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ABSTRACT

In the Drosophila RNA interference (RNAi) pathway, small interfering RNAs (siRNAs) direct Argonaute2 (Ago2), an
endonuclease, within the RNA-induced silencing complex (RISC) to cleave complementary mRNA targets. In vitro studies
have shown that, for each siRNA duplex, RISC retains only one strand, the guide, and releases the other, the passenger, to form
a holo-RISC complex. Here, we have isolated a new Ago2 mutant allele and provide, for the first time, in vivo evidence that
endogenous Ago2 slicer activity is important to mount an RNAi response in Drosophila. We demonstrate in vivo that efficient
removal of the passenger strand from RISC requires the cleavage activity of Ago2. We have also identified a new intermediate
complex in the RISC assembly pathway, pre-RISC, in which Ago2 is stably bound to double-stranded siRNA.
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INTRODUCTION

RNA interference (RNAi) is a post-transcriptional gene
silencing process during which endogenous messenger
RNA is destroyed upon introduction of the corresponding
double-stranded RNA (dsRNA) (Fire et al. 1998). RNAi
and other forms of RNA silencing have been observed in
a wide variety of organisms such as animals, plants, fungi,
and protozoa (Meister and Tuschl 2004).

The initiation of RNAi occurs with the processing of
dsRNA into siRNAs (small interfering RNAs), by an RNase
III enzyme called Dicer (Meister and Tuschl 2004). In
Drosophila, Dicer-2 (Dcr-2) generates these duplex siRNAs.
An siRNA then binds to a heterodimer of R2D2 and Dcr-2
proteins to form a R2D2/Dcr-2 initiator complex (RDI) (Liu
et al. 2003; Lee et al. 2004; Pham et al. 2004; Tomari et al.
2004a). It has been shown that RDI orients the siRNA
duplex so that the 59 end with lower melting temperature
preferentially interacts with Dcr-2 (Tomari et al. 2004b). The
strand with the lower melting temperature becomes the
single-stranded guide RNA of RISC (RNA-induced silencing
complex). RISC uses this single-stranded guide RNA to find

complementary mRNA and endonucleolytically cleave target
mRNA. Previous studies have identified Ago2 as the catalytic
subunit of RISC cleavage activity (Liu et al. 2004; Song et al.
2004). The Piwi domain of Ago2 is a RNase H-like
endonuclease that cleaves a single phosphodiester bond in
the target RNA backbone (Liu et al. 2004; Song et al. 2004).

One of the essential steps of RISC formation is dissoci-
ation of the paired siRNA strands, and selective retention of
one strand (guide) and loss of the other (passenger) from
RISC. It has long been thought that double-stranded
siRNAs are unwound by an ATP-dependent RNA helicase,
activated or recruited with formation of RDI. Consistent
with the idea, assembly of RISC in a Drosophila embryo
lysate is reduced upon depletion of ATP (Nykanen et al.
2001). Likely candidates have been identified using both
genetic and biochemical studies, yet their biochemical roles
have not been demonstrated.

Recent biochemical studies have presented a model in
which the endonucleolytic activity of Ago2 is responsible
for passenger strand dissociation in vitro by means of
passenger strand cleavage (Matranga et al. 2005; Rand et al.
2005; Leuschner et al. 2006). In this paper, we used a genetic
screen to isolate a new Ago2 allele and demonstrate in vivo
that efficient removal of the passenger strand from RISC
requires the cleavage activity of Ago2. With this mutant
allele, we have also identified a new intermediate complex
in the RISC assembly pathway in which Ago2 is stably
bound to siRNA before unwinding.
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RESULTS

Genetic identification of Ago2V966M mutant allele

We previously performed an EMS-induced mutagenesis
screen to identify new and essential components of the RNAi
pathway in Drosophila (Lee et al. 2004). Using eye-specific
mitotic recombination, we screened animals that had homo-
zygous mutant compound eyes, while all other tissues, in-
cluding the germ-line, were heterozygous (Stowers and
Schwarz 1999; Newsome et al. 2000). Animals with constitu-
tive RNAi against the white gene were examined for variants
that had de-repressed white gene activity in the eye (Fig. 1A,B).

