the RRM1-RRM2 interface (star) and the linker-RRM2 (C terminus) interactions (triangle) are shown. (C ) Domain orientation of
IMP3 RRM12. RRM1 (blue), RRM2 (green), and linker (purple) with secondary structures labeled. The β-sheet surface of RRM1 is exposed to sol-
vent, while the β-sheet surface of RRM2 is occluded by RRM1. (D) The hydrogen bonds formed in the interface of RRM1 and RRM2. (E) Hydrogen
bonds and salt bridges formed between residues of linker and RRM2 (C terminus).

IMP3 RRM12 complex with RNA
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Since our SELEX experiments suggested that IMP3
RRM12 recognizes only short RNA sequences, we mea-
sured the binding affinity of IMP3 RRM12 to a short RNA
oligonucleotide UUCCCG (∼30 µM), one of the most
abundant SELEX sequences (Supplemental Table 2), using
isothermal titration calorimetry (ITC) (Supplemental Fig.

S4A). To further characterize its RNA-binding specificity,
we measured the affinity of IMP3 RRM12 to RNA oligo-
nucleotides containing all four homopolymers (CCCC,
UUUU, AAAA, GGGG). IMP3 RRM12 bound to CCCC
and AAAA with similar, but, weak affinity (∼40 µM) (Fig.
2A,B,D). We did not detect the binding, however, to

A B

C D

FIGURE 2. Binding affinity determination of IMP3 RRM12with RNA. Titration of IMP3 RRM12 into CCCC (A), AAAA (B), and ACAC (C ), monitored
by ITC. The top panel shows titration experiment plotted as heat (µcal sec−1) versus time (min), and the lower panel shows binding isotherm with
the integrated heat (kcal mol−1) of IMP3 RRM12 versus the molar ratio of IMP3 RRM12 to RNA. The continuous line shows the fit of the data to a
one-site binding model. (D) Summary of ITC measurements of IMP3 RRM12 binding to above RNAs.
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either UUUU or GGGG indicating modest sequence spe-
cificity (Supplemental Fig. S4B,C). IMP3 RRM12 bound to
ACAC with almost an order of magnitude higher affinity
(∼5 µM) indicating its preference for this dinucleotide se-
quence (Fig. 2C,D). Multiple CA dinucleotides were pres-
ent in the constant regions of the SELEX RNAs, which
may have prevented the selection from enriching for this
sequence within the randomized regions. We also mea-
sured IMP3 RRM12 binding to longer RNA sequences
that revealed similar sequence preferences but could
also potentially provide multiple protein binding sites
(Supplemental Fig. S5).

Crystal structures of IMP3 RRM12 in complex
with ACAC and CCCC RNA

To understand the structural basis of IMP3 RRM12
recognition of RNA, we performed cocrystallization trials
with short RNA sequences. Crystals were obtained of
IMP3 RRM12 in complex with either ACAC or CCCC that
diffracted to 2.0 Å and 2.1 Å resolution, respectively. The
IMP3 RRM12+ACAC crystals belonged to a trigonal space
group and had one copy of the complex in the asymmetric
unit, while the IMP3 RRM12+CCCC crystals had the same
space group and unit cell dimensions as the unbound
IMP3 RRM12 crystals (Supplemental Table 1). For the
IMP3 RRM12 complex with ACAC, the RNA electron den-
sity allowed building of the first three nucleotides and the
backbone of C4, while for the CCCC structure, only three
cytosine nucleotides were visible in only one of the two
copies of IMP3 RRM12 in the asymmetric unit (Fig. 3A,B;
Supplemental Fig. S6). Crystal lattice contacts prevent
RNA from binding to the other copy of IMP3 RRM12.
IMP3 RRM12 in the free (residues 1–159) and RNA-bound
(residues 1–157) structures are very similar (RMSD of 0.57 Å
with CCCC and 0.78 Å with ACAC, for 157 Cα atoms) indi-
cating that RNA-binding does not induce a conformational
change between the RRM1 and RRM2 domains.
The canonical RNA-binding interface of RRM1 formed

by β1 (RNP2) and β3 (RNP1) is involved in recognition
of the two central nucleotides, either C2A3 or C2C3 (Fig.
3A,B). The cytosine nucleotide (C2) is involved in most
of the RNA–protein contacts and interacts with two
conserved tyrosine residues (Tyr5 in RNP2 and Tyr39 in
RNP1) in both structures. The cytosine base stacks on the
aromatic ring of Tyr5, similar to the binding of other RRM
domains to pyrimidines in this position of the RNP2 motif
(Fig. 3C; Afroz et al. 2015). Mutation of Tyr5 to an alanine
abolishes binding to the ACAC RNA indicating that this
residue is critical for RNA-binding (Fig. 3D). The aromatic
side chain of Tyr39 (RNP1) also makes van der Waals con-
tacts to the C2 backbone, as well as inserting into the
space between the sugars of the second and third nucleo-
tides (Fig. 3E,F). The position of C2 is further stabilized by
a network of hydrogen bonds. His72, Ser73, and Val74,

