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Recent technical advances in single particle cryo-EM data acquisition,
classification, and reconstruction have caused the “ EM resolution revolution” within the last few
years. Thus, we have tried to reconstruct the three dimensional structures of the Drosophila RLC
complex using cryo-EM. To date, we have obtained low resolution EM structure of Dicer-2-R2D2,
Dicer-2-R2D2 complex with siRNA, and Dicer-2-R2D2 and TAF1l in complex with siRNA (RLC). Comparison
of the EM maps reveals that Dicer-2-R2D2 complex exists in monomeric and dimeric states. The
conformation of the RLC is clearly different from that of Dicer-2-R2D2-siRNA complex, suggesting
that TAF11 binding results in significant conformational changes of the RLC, which may be critical
for the RISC loading activity.
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1. WHFERRLE SO

RISC is the catalytic engine of RNAi. RNA interference (RNAi) is a conserved dsRNA-induced
gene-silencing mechanism in eukaryotes. First, RNase III Dicer initiates RNAi by processing long
dsRNA into small interfering RNA (siRNA). Second, nascent siRNA duplex is assembled into the
effector RNA-induced silencing complex (RISC). In an active RISC, single-stranded siRNA directs
Ago2 endoRNase to catalyze sequence-specific cleavage of complementary mRNA.

1. RISC loading. We previously identified that Drosophila RISC loading complex (RLC) contains the
Dicer-2 (Dcr-2)-R2D2 complex and coordinately recruits duplex siRNA to Ago2 to form an inactive
pre-RISC (Liu et al., Science 2003; Pham et al., Cell 2004; Tomari et al. Cell 2004).

2. RISC activation is the conversion of pre-RISC (Ago2/duplex siRNA) into active RISC (Ago2/guide
strand). First, Ago2 nicks the siRNA passenger strand into a 9-nt and a 12-nt fragment. Second, we
showed that C3PO, a novel RNase and a complex of Translin and Trax, degrades the passenger
fragments to activate RISC (Liu et al., Science 2009).

TAF11 assembles the RISC loading complex (RLC). We identified a novel function of TAFI11, an
annotated nuclear transcription factor, as the key missing factor of Drosophila RLC by forward genetic
screen (Liang et al.,Mol. Cell 2015). By native agarose siRNA gel-shift assay, we showed that assembly
of the RLC and RISC, but not the RDI -/- (R2D2-Dcr-2-initiator complex), was defective in tafll
mutant ovary extract, and that this defect could be fully rescued by addition of recombinant TAF11.
TAF11 enhances RNAi efficiency. We showed that Dcr-2-R2D2 complex exhibited a sigmoidal
siRNA-binding curve, whereas TAF11 enhances siRNA affinity of Dcr-2-R2D2 by ten-fold, and
converts it into a hyperbolic siRNA-binding curve (Liang et al., Mol. Cell 2015). We hypothesize that at
low concentration, Dcr-2-R2D2 complex exists as heterodimer with low affinity for siRNA. At high
concentration, Der-2-R2D2 complex dimerizes to form heterotetramer with higher affinity for siRNA.
TAF11 facilitates the formation of Dcr-2-R2D2 heterotetramer, such that the higher order complex binds
siRNA as one entity with ten-fold higher affinity. TAF11 also enhances the RISC loading activity of
Dcr-2-R2D2 complex (Liang et al., Mol Cell 2015).

TAF11 co-localizes with Dcr-2/R2D2 in D2 bodies. We collaborated with Dr. Mikiko Siomi
(University of Tokyo) to show that GFP-TAF11 co-localized with endogenous Dcr-2 or R2D2 proteins
in distinct cytoplasmic foci called D2 bodies in Drosophila S2 cells (Liang et al., Mol Cell 2015). We
observed three different localization patterns of GFP-TAF11: nucleus, D2 body, or both, suggesting a
dynamic shuttling of TAF11 proteins between the nucleus and cytoplasmic D2 bodies. Furthermore,
GFP-TAF11 could not form any cytoplasmic foci following RNAIi depletion of Dcr-2 (data not shown),
suggesting that TAF11 localizes to cytoplasmic D2 bodies through its interaction with Dcr-2-R2D2
complex. These genetic, biochemical, and cell biological studies allow us to hypothesize that the

TAF11-positive D2 bodies represent in vivo hotspots for dynamic RLC and RISC assembly.
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The detail experimental procedures for miRNA experiments are described in our published paper (Liu et

al., 2016, Mol Cell). About the Cryo-EM, we haven’t published yet (Liu et al., unpublished).
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Recent technical advances in single particle cryo-EM data acquisition, classification, and reconstruction

have caused the “EM resolution revolution” within the last few years. Thus, we have been collaborating

with Dr. Qiu-xing Jiang at UT Southwestern to reconstruct the three dimensional structures of the

Drosophila RLC complex using cryo-EM. To date, we have obtained low resolution EM structure of

Dicer-2-R2D2, Dicer-2-R2D2 complex with siRNA, and Dicer-2-R2D2 and TAF11 in complex with

siRNA (RLC). Comparison of the EM maps reveals that Dicer-2-R2D2 complex exists in monomeric

and dimeric states. The conformation of the RLC is clearly different from that of Dicer-2-R2D2-siRNA
complex, suggesting that TAF11 binding results in significant conformational changes of the RLC,
which may be critical for the RISC loading activity. However, we encountered the difficulty of protein
aggregation and conformation heterogeneity during the cryo-EM reconstruction. We are making good
progress to optimize the condition to achieve high-resolution EM reconstructions of

Dicer-2-R2D2-siRNA and Dicer-2-R2D2-TAF11-siRNA complexes by obtaining more homogeneous

samples, increasing the size of EM dataset, and reducing conformation heterogeneity by sorting EM

images (unpublished).

Not only RNAI, but we also studied microRNA. We purified histone H1 as a primary microRNA

(pri-miRNA)-binding protein from nuclear extracts of Drosophila S2 cells by biochemical fractionation.

We showed that knockdown of H1, but not other histones, specifically reduced expression of mature

miRNAs, but did not affect the levels of pri-miRNAs. Furthermore, we identified HP1BP3, one of 13

human H1-like chromatin proteins, as a pri-miRNA binding protein that specifically associates with the

Microprocessor (Drosha-DGCRS8 complex). Knockdown of HP1BP3, but not other HI variants,

compromised pri-miRNA processing by resulting in the premature release of pri-miRNA transcripts

from the chromatin. Chromatin immunoprecipitation (ChIP) studies reveal genome-wide colocalization
of HP1BP3 & Drosha and HP1BP3-dependent Drosha binding to actively transcribed miRNA loci.

HP1BP3 exhibits a novel pri-miRNA binding activity and promotes the Drosha-pri-miRNA association

in vivo. Together, these studies suggest that HP1BP3 promotes co-transcriptional miRNA processing

through chromatin retention of nascent pri-miRNA transcripts (Liu et al. Molecular Cell, 2016).
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