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ABSTRACT

The family of cytoplasmic polyadenylation element binding proteins CPEB1, CPEB2, CPEB3, and CPEB4 binds to the 3'-
untranslated region (3'-UTR) of mRNA, and plays significant roles in mRNA metabolism and translation regulation. They
have a common domain organization, involving two consecutive RNA recognition motif (RRM) domains followed by a zinc
finger domain in the C-terminal region. We solved the solution structure of the first RRM domain (RRM1) of human
CPEB3, which revealed that CPEB3 RRM1 exhibits structural features distinct from those of the canonical RRM domain.
Our structural data provide important information about the RNA binding ability of CPEB3 RRM1.
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INTRODUCTION

The family of human cytoplasmic polyadenylation ele-
ment binding proteins CPEB1, CPEB2, CPEB3, and
CPEB4 has a common domain organization, involving
two consecutive RNA recognition motif (RRM) domains
followed by a zinc finger domain (ZF) in the C-terminal
region [Fig. 1(A)).! They bind to the 3’-untranslated
region (3'-UTR) of mRNA and play significant roles in
mRNA metabolism and translation regulation.!

Among the members of the CPEB family, CPEB1 was
first identified in the translational control of several
maternal mRNAs during oocyte maturation. Before fer-
tilization, CPEB1 binds to the consensus 5-UUUUUAU-
3’ sequence [the cytoplasmic polyadenylation element
(CPE)] in the 3’-UTR of several maternal mRNAs in the
oocytes, and maintains their translational dormancy.l
On the phosphorylation of CPEBI in response to fertil-
ization, it regulates the cytoplasmic polyadenylation of
these mRNAs, along with other factors such as PAPD4,
leading to translation initiation in the process of oocyte
maturation.2 Three other homologous proteins, CPEB2,
CPEB3, and CPEB4, were successively identified based
on their sequence similarity to CPEBI. CPEB2, and
CPEB4 also bind to the CPE sequence, but with lower
affinity as compared to CPEBL.' Conversely, CPEB3
reportedly binds to a specific RNA sequence in the 3'-
UTR of the glutamate receptor (GluR2) mRNA,3 and
negatively regulates GluR2 translation by accelerating the
deadenylation and decay of its mRNA, through interac-
tions with the Tob protein bound to Cafl deadenylase.
The target RNA sequence of CPEB3 is considered to
adopt a specific secondary structure, while the CPE
sequence is in the single-stranded form.3 Huang et al.
reported that CPEB1 RRMI1 plays a substantial role in
facilitating CPEB1 binding to the CPE sequence. Con-
versely, for strong binding of CPEB3 to the target struc-
tured RNA, the CPEB3 RRM1 is not sufficient, and the
cooperativity between RRM1 and RRM2 is necessary.3
Thus, although CPEB1 and CPEB3, as well as CPEB2
and CPEB4, are in the same protein family, their prefer-
ences for target RNA molecules and the involvement of
RRM1 of CPEB protein family in the target RNA binding
are distinct from each other.

The RRM domain is present in numerous eukaryotic
RNA binding proteins, and mainly plays important roles in
sequence-specific RNA binding.5_7 The canonical RRM
consists of a four-stranded antiparallel B-sheet packed
against two a-helices, with a typical Bl-al-B2-B3-a2-B4
topology [the amino-acid sequence of the first RRM of U1A
is shown in Fig. 1(B), as a canonical RRM]. Two well-
conserved consensus sequences, RNP2 and RNP1, corre-
spond to the B1 and B3 strands, respectively [Fig. 1(B)],
and the RRM typically interacts with RNA bases on its -
sheet surface, through stacking interactions mediated by the
conserved and exposed aromatic rings located on the B1
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and B3 strands.>—8 However, several RRMs with unique
structural features, such as PARN RRM and hnRNP-F
RRM, reportedly do not utilize the B-sheet surface to inter-
act with RNA. In addition, some RRM domains function as
protein—protein interaction modules through the B-sheet
surface or the opposite a-helical surface.”>~/ The elucida-
tion of novel structures of these widespread protein mod-
ules has thus revealed an increasing number of RNA/
protein recognition modes by the RRM domain.

