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Abstrakt

Hostitelské organismy vyvinuly fadu antivirovych odpovédi, které rozpoznavaji a potlacuji virovou infekei.
Jednim ze znakt virové infekce je i pfitomnost dvouvlaknové RNA v bunce. Jedna z drah odpovidajicich
na dvouvlaknovou RNA je RNA interference, ktera piedstavuje kliCovou slozku antivirové obrany u
bezobratlych zivocicht a rostlin. Savei vyuzivaji pro obranu pted viry odlisSnou drahu, ktera rozpoznava
dvouvlaknovou RNA, nazyvajici se interferonova odpovéd. RNA interference funguje jen v savcich
oocytech a ranych embryonalnich stadiich, ackoliv potfebné enzymové vybaveni se nachazi ve vSech
somatickych buiikach, protoze je vyuzivano mikroRNA drahou. Pfedchozi studie ukazala, ze funkcnost
RNA interference v mysich oocytech souvisi s pfitomnosti oocytarni isoformy Diceru (Dicer®), jeZ je
zkracena na N-konci. V této praci jsem se zaméfila na zhodnoceni, zda Dicer® zpracovava substraty typické
pro RNA interferenci Gi¢inné&ji neZ nezkracena isoforma Diceru (Dicer®), kterd se nachazi v somatickych
bunkach. Za timto ucelem jsem vyvinula protokol na purifikaci Diceru, abych ziskala obé mysi isoformy
Diceru o vysoké Cistote. Nasledné jsem otestovala jejich aktivitu v neradioaktivni enzymové analyze na
rlznych substratech se strukturnimi prvky charakteristickymi pro substraty RNA interference. Ziskané
vysledky naznacuji, ze rekombinantni Dicer® a Dicer® se nelisi ve zpracovéani dlouhych komplementarnich
duplexti ani ve schopnosti S§t€peni uvniti substratu. Pro vysvétleni ziskanych poznatkd je tfeba dalSich
experimentti, protoze pouzivana neradioaktivni enzymova analyza méla fadu technickych omezeni a
izolované rekombinantni Dicery mély nizkou aktivitu, coz mize byt disledkem ptitomnosti purifika¢nich

znacek na jejich N-konci.

Kli¢ova slova: Dicer, RNA interference, mikroRNA, helikaza, dvouvlaknova RNA, purifikace proteint,

enzymova analyza



Abstract

Host organisms evolved antiviral responses, which can recognize the viral infection and deal with it. One
of the frequent signs of viral infection in a cell is appearance of double-stranded RNA (dsRNA). One of the
pathways responding to dsSRNA is RNA interference (RNA1i), which functions as the key antiviral defence
system in invertebrates and plants. Mammals, however, utilize for antiviral defence a different dsSRNA-
sensing pathway called the interferon response. RNAi functions only in mammalian oocytes and early
embryonal stages although its enzymatic machinery is present in all somatic cells, where it is employed in
the microRNA pathway. A previous study indicated that the functionality of RNAi in mouse oocytes
functions due to an oocyte-specific isoform of protein Dicer (Dicer®), which is truncated at the N-terminus.
In my thesis, I aimed to assess whether Dicer® processes RNAi substrates more efficiently in vitro than the
full-length Dicer (Dicer®), which is found in somatic cells. Therefore, I developed Dicer purification
protocol for obtaining both recombinant mouse Dicer isoforms of high purity. I examined their activity in
a non-radioactive cleavage assay using RNA substrates with structural features characteristic of RNAi
substrates. My results suggest that recombinant Dicer® and Dicer® do not differ in processing of long perfect
duplexes or in their ability of performing an internal cleavage. Nevertheless, further experiments are
necessary to explain these results as the non-radioactive cleavage assays suffered from substantial technical
limitations and the reduced activity of recombinant Dicers, which might be a consequence of the affinity

tags at the N-terminus.
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1 Introduction

1.1 Small RNA pathways

Gene expression is regulated both transcriptionally and post-transcriptionally. In eukaryotes, a
new level of gene regulation appeared in the form of post-transcriptional regulation mediated by small
RNAs. In this regulation, 20-30nucleotide (nt) long RNAs associated with a member of the Argonaute
protein family form the core of an effector complex and elicit sequence-specific repression of target
mRNAs. There are several small RNA pathways in eukaryotes including RNA interference (RNAi), the
microRNA (miRNA) pathway and the piwi RNA (piRNA) pathway. The miRNA pathway and RNAi
will be discussed further in more detail because they were in the focus of my work.