Our screen of the third chromosome identified a mutation
that partially de-repressed white gene activity (Fig. 1C,D).
Animals that were homozygous for the mutation also
exhibited white de-repression, and they were both viable
and fertile. Complementation analysis with known viable
RNAi mutants was performed. The mutation failed to
complement a null Ago2 mutation, Ago2414 (Fig. 1E,F;
Okamura et al. 2004). In addition, a single copy of an
Ago2 genomic transgene (Okamura et al. 2004) rescued the

RNAi silencing defect of the mutant chromosome (Fig.
1G,H). Sequencing of the Ago2 gene from the mutant
revealed a base substitution that results in a valine to
methionine amino acid substitution in the Piwi domain
(Fig. 2B). Based on all of these data, we have identified the
mutation as an allele of Ago2 and have named it Ago2V966M.
The white (RNAi) phenotype of Ago2V966M was not as
strong as the Ago2 null phenotype, suggesting that it is
not a null mutation. Consistent with this notion, Western
blot analysis with anti-Ago2 antibody revealed that there
was a normal level of Ago2 protein present in the mutant
flies (Fig. 1I).

The Piwi domain of an archaebacterial Ago (Pf-Ago)
protein has been shown to resemble the catalytic domain of
RNase H, an RNase that cleaves the RNA strand of RNA/
DNA hybrid duplexes (Song et al. 2004). There are two
sequence motifs, a GxDV and an RDG motif, within the
Piwi domain that are highly conserved in eukaryotic Ago
proteins (Fig. 2A). The two aspartate residues of these
motifs are structurally equivalent to two aspartate residues
that coordinate a metal ion in RNase H (Yang and Steitz
1995). Critically, the metal ion is at the catalytic core of the

RNase H enzyme. A third coordinating
carboxylate varies in its position within
the active site of RNase H. Studies of Pf-
Ago suggested that a glutamate in close
proximity to the two aspartates was the
third coordinating residue (Parker et al.
2004). However, a recent structural
study has determined a nearby histidine
residue to be the third residue of Pf-Ago
(Rivas et al. 2005). Consistent with these
structural predictions based on Pf-Ago,
mutation of the histidine or either as-
partate residue in human Ago2 abolishes
the RNA cleavage activity of RISC (Rivas
et al. 2005).

The mutation of Ago2V966M changes
the GxDV motif into GxDM. This
valine residue is highly conserved
among all Ago proteins. Modeling of
a GxDM variant of the Pf-Ago structure
(Song et al. 2004) with PyMol revealed
a steric change in the integrity of the
structure at the catalytic site (data not
shown). We suspect that the V-to-M
mutation may alter the metal coordi-
nating properties required for normal
catalysis. Recent study of the crystal
structure of bacterial Rnase H suggests
a two metal ion mechanism (Nowotny
et al. 2005). Two metal ions found in
the active site of RNase H are important
for activating the nucleophile and sta-
bilizing the transition state. In addition,

FIGURE 1. Phenotype of the Ago2V966M MutantCompound eyes from white+ adult flies (A–
H). (A) An Ago2+ adult. (B) An Ago2+ adult with one copy of GMR-wIR. The white gene is
partially silenced, resulting in a pale orange eye color. (C) An adult with one copy of GMR-wIR
and heterozygous for Ago2V966M. (D) An adult with two copies of GMR-wIR and homozygous
for Ago2V966M. (E) An adult with two copies of GMR-wIR and homozygous for Ago2414. (F) An
adult with two copies of GMR-wIR and trans-heterozygous for Ago2V966M and Ago2414. (G) An
Ago2414 adult homozygote with two copies of GMR-wIR and a single copy of the Ago2 rescue
transgene. (H) An Ago2V966M adult homozygote with two copies of GMR-wIR and a single copy
of the Ago2 rescue transgene. (I) Lysates prepared from wild-type, Ago2V966M, Ago2414, and
Ago2V966M/Ago2414 embryos were separated by SDS-PAGE, blotted onto nitrocellulose mem-
brane, and subjected to Western analysis using antibodies against TSN, VIG, dFXR, and Ago2.