Comparisons of the primary sequences between the
CPEB family members and the canonical RRMs revealed
that the first RRM (RRM1) of the CPEB family possesses
a longer 2-B3 loop region [Fig. 1(B)]. In addition, a
long amino-acid segment is inserted between the a2 and
B4 secondary structural elements. Therefore, structural
information about the first RRM of the CPEB family is
needed to clarify the multifunctional properties of the
CPEB protein family.

In this study, we solved the solution structure of
CPEB3 RRM]1, which is the first structure determined
for a functional domain of any member of the CPEB
family. We discovered that CPEB3 RRMI1 possesses an
additional B-hairpin structure immediately following the
second a-helix, and adopts a unique structure, as com-
pared to the canonical RRM fold. Moreover, we used
NMR to examine the interactions of CPEB3 RRM1 with
the reported target RNA molecules, and provide evidence
that the novel structural insertion is involved in the RNA
binding activity of CPEB3 RRM1.

MATERIALS AND VIETHODS
Protein expression and purification

The DNA fragment encoding the CPEB3 RRMI
domain (residues Ser440-Asp540) (SwissProt accession
no. Q8NE35) was subcloned by PCR from the human
full-length ¢DNA clone into the expression vector
pCR2.1 (Invitrogen), as a fusion with an N-terminal 6-
His affinity tag and a TEV protease cleavage site. The
C/"N-labeled fusion protein was synthesized by a cell-
free protein expression system.9 The reaction mixture
was first adsorbed to a HiTrap chelating column (Amer-
sham Biosciences) with buffer A (50 mM sodium phos-
phate buffer, pH 8.0, containing 500 mM sodium
chloride and 20 mM imidazole). The protein was eluted
with buffer B (50 mM sodium phosphate buffer, pH 8.0,
containing 500 mM sodium chloride and 500 mM imid-
azole). To remove the His-tag, the eluted protein was
incubated with TEV protease at 30°C for 1 h. The tag-
free CPEB3 RRM1 was further purified by HiTrap Q and
HiTrap SP column chromatography (GE Healthcare).

Nuclear magnetic resonance spectroscopy

For nuclear magnetic resonance (NMR) measurements,
the samples were concentrated to 1.0 mM in 20 mM
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Figure 1