Small RNA pathways play a fundamental role in regulation of the transcriptome, in genome
integrity maintenance as well as in antiviral defence. As the latter two functions are under considerable
selection due to continuous pathogen-host arms race, diversity evolved in these pathways. Consequently,
these pathways differ considerably among organisms. Definitions of small RNA pathways are, therefore,
somewhat arbitrary and vary according to authors. For the purpose of this thesis, I will use the term
miRNA pathway for a pathway controlling expression of endogenous genes through small RNAs
encoded in the genome and having a short hairpin intermediate. The term RNA1 denotes a sequence-

specific RNA degradation initiated by long double-stranded RNA (dsRNA) (Fire et al, 1998).

1.1.1 The miRNA pathway

The miRNA pathway (reviewed for example in Ameres & Zamore, 2013; Ha & Kim, 2014)
regulates protein-coding genes at the post-transcriptional level. Majority of miRNAs and their targets
are coded in the nuclear genome. There are exceptions to this rule represented by virus-encoded miRNAs
and mRNAs. The exceptions can be attributed to the adaptation of the parasite to its host; the virus-
encoded miRNAs contribute to viral strategies to increase efficiency of viral replication through
regulating the host gene expression via its own pathways.

A canonical miRNA is genome-encoded as a dedicated gene or a miRNA precursor is hosted in
a protein coding gene (Rodriguez et al, 2004) (Fig. 1). In both cases, it is transcribed with RNA
polymerase II giving rise to a primary miRNA (pri-miRNA) transcript (Cai et al, 2004; Lee et al, 2004a).
A pri-miRNA contains one or several internal hairpins carrying miRNAs (Lagos-Quintana et al, 2001;
Lee et al, 2002). The internal hairpin is processed in the nucleus by the Microprocessor complex (Denli
et al, 2004; Gregory et al, 2004). In case of an intronic pri-miRNA, processing is independent on the
splicing machinery (Kim & Kim, 2007). The mammalian Microprocessor complex comprises of Drosha
and DiGeorge syndrome critical region 8 (DGCR®8) (Gregory et al, 2004). DGCRS is known as Pasha
in other animals like Drosophila or Caenorhabditis elegans (Denli et al, 2004). DGCRS is a dsRNA
binding protein that recruits and positions Drosha on a pri-miRNA (Gregory et al, 2004; Han et al, 2004;



Han et al, 2006; Landthaler et al, 2004). Drosha is a ribonuclease (RNase) III enzyme, which cleaves a

pri-miRNA into a precursor miRNA (pre-miRNA), a short hairpin about 60-70 nt long with a 2nt

pri-miRNA
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Fig. 1: The miRNA pathway. Adapted from
Svoboda, 2014.
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overhang at the 3’end and a phosphate at 5’end
(Lee et al, 2003). These characteristics are
important for both export from the nucleus and
subsequent Dicer processing. A pre-miRNA is
recognized by Exportin 5 (known as Ranbp21 in
flies), which in complex with Ran-GTP binds a
short dsRNA with a 3‘end overhang and
facilitates its transport from the nucleus
(Bohnsack et al, 2004; Lund et al, 2004; Okada
et al, 2009). Upon GTP hydrolysis, the complex
dissociates and Exportin 5 releases a pre-
miRNA into the cytoplasm. In the cytoplasm, a
pre-miRNA is bound and processed by Dicer, a
multidomain protein whose two RNase III
domains cleave a pre-miRNA into a miRNA
duplex, a ~20base pair (bp) dsSRNA with 3’end
2nt overhangs and phosphates at S5°‘ends
(Bernstein et al, 2001; Grishok et al, 2001;
Hutvagner et al, 2001). A miRNA duplex is then
loaded onto a member of Argonaute (Ago)
family of proteins forming a core of the RNA-
induced silencing complex (RISC) (Hammond
et al, 2001). One strand of a miRNA duplex,
called a passenger strand, is discarded
(Kawamata et al, 2009). The other strand,
named either a guide strand or a miRNA,
navigates Ago proteins to target mRNAs. Then
the target mRNA is translationally repressed
and/or destabilized (reviewed in detail in Jonas
& Izaurralde, 2015).