which are located in the linker between RRM1 and RRM2,
make hydrogenbonds to the base of C2 (Fig. 3C). Addition-
ally, the guanidiniumgroup of the Arg79 sidechainmakes a
hydrogen bond to the 2′OH of the C2 sugar (Fig. 3C). Al-
most all of these interacting residues are conserved among
IMP family members suggesting that this RNA-binding spe-
cificity may also be shared (Supplemental Fig. S2). The only
exception is His72, which is a tyrosine in IMP2; however, it is
the backbone carbonyl of this amino acid that hydrogen
bonds to the C2 base (Fig. 3C; Supplemental Fig. S2).
The bases of the third nucleotides (A3 and C3) both stack
upon the aromatic ring of Phe41 within the RNP1 motif;
however, A3 forms an additional hydrogen bond with
the hydroxyl group of Ser73 (Fig. 3E,F). The increased
stacking interaction of A3 and its additional hydrogen
bond likely account for the increased affinity measured
for ACAC. The A1 and C1 nucleotides in the two structures
both make contacts with residues from symmetry-related
copies of IMP3 RRM12, and these interactions are artifacts
of crystal packing (data not shown).
Our structural and biochemical characterization of IMP3

RRM12 contributes to the understanding of how multido-
main RBPs function in recognition of specific transcripts.
While the isolated IMP3 tandem RRM domains recognize
RNA with only modest sequence specificity and affinity,
these interactions may be functionally important in the
context of the full-length protein bound to its RNA targets.
Recently, the importance of RNA conformation and dy-
namics in ZBP1 (IMP1) binding to the β-actin 3′-UTR was
previously described (Woods et al. 2017). The interactions
of RRM12 and KH12 with RNA may alter or stabilize spe-
cific RNA structures when coupled to the high affinity
and sequence-specific interactions of KH34, which could
nucleate the assembly of a larger mRNP. In the yeast
ASH1 transport mRNP, the cooperative assembly of
She2p and She3p to the ASH1 transcript is necessary
for transport, which highlights the importance of multiple
low-affinity interactions in stabilizing specific RNA–protein
complexes (Edelmann et al. 2017). Interestingly, IMP1
RRM12 has been shown to bind the motor KIF11 while
IMP3 can interact with KIF20A (Taniuchi et al. 2014; Song
et al. 2015). An important future goal will be to understand
how RNA-binding of the RRM12 domain may influence the
interaction of IMP family members with other proteins.

MATERIALS AND METHODS

Protein preparation

IMP3 RRM12 (residues 1–161) and the Y5A mutant were cloned
by PCR into a derivative of pMalc (New England BioLabs) that
contains a Tobacco Etch virus (TEV) protease site after the malt-
ose-binding protein (MBP) tag. A C-terminal His6 tag was added
by PCR to ensure purification of full-length fusion proteins. The
constructs were transformed into Escherichia coli strain Rosetta2

IMP3 RRM12 complex with RNA
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A
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FIGURE 3. The structure of IMP3 RRM12 in complex with ACAC and CCCC RNAs. (A) Overall structure of IMP3 RRM12 and RNA ACAC. RRM1
(blue), RRM2 (green), linker (purple), and RNA (in sticks) are shown. Only RRM1 is involved in RNA binding. (B) Overall structure of IMP3 RRM12
and RNA CCCC. (C ) Contact details between RRM1 β-sheet and cytosine C2 in IMP3 RRM12 and ACAC complex. (D) IMP3 RRM12 Y5A mutant
disrupts the interaction between IMP3 RRM12 and RNA ACAC. (E) In the complex of IMP3 RRM12 with ACAC, the base of A3 stacks on the side-
chain of Phe41 and forms a hydrogen bondwith Ser73 on IMP3 RRM12 linker. (F ) In the complex of IMP3 RRM12with CCCC, the base of C3 stacks
on the sidechain of Phe41.
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(EMD Bio-sciences), and recombinant protein was induced with
1 mM IPTG for 4 h at 37°C. Cell pellets were resuspended in lysis
buffer (50 mM Tris pH 7.5, 1.5 M NaCl, 1 mM EDTA, 1 mM DTT)
supplemented with one Complete EDTA-free protease inhibitor
tablet (Roche), and were lysed by sonication. Cell debris was
removed by centrifugation, and the soluble fusion protein was
purified by amylose affinity chromatography (New England
BioLabs) followed by Ni-NTA affinity chromatography and size
exclusion column (SEC) S200 (GE Healthcare). The protein
concentrations were calculated by measuring the absorbance
at 280 nm and using extinction coefficients determined by
ProtParam (Gasteiger et al. 2005).