Structures and dynamics of CPEB3 RRMI. (A) Schematic representation of the CPEB3 protein. (B) Sequence alignment of the RRM1s of the
human CPEB family and the RRMs of two previously reported structures: CPEB1 (Q9BZB8), CPEB2 (Q7Z5Q1), CPEB3 (Q8NE35), CPEB4
(Q17RY0), U1A, and TDP-43 RRM2. The secondary structure elements of CPEB3 RRM1 are displayed above the amino-acid sequences. The
sequences of RNP1 and RNP2 are displayed below the sequences, where 0, 7, p, k, and X indicate I/L/V, F/Y, K/R, G/A, and any amino acid resi-
dues, respectively. (C) Superposition of the 20 conformers of the CPEB3 RRM1 NMR structure (Gly439-Asn531). The secondary elements are col-
ored as follows: a-helix, pink; B1-4 strands, light green; and B, B” strands, light orange. (D) Ribbon representation of the lowest-energy
conformer of the CPEB3 RRM1 in view of the B-sheet surface. The side chains of aromatic, positively charged and negatively charged residues are
showed in neon green. Heteroatoms are colored blue (nitrogen) and red (oxygen), respectively. (E) Electrostatic potential surface representation of
CPEB3 RRM1 in view of the B-sheet surface. Negative and positive charges are colored blue and red, respectively. (F and G) Superpositions of the
NMR structures of CPEB3 RRM1 with UIA RRM (F) and TDP-43 RRM2 (G), respectively. ULA RRM and TDP-43 RRM2 are colored light blue
and pink, respectively. CPEB3 RRM1 is colored light yellow, and the characteristic 3-hairpin structure within CPEB3 RRM1 is colored gold. (H)
Heteronuclear NOE values of CPEB3 RRM1. The secondary structure elements are displayed at the top of the diagram.
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Tris-d11-HCI buffer (pH 7.0), containing 100 mM NaCl,
1 mM 1,4-DL-dithiothreitol-d;, (d-DTT) and 0.02%
NaNj; (in 90% H,0/10% D,0), using an Amicon Ultra-
15 filter (3000 MWCO, Millipore). NMR experiments
were performed at 298 K on Bruker AV600 and AV800
spectrometers. The 'H, N, and ’C chemical shifts were
referenced relative to the frequency of the *H lock reso-
nance of water. Backbone and side-chain assignments of
CPEB3 RRM1 were obtained by using a combination of
standard triple resonance experiments.!011 2D ['H,
'°N]-HSQC and 3D HNCO, HN(CA)CO, HNCACB, and
CBCA(CO)NH spectra were used to obtain the 'H, N,
and "°C assignments of the protein backbone. The 'H
and PC assignments of the nonaromatic side-chains,
including all prolines, were obtained using 2D ['H, ®C]-
HSQC, and 3D HBHA(CO)NH, H(CCCO)NH,
(H)CC(CO)NH, HCCH-COSY, and HCCH-TOCSY
spectra. Assignments were checked for consistency with
3D "N-edited ['H, 'H]-NOESY and '’C-edited ['H,
"H]-NOESY spectra. The 'H and "’C spin systems of the
aromatic rings of Phe, Tyr, Trp, and His were identified
using 3D HCCH-COSY and HCCH-TOCSY experiments,
and 3D C-edited ['H, 'H]-NOESY was used for the
sequence-specific resonance assignment of the aromatic
side-chains. A 3D HNHA spectrum was measured to
determine the ¢ dihedral angle restraints. 3D '°N- and
13C-edited ['H, 'H]-NOESY spectra were recorded with
mixing times of 80 ms. Analyses of the processed data
and manual chemical-shift assignments were performed
with the programs NMRView and KUJIRA. The chemical
shift information about the backbone and side chain 'H,
13C, and N resonances of CPEB3 RRM1 was deposited
in the BioMagResDB (BMRB accession number: 11563).

The measurements of the 'H-'"N heteronuclear
nuclear overhauser effect (NOE) values were performed
at 298 K on a Bruker AV600 spectrometer equipped with
a cryo-probe, using the 15N, '*C-labeled CPEB3 RRMI
at a concentration of 200 pM. The 'H-""N heteronuclear
NOE values were calculated as the ratio between the
cross-peak intensities with and without 'H saturation.12
The errors were estimated from the root-mean-square
values of the baseline noise in the two spectra.

Structure calculations

The three-dimensional structure of CPEB3 RRM1 was
determined with the program CYANA 2.1, which imple-
ments automated NOE assignments and structure calcu-
lations with torsion angle dynamics. Restraints for the ¢
and y' dihedral angles were obtained by analyzing the
3D NOESY and 3D HNHA spectra,!3 and the patterns
of the inter- and intraresidual NOE intensities,
respectively. 14

The structure calculations started from 200 random-
ized conformers and used the standard CYANA simu-
lated annealing schedule, with 40,000 torsion angle
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Table |
Structural Statistics for the Solution Structure of CPEB3 RRM 1
CPEB3 RRM1
NMR restraints
Distance restraints
Total NOE 1646
Intraresidue 473
Inter-residue
Sequential (li—j = 1) 383
Medium-range (1 <li—jl <5) 242
Long-range (li—jl >5) 548
Hydrogen bond restraints® 16
Dihedral angle restraints
¢ angle 12
' angle 42
Structure statistics (20 structures)
AMBER energies (kcal/mol)
Mean AMBER energy -3017.8
Mean restraints violation energy 5.64
Ramachandran plot statistics (%)
Residues in most favored regions 85.3
Residues in additionally allowed regions 141
Residues in generously allowed regions 0.5
Residues in disallowed regions . 0.1
Average R.M.S.D. to mean structure (A)
Protein backbone® 0.39
Protein heavy atoms® 0.96