A typical miRNA in Metazoa is only
partially complementary to its target mRNAs
(reviewed in Bartel, 2009). The part pairing to
the mRNA and, thus, sufficient for target

recognition is called “seed” sequence. The seed



sequence is 6-8 nt long and it is localized at the 5’end of a miRNA. miRNAs of the same seed sequence
are grouped into miRNA families, whose members might be to a significant extent redundant (Miska et
al, 2007).

The origins and evolution of the miRNA pathway are somewhat enigmatic. Although the
miRNAs are found in many species across plants and Metazoa, miRNAs of these two lineages differ
from each other substantially (reviewed in Axtell et al, 2011). Unlike animal miRNAs, biogenesis of
plant miRNAs takes place entirely in the nucleus and does not involve any homolog of Drosha (Park et
al, 2005). Moreover, plant miRNAs are complementary with their targets to the higher extent (Llave et
al, 2002; Tang et al, 2003) and typically have a smaller set of functional targets in comparison with
animal miRNAs (Addo-Quaye et al, 2008). Therefore, there are two alternative models for miRNA
pathway origins. The miRNA pathway might have emerged from an ancient RNA1 twice independently,
in the ancestor of Metazoa and in the plant lineage (Jones-Rhoades et al, 2006). Alternatively, the
common ancestor of those two lineages already had the miRNA pathway and its diversity is a
consequence of lineage-specific evolutionary requirements (Axtell et al, 2011).

The miRNA pathway regulates a wide range of essential cellular processes such as proliferation,
differentiation and apoptosis. Approximately 60% of mammalian mRNAs contains a conserved miRNA
binding site, which illustrates the extent of the miRNA pathway (Friedman et al, 2009). Therefore, it is
not surprising that miRNA misregulation is associated with several diseases, most importantly with

cancer (reviewed in Lin & Gregory, 2015; Sayed & Abdellatif, 2011).

1.1.2 RNAIi

Originally, RNAI has been defined as a mechanism in which long dsRNAs triggers sequence
specific degradation of complementary RNAs (Fire et al, 1998). Although some authors use the term
more broadly for small RNA pathways, I will use it in its original sense.

RNAI is initiated by processing of a long dsRNA into ~22nt RNA duplexes, which guide
degradation of complementary RNAs. A long dsRNA in the cell might come from several sources, e.g.
a transcription of repetitive gene loci (Aravin et al, 2001), a bidirectional transcription or transcription
of genes with inverted repeats (Sijen & Plasterk, 2003; Watanabe et al, 2008). Apart from endogenous
dsRNAs, a viral infection is frequently accompanied by presence of long dsRNAs, either from
replication of RNA viruses or from bidirectional transcription of DNA viruses (reviewed in Kumar &

Carmichael, 1998). In all these cases, a dSRNA contains a long stretch of perfect complementarity
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together with different types of termini, either blunt,
with long single-stranded overhangs or with a loop of
a variable length (Fig. 2). A long dsRNA is processed
by Dicer into 22nt RNA duplexes named short
interfering RNAs (siRNA) (Bernstein et al, 2001)
(Fig. 3). A siRNA is loaded onto Ago protein of the
RISC complex and a passenger strand is removed
(Leuschner et al, 2006; Matranga et al, 2005; Rand et
al, 2005). A guide strand becomes a part of the RISC
complex determining cognate RNAs. If a guide strand
is in a complex with a catalytically active Ago protein,
a perfect or near-perfect complementarity between the
guide strand and a cognate RNA directs cleavage of
the cognate RNA (Hutvagner & Zamore, 2002). The
Ago protein cleaves a target RNA across the bond
between the tenth and eleventh nucleotides of the
guide strand when counting from its 5’end (Elbashir
et al, 2001).

The RNAI plays different biological roles in
different organisms. From an evolutionary
perspective, its antiviral rtole 1is retained in

invertebrates, plants and many other organisms.

1.1.3 Interplay between the miRNA pathway
and RNAI in different animals

As mentioned earlier, the RNA1 and miRNA
pathways share a common concept; a small RNA

generated by Dicer is loaded as a guide on an

Transcription of repetitive gene loci

)Imf
Transcription of inverted repeats

#

~

Bidirectional transcription

Viral replication

Fig. 2: Substrates of RNAi. A schematic
representation of different sources of RNAi
substrates in a cell. Note that the origin of a
RNAI substrate determines the structure of
its ends. Adapted from Svoboda, 2014.

