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Abstract Dicer is central to small RNA silencing path-

ways, thus playing an important role in physiological and

pathological states. Recently, a number of mutations in

dicer gene have been identified in diverse types of cancer,

implicating Dicer in oncogenic cooperation. Here we report

on the properties of a rare splice variant of the human dicer

gene, occurring in neuroblastoma cells, and not detectable

in normal tissues. Due to the skipping of one exon, the

alternatively spliced transcript encodes a putative truncated

protein, t-Dicer, lacking the dsRNA-binding domain and

bearing altered one of the two RNase III catalytic centers.

The ability of the exon-depleted t-dicer transcript to be

translated in vitro was first investigated by the expression

of flagged t-Dicer in human cells. We found that t-dicer

transcript could be translated in vitro, albeit not as effi-

ciently as full-length dicer transcript. Then, the possible

enzymatic activity of t-Dicer was analyzed by an in vitro

dicing assay able to distinguish the enzymatic activity of

the individual RNase III domains. We showed that t-Dicer

preserved partial dicing activity. Overall, the results indi-

cate that t-dicer transcript could produce a protein still able

to bind the substrate and to cleave only one of the two pre-

miRNA strands. Given the increasing number of mutations

reported for dicer gene in tumours, our experimental ap-

proach could be useful to characterize the activity of these

mutants, which may dictate changes in selected classes of

small RNAs and/or lead to their aberrant maturation.
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Introduction

Dicer is a ribonuclease playing key roles in microRNA

(miRNA) pathway and RNA interference [1]. It is required

for biogenesis of miRNA and small interfering RNA

(siRNA) during the processing of double-stranded RNA

(pre-miRNAs and long dsRNA). Dicer is also involved in

the assembly of the RNA-induced silencing complex

(RISC) that mediates the effector steps of RNA silencing

[2].

Human Dicer, as most metazoan Dicer proteins, con-

tains an N-terminal helicase domain, followed by a domain

of unknown function (DUF283), the tightly associated PAZ

and Platform domains, two RNase III domains (RIIIa and

RIIIb), and a C- terminal dsRNA-binding domain (dsRBD)

(Fig. 1). The PAZ/Platform, dsRBD and RNase III do-

mains are involved in dsRNA binding and cleavage. In

particular, PAZ and Platform domains enfold binding

pockets for the 30-overhang and 50-phosphate moieties of

the dsRNA substrate, respectively [3]; dsRBD domain

binds the dsRNA [4]; RNase IIIa and IIIb domains function

as an intramolecular pseudo-dimer forming a single pro-

cessing centre containing two independent catalytic ‘‘half

sites’’, with the RIIIa domain cleaving the 30 pre-miRNA
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arm, and RIIIb cleaving the 50 arm of pre-miRNA [5]. The

helicase domain has a role in the control of enzyme activity

[6] and interacts with the two dsRBD-containing cofactors

of Dicer in RISC loading complex (RLC), i.e., TRBP and

PACT, involved in siRNA-induced RNAi and in miRNA

accumulation [7–9]. Recent study based on electron mi-

croscopy reported reconstructions of the Dicer architecture

as an L-shaped molecule with morphologically discrete

regions (Fig. 1) [10].

Since its discovery, the prevalent role of Dicer in de-

velopment, physiological and pathological states has been

progressively revealed [11, 12]. Most recently, a number of

mutations in dicer gene have been identified in diverse

types of cancer, with the RNase IIIb domain emerging as

an hotspot domain for somatic mutations [13, 14].

In the neuroblastoma cells, apart from the prevailing

full-length dicer transcript, an alternatively spliced tran-

script has been observed. In the splice variant, the skipping

of one exon removes part of the coding sequence and

changes the reading frame, leading to a premature stop

codon [15, 16]. The putative encoded protein, called

t-Dicer (truncated Dicer), should result 93 aminoacids

shorter than wt-Dicer, lacks the C-terminal dsRBD and

possesses an altered RNase IIIb domain lacking one of the

two essential catalytic residues, E1813 [5]. It is noteworthy

that the splice variant was not detectable in normal tissues,

whereas it occurred in primary neuroblastic tumors [16].

Given the emerging role of Dicer in tumours, likely with

not only the dosage but also the activity of the mutated

proteins at its very centre [14], we have investigated the

ability of t-dicer transcript to be translated in vitro and the

possible enzymatic activity of the encoded protein. We used

a versatile approach consisiting of the expression of flagged

dicer in human cells and of an in vitro dicing assay [17, 18].

