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ABSTRACT: Dicer-like ribonuclease III enzymes are in-
volved in different paths related to RNA silencing in plants.
Little is known about the structural aspects of these processes.
Here we present a structural characterization of the second
double-stranded RNA binding domain (dsRBD) of DCL1,
which is presumed to participate in pri-micro-RNA recognition
and subcellular localization of this protein. We determined the
solution structure and found that it has a canonical fold but
bears some variation with respect to other homologous
domains. We also found that this domain binds both double-
stranded RNA and double-stranded DNA, in contrast to most
dsRBDs. Our characterization shows that this domain likely has functions other than substrate recognition and binding.

Micro-RNAs (miRNAs) make up a class of endogenous
small RNAs that negatively regulate the expression of

target mRNAs in higher organisms.1 They originate in longer
precursors (pri-miRNA) that present a hairpin structure and are
transcribed by RNA polymerase II. The biogenesis of miRNAs
is a complex process in which the structure of the precursor
plays a key role in defining the final sequence of the mature
miRNA.2−5 In plants, pri-miRNAs are processed in the nucleus
by a protein complex formed by DCL1, HYL1, and SERRATE
that releases the miRNA−miRNA* duplex from the precursor.6

These duplexes are then methylated by methyl-transferase
HEN1 and transported to the cytoplasm, where they exert their
regulatory role in the context of the RISC complex.7

The release of the miRNA from its precursor is performed by
RNase III enzymes of the Dicer family. These enzymes have a
conserved domain architecture, featuring one or two double-
stranded RNA binding domains (dsRBDs) at the C-terminus.
The function of dsRBD domains in RNaseIII enzymes appears
to be variable. The single dsRBD in Aquifex aeolicus RNaseIII
was found to play a major role in substrate recognition.8 In
Dicer proteins, substrate binding is shared between the dsRBD
and other domains with RNA binding capabilities.9 In human
Dicer, the dsRBD is located on the side of the active site cleft,
suggesting its participation in dsRNA binding.10 More recently,
Ma et al. showed that the dsRBD in human Dicer participates
in substrate binding together with the PAZ domain, but it is not
essential for its activity or product length determination.9 The

dsRBD in Schizosaccharomyces pombe Dicer is not necessary for
the RNase activity and has been shown to participate in the
subcellular localization of the protein instead. This domain has
a noncanonical structure showing a large β1−β2 loop and a
Zn(II) binding site and was shown to bind both dsRNA and
dsDNA.11

Arabidopsis thaliana has four related enzymes called Dicer-
like ribonucleases (DCL1−4) that take part in small RNA
metabolism, but only DCL1 participates in miRNA processing.
A distinguishing feature of DCL1, -3, and -4 is the presence of a
second dsRBD at the C-terminus (DCL1-B).12 The exact role
of this domain in the function of DCL proteins is hitherto
unknown. This domain diverges in sequence from the first one,
which is more closely related to the dsRBD in animal Dicer
proteins, and was suggested to be a candidate for regulating
substrate specificity and the interaction with associated
proteins. There is experimental evidence supporting both
roles. DCL1-B was shown to determine the accuracy of
precursor processing in vivo.13 This suggests that DCL1-B
could specifically recognize the structure of the precursors
ensuring the correct positioning of the processing complex to
release the miRNA. On the other hand, DCL1-B was found to
be essential for the localization of DCL1 at the proposed site of
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miRNA processing in the nucleus, the dicing bodies.14

However, no detailed characterization of this domain has
been reported so far. With the aim of gaining insight into the
function of DCL1-B in plant miRNA processing, we report here
the solution structure and a functional characterization of the
domain from A. thaliana.