Argonaute protein, which executes the response. However, organisms differ as to what extent they

separate the protein machinery carrying out small RNA biogenesis as well as subsequent target

recognition and repression.

In Drosophila melanogaster, the RNAi and the miRNA pathway are mechanistically separated,;

each pathway has its dedicated protein components. Pre-miRNAs are cleaved by Dicer-1 (Dcr-1) and

long dsRNAs are processed by Dicer-2 (Dcr-2) (Lee et al, 2004b). Generated miRNA duplexes and

siRNAs are then handed over to Ago-1 and Ago-2, respectively (Hammond et al, 2001; Okamura et al,

2004). Interestingly, this partitioning does not depend on Dicer that generated the small RNA duplexes,

but on their structure as miRNA duplexes typically have mismatches in central regions, whereas siRNAs

tend to be perfectly complementary (Tomari et al, 2007). Accordingly, there are exceptions to the rule,
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“"”””””“””"”””“”””””"l which can cross the imaginary barrier between the

dsRNA two pathways such as miR-277/miR-277*, which
have an atypical secondary structure (Forstemann

et al, 2007). In the specific situation of D.

melanogaster where RNAi forms an antiviral
defence, the mechanistic separation seems to be
highly advantageous as the endogenous substrates
do not occupy the antiviral pathway. This enables
siRNA to accommodate conflicting evolutionary forces
put on the pathways; RNAi should be flexible to
cope readily with the pathogen-host arm race,

whereas the miRNA pathway should be more

Ago conserved as it controls a wide range of
LTI developmental processes.
’ Although both D. melanogaster Dicers

Rlsc cleave short hairpins as well as long dsRNA
substrates in vitro (Bernstein et al, 2001; Cenik et
al, 2011; Liu et al, 2003), this versatility is disabled

AAAAA in vivo by several mechanisms.

cleavage of mMRNA

by catalytically Ago
active Ago

» LLLLLALLLELIIN

First, it is believed that efficient processing
Fig. 3: RNAL Adapted from Svoboda, 2014. of long dsRNA is connected with the processivity
of Dicer as it performs several cleavages on a bound substrate without dissociation. Dcr-2 activity is
stimulated in the presence of ATP indicating that there is a domain with ATPase activity, which
increases the processing efficiency (Bernstein et al, 2001). In fact, Dcr-2 contains a domain with a
putative helicase function, the N-terminal helicase, having all conserved motifs of functional helicases.
However, the mechanism by which the helicase domain would increase Dicer activity is still elusive. As
Dcr-1 has a poorly conserved N-terminal portion of the helicase, it compromises it for efficient
processing of long dsRNA. In any case, the helicase of Dcr-1 binds the terminal loop of a pre-miRNA,
which enhances pre-miRNA processing independently on ATP (Tsutsumi et al, 2011).

Second, each Drosophila’s Dicer associates with one or more distinct dsSRNA binding proteins
(dsRBPs), which make the separation of Dicers’ functions even stricter. Dcr-1 associates with
Loquacious (Logs) proteins, namely Logs-PA and Logs-PB isoforms, which are required for processing
of pre-miRNAs (Forstemann et al, 2005), whereas R2D2 restricts Dcr-2 activity to endogenous
precursors of siRNAs and viral dsRNAs (Cenik et al, 2011).

In C. elegans, small RNA pathways are complex because C. elegans genome encodes one Dicer
gene, 27 Argonautes and 3 RNA-dependent RNA polymerases (RdRp) (reviewed in Ketting, 2011);

some members of the latter group play role in amplification of a substrate for a more efficient repression
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of complementary RNAs. Due to emergence of numerous new players, the conventional differentiation
on the miRNA pathway and RNAI is blurred and several other pathways emerge instead. Nevertheless,
bearing in mind certain simplification, I will still use the terms RNAi and the miRNA pathway in C.
elegans for the purpose of my thesis.