Crystallization and structure determination of IMP3
RRM12 and IMP3 RRM12+RNA complex

IMP3 RRM12 (0.75 mM) was crystallized using sitting-drop vapor
diffusion at 20°C by mixing equal volumes of the protein (20 mM
Tris pH 7.5, 150 mM NaCl, 1 mM DTT) and reservoir solution
(0.2 M KNO3, 20% PEG3350). The crystals were cryoprotected
by soaking in reservoir solution supplemented with 25% ethylene
glycol before flash-cooling in liquid nitrogen. Data were collected
to 1.3 Å resolution from a single crystal at the Swiss Light Source
X06DA beamline at a wavelength of 0.9795 Å. The diffraction
data were indexed, integrated, and scaled using MOSFLM and
the CCP4 suite of programs (Battye et al. 2011; Winn et al. 2011).

IMP3 RRM12 (0.75 mM) in complex with RNA, CCCC, or ACAC
(1.12 mM), were also crystallized using sitting-drop vapor diffu-
sion at 20°C by mixing equal volumes of the complex (20 mM
Tris pH 7.5, 150 mM NaCl, 1 mM DTT) and reservoir solution
(100 mM Bis–Tris pH 6.2, 0.2 M MgCl2, 25% PEG3350 for RNA
CCCC, and 0.2 M KH2PO4, 20% PEG3350 for RNA ACAC).
Crystals were cryoprotected by soaking in reservoir solution sup-
plementedwith 20%ethylene glycol before flash-cooling in liquid
nitrogen. Datawere collected to 2.1 Å resolution for complex with
CCCC and 2.0 Å resolution for complex with ACAC from a single
crystal at the Swiss Light Source X06DA beamline at a wavelength
of 0.9999 Å. The diffraction data of IMP3 RRM12+CCCCwere in-
dexed, integrated, and scaled using XDS (Kabsch 2010), while the
complex data of IMP3 RRM12+ACAC is processed by MOSFLM.

All of the structures of IMP3 RRM12 in free and RNA-bound
forms were determined by molecular replacement with Phaser
using a truncated version of the NMR model of IMP3 RRM2
(PDB 2E44) (McCoy et al. 2007). Rounds of refinement and model
building were carried out with Phenix and Coot (Emsley and
Cowtan 2004; Adams et al. 2010). TLS-refinement was performed
in the initial rounds of refinement with domains corresponding to
RRM1 and RRM2.

Isothermal titration calorimetry

ITC measurements were performed on an ITC200 Micro calorime-
ter (MicroCal) at 25°C. IMP3 RRM12, IMP3 RRM12 Y5Amutant and
the synthesized RNAs (four nucleotide containing oligos were or-
dered fromDharmacon, eight and seven nucleotide containingoli-
gos were ordered from IDT) were dialyzed in 20 mM HEPES pH
8.0, 150mMNaCl, and 1mMTCEP buffer. The titrations were car-
ried out by injecting 35.2 µL aliquots of the protein (0.9 mM) into
RNA (0.065 mM for all four and eight nucleotide oligos, 0.045 mM

for RNA ACACACA) at time intervals of 2 min to ensure that the ti-
tration peak returned to the baseline. The titration data were ana-
lyzed using the program Origin7.0 (MicroCal).

RNA selection by SELEX using a random library

A 14-random nucleotides library with the constant sequence for
PCR amplification 5′-GGGAATGGATCCACATCTACGA-(N14)-TT
CACTGCAGACTTGACGAAGCTT-3′ was prepared by chemical
synthesis (Microsynth). Fourteen nucleotides, positions 23–36,
were randomized to 25%A, 25%T, 25%G, and 25%C. The
dsDNA library preparation and the random RNA pool used for ini-
tial selection were performed as described previously (Chao et al.
2010). The concentration of MBP-IMP3 RRM12 for the first three
rounds was 1 µM, and the RNA pool concentration was also
1 µM. From round four to nine, the protein concentration de-
creased to 500 nM, while the RNA concentration kept 1 µM.
RNA from the third, sixth and ninth round of selection and the ran-
dom RNA pool were fluorescein-labeled, and their affinity for
MBP–IMP3 RRM12 was quantified by EMSA (data not shown).

SEC-MALS (multi-angle light scattering)

Purified IMP3 RRM12 (in buffer 20 mM Tris pH 7.5, 150 mMNaCl,
1 mM DTT) was concentrated to 5 mg ml−1 and loaded to a
Superdex 200 10/300 GL gel-filtration column (GE Healthcare)
equilibrated in 20 mM Tris pH 7.5, 200 mM NaCl, 0.02% w/v
NaN3, and 1 mM DTT. Light scattering was recorded with an in-
line miniDAWN TREOS three angle light scattering detector
(Wyatt Technology), and protein concentration was detected us-
ing an in-line Optilab T-rEX refractive index detector (Wyatt Tech-
nology). Themolecular mass of IMP3 RRM12was calculated using
ASTRA 6 software (Wyatt Technology).

DATA DEPOSITION

The coordinates of IMP3 RRM 12 (6FQ1) and IMP3 RRM12+RNA
complex (6FQR and 6GX6) have been deposited in the Protein
Data Bank.

SUPPLEMENTAL MATERIAL

Supplemental material is available for this article.
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