Conversion of pre-RISC to holo-RISC by Ago2

www.rnajournal.org 23

JOBNAME: RNA 13#1 PAGE: 2 OUTPUT: Thursday December 7 16:50:49 2006

csh/RNA/127813/rna2832

Fig. 1 live 4/C



efficient catalysis takes place only when the two metal ions
are separated by an ideal distance and arranged in appro-
priate geometric positions (Nowotny et al. 2005). The valine
residue affected in Ago2V966M may disrupt the coordination
of the metal ion required for RNA cleavage activity.
Alternatively, the mutation may disrupt the positioning of
target substrate within the catalytic site.

Ago2V966M is defective in holo-RISC formation

To determine how RNAi is defective in the Ago2V966M

mutant, we performed an in vitro target cleavage assay.
Embryo lysates, either from Ago2V966M homozygotes or
Ago2V966M/Ago2414 heterozygotes, were greatly impaired in
their ability to cleave target mRNAs (Fig. 3A). This
suggested that holo-RISC is not functional and/or the
mutant is unable to form a structurally intact holo-RISC.

To test if Ago2V966M is able to form holo-RISC, we
analyzed RISC formation in Ago2V966M mutant embryo
lysate by native gel electrophoresis of siRNA–protein
complexes. Ago2V966M lysate formed a complex closely
corresponding to holo-RISC (Fig. 3B). However, the
complex was of slower electrophoretic mobility when
compared with wild-type holo-RISC (Fig. 3B). Lysate made
from Ago2V966M/Ago2414 embryos showed reduced abun-
dance of the slower complex, indicating that its formation
is dependent upon Ago2 (Fig. 3B).

Ago2V966M forms a pre-RISC complex containing
duplex siRNA

We examined RISC formation using a different siRNA,
which is highly asymmetric for siRNA strand retention into
holo-RISC. This siRNA preferentially retains one strand
(top) over the other strand (bottom) due to a G:U wobble
at the 59 end of the guide strand (Fig. 3C). Upon in-
cubation in wild-type lysate, a siRNA containing radio-
labeled guide strand formed two discrete low-mobility
complexes (Fig. 3C). The slower complex (S) was less
abundant than the faster complex (F). Ago2V966M mutant
lysate also formed the two low-mobility complexes, but
there were higher levels of the S complex relative to the F
complex. When a siRNA containing radiolabeled passenger
strand was incubated in wild-type or Ago2V966M lysate, only
the S complex was observed, with more of this complex
observed in the mutant reaction (Fig. 3C). The inability to
observe the F complex with labeled passenger strand
indicates that the F complex selectively associates with
guide strand RNA. In contrast, the S complex associates
with either strand equivalently. This would suggest that the
F complex contains unwound single-stranded siRNA
whereas the S complex contains duplex siRNA.

If our hypothesis is correct about the RNA composition
of the two RISC complexes, then we would predict that
target mRNA (complementary to the guide siRNA strand)
should be able to associate with the F complex but not the
S complex. We performed a RISC formation assay with

FIGURE 2. Structural characteristics of Ago2V966M. (A) Protein sequence alignment of Argonaute Piwi domains of Drosophila (Dm), Human
(Hs), Pyrococcus furiosus (Pf). Aligned sequences are color-coded: 100% conserved residues (black), 75% conserved residues (light gray), and well-
conserved hydrophobic or hydrophilic residues (dark gray). The two conserved motifs, GxDV and RDG, are indicated with a bar below the
sequence. Three conserved catalytic residues within the Piwi domain are marked with circles at the top of the alignment. The mutation in
Ago2V966M is marked with an arrow above the alignment. (B) Schematic representation of Drosophila Ago2 protein with known domains. The
mutation of Ago2V966M is labeled.