In C. elegans, there is a partial separation of the protein machinery between the miRNA pathway
and RNAI. They share Dicer expressed from a single locus, which however gives rise to two Dicer
isoforms post-translationally; the full-length Dicer (DCR-1) is cleaved by yet unknown protease behind
the Piwi Argonaute Zwille (PAZ) domain and the arisen C-terminal fragment, small DCR-1 (sDCR-1),
is catalytically active (Sawh & Duchaine, 2013). The functions of two Dicer isoforms overlap to some
degree (Sawh & Duchaine, 2013). DCR-1 processes long dsRNAs, substrates of RNAI, as well as pre-
miRNAs (Ketting et al, 2001). DCR-1 shows a stimulation in activity in ATP presence (Ketting et al,
2001), which is in agreement with its domain architecture as it contains an intact helicase. sSDCR-1 is
believed to be capable of more efficient processing of RNAi substrates, although the mechanistic insight
into its processing is still missing (Sawh & Duchaine, 2013). The truncated Dicer isoform appears in the
later stages of the development (Sawh & Duchaine, 2013); the timing of its appearance could be
correlative of the switch between necessity for the functional miRNA pathway in the early stages when
it regulates development and RNAi in later stages when the development is almost finished and
reinforcement of antiviral defence is of higher importance (Sawh & Duchaine, 2013). Following Dicer
processing, small RNAs are sorted into pathway-specific Ago proteins according to their
complementarity similarly to Drosophila; miRNA duplexes associate with Argonaute-like (ALG)-1 and
ALG-2 and siRNAs associate with RNAi-Defective 1 (RDE-1) (Jannot et al, 2008; Steiner et al, 2007).

In mammals, RNAi and the miRNA pathway differ by their substrate structure and origin, while
they share the same protein machinery from Dicer onwards. Once a ~22nt small RNA duplex is
generated by Dicer, the pathways essentially merge because a small RNA can be loaded on any AGO
protein (Yoda et al, 2010). Subsequently, the response triggered by the RISC complex depends on an
AGQO protein and on the level of complementarity between a small RNA and a target RNA (Doench et
al, 2003; Hutvagner & Zamore, 2002). If the small RNA is perfectly complementary to a target RNA
and it is bound to AGO2, the only mammalian AGO protein that is catalytically active (Liu et al, 2004;
Meister et al, 2004), then the target RNA is cleaved (Hutvagner & Zamore, 2002; Liu et al, 2004; Meister
et al, 2004). If the small RNA is only partially complementary or it is bound to other AGO protein than
AGO2, then the target RNA is translationally repressed and destined for degradation (Doench et al,
2003; Meister et al, 2004).

In mammals, the RNAi1 and the miRNA pathway are essential in different developmental stages
and tissues of the adult organism. The miRNA pathway is the dominant RNA silencing pathway in
somatic cells, where it plays an essential role in a wide array of cellular processes as is documented on
the phenotypes of conditional knockouts of principal components of miRNA protein machinery or

miRNAs itself in various tissues (reviewed in Sayed & Abdellatif, 2011). On the other hand, the miRNA
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pathway is non-essential for oocyte growth and early development, although several miRNAs are
present (Ma et al, 2010; Suh et al, 2010). Mouse oocytes lacking DGCRS are capable of ovulation,
fertilization, zygotic transition and they reach a blastocyst stage without any phenotype or pronounced
change in transcriptome (Suh et al, 2010). Nevertheless, the full Dgcr8 knockout is embryonically lethal;
the knockout embryos are resorbed after the 6.5 day stage, which is indicative of the functional
requirement for the miRNA pathway in later embryonic stages (Wang et al, 2007).

RNAI seems to play only a minor, if any, role in somatic cells, as shown on the example of cell
lines transfected with long RNA hairpins, which give rise to negligible amount of siRNAs, although the
necessary machinery is present (Nejepinska et al, 2012). However, RNAI is present in oocytes as shown
in several mammalian species by processing of artificially introduced dsRNAs (Anger et al, 2004;
Svoboda et al, 2000; Wianny & Zernicka-Goetz, 2000). The capacity of RNAi to trigger sequence
specific degradation upon presence of long dsRNAs lasts until blastocyst stage (Wianny & Zernicka-
Goetz, 2000). Furthermore, there is a population of endogenous siRNAs found in mouse oocytes, which
is derived from the transposable elements (Tam et al, 2008; Watanabe et al, 2008). In addition, RNA is
essential for the normal development of mouse oocytes as oocyte-specific Dicer knockout shows severe
meiotic spindle defects in oocytes resulting in female infertility (Murchison et al, 2007; Tang et al,
2007); the precise molecular mechanism behind the phenotype has not been elucidated yet.