Materials and methods

Preparation of Dicer expression vectors

Wt-Dicer and t-Dicer coding sequences were cloned in the

p3XFLAG-CMV-10 expression vector (Sigma Aldrich) in

frame with the plasmid sequence encoding three adjacent

FLAG� epitopes. The cloning strategy consisted of two

steps. In the first step, the 50-end (315 bp) of Dicer coding

sequence, without the ATG start codon, was amplified by

Fig. 1 A schematic overview of composition of wt-Dicer and t-Dicer

domains. Below, the model of RNA and wt-Dicer or t-Dicer

interaction. Based on electron microscopy data Dicer forms an

L-shaped molecule [10]. PAZ/Platform and RNase III domains form

the long arm of the L, wherein PAZ and Platform domains bind the 30

and 50 ends of RNA, respectively, and the RIIIa and RIIIb domains

cleave the 30-OH- and 50-P-bearing pre-miRNA arm, respectively, as

indicated by the arrows. The helicase domain is adjacent to the

catalytic core and occupies the short arm of the L clamping the pre-

miRNA loop. The C-terminal dsRBD lies adjacent to the RNase IIIb

domain. Thus, a single continuous channel runs through clamp of the

helicase, past the RNase III active site, and ends with the RNA-

binding pocket of the PAZ domain
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PCR using as template Dicer cDNA [14] and the following

primers: FH3-Dicer, 50-CCCAAGCTTAAAAGCCCTGC
TTTGCAAC-30, containing HindIII restriction site (un-

derlined); RK-Dicer, 50-GGGGTACCAGAGTTGACCAA
GAACACCGTC-30, containing KpnI restriction site (un-

derlined). The PCR product was digested with HindIII and

KpnI and cloned into the same sites of p3XFLAG-CMV-10

vector. That amplified Dicer sequence contains a PmeI

restriction site that has been used for the junction of the

remaining parts of wt-Dicer or t-Dicer coding sequence. In

fact, in the second step, the remaining parts of wt-Dicer or

t-Dicer coding sequences were excised from the plasmids

containing the respective cDNAs [16] by cleavage with

PmeI and KpnI and cloned in the same sites of the construct

obtained in the previous step. The resulting recombinant

plasmids were fully sequenced and designated FLAG-wt-

Dicer and FLAG-t-Dicer.

Cell culture and transfections

HEK293T cells were cultured in DMEM containing 10 %

fetal bovine serum, 2 mM L-glutamine, 50 U/ml penicillin

and 100 lg/ml streptomycin. SK-N-BE(2)-C were cultured

in RPMI 1640 containing FBS and antibiotics as HEK293T

cells. The day before transfection, cells were trypsinized

and seeded in medium without antibiotics in 10 cm dishes.

Transfections were performed with cells at 80–90 % of

confluence with 18ug of plasmid encoding FLAG-wt-Dicer

or FLAG-t-Dicer or parental empty vector by using Lipo-

fectamine2000 (Invitrogen), as described by the manufac-

turer. After 6 h, transfection mix was replaced with

complete medium. The analyses were performed 48 h after

transfection.

Protein extraction, immunoprecipitation

and Western blotting

Total protein extracts were prepared as described previ-

ously [19]. In brief, cells were incubated with lysis buffer

D (20 mM HEPES–KOH pH7.9, 100 mM KCl, 0.2 mM

EDTA, 0.5 mM DTT, 0.2 mM PMSF, 5 % glycerol) sup-

plemented with protease inhibitor (Roche) for 10 min on

ice followed by sonication (98, 5 s, 30 % amplitude) and

centrifugation at 12,000 9 g for 15 min at 4 �C. The su-

pernatants were collected and protein concentration was

determined using Bradford reagent with BSA as a standard.

The extracts were stored in -80 �C until use in western

blotting, immunoprecipitation or Dicer cleavage assay.

For immunoprecipitation of FLAG-wt-Dicer and FLAG-

t-Dicer, 5 mg of cell extract was incubated with 80 ll of
anti-FLAG antibody conjugated to agarose beads (anti-

FLAG M2 affinity gel, Sigma) in buffer D-K’100 (20 mM

Tris-pH 8.0, 100 mM KCl, 0.2 mM EDTA, 0.2 mM

PMSF) [8] with constant rotation overnight at 4 �C. The
beads were washed three times with TBS and the 3XFLAG

fusion proteins were eluted with 100 ll of 3XFLAG pep-

tide (Sigma).