?Only used in the CYANA calculation.
“For residues 442-472, 486-529.

dynamics steps per conformer. Further refinements by
restrained molecular dynamics followed by restrained
energy minimization were performed for the 40 con-
formers with the lowest final CYANA target function val-
ues, using the AMBERY program with the AMBER 2003
force field and a generalized Born model, as described
previously.1> The 20 conformers that were most consist-
ent with the experimental restraints were then used for
further analyses. PROCHECK-NMR and MOLMOL were
used to validate and to visualize the final structures,
respectively. The final ensemble of 20 conformers was
deposited in the Protein Data Bank (PDB ID: 2RUG).

RESULT AND DISCUSSION

Overall structure of the first RRM domain of
CPEB3

We solved the solution structure of CPEB3 RRMI1
(residues Ser440-Asp540) with excellent structure quality
scores [Table I and Fig. 1(C,D)]. In total, 1646 NOE dis-
tance restraints derived from 3D '"N-edited ['H, 'H]-
NOESY and “C-edited ['H, 'H]-NOESY spectra were
assigned and used in the structure calculation, together
with 54 dihedral angle restraints (Table I).

The solution structure of CPEB3 RRMI1 reveals that
the Lys442-Trp530 region is the core RRM body, consist-
ing of a six-stranded antiparallel B-sheet and two -
helices with a B1-al-B2-B3-a2-B'-B"-B4 topology [the
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numbered ( strands are related to the typical four B-
strands of the canonical RRMs, and the B’ and B”
strands are the unique ones in CPEB3 RRM1; Fig. 1(B)].
The B1 strand (Lys442-Gly446) is followed by the al
helix (Glu454-Arg462). The 32 and B3 strands comprise
Leu467-Asp470 and Tyr486-Phe491, respectively. Intrigu-
ingly, the unique B’ (Leu505-Glu507) and B” (Lys510-
Val515) strands immediately follow the o2 helix
(Glu494-Ala503) [Fig. 1(C,D)] and form an additional
B-hairpin structure, which is located beside the following
B4 strand (Lys523-Pro529) and is involved in the forma-
tion of a positively charged six-stranded antiparallel 3-
sheet structure [Fig. 1(D,E)].

Structural comparison between CPEB3
RRM1 and canonical RRMs

We compare the structure of CPEB3 RRM1 with those
of two previously reported RRM domains: UlA [PDB
ID: 1URN; Fig. 1(F)], which is commonly referred to as
the canonical RRM, and the second RRM domain of
TDP-43 [PDB ID: 3D2W; Fig. 1(G)], with an overall
structure very similar to that of CPEB3 RRM1 (Z-score:
7.4, RMSD: 1.76 A for the C* atoms of matched residues
at the best 3D superimposition), as searched by the
PDBeFold server (www.ebi.ac.uk/msd-srv/ssm/).

The structure superpositions of CPEB3 RRMI1 with
the UIA and TDP-43 RRMs reveal distinct structural dif-
ferences in three regions [Regions 1, 2, and 3; Fig.
1(EG]. Generally, the canonical RRM has a short B-turn
structure immediately following the a2 helix in Region
1, and a B-hairpin structure just before the 4 strand in
Region 2 [Fig. 1(F)]. In the case of CPEB3 RRMI, the
amino-acid segment in Region 1 is longer than those of
the canonical RRMs, and adopts the B’-B”-hairpin struc-
ture. In addition, the amino-acid segment in Region 2 of
CPEB3 RRMI1 is longer than those in the canonical
RRMs, and forms a rather loose B-hairpin structure.
These structural features contribute to the formation of
the novel antiparallel P’-B” sheet structure [Fig.
1(C,D,F)].