The apparent inefficiency of RNAI in somatic cells might be explained by emergence of a new
pathway in vertebrates responsible for the antiviral defence in a cell, known as the interferon response
(reviewed in Cullen et al, 2013; Svoboda, 2014). Unlike RNAI, the interferon response triggers
systemic, complex and sequence independent response upon the presence of dsSRNAs in a cell, which
could represent products of viral infection (reviewed in Gantier & Williams, 2007). It is possible that
the coexistence of two functional antiviral defence pathways might make the overall antiviral response
less effective than when only one pathway is in charge leading to RNAi suppression in vertebrate

evolution (personal communication with Petr Svoboda).

1.2 Dicer

As described above, Dicer is the central enzyme of two small RNA pathways, RNAi and the
miRNA pathway. These pathways differ between themselves in the structure of their substrates, which
are cleaved by Dicer. The evolution coped with such difference in substrate structure in several ways,
which we can see in different organisms, while the typical mode of Dicer cleavage remained preserved.
The Dicer substrates are processed from their termini (Zhang et al, 2002; Zhang et al, 2004). The precise
length of a product is determined by the domain arrangement within Dicer as it corresponds to the
distance between the PAZ domain binding the terminus of a substrate and the processing centre made
of the RNase III domains cleaving the substrate (MacRae et al, 2007; MacRae et al, 2006).

The canonical domain architecture of metazoan Dicer comprises of the N-terminal helicase, the

domain of unknown function 283 (DUF283), the PAZ domain, two RNase III domains and the dsSRNA
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binding domain (dsRBD). The helicase comprises the HEL1, the HEL2 and the HEL2i domains (Section
1.3) (Fig. 3A). Beside these canonical proteins, animals can contain other isoforms originating from
separate genes, from the same gene by transcription from an alternative promotor or by proteolytic
cleavage of Dicer (Flemr et al, 2013; Lee et al, 2004b; Sawh & Duchaine, 2013).

As revealed by cryo-electron microscopy, Dicer with the canonical domain architecture has an
L-shaped structure, which can be divided into three regions: a cap, a platform and a branch (Lau et al,
2012; Lau et al, 2009; Taylor et al, 2013) (Fig. 3B). The cap of Dicer is formed by the PAZ domain and
the DUF283 domain (Taylor et al, 2013). The platform comprises of two RNase III domains, dsSRBD
and the HEL1 domain (Lau et al, 2012; Taylor et al, 2013). Finally, the branch of Dicer is formed by
the HEL2 and the HEL2i domains, which together with the HEL 1 domain adopt the shape of a clamp
(Lau et al, 2012; Taylor et al, 2013).
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Fig. 3: Dicer. A A domain architecture of canonical Dicer. B An electron microscopy reconstruction of
mammalian Dicer with marked regions (left panel) and several mapped domains (right panel). The
pictures of Dicer structure are adapted from Taylor et al, 2013.

Dicer requires divalent cations for substrate cleavage, specifically magnesium cations, which
can be replaced by manganese and cobalt cations (Provost et al, 2002; Zhang et al, 2002). The ions are
localized in the active centre of RNase III domains where they participate in cleavage of dsRNA
(MacRae et al, 2006). Their absence in the active centre, caused e.g. by addition of excess of
ethylenediaminetetraacetic acid (EDTA) to the Dicer assay buffer, leads to uncoupling of substrate
binding and cleavage by Dicer (Provost et al, 2002; Zhang et al, 2002). This approach is widely used in
studies focusing on substrate binding especially when substrates with different structural features are
used (e.g. (Taylor et al, 2013)). However, the same result might be achieved when Dicer is incubated

with its substrate at 4°C (Provost et al, 2002; Zhang et al, 2002).
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In general, substrate processing by an enzyme can be divided into three steps: binding of a
substrate, catalysis and a product release. In case of Dicer, this scheme is more complicated because
Dicer has a potential to cleave almost any dsSRNA (Zhang et al, 2002) and it is important to narrow this
ability to only these types of RNA, which are desirable substrates (Ma et al, 2008; Ma et al, 2012). The
individual steps of Dicer substrate processing are discussed in the following sections.