Proteins were separated by 5 % Tris acetate SDS-

PAGE in XT Tricine buffer (Bio-Rad) and electrotrans-

ferred onto a nitrocellulose membrane (Sigma). For Dicer

detection, the blots were probed with the rabbit polyclonal

primary anti-Dicer antibody (1:1000, Cell Signaling

Technology) or with the anti-FLAG primary antibody

(1:500, Sigma) and then with HRP-conjugated secondary

antibody, anti-rabbit (1:1000, Sigma). The immunoreac-

tions were detected using Westernbright Quantum HRP

substrate (Advansta).

Dicing assay and product visualization

Chemically synthesized, phosphorylated pre-miR-549

(IDT) was used as substrate for Dicer cleavage assays.

RNA was purified by polyacrilamide gel electrophoresis

and stored at -80 �C until use.

The cleavage assays were performed in 12 ll reaction
containing either cellular extracts or immunopurified Dicer

proteins (amounts depicted in Fig. 4) mixed with 150 ng of

pre-miR-549, in the reaction buffer A (32 mM MgCl2,

5 mM ATP, 200 mM creatine phosphate) [20] and RNa-

seOUT (Invitrogen). The reaction mixtures were incubated

at 37 �C for 90 min followed by phenol/chloroform ex-

traction. RNA was precipitated with ethanol and resus-

pended in 20 ll of formamide loading buffer with dyes. As

a comparison, 150 ng of pre-miR-549 was subjected to

cleavage by recombinant Dicer (Genlantis) for 12 min at

37 �C. The reaction was stopped by adding equal volume

of urea loading buffer with dyes.

RNA samples from Dicer cleavage reactions were de-

naturated for 1 min at 99 �C, chilled on ice and immedi-

ately loaded on 12 % polyacrylamide gels followed by

Northern blotting as previously described [17] The mem-

branes were probed with labeled DNA oligonucleotides

complementary to miR-549: 50 arm probe, 50-ACAGT
GACAACTATGGATGAGCT-30; 30 arm probe, 50-
AGAGCTCATCCATAGTTGTCA-30.

RNA purification, real-time PCR analyses

and luciferase assays

Total RNA was extracted by miRNeasy mini kit (Qiagen)

from cell cultures according to the manufacturer’s protocol.

MiR-125a-5p was quantified along with RNU6B (ref-

erence gene) by RT-qPCR with TaqMan� miRNA assays

from Applied Biosystems according to the manufacturer’s

protocol.
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Luciferase assays were performed using the Dual-Lu-

ciferase Reporter Assay System (Promega) according to the

manufacturer’s protocol.

All the analyses were performed 48 h after transfections.

Results and discussion

An overview of the experimental approach

To assess whether the exon-depleted t-dicer transcript

could be translated in vitro and to analyze the enzymatic

activity of the encoded protein, we used an experimental

approach based on the overexpression of N-terminal tagged

Dicer proteins in human cells and an in vitro enzymatic

assay (Fig. 2).

In order to express wt-Dicer or t-Dicer, their coding

sequence were cloned into the expression vector

p3XFLAG-CMV-10 to obtain FLAG-wt-Dicer and FLAG-

t-Dicer plasmids. 3 tandem FLAG epitopes resulted fused

to the recombinant proteins, thus increasing their detection

and the possible immunopurification. The FLAG peptide is

expected to be located on the surface of Dicer and do not

obscure other domains or alter the RNase III activity of the

C-terminal domains, because of its relatively small (22

amino acids) size and its hydrophilic nature [21]. FLAG-

Dicer vectors were then used to transfect human cell lines

and the overexpression of recombinant Dicer were verified

by Western blot analyses in cellular extracts as well as in

immunopurified samples.

Enzymatic activity of recombinant Dicer was analyzed

both in the cellular extract and in the immunopurified

samples by an in vitro cleavage assay using unlabeled

pre-miRNA as a substrate and northern blotting as a

detection method [17]. This procedure does not require

special substrate preparation [18] and only uses specific

probes to distinguish the enzymatic activity of the indi-

vidual RNase III domains. We demonstrate the useful-

ness of this approach by the comparison of the results

obtained with wt-Dicer and t-Dicer as well as recombi-

nant Dicer.