In addition, the B2-B3 loop (Trp471-Gly485) of
CPEB3 RRM1, which corresponds to Region 3, is longer
than those of the canonical RRMs, and exhibits a unique
structural feature [Fig. 1(EG)]. Three aromatic amino
acids (Trp471, Tyr480, and Phe481) are located in the
B2-B3 loop. NOEs were observed between the H{2 atom
of Trp471 and the He atoms of Lys474, and between the
Hn2 atom of Trp471 and the He atoms of Lys474,
respectively, indicating that the aromatic ring of Trp471
stacks with the side chain of Lys474 and stabilizes the
loop structure [Fig. 1(D) and Supporting Information
Fig. 1(A)]. Conversely, the aromatic rings of Tyr480 and
Phe481 are exposed to the solvent, and are surrounded
by positively and negatively charged amino acid residues
[Fig. 1(E)]. In the canonical RRM, this loop region is

important for the RNA/RRM interaction, through elec-
trostatic and hydrophobic interactions. Therefore, this
loop region in CPEB3 RRMI, which includes exposed
aromatic amino acids with an abundance of charged resi-
dues, could be advantageous for the interaction of
CPEB3 RRM1 with RNA [Fig. 1(E)].

An amino-acid sequence comparison among all CPEB
family members revealed that these characteristic struc-
tural features seem to be commonly shared within
CPEB2-4 [Fig. 1(B)]. Therefore, we suggest that the first
RRMs of CPEB2-4 form an extensive six-stranded [-
sheet surface, including the characteristic B'-B”-hairpin
structures. In the case of CPEB1 RRM1, larger numbers
of amino acid residues compose the additional B-hairpin
structure (Regions 1 and 2) and the loop region between
the B2 and B3 strands (Region 3), as compared to those
of the other CPEB2-4 proteins [Fig. 1(B)]. These findings
suggest that the structure of CPEB1 RRM1 is slightly dif-
ferent from those of the CPEB2-4 proteins, and this
could be the underlying reason for the differences in the
target RNA sequences between CPEBI and the other
CPEB proteins.

Aromatic amino-acid residues on the
extended fj-sheet structure

In the canonical RRMs, the aromatic amino-acid resi-
dues on RNPI and RNP2 play important roles in the
protein/RNA interactions. The corresponding aromatic
amino acids [Phe444 (B1), and Tyr486 and Phe488 (33)]
were identified in CPEB3 RRM1 [Fig. 1(D)] as well as
the other members of the CPEB family [Fig. 1(B)]. In
addition to the canonical aromatic amino acids, CPEB3
RRM1 has another aromatic residue (Tyr512) on the B’
strand, which is the characteristic structure of CPEB3
RRM1 [Fig. 1(D)]. Positively charged residues (BI:
Lys442, B2-B3 loop: Lys478 and Lys484, B”: Lys510, and
B4: Lys523 and Arg528) and negatively charged residues
(B2: Asp470, B2-B3 loop: Glud76, B': Glu507, and B’-B”
loop: Asp508) are located on the extensive B-sheet sur-
face and surround these hydrophobic residues [Fig.
1(D,F)]. These findings suggest that CPEB3 RRM1 could
interact with a target molecule through its extensive (-
sheet surface.

Conversely, the aromatic ring of Trp530 interacts with
those of Phe488 (33) and Lys442 (1) by cation-n inter-
actions [Supporting Information Fig. 1(B)], and seems
to fill the space where the RNA bases could be located
[Fig. 1(D)]. In the canonical RRMs, the position of
Trp530 (at the end of the B4 strand) is frequently occu-
pied by a small amino-acid residue (Ala or Ser), which
forms a van der Waals contact with the RNA base, which
is stacked with the aromatic amino-acid residue on the
B1 strand (corresponding to Phe444 in CPEB3 RRMI).
Therefore, it could be considered that unless the interac-
tion among Lys442, Phe488, and Trp530 changes such
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that the space just above Phe488 opens, the canonical
RNA recognition surface (1 and B3 strands) of CPEB3
RRM1 could not be utilized for interactions with RNA
molecules.