As Dicers from various organisms differ considerably in their substrates and, subsequently, in

their substrate processing, I will focus on mammalian Dicer in the following sections.

1.2.1 Substrate binding

Dicer employs several distinct domains to bind different structural features of its various
substrates. A dsSRNA terminus of a pre-miRNA or a perfect duplex is bound by the PAZ domain
(MacRae et al, 2007). As substrates with blunt ends as well as substrates with overhangs of different
size found on both ends are processed (Bernstein et al, 2001; Park et al, 2011; Vermeulen et al, 2005),
it indicates that there is a space for accommodation of different termini into the PAZ domain.

A dsRNA structure is bound by the Dicer dsRBD. The dsRBD is important for substrate binding
in the absence of the PAZ domain (Ma et al, 2012). However, whether such case ever occurs for the
mammalian Dicer or whether it occurs in case of specific substrates (e.g. with undesirable ends like
those discussed in the paragraph about internal cleavage) remains to be elucidated. However, it is
tempting to suggest, that it contributes to the binding of so called passive substrates, RNA molecules
with stretches of dsSRNA, which represent a majority of Dicer binding sites in the cell in spite of the fact
that they are not cleaved (Rybak-Wolf et al, 2014). Binding by the dsRBD might be important for
substrate processing in case of sSDCR-1 in C. elegans, which lacks the PAZ domain (Sawh & Duchaine,
2013), although it has not been tested yet.

The N-terminal helicase also participates in substrate binding. It binds both, pre-miRNAs and
perfect duplexes, but in a distinct way and with different affinities. The helicase binds a pre-miRNA
with a considerable affinity (Kp = 96 nM) (Ma et al, 2012). The interaction is mediated through the
terminal loop of a pre-miRNA based on the results of cryo-electron microscopy and biochemical assays
(Lau et al, 2009; Liu et al, 2015; Ma et al, 2012; Taylor et al, 2013). Perfect duplexes are bound by the
helicase with lower but measurable affinity (Kp = 476 nM) (Ma et al, 2012). It is unknown what
structural feature of perfect duplex is the target; the possible candidates are a terminus or a stretch of

dsRNA.

1.2.2 Pre-miRNA processing

Although pre-miRNAs do not represent the most abundant Dicer binding sites in a mammalian
cell (Rybak-Wolf et al, 2014), they are a preferred substrate of mammalian Dicer as short hairpins are
processed with high activity under both single-turnover and multiple-turnover conditions when
compared with perfect duplexes (Chakravarthy et al, 2010; Ma et al, 2008; Ma et al, 2012). Pre-miRNA
recognition is mediated by the helicase sensing the terminal loop (Ma et al, 2012; Taylor et al, 2013).
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In general, a wide array of pre-miRNAs is processed efficiently by mammalian Dicer when
tested in vitro (Feng et al, 2012). This finding indicates that Dicer alone does not constitute a bottleneck
of miRNA biogenesis, which would prevent a production of undesirable miRNAs (Feng et al, 2012).
On the contrary, it seems to process pre-miRNAs more or less proportionally to their concentration in a
cell (Feng et al, 2012). Nevertheless, other factors in a cell, which might be expressed only in certain
contexts, might impart selectivity to Dicer.

The observed variation in the efficiency of pre-miRNA processing can be explained by
differences in structural features such as types of ends, the size of the terminal loop, the position of the
terminal loop as well as the extent of complementarity in the stem region of a pre-miRNA (Feng et al,
2012; Park et al, 2011). However, the impact of the enumerated structural features on Dicer processing
cannot be explained simply by difference in binding affinity (Feng et al, 2012) and an additional layer
of regulation seems to be in operation in mammalian Dicer.

A type of end of a pre-miRNA also influences Dicer processing. In general, pre-miRNAs with
a 3’ 2nt overhang are processed by mammalian Dicer more efficiently than blunt-ended pre-miRNAs or
pre-miRNAs with a 5’end overhang, especially when comparing pre-miRNAs derived from one pre-
miRNA species, so that the effect of other structural features remains constant (Feng et al, 2012; Park
etal, 2011).