Kim et al.

24 RNA, Vol. 13, No. 1

JOBNAME: RNA 13#1 PAGE: 3 OUTPUT: Thursday December 7 16:51:01 2006

csh/RNA/127813/rna2832



guide-labeled siRNA and added an unlabeled 29-O-
methylated target mRNA. Addition of cognate target
mRNA resulted in depletion of the F complex, presum-
ably due to a shift in complex mobility, whereas the S
complex was unchanged (Fig. 3D). Addition of noncognate
mRNA had no effect on either complex. This result
indicates that the F complex has the potential to specifically
associate with a target mRNA, which is a property of
holo-RISC.

To directly visualize the nature of the siRNAs in the two
complexes, we performed a two-dimensional gel electro-
phoresis experiment (Fig. 4A). A RISC formation reaction

was performed with guide-labeled siRNA. After resolving the
complexes in the first dimension by native gel electropho-
resis, we excised the entire lane and placed it horizontally on
a SDS-polyacrylamide gel. Labeled siRNAs from complexes
were then subjected to electrophoresis in the second di-
mension. We predicted that ribonucleoprotein complexes
resolved in the first dimension would dissociate in the
second dimension due to SDS-dependent denaturation.
This would permit siRNAs to electrophorese as free species.
However, SDS treatment in the second dimension did not
denature siRNA duplexes, which were easily distinguishable
from single-stranded siRNA (Fig. 4B). Thus, we were able to

FIGURE 3. Biochemical characterization of Ago2V966M. (A) In vitro target RNA cleavage assay. Lysates from wild-type, Ago2V966M, Ago2414, and
Ago2V966M/Ago2414 embryos were incubated with 59-labeled Pp-luc target mRNA and unlabeled cognate siRNA duplex, as indicated. The 59
product from RISC activity is indicated and comigrates on the gel with a cleavage product from siRNA-independent nuclease activity. (B) RISC
formation assay. Lysates from wild-type and Ago2 mutant embryos were incubated with labeled Pp-luc siRNA, and complexes were resolved by
native gel electrophoresis. RDI and RLC intermediate complexes are indicated. The complex (arrow) closely corresponding to holo-RISC in
Ago2V966M mutant was of slower electrophoretic mobility when compared with wild-type holo-RISC. Ago2V966M/Ago2414 embryo lysate showed
reduced abundance of the slower complex. (C) RISC formation with a highly asymmetric siRNA. Either the guide (top) or the passenger (bottom)
strand was 59-radiolabeled. Both wild-type and Ago2V966M lysates form two discrete low-mobility complexes when incubated with radiolabeled
guide strand. In wild-type lysate, the slower complex (S) was less abundant than the faster complex (F). In Ago2V966M lysate, the relative amount of
S complex increased while F complex decreased. When incubated with radiolabeled passenger strand, both wild-type and Ago2V966M lysates
formed only the S complex due to asymmetric loading of unlabeled guide strand into holo-RISC. Note that more of the S complex was formed in
Ago2V966M lysate. (D) Radiolabeled guide siRNA strand was incubated with either unlabeled cognate or noncognate 29-O-methyl target mRNA in
wild-type lysate. Addition of cognate target mRNA resulted in the depletion of the F complex, whereas the S complex was not affected. Addition
of noncognate mRNA had no effect on either complex.
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visualize the conformation of siRNAs associated with
various complexes formed in the RISC reaction.