■ EXPERIMENTAL PROCEDURES
Protein Expression and Purification. DCL1-B (detailed

below) was amplified by polymerase chain reaction from a
cDNA library and cloned into the pET-TEV expression
vector.15 The plasmid was transformed in Escherichia coli
BL21(DE3) cells, which were then grown at 37 °C in M9
minimal medium supplemented with either 1 g/L 15NH4Cl or 1
g/L 15NH4Cl and 2 g/L [U-13C]glucose (Cambridge Isotope
Laboratories). Protein expression was induced at an OD600 of
≈0.7, and cells were grown overnight at 25 °C. The cells were
harvested by centrifugation. Cell pellets were resuspended in 50
mM Tris (pH 8.0), 500 mM NaCl, 5 mM imidazole, and 1 mM
β-mercaptoethanol and lysed by sonication. The clarified
supernatant was purified using a Ni(II)-affinity column, and
the protein was eluted with the same buffer supplemented with
350 mM imidazole. Fractions containing the protein were
concentrated and digested with His-tagged TEV protease.16

The protease was removed with a Ni(II)-affinity column, and
the protein was further purified by an ion-exchange
chromatography step on a CM-Sephadex column.
HYL1-dsRBD1−2 was produced and purified as described

previously.17

RNA Synthesis. RNA samples were produced by in vitro
transcription with T7 RNA polymerase, using annealed
oligonucleotides. Briefly, a mix was prepared containing 1×
transcription buffer [40 mM Tris (pH 8), 5 mM DTT, 1 mM
spermidine, 0.01% Triton X-100, and 80 mg/mL PEG 8000],
each rNTP at 4 mM (rA, rC, rG, and rU), 20 mM MgCl2, 40
μg/mL BSA, and 1 unit of pyrophosphatase, and the annealed
template at 35 μg/mL. The reaction was started by addition of
T7 RNA polymerase and allowed to proceed for 3 h at 37 °C.
Then, 50 units of RNase-free DNase was added, and the mix
was incubated further for 30 min at 37 °C. The reaction
mixture was then diluted 8-fold in 20 mM Tris, 10 mM EDTA,
and 8 M urea (pH 8.0) and loaded on a Q-Sepharose column
equilibrated with the same buffer. The column was eluted with
a gradient from 0 to 1 M NaCl in the same buffer. Fractions
containing RNA, as determined by A260, were checked via
denaturing 5% polyacrylamide gel electrophoresis. The
fractions with the desired transcript were pooled, dialyzed
three times against 200 volumes of H2O, and lyophilized for
storage before being used.
Fluorescence Anisotropy Titrations. For fluorescence

anisotropy titrations, RNA fragments were labeled with
fluorescein using the 5′ EndTag Nucleic Acid End Labeling
System and fluorescein maleimide-thiol reactive label from
Vector Laboratories. Labeled fragments were purified by phenol
extraction, precipitated with ethanol, and resuspended on 10
mM phosphate buffer (pH 7.0). Fluorescein-labeled DNA was
obtained from Sigma. The fluorescence anisotropy was
measured on a Varian Cary Eclipse spectrofluorimeter exciting
the sample at 492 nm and measuring emission at 520 nm.
Anisotropy values were obtained from the average of three
measurements with an integration time of 20 s. The excitation
and emission slits were set to 10 nm. Labeled RNA was
annealed by being heated at 100 °C for 5 min and chilled in an

ice/water bath, to ensure correct intramolecular hybridization.
Labeled DNA oligomers were annealed by being mixed
together, heated at 100 °C, and slowly cooled to room
temperature. The buffer of each protein sample was exchanged
with 10 mM phosphate (pH 7.0) immediately before the
titrations were performed by employing micro Bio-Spin 6
columns (Bio-Rad) according to the manufacturer’s instruc-
tions. Binding curves were constructed at 20 °C titrating a 50
nM solution of labeled nucleic acid, in 10 mM phosphate buffer
(pH 7.0), with increasing concentrations of the corresponding
protein. Experimental data points (r) were fit to a either a
hyperbolic function (eq 1), on the assumption of a simple
binding model with a 1:1 stoichiometry, or a Hill equation (eq
2):

= + +r r a b( [P])/( [P])0 (1)

= + +r r a b( [P] )/( [P] )n n n
0 (2)

where [P] corresponds to free protein concentration, r0 is the
anisotropy of free RNA (or DNA), a is the amplitude of the
change in anisotropy upon binding, b is the dissociation
constant, and n is the Hill coefficient, which gives a measure of
the binding cooperativity for systems with a binding
stoichiometry of >1:1. Titration curves were normalized for
plotting by subtracting from each data point the value of r0 and
dividing the result by amplitude a.