Dynamics of CPEB3 RRM1

To examine the stability of the characteristic structural
elements of CPEB3 RRM1, we performed NMR experi-
ments on a 600 MHz instrument to measure the 'H-">N
heteronuclear NOEs, as shown in Figure 1(H). The
"H-"N heteronuclear NOE values of the last 5 residues
in the C-terminal region were either very small or nega-
tive, indicating that the C-terminal region is highly flexi-
ble. Within the core RRM body (Lys442-Trp530), the
NOE values for the B1, B2, B3, B4, B/, B”, al, and a2
secondary elements were positive and high, indicating
that these secondary elements form a rigid structure.
These results reveal that this B’-B”-strand structure is as
rigid as the other secondary structure regions, and con-
tributes to the formation of the unique structure of
CPEB3 RRMI.

The length of the B2-B3 loop of CPEB3 RRMI
(Region 3; Trp471-Gly485) is longer than those of the
canonical RRMs. As described above, however, the inter-
action between Trp471 and Lys474 stabilizes the loop
structure. Correspondingly, the lower heteronuclear NOE
values are confined to the segment spanning residues
Asp475-Phe481, suggesting the slightly higher flexible for
this region.

Molecular interactions of CPEB3 RRM1

The CPEB3 protein reportedly binds to the 3’-UTR in
the GluR2 mRNA. Previous SELEX experiments indi-
cated two binding-sequence candidates in the target
structured RNA sequences in the GluR2 mRNA, 5'-
GAGGAU-3’ and a poly-U stretch,3 while the CPE
sequence contains only a poly-U stretch. Therefore, we
examined if CPEB3 RRM1 could interact with the two
RNA segments (the GAGGAU and Us sequences) by
NMR titration experiments, and discovered that the
GAGGAU sequence more effectively interacts with
CPEB3 RRM1 than the Us sequence [Fig. 2(A)].

On addition of the GAGGAU sequence, two regions
[the charged residues near Tyr512 and those near Tyr480
and Phe481 (including the N-terminus of the al-helix)]
were mainly perturbed. These two regions are located on
the unique structural elements of CPEB3 RRM1 (the B’-
B” sheet and the B2-B3 loop), respectively. Thus, these
results suggest that the two unique structural elements
are involved in the recognition of the purine-rich RNA
sequence, although the single GAGGAU sequence does
not seem to cover both of the regions simultaneously.

NOE measurements revealed that Asp453 on the N-
terminus of the al-helix, which was the most effectively
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perturbed amino-acid residue, contacts Tyr480 and
Phe481. Thus, it is considered that the chemical shift
perturbation on the N-terminus of the al-helix was trig-
gered by the interaction between the aromatic amino-
acid residues (Tyr480 and Phe481) and the target RNA
molecules (when the aromatic amino-acid residues inter-
act with the target RNA molecule, the '"H->N resonances
of the amino-acid residues in the proximity of the aro-
matic rings are also strongly affected1©). As the aromatic
side-chains of Tyr480 and Phe481 protrude from beneath
the B2-B3 loop, it is assumed that the RNA molecule is
recognized underneath the B2-B3 loop, which is also
observed in the structured RNA recognition by the
DbpA RRM.17

The curve fitting of the titrations of Asp453 and
Glu456 indicated Ky values of 0.34 and 0.19 mM, respec-
tively, indicating that the CPEB3 RRM1 does not exhibit
any biologically meaningful RNA binding activity by
itself. Normally, the aromatic amino-acid residues on
RNP2 and RNPI1 play substantial roles in RNA binding
by the canonical RRM. However, they are not affected by
the interaction between the CPEB3 RRM and the GAG-
GAU sequence. This weak binding of CPEB3 RRMI
alone seems to be caused by the lack of participation of
the canonical aromatic amino-acid residues in RNA
binding.