When wild-type lysate was subjected to two-dimensional
analysis, we observed that both RDI and RLC (RISC
loading complex) complexes contained duplex siRNA
(Fig. 4B), which is consistent with previous observations
(Pham et al. 2004). The S and F complexes contained
single-stranded siRNA though some duplex siRNA was also
detected (Fig. 4B). However, when Ago2V966M lysate
was analyzed, the low-mobility complexes predominantly
contained duplex siRNA with a peak of single-stranded
siRNA detected in the F complex (Fig. 4B). Thus, Ago2
stimulates conversion of duplex siRNA into single-stranded
siRNA within RISC complexes.

Ago2V966M is defective for unwinding of siRNAs and
passenger strand cleavage

Based on all of our observations, it is likely that the F
complex corresponds to holo-RISC. Several lines of evi-
dence are offered in support. First, formation of the F
complex requires Ago2, a key subunit of holo-RISC.
Second, both holo-RISC and the F complex contain
single-stranded siRNA, and both preferentially retain the
guide strand of a siRNA duplex. Finally, holo-RISC and the
F complex are able to specifically bind to target mRNA
substrate. Our native gel analysis has also identified

a distinct Ago2-dependent complex, the S complex. The
formation of the S complex requires the presence of Ago2
and is more pronounced with deficient catalytic activity of
Ago2, which is in contrast to holo-RISC. The S complex
appears to contain siRNA in duplex form, and it is unable
to bind to target mRNA substrate.

A simple model is that the S complex is a holo-RISC
precursor that contains duplex siRNA, and siRNA unwinding
accompanies the conversion of S complex to holo-RISC. If
this model is correct, then siRNA unwinding should correlate
with complex conversion. Therefore, we determined whether
Ago2V966M mutant lysate shows defective siRNA-unwinding
activity comparable to its defective holo-RISC-forming
activity. When we examined the rate of single-stranded
siRNA production, Ago2V966M mutant lysate showed a two-
fold reduced rate of siRNA unwinding (Fig. 5A). A null Ago2
mutant did not produce any single-stranded siRNAs. The
strength of the Ago2V966M mutant defect is comparable to the
relative changes in S and F complex abundance in the mutant
(Fig. 3C). Taken together, our data most strongly support
a model in which the S complex is a holo-RISC precursor.
Thus, we have renamed it pre-RISC.

Recent in vitro studies have shown that unwinding of
siRNA duplex is accompanied by passenger strand cleavage
to form holo-RISC (Matranga et al. 2005; Rand et al. 2005;
Leuschner et al. 2006). Since Ago2V966M shows defective
siRNA unwinding activity, it was possible that passenger

FIGURE 4. Ago2V966M RISC complexes contain primarily duplex siRNA. (A) Schematic representation of two-dimensional gel electrophoresis.
RISC formation reaction was performed with guide-labeled siRNA duplex. The complexes were resolved in the first dimension by native gel
electrophoresis. The entire lane was than excised and placed horizontally on a 15% SDS-polyacrylamide gel. Labeled siRNAs from complexes were
then subjected to electrophoresis in the second dimension. (B) Both wild-type and Ago2V966M lysates show RDI and RLC complexes that contain
duplex siRNA. The low-mobility complexes observed in wild-type lysate primarily contain single-stranded siRNA while those formed in
Ago2V966M lysate primarily contain duplex siRNA.
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strand cleavage is also inhibited. To test if Ago2V966M is able
to convert passenger strand siRNAs into 9-nucleotide (nt)
cleavage products, we performed an in vitro passenger
strand cleavage assay. Cleavage of 59-labeled passenger
strand by wild-type lysate yielded a 9-nt labeled product
(Fig. 5B). However, in the Ago2V966M mutant lysate, the rate
of passenger strand cleavage was strongly reduced (Fig. 5B).
These data further support a model where siRNAs are
initially loaded as duplexes into Ago2-containing pre-RISC.
The catalytic activity of Ago2 is then required to cleave the
passenger strand, stimulating it to dissociate from the guide
strand and form holo-RISC.