Nuclear Magnetic Resonance (NMR) Spectroscopy.
NMR spectra were recorded at 298 K. All spectra were
processed with NMRPipe and analyzed with NMRView or
CCPNMR. Chemical shifts were referenced with respect to the
H2O signal at 4.77 ppm (pH 6.8, 25 °C) relative to DSS, using
the 1H:X frequency ratios of the zero point according to
Markley et al.18 Backbone 1H, 13C, and 15N chemical shifts of
DCL1-B were assigned using a set of triple-resonance spectra
[BEST-HNCA/HN(CO)CA, BEST-HNCACB/HN(CO)-
CACB, BEST-HN(CA)CO/HNCO, and HN(CA)HA]19

collected on a 600 MHz Bruker spectrometer. The side chain
resonances were assigned with H(CC)(CO)NH and (H)CCH-
TOCSY spectra, and the assignment was completed by
analyzing 15N- and 13C-edited NOESY spectra. Aromatic
proton resonances were assigned using 1H−1H NOESY and
1H−1H TOCSY in 2H2O. The complete assignment was
deposited in the BioMagResBank (entry 18393).
Distance restraints were derived from three-dimensional 15N-

and 13C-edited NOESY spectra and two-dimensional (2D)
1H−1H NOESY spectra (tm = 120 ms) collected on an 800
MHz VNMRS Varian spectrometer equipped with a triple-
resonance (1H, 13C, 15N) cryoprobe. For acquisition of RDC
data, DCL1-B was aligned in a 5% C12E5/hexanol
(C12E5:hexanol ratio of 0.96) liquid crystalline phase.20 RDC
values were measured for three atom pairs on each peptide
plane (DN−HN, DC′−HN, and DC′−N) from C′-coupled 15N IPAP-
HSQC spectra.21

Protein−RNA/DNA and protein−protein interaction experi-
ments were conducted at 298 K on a 600 MHz Bruker NMR
spectrometer equipped with an Avance II console and a TXI-Z
probe. RNA/DNA titrations were conducted in 50 mM Hepes
(pH 7.0), 10 mM DTT, 0.05% azide, 1× Complete, and 10%
D2O. The pre-miR172 lower-stem fragment was annealed by
being heated to 100 °C and flash-cooled in an ice/water bath.
Titrations were performed by addition of nucleic acid to a 100
μM protein sample. At each step, a 1H−15N SOFAST-HMQC
spectrum22 was acquired. The interaction of DCL1-B with
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HYL1-dsRBD1−2 was evaluated by addition of 1 equiv of
unlabeled HYL1-dsRBD1−2 to 15N-labeled DCL1-B in 100
mM phosphate, 50 mM NaCl, and 1 mM β-mercaptoethanol
(pH 7.0). A 1H−15N HSQC spectrum was acquired for free
DCL1-B and another for the 1:1 mix of DCL1-B and HYL1-
dsRBD1−2. The final concentration for both proteins was 110
μM.
Structure Calculation. The structure was calculated on the

basis of the distance restraints obtained from NOESY
experiments and DN−HN and DC′−HN residual dipolar couplings.
Cross-peaks from the 15N- and 13C-edited NOESY spectra were
automatically picked and assigned using the ATNOS-CANDID
algorithm23,24 implemented in UNIO'10. The aromatic region
of the 1H−1H 2D NOESY spectrum was picked manually, and
peak picking of the 15N NOESY spectrum was completed by
hand. Torsion ϕ and ψ angles calculated from the H, N, CA,
CB, HA, and CO chemical shift values using the online version
of TALOS+25 were used as additional restraints. Structures
were calculated using ARIA 2.3.1/CNS 1.1,26,27 allowing for
reassignment of the peak lists initially provided by UNIO’10.
The axial and rhombic components of the alignment tensor
were determined with Pales28 by best fitting the experimental
residual dipolar couplings to the lowest-energy conformer of
the preceding structure calculation. The following expressions

were used as described previously:28 D = (μ0/8π
3)hγiγj(rij)

−3 ×
Da and r = Dr/Da. One thousand structures were calculated in
the last Aria iteration, from which 20 conformers with the
lowest total energy were submitted to water refinement.