As described above, the Us sequence caused a very
slight change in the "H-""N resonances of CPEB3 RRM1
[Fig. 2(A) bottom]. However, the mapping of the
expanded chemical shift change [Fig. 2(A) bottom] onto
the CPEB3 RRMI1 structure reveals that the Us sequence
could affect the resonances on the bottom edge of the -
sheet surface (we could not estimate the Ky value for the
Us sequence, because of the very weak interaction with
CPEB3 RRM1). Although the Us sequence could not
effectively interact with CPEB3 RRM1 by itself, the pres-
ent NMR data suggest that the 3-sheet surface of CPEB3
RRMI1 is the potential binding site for the poly-U
stretch.

Recent mutational experiments by Chen et al. have
revealed that the aromatic amino-acid residues on the g1
and B3 strands of CPEB3 RRMI are necessary for
CPEB3 RRMI1-RRM2-ZF to interact with the aforemen-
tioned SELEX-selected structured RNA fragment.!8 In
our structural study of CPEB3 RRM1, Trp530, at the end
of the B4-strand, seems to fill the space on RNP1 and
inhibit RNA binding on RNP2 and RNP1 [Fig. 1(D) and
Supporting Information Fig. 1(B)]. Thus, it is conceiva-
ble that the cooperative RNA recognition of CPEB3
RRMI1-RRM2-ZF changes the environment around
Trp530 of CPEB3 RRMI, to relieve the interaction of
Trp530 with Phe488 (B3) and Lys442 (B1) such that
CPEB3 RRM1 could interact with RNA via RNP1 and
RNP2.

Furthermore, an amino-acid sequence comparison
between the CPEB1 and CPEB3 RRMIs revealed that
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Figure 2

Molecular interactions of CPEB3 RRM1. (A) NMR chemical shift perturbations of the CPEB3 RRM1 upon RNA binding. (top) [5'-(GAGGAU)-3']
(protein:RNA = 1:2), and (bottom) [5'-(UUUUU)-3'] (protein:RNA = 1:1). In both histograms, the amino acid residue numbers are on the hori-
zontal axis and the magnitudes of the chemical shift changes, indicated by a scale on the left vertical axis, are plotted as black bars. In the case of
[5'-(UUUUU)-3'] (bottom), the magnitudes of the chemical shift changes are also plotted as cyan bars, corresponding to the scale on the right ver-
tical axis. The chemical shift perturbation values were obtained from the ['H, "N]-HSQC spectrum. The absolute values of the chemical shift
change Ao were calculated as follows: Ad = ((A515N/6.5)2+A8f]_[)“ 2. (B) and (C) Chemical shift perturbations mapped on the tertiary structure of
the CPEB3 RRM1 upon binding to [5'-(GAGGAU)-3'] (B) and [5'-(UUUUU)-3] (C) (top and bottom panels show the structures with views of
the B-sheet surface and the a-helical surface, respectively). With gradients corresponding to the amplitude of their chemical shift changes, the resi-
dues are colored magenta based on the black-bar data of the top histogram (B), and cyan based on the cyan-bar data of the bottom histogram (C).
The side chains of Lys442, Phe444, Tyr480, Phe481, Phe488, Tyr512, and Trp530 are shown in green. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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several hydrophilic amino-acid residues around Trp530
in CPEB3 RRMI1 (Arg529, Asn531, and Ser533) are
replaced with hydrophobic residues in CPEB1 RRMI
(Ile, Val, and Ala, respectively). These replacements could
modify the hydrophobic interactions of the correspond-
ing Trp residues in the CPEB1 RRM1, and make the -
sheet surface of CPEB1 RRM1 accessible for RNA bind-
ing. The present structural information about the CPEB3
RRMI is a step leading to the elucidation of the RNA
binding specificities of the CPEB protein family
members.
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