DISCUSSION

We have isolated a mutation in Drosophila Ago2 that
specifically affects its ability to cleave target RNA when
the target is associated with holo-RISC. The mutation
changes a highly conserved amino acid residue that
neighbors one of the nucleophile-coordinating residues
within the Piwi domain. Structural modeling predicts that
the change disrupts precise positioning of the nucleophile
within the catalytic site. Experimentally, this change results

in an eightfold reduction in target cleavage activity by holo-
RISC. The experimental observations are consistent with
the structural predictions and provide further evidence that
Ago2 has RNA slicer activity in vitro. Moreover, it
provides, for the first time, in vivo evidence that endoge-
nous Ago2 slicer activity is important to mount an RNAi
response in Drosophila.

The assembly of RISC in vitro follows a pathway of
siRNA–protein complexes from RDI to RLC to holo-RISC
(Fig. 6). A previous model proposed RLC as the direct
precursor to holo-RISC, which harbors both Ago2 and
single-stranded guide siRNA (Pham et al. 2004; Tomari
et al. 2004a; Pham and Sontheimer 2005). In the present
study we have identified a new Ago2-dependent complex,
pre-RISC. The difficulty of visualizing pre-RISC in Drosophila
embryo extract explains why this complex was not described
earlier. One reason for this difficulty requires an understand-
ing of the differences between pre-RISC and holo-RISC. The
pre-RISC complex contains duplex siRNA whereas holo-
RISC contains just the guide strand of the siRNA, the
passenger strand having dissociated from holo-RISC. Thus,
a key difference between pre-RISC and holo-RISC is the
conformation of the associated siRNA.

FIGURE 5. Ago2V966M is defective in siRNA duplex dissociation. (A) Guide-labeled siRNA duplex was incubated in wild-type, Ago2V966M, or
Ago2414 lysate. Reactions were resolved on a 15% SDS-polyacrylamide gel and radioactive signal was quantified by PhosphorImager. The percentage
of single-stranded siRNA generated from siRNA duplex was plotted against reaction time. (B) Passenger-labeled siRNA duplex was incubated in
the same lysates as A. Reactions at various time points were removed, deproteinized, and electrophoresed to visualize passenger strand cleavage
products. The 9-nt 59 cleavage product accumulated early in the reaction and disappeared. Ago2V966M mutant lysate produced little passenger
strand cleavage product. The percentage of the 9-nt product cleaved from labeled passenger strand was plotted against reaction time.
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Two simple models could explain the relationship
between pre-RISC and holo-RISC. Pre-RISC could be an
abortive reaction product in the holo-RISC assembly re-
action, formed independently of holo-RISC itself. Alterna-
tively, pre-RISC could be an intermediate complex in the
assembly reaction, and act as a holo-RISC precursor. Pulse-
chase experiments to discern between these models are not
possible given our inability to specifically pulse-label pre-
RISC. However, the Ago2V966M mutant provides evidence
that pre-RISC is a holo-RISC precursor. Mutant extract
shows a threefold increase in pre-RISC abundance and
twofold decrease in holo-RISC abundance. Furthermore,
siRNA strand unwinding is impaired twofold. The most
parsimonious explanation for these results is that pre-RISC
converts into holo-RISC by siRNA strand dissociation, and
the Ago2 mutant is partially impaired for this conversion,
resulting in a build-up of the precursor. Our results suggest
a revised model in the RISC assembly pathway (Fig. 6).

Recent in vitro studies have shown that unwinding of
siRNA duplex is accompanied by cleavage of the ejected

siRNA strand during holo-RISC formation (Matranga et al.
2005; Rand et al. 2005). In the Ago2V966M mutant, the rate
of siRNA strand cleavage and unwinding is reduced. These
data support a model where siRNAs are initially loaded as
duplexes into Ago2-containing pre-RISC. The catalytic
activity of Ago2 is then required to cleave one strand of
the duplex, stimulating it to dissociate from the uncleaved
strand and ultimately dissociate from RISC. The end result
is a RISC retaining one siRNA strand, fully competent to
down-regulate transcript targets.