■ RESULTS

Structure Calculation. To study the structure of DCL1-B,
we generated a protein construct spanning the domain as
defined on the DCL1 sequence by prosite (http://prosite.
expasy.org/), including five extra residues to the N-terminal
side. The construct included residues N1826−S1909. We
expressed the construct labeled with 15N and found that it has a
well-dispersed 1H−15N HSQC spectrum, indicating that it can
fold independently of the rest of the protein. Sequential
resonance assignments and structural constraints were obtained
from a series of NMR experiments on uniformly 15N-labeled
and 13C- and 15N-labeled samples. The structures were
calculated with ARIA-CNS using NOE-derived distance
restraints, Talos+-derived torsion angle restraints, and HN−N
and HN−C′ residual dipolar couplings. The calculated
structures include residues N1837−T1907 within our con-
struct, as only few weak resonances could be identified outside
this region. The statistics for the calculated structures are listed

Table 1. Statistics for the 20 Final Structures of DCL1-dsRBD2

no. of distance restraints
unambiguous restraints 960

intraresidual 428
sequential 212
short range 110
medium range 18
long range 192

ambiguous restraints 179
dihedral angles restraints 108 (52 φ, 52 ψ)

RDCs
no. of RDC restraints 112 (56 HN−N, 56 HN−C′)
tensor Aa 8.34 × 10−4

tensor Ar 2.64 × 10−4

χ2 560.7
Q factor 0.215

violations
distance

root-mean-square deviation (rmsd) 0.032 Å
largest 0.45 Å

dihedrals
rmsd 0.87°
largest 9.57°

mean deviation from ideal covalent geometry
bond lengths 0.004 Å
bond angles 0.572°

rmsd with respect to mean structure (residues 16−32, 42−83)
backbone 0.29 ± 0.07 Å
heavy atoms 0.80 ± 0.10 Å

CING ROG analysis (residues 16−32, 42−83)
red 12 (20%)
orange 16 (27%)
green 31 (53%)

Ramachandran analysis (residues 16−32, 42−83)
core 91.4%
allowed 8.6%
generous and disallowed 0.0%
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in Table 1. The structure was deposited in the Protein Data
Bank (entry 2LRS).
The topology of the protein corresponds to that of a regular

dsRBD, namely α/β/β/β/α (Figure 1). Binding of dsRNA by
these domains is mediated by three regions: helix α1 (motif 1),
the loop between strands β1 and β2 (motif 2), and the N-
terminal end of helix α2 (motif 3).29 The structure of residues
belonging to motifs 2 and 3 is well-conserved in our structure.
However, helix α1, bearing residues corresponding to motif 1,
appears to be shorter than in canonical dsRBDs, as the absence
of most main chain amide resonances for residues preceding
N1837 suggests that this region does not adopt a well-defined
structure. The low values of 1H−15N NOEs for the few signals
corresponding to residues N1826−N1837 present in the
spectrum further support a higher mobility in this region
(Figure 2). Shortening of helix 1 may have a direct implication
on dsRNA binding by DCL1-B, as this region plays a major role
in the recognition of the dsRNA structure30−34 (Figure 1 and
Figure 1 of the Supporting Information). This flexible region
could confer upon DCL1-B the versatility to recognize pre-
miRNA molecules with heterogeneous secondary and tertiary
structures as well as dsDNA (see below).
Another interesting feature in the structure of DCL1-B is the

presence of a six-residue insertion between strands β2 and β3.
This insertion is located on the opposite side of the expected
RNA-binding interface in DCL1-B and should not alter the
affinity and specificity for nucleic acids, or at least not in a direct
way. Heteronuclear NOE data suggest that this region is not
flexible, showing only slightly lower than average 1H−15N
NOEs (Figure 2). Within the insertion, the methyl groups of
Thr1872 and Thr1878 are part of a hydrophobic pocket, which
hosts the side chain of Trp1845, located in the loop between
helix α1 and strand β2. The presence of an aromatic residue in
this position was shown to confer stability to the dsRBD fold.35