Expression of Dicer proteins

FLAG-Dicer plasmids or the parental vector were used for

the transfection of HEK293T cells. 48 h after transfection,

cell lysates were analyzed by Western blot with both the

anti-Dicer antibody and the anti-FLAG antibody. A band

of *200 kDa, expected for the full-lenght Dicer, was

observed in protein extracts from FLAG-wt-Dicer trans-

fected cells (Fig. 3a). FLAG-t-Dicer was expressed, albeit

to a lower degree than full-length Dicer. In particular,

FLAG-t-Dicer was estimated to be expressed ap-

proximately three-fold less than FLAG-wt-Dicer (Fig. 3b).

The same result was observed also by transfecting HeLa

(data not shown) and neuroblastoma cells (see later). In-

triguingly, the only other reported splice variant encoding

a modified Dicer, resulting in a RNase IIIb-defective

protein, showed the same degree of expression in com-

parison to full-length form [22]. The observed difference

in FLAG-tagged Dicer proteins was not dependent on a

difference in their corresponding transcripts stability (data

not shown).

Fig. 2 An overview of the experimental approach. a Plasmids

encoding FLAG-tagged Dicer proteins were transfected to cell

culture. b The dicing activity was analyzed in cellular extracts or

on anti-FLAG immunoprecipitated samples by an in vitro cleavage

assay. The assay is based on the relaxed specificity of Dicer in the

cleavages (indicated by the arrows) on its pre-miRNA substrate [18];

the miRNA length heterogeneity of the released products can be

visualized by an high-resolution northern blot and hybridization with

probes detecting 50- or 30-arm, allowing to distinguish between the

cleavages generated by the individual RNase III domains
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The overexpressed Dicer proteins were then success-

fully immunopurified (Fig. 3) by anti-FLAG antibody for

the subsequent analyses.

Dicing activity of the recombinant proteins

Different approaches have been used to investigate how

Dicer cleaves its pre-miRNA substrates. Recombinant Dicer,

alone or within in vitro reconstituted complex with its

molecular partners [5, 18, 23], or present in cellular extracts

[24, 25] or from immunoprecipitates [8, 26], was used in

cleavage assays with labelled pre-miRNA and the reaction

products revealed by PAGE and autoradiography. In par-

ticular, the most used assay employs end-labelled pre-

miRNA as substrate, which assume a special substrate

preparation, especially, when both 50 and 30 end labelled

RNA are to be used as a homologous substrates for Dicer

(ligation of pCp to 1nt shorter substrate to obtain 30 end la-

beledRNA, homologous to the one labeled at 50 end) [18, 27].
Here we used an unlabelled precursor as substrate for

Dicer cleavage followed by the separation of products ac-

cording to their size and their visualization by a northern

blotting analysis able to detect miRNAs with single-nu-

cleotide resolution (Fig. 4) [17]. This approach does not

Fig. 4 Northern blot analysis of the pre-miR-549 dicing assay. a and

b Representative experiment showing the analysis of products

generated by recombinant Dicer (R), Dicer present in the extracts

(E) or immunopurified samples (IP) from cells transfected with

FLAG-wt-Dicer, FLAG-t-Dicer or parental vector. S, uncleaved pre-

miR-549 substrate; E1, analysis of enzymatic assay performed with

80 lg of cellular extract; E2, analysis of enzymatic assay performed

with 240 lg of cellular extract; IP1, analysis of enzymatic assay

performed with 100 ug of immunopurified sample; IP2, analysis of

enzymatic assay performed with 250 lg of immunopurified samples.