If Ago2-dependent catalysis is obligatory for complex
conversion, then we might have expected a more profound
assembly block in the Ago2V966M mutant than the effect
actually observed. One explanation is that conversion of
pre-RISC to holo-RISC is promoted by several factors
including Ago2, with each factor augmenting strand dis-
sociation. For example, it is conceivable that Ago2-
dependent siRNA cleavage leads to some dissociation by
passive mechanisms such as temperature whereas other
factors such as helicases generate unwinding by other
means. Alternatively, strand dissociation might be wholly
directed by helicase factors, and strand-cleavage by Ago2
prevents stable reassociation of the strands. The identity of
such a putative helicase remains unknown. The RNA
helicase Armitage is required for RISC assembly (Tomari
et al. 2004a) but seems to act in the RLC to pre-RISC step
of the pathway before unwinding has occurred (data not
shown).

MATERIALS AND METHODS

Fly genetics

The Ago2V966M mutant was isolated from a genetic screen as
described (Lee et al. 2004). The GMR-wIR transgene has been
described (Lee and Carthew 2003). Mosaic analysis of the adult
eye was performed as described (Lee et al. 2004). Ago2414 null and
Ago2+ rescue flies were gifts from Mikiko Siomi (Okamura et al.
2004). Complementation analysis was performed by crossing
Ago2V966M mutant flies to Ago2414 mutant flies in GMR-wIR
background.

Biochemical methods

Embryo lysate preparation and target RNA cleavage assay were
performed as described (Pham et al. 2004). RISC assembly was
assayed by native gel electrophoresis as described (Pham and
Sontheimer, 2005). Passenger cleavage reactions were performed
as described (Matranga et al. 2005).

Target binding assay

We used a cognate Pp-luc 29-O-methyl RNA analog with the
sequence 59-AUCAGUACGGCGGAAUACUUCGAdAdA-39 and
a noncognate 29-O-methyl RNA with the sequence 59-AUCAAG-
GAAAGUCAUAUGUUAUGGdAdA-39. RISC assembly reactions

FIGURE 6. Model for RISC assembly in Drosophila in vitro. The
siRNA is bound to R2D2/Dcr2 heterodimer to form a RDI complex.
The RDI complex then enters a RISC-loading complex (RLC),
associating with other RNAi components. RLC then recruits Ago2
to form a pre-RISC complex that contains duplex siRNA. Endonu-
cleolytic activity of Ago2 within the Piwi domain promotes release of
the passenger strand from pre-RISC to form holo-RISC. Holo-RISC
can then base-pair to complementary single-stranded mRNA sub-
strates for cleavage.
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were performed with 32P-labeled Pp-luc siRNA duplex for 15 min
in 25°C. After addition of 1 mM cognate or noncognate 29-O-
methyl RNA, reactions were further incubated at 25°C for
additional 45 min and then analyzed on a 4% (40:1) native
polyacrylamide gel as described (Pham and Sontheimer 2005).

Two-dimensional gel electrophoresis

RISC was assembled by adding 32P-labeled siRNAs to embryo
lysates and resolved by native electrophoresis as described (Pham
and Sontheimer 2005) in the first dimension. The entire lane was
excised and placed horizontally over 15% SDS-polyacrylamide gel.
This was then subjected to electrophoresis in the second di-
mension at 10 watts at 4°C.

Unwinding assay

32P-labeled siRNA duplexes were added to the RISC assembly
assay reactions as described above and incubated at 25°C.
Reactions were quenched with 1 mL of a heparin mix (Pham et al.
2004) and loaded onto 15% SDS-polyacrylamide gel and then
subjected to electrophoresis at 10 watts at 4°C.
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