This extended loop could help in this way to stabilize the fold
of DCL1-B. It is also noteworthy that the side chain of

Trp1877, located within the insertion, protrudes from the face
opposite the putative RNA-binding surface. This Trp residue is
fully conserved among DCL1-B domains from different plants
but is not present in the sequences of the DCL3-B or DCL4-B
domain (Figure 2 of the Supporting Information). The
presence of a bulky aromatic residue on the surface of the
protein can indicate a protein−protein interaction surface,36

which could be important for the function of DCL1 in the
context of the miRNA processing complex.
The C-terminal dsRBDs of DCL1 were reported to interact

with the dsRBDs of HYL1.37 We decided to investigate
whether DCL1-B participated in this interaction in vitro, by
titrating 15N-labeled DCL1-B with unlabeled HYL1-dsRBD1−

Figure 1. (A) Ribbon representation of the bundle of the 20 lowest-energy structures obtained from the solution structure calculation. (B) Solution
structure of DCL1-B. Putative RNA binding regions, as inferred from sequence alignment, are colored green. The insertion between β2 and β3 is
colored red. The side chain of tryptophan 1877 is shown as sticks. (C) Electrostatic potential of the domain. Isosurfaces at 3.5 V (blue) and −3.5 V
(red) are shown. The orientation of the domain is the same as in panel B. A large positive potential region is observed over the putative RNA binding
regions. (D) Alignment of the sequence of DCL1-B with the sequences of dsRBDs for which structures in complex with RNA are available. The
residues at the N-terminus of DCL1-B not observed in the 1H−15N HSQC spectrum are shown in lowercase letters. The secondary structure
elements are indicated at the top of the alignment. Residues are highlighted in blue shades according to the degree of sequence conservation. Green
boxes highlight the three RNA interaction motifs. Residues in helix 1 that participate in dsRNA binding are shown on a black background. The red
box highlights the insertion in DCL1-B. Trp1877 is shown on a red background.

Figure 2. Heteronuclear (1H−15N) NOEs for DCL1-B. The secondary
structure elements are indicated at the top. Boxed regions correspond
(in order) to helix 1, the loop between strand 1 and 2 (RNA binding
motif 2), and the insertion between strands β2 and β3.

Biochemistry Article

dx.doi.org/10.1021/bi301247r | Biochemistry 2012, 51, 10159−1016610162



2. The 1H−15N HSQC spectra of DCL1-B did not show any
significant change upon addition of HYL1-dsRBDs (Figure 3 of
the Supporting Information), indicating that HYL1 dsRBDs do
not interact with DCL1-B, or at least not in a direct way.
RNA Binding. To investigate RNA recognition by DCL1-B,

we performed fluorescence anisotropy measurements. We
studied the interaction of the protein construct with fragments
of the miR172a precursor (pri-miR172a) corresponding to the
miRNA/miRNA* and to the lower-stem (pre-miRNAls)
regions (Figure 3). The lower-stem region was recently
shown to be essential in defining the register for pri-miRNA
processing in plants5 and is less structured than the miRNA
region. The affinity of DCL1-B for both constructs is similar
(KD,lower‑stem = 350 ± 20 nM; KD,miRNA/miRNA* = 810 ± 180 nM),
indicating that the domain is not likely to recognize particular
features in the precursor structure. The slightly higher affinity
for the lower-stem region suggests that DCL1-B has some
preference for imperfect double-stranded RNA (Figure 3).
Increasing the ionic strength of the buffer solution diminishes
the strength of the interaction, evidencing that binding of RNA
is largely mediated by an electrostatic component (Figure 3).
Calculation of the electrostatic potential of DCL1-B shows a
large positive potential on the RNA-binding region of the
protein, further supporting this observation.
As a control, we also tested binding of DCL1-B to double-