The migration of 17-, 19-, 21-, 23-, 25-nt oligonucleotide marker are

indicated on the right. Below, the same gels having longer exposure

time to visualize products *22nt long. c The structure of synthetic

pre-miR-549 used as a substrate in cleavage assays with marked

positions of recombinant Dicer cleavage. In red, the span of 50 and 30

arm probe, detecting the cleavage products generated by RIIIb and

RIIIa, respectively. (Color figure online)

Fig. 3 Western blot analysis of FLAG-tagged Dicer constructs. a A

total of 50 lg of cellular extract (E) or 5 ll of the immunoprecipitated

samples (IP) from cells transfected with FLAG-wt-Dicer, FLAG-t-

Dicer and parental vector were analyzed by Western blotting with

anti-Dicer and anti-FLAG antibodies. Densitometry analysis revealed

that signal intensity of the band corresponding to FLAG-wt-Dicer was

threefold higher than the signal intensity of the band corresponding to

FLAG-t-Dicer. b Western blot analysis of cellular extracts and

immunopurified samples as in (a) with the exception of using a three

times more amount of samples relative to FLAG-t-Dicer and parental

vector (E2, IP2)

Mol Biol Rep (2015) 42:1333–1340 1337

123



require special substrate preparation, and only uses speci-

fic-labeled probes detecting 50 or 30 arm products. In par-

ticular, we used the pre-miR-549 as synthetic substrate,

having 2nt 30 overhangs, representing a product of Drosha

cleavage (Fig. 4). pre-miR-549 is poorly expressed in

HEK293T cells (our data not published), thus allowing a

null or low background in our extract. Recombinant Dicer

enzyme was used as a positive control for the assay,

showing that the cleavage products generated by the RNase

IIIa or IIIb domain are clearly visualized and distinguish-

able using the two different probes detecting miRNA 30- or
50-arm, respectively (Fig. 4, lane R).

The activity of exogenous wt-Dicer in the cell extracts

was also clearly detectable (Fig. 4, lane E1); the signal

intensities of the cleavage products are higher in the lanes

where the extracts from FLAG-wt-Dicer transfected cells

were analyzed in comparison to those observed for the

empty vector transfected cells, where only the endogenous

Dicer contributed to the enzymatic activity (Fig. 4, lanes

E1, E2). The dicing assay performed on immunopurified

samples confirmed the activity of FLAG-wt-Dicer, because

the cleavage products were detectable in the immunopre-

cipitates obtained from FLAG-Dicer vector transfected

cells (Fig. 4, lanes IP1, IP2 relative to FLAG-wt-Dicer)

and no from immunoprecipitates obtained from empty

vector transfected cells (Fig. 4, lane IP2 relative to Vector).

The profile of the cleavages of immunopurified wt-Dicer

resemble those of recombinant Dicer (Fig. 4, lane R): both

*22nt miRNA fraction and *40nt intermediate fraction

were observed. The occurence of *40nt intermediate

(Fig. 4a, lane IP2 relative to FLAg-wt-Dicer) results from

cleavage of only RIIIa domain in 30 pre-miRNA arm. This

results confirm previous observations showing that sole

Dicer cleaves pre-miRNA in less synchronised manner

compared to Dicer cooperating with its protein partners in

cells [28]. The heterogeneity of the miRNA fraction is

somewhat different in extract where Dicer exists within

RLC with Dicer protein partner compared to recombinat

Dicer and immunopurified Dicer, where sole Dicer binds

and cleaves pre-miRNA. This observation confirm previ-

ous reports showing that TRBP, a Dicer protein partner,

may influence the precision of Dicer cleavage [9, 29].