stranded DNA using the same kind of assay. We were surprised

to verify that it does bind dsDNA with an affinity similar to that
of precursor RNA (KD,dsDNA = 600 ± 50 nM). In a control
experiment with HYL1-dsRBD1, a canonical dsRBD, we found
a large difference in affinity between dsRNA and dsDNA
(Figure 4 of the Supporting Information). Binding of dsDNA
with high affinity is a rather unusual feature for dsRBDs, which
are known for their ability to discriminate between different
types of nucleic acids (ss- and dsRNA vs ss- and dsDNA). The
dual specificity may come as a result of the dynamic nature of
the residues preceding the short helix 1 in DCL1-B and the
largely electrostatic nature of the protein−nucleic acid
interaction.
To improve our understanding of the determinants of the

recognition of nucleic acids by this domain, we mapped the
interaction regions by titrating the pre-miR172 lower-stem
construct and dsDNA on 15N-labeled protein samples,
following the changes in 1H−15N HSQC spectra. When
titrating the RNA construct on DCL1-B, we found that many
signals decay in intensity, even at very low (1:100)
RNA:protein ratios, without any major change in chemical
shifts. At the same time, the imino 1H signals from the RNA are
clearly visible, showing that the decrease in the intensity of the
protein signals is not due to the formation of large complexes
or aggregates, which would lead to broadening of the signals
beyond detection. The observed behavior thus suggests that the
protein in the complex is in an intermediate-exchange regime

Figure 3. Interaction of DCL1-B with dsRNA and dsDNA followed by fluorescence anisotropy. (A) Titration of fluorescently labeled nucleic acids
with DCL1-B. Data points correspond to the average of three (miR172-lower stem, circles) or two (mir172, triangles; dsDNA, squares) independent
experiments; error bars denote the standard error. Estimated dissociation constants were 350 ± 20, 810 ± 180, and 600 ± 50 nM for miR172-lower
stem, miR172, and dsDNA, respectively. The data for miR172-lower stem and dsDNA were fit to a Hill equation (Hill coefficient of 1.8 in both
cases). (B) Ionic strength dependence of dsRNA binding by DCL1-B. Increasing amounts of NaCl were added to a solution of 50 nM fluorescein-
labeled miR172-lower stem RNA and 3.2 μM DCL1-B. Reduction of the fluorescence anisotropy indicates the dissociation of the complex at higher
ionic strengths. The abscissas are plotted on a logarithmic scale. (C) Nucleic acid constructs used. The secondary structure of pri-miR172 is shown at
the top, and the miRNA/miRNA* is highlighted in red. Construct I corresponds to the lower-stem region. Construct II corresponds to the miRNA
region. Construct III is the double-stranded DNA sequence. Fl indicates the fluorescein label.
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and that it binds the RNA adopting multiple conformations.
Although the spectra show a generalized decrease in intensity,
even at low RNA:protein ratios, the analysis of the signal
intensity profile shows that the β2−β3 loop and the C-terminus
of helix α2 are less affected than the rest of the protein (Figure
4B and Figure 5 of the Supporting Information). The less
affected regions are located opposite the putative RNA binding
motifs in the structure, thus suggesting that DCL1-B binds
RNA in a manner similar to that of canonical dsRBDs. Titrating
the protein with dsDNA leads to a similar behavior (Figure 4
and Figure 6 of the Supporting Information). We therefore
conclude that DCL1-B forms heterogeneous complexes with
the tested dsRNA and dsDNA substrates, which are in an
intermediate-exchange regime.

■ DISCUSSION

DCL1-B is essential for the correct function of the protein.
Truncation of DCL1 at this site (dcl1−9 mutant) leads to a
general decrease in miRNA levels and phenotypic abnormal-
ities.38 It has been suggested that the second dsRBD in DCL1
was necessary for precursor structure recognition and for the
correct location of the RNase III active sites within the
precursor. If this were the case, we would expect DCL1-B to
recognize and bind to some particular feature of the precursors.
We found that DCL1-B does bind to precursor RNA, but with
no specificity, as inferred from the NMR spectra and the similar
binding affinities of the domain for different regions in the
precursor and dsDNA. Therefore, we hypothesize that this
domain must have functions other than the location of the
miRNA position within the precursor.
A defining feature of dsRBDs is the ability to discriminate

between dsRNA and dsDNA, DNA−RNA hybrids, or single-
stranded nucleic acids.39−42 However, we found that DCL1-B
binds dsRNA and dsDNA with similar affinities. The structures
of canonical dsRBD−dsRNA complexes determined to date
have shown that the discrimination against dsDNA can be
explained by specific interactions of the protein with the
phosphate groups in the backbone and with 2′-OH groups in
the ribose moieties.30−33,43 In particular, most specific contacts

involve helix α1 [a conserved L(Q/N)(E/D) motif] and the
β1−β2 loop (a conserved His residue in the center of the loop).
The separation between these regions corresponds to the
groove dimensions of A-form double-stranded nucleic acids,
further adding to the discrimination.34 It was recently reported
that the noncanonical dsRBD of fission yeast Dicer does bind
to dsDNA as well.11 In this case, the domain has an unusually
long loop between strands 1 and 2 and a different position of
helix α1, which can explain the dual binding capacity. Our
structural analysis of DCL1-B shows a short structured helix α1
and a dynamic nature for the residues preceding it. These
features could account for the ability to bind both dsRNA and
dsDNA. The conformational flexibility of the region preceding
the short helix 1, which could be involved in interactions with
the nucleic acid partner, would cause the heterogeneity
observed in the DCL1-B−dsRNA and DCL1-B−dsDNA
complexes as well.
It has been shown that the truncated DCL1−9 protein fails

to localize to the dicing bodies in the nucleus, thus revealing a
role for DCL1-B in defining the subcellular localization of
DCL1.14 In a similar fashion, the noncanonical dsRBD of
fission yeast Dicer was shown to mediate the localization of the
protein.11 A possible mechanism for this function would be the
specific interaction with other proteins in the nucleus. It was
reported that HYL1 dsRBDs interact with the C-terminal
dsRBDs of DCL1,37 but we could not detect the reported
interaction in vitro (Figure 3 of the Supporting Information).
However, several other proteins have been shown to participate
in plant miRNA processing that could be potential partners for
DCL1-B.7 It is then possible that DCL1-B has evolved to
determine DCL1 localization through specific protein−protein
interactions, leaving nucleic acid binding as a vestigial feature of
the protein. The insertion between strands β2 and β3, which
includes an exposed tryptophan side chain, could represent a
potential protein−protein interaction surface.
In summary, we obtained the solution structure of DCL1-B

and showed that it has a canonical fold with some variations
that can be functionally relevant. We found that this domain
binds precursor RNA with no preference for different regions of

Figure 4. NMR characterization of the interaction between DCL1-B and nucleic acids. (A) Spectrum of free DCL1-B. The dashed rectangle shows
the region magnified in panels C and D. (B) Intensity ratios vs sequence for the spectra of free DCL1-B in the presence of 0.05 equiv of pre-miR172
lower stem. (C) Titration of DCL1-B with RNA followed by NMR. The spectra correspond to (from left to right) free protein and 0.01, 0.05, and
0.1 equiv of pre-miR172 lower stem, respectively. (D) NMR spectrum of free DCL1-B and DCL1-B in the presence of 0.05 equiv of dsDNA.
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the substrate and that it can also bind dsDNA. In light of the
available biological information and sequence analysis, our
results suggest that this domain, showing features not seen in
other dsRBDs, likely has functions beyond substrate recog-
nition and binding.
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