In the case of FLAG-t-Dicer, an amount *3-fold higher

of cell extract or immunoprecipitate samples were used for

the dicing assays, to compensate its lower expression

(Fig. 3). The northern blotting showed that the cleavage

products generated by the defective RNase IIIb domain are

not detectable (Fig. 4a, lane IP2). This observation agrees

with published data of point mutations of RIIIb domains of

Dicer [5]. However, the products released by the RNase

IIIa domain are detectable (Fig. 4b, lane IP2), albeit to a

lower degree, likely because of a minor binding of the

substrate due to the truncation of its C-terminal domain

and/or some conformational changes resulting in a subop-

timal Dicer structure. In particular, densitometry analysis

revealed that signal intensities of the product bands gen-

erated by FLAG-t-Dicer was threefold lower than those

generated by FLAG-wt-Dicer (Fig. 4b, compare lanes IP1

Fig. 5 Possible association of t-Dicer overexpression with the loss of

the –5p strand cleveage of pre-miRNA-125a and/or an impaired

functioning in the silencing of the target. a Western blot analysis by

anti-FLAG antibody of extracts from SK-N-BE(2)-C cells transfected

with FLAG-wt-Dicer, FLAG-t-Dicer constructs or parental vector

(Vector). b miR-125a-5p expression was determined in the same

samples as above by q-PCR. The expression level of miR-125a-5p

was normalized by the 2-DDCt method and reported as fold-change

[31]. c The efficiency of the silencing activity performed by miR-

125a-5p was evaluated by co-transfecting the FLAG-wt-Dicer,

FLAG-t-Dicer constructs or parental vector along with luciferase-

based reporter plasmid psiCheck-2 containing a validated target

sequence (luc-WT) of miR-125a-5p or a control inverted sequence

(luc-I) [30]. Luciferase activities (Luc) registered with luc-WT

construct were always lower than that observed with the luc-I

construct, indicating that the overexpression of FLAG-wt-Dicer or

FLAG-t-DICER do not influence the performance of miR-125a-5p at

silencing its target. C, control, i.e. the maximum of luciferase activity

registered from cells transfeted with FLAG-wt-Dicer, or FLAG-t-

Dicer or parental vector along with the luc-I construct. *p\ 0.05;

**p\ 0.01 at Student’s t test referred to ‘‘FLAG-wt-Dicer’’ (b) and to
‘‘C’’ (c)
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relative to FLAG-t-Dicer and IP2 relative to FLAG-wt-

Dicer). To this regard, previous reports have shown that

human Dicer deleted for dsRBD is active in RNA pro-

cessing, however its cleavage efficiency was reduced 2-3

fold [5, 6].

It should also be noted that the truncated protein does

not seem to elicit dominant-negative effects on the en-

dogenous counterpart (compare lanes E2 relative to FLAG-

t-Dicer and Vector). However, we inquired wether the

defective RIIIb domain could be indeed associated to a loss

of the –5p strand cleveage of the pre-miRNA and/or an

impaired functioning in the silencing of its targets.

Therefore, FLAG-wt-Dicer and FLAG-t-Dicer were over-

expressed in the SK-N-BE(2)-C (the source of t-Dicer

transcript) (Fig. 5a) and the level of the –5p strand of a

specific pre-miRNA, miR-125a-5p, was quantified by

Q-PCR. The data showed that no differences in the levels

of miR-125a-5p were detectable when the amount of

t-Dicer was increased (endogenous t-Dicer plus FLAG-t-

DICER), whereas the overexpression of FLAG-Dicer in-

creases the accumulation of mature –5p miRNA (Fig. 5b).

Finally, no differences were detectable in the ability of

miR-125a-5p to silence one of its validated target sequence

(Fig. 5c) [30].

Overall, these results indicate that t-Dicer is still able to

bind the substrate (Fig. 1) and to cleave only one of the two

pre-miRNA strands with the active RIIIa domain, without

the activity of RIIIb due to the absence of the catalytic

E1813. Furthermore, the presence of t-Dicer, even if over-

expressed, seems to have no consequences on the level and

functionining of the –5p strand of a pre-miRNA.

Conclusion

Previuos analyses using Dicer proteins having either

deleted dsRBD or point mutated residues located in the

active site were focused on finding the role of these protein

fragments or residues on Dicer cleavage. Here, we focused

on the in vitro expression and the activity of a rare splice

variant of Dicer, t-Dicer, lacking the dsRBD and having

altered RIIIb domain. We found that t-dicer transcript

could be translated in vitro, albeit not as efficiently as wt-

Dicer, and the encoded truncated protein is still capable of

binding pre-miRNA and preserves partial activity of

cleavage by RIIIa domain. Moreover, the overexpression of

t-Dicer does not seem to elicit a dominant negative effects

on the endogenous Dicer, since a loss of –5p strand cle-

veage of the pre-miRNA and a possible reduction of its

silencing activity were not detectable. At this stage, it still

remains elusive whether t-Dicer plays a role in the tu-

morogenesis or it is simply a sign of neuroblastoma. In the

last case, it could be interesting to inquire whether t-Dicer

may be a new possible marker predictive for pathological

behaviour of neuroblastoma in clinical setting, as already

demonstrated for other transcripts [32–34].

Given the increasing number of mutations reported for

dicer gene in diverse types of cancer, future investigations

will be necessary to characterize the activity of these mu-

tants, which may dictate specific changes in selected

classes of small RNAs [14, 35]. The experiments and

protocols reported here show the usefulness of the ap-

proach for the study of Dicer and its mutants, allowing the

analysis of the RNase activity discriminating between the

enzymatic activities attributable to each RNase III domain.
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