The size of the terminal loop and its position relative to the dSRNA terminus play a considerable
role in Dicer processing of pre-miRNAs (Feng et al, 2012; Liu et al, 2015)}. There is a positive
correlation between the size of the terminal loop and Dicer activity with ~17nt as the upper limit for the
effect of the terminal loop size (Feng et al, 2012). This finding is of great importance when designing
hairpin expressing vectors for knock-down experiments because a simple increase in the size of the
terminal loop could lead to increased efficiency (Feng et al, 2012). The position of the terminal loop
relative to the dSRNA terminus of a pre-miRNA does not have a considerable effect on Dicer activity if
the stem region is at least 22bp long (Feng et al, 2012). The shorter stem region leads to decrease in
Dicer activity as illustrated on the example of pre-miR-151, where editing of the dSRNA stem region by
dsRNA-specific adenosine deaminase leads to an increase in the terminal loop size at the expense of the
length of the stem region, which reduces the Dicer activity by ~50% (Liu et al, 2015).

Although the data are so far inconclusive, it seems that the extent of complementarity in the
stem region has subtle or no effect on Dicer processing efficiency (Feng et al, 2012; Ma et al, 2012).
Nevertheless, the presence of bulges and asymmetrical internal loops within the stem region leads to
generation of longer miRNA duplexes (Starega-Roslan et al, 2011). The change in length has a great
impact on the seed sequence of the 3’arm derived miRNAs and, subsequently, on their target sets

(Starega-Roslan et al, 2011).
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1.2.3 Pre-siRNA processing

As mentioned above, the majority of endogenous RNAi substrates in mammalian cells
comprises of long perfectly complementary stretch of dSRNA and heterologous termini with one or two
long overhangs. Such substrates require an internal cleavage performed by Dicer to generate two
intermediates with preferred dSRNA termini containing a 3’ 2nt overhang (Zhang et al, 2002). After
that, the intermediates serve as normal Dicer substrates enabling cleavage from the terminus. They bind
to the PAZ domain and are cleaved in several Dicer dependent cleavage rounds generating siRNAs of
different sequence but complementary to original transcripts.

In any case, the ability of mammalian Dicer to perform an internal cleavage remains still
enigmatic. The assay with substrate with 4nt loops instead of free ends shows that Dicer is able to cleave
such substrate (Zhang et al, 2002). The resultant cleavage pattern suggests a possibility, that first internal
cleavage of such substrate is not absolutely random. It seems to occur in certain positions of the substrate
with higher probability, but the actual cleavage might be done within several nucleotides. Therefore,
Dicer might orient itself on the substrate in a non-random way or certain features of the substrate enables
Dicer to initiate the internal cleavage, therefore producing the free ends from which Dicer can further
proceed in usual fashion.

Notwithstanding the character of cellular RNAi substrates, majority of in vitro studies have been
performed with perfect duplexes of 35 bp, which has a 2nt overhangs on 3’ends, in order to avoid
multiple cleavages per substrate in assays (e.g. (Chakravarthy et al, 2010; Ma et al, 2008; Ma et al, 2012;
Taylor et al, 2013)). Nevertheless, it is questionable whether such approach could not lead to
overlooking a yet unobserved, but considerable aspect of Dicer processing.

Dicer cleaves perfect duplexes of 35 bp with 2nt overhangs on 3’end with low activity when
compared to processing of pre-miRNAs under both single-turnover and multiple-turnover conditions
(Chakravarthy et al, 2010; Ma et al, 2008; Ma et al, 2012). Under single-turnover conditions, an enzyme
is in excess over a substrate, which should theoretically lead to only one round of cleavage per enzyme
and the measured cleavage rate should not be, therefore, influenced by the rate of product release. In
case of perfect duplexes, ~30% of initial material has been cleaved after 40 min as opposed to ~90% for
pre-let-7 (Chakravarthy et al, 2010); the exact proportions of cleaved substrate vary according to used
concentration of Dicer and substrates (Ma et al, 2008; Ma et al, 2012). The difference in cleavage rate
is even increased under multiple turnover conditions when substrate is in excess over enzyme, which
enables several rounds of cleavage by the enzyme. The ti,, value, the time necessary for cleavage of a
half of the substrate, is ~15 min for pre-let7 substrate whereas less than 1% of perfect duplexes is
processed in that time (Chakravarthy et al, 2010). Taken together, Dicer is able of multiple turnover
cleavage in case of pre-miRNAs, but not in case of perfect duplexes (Chakravarthy et al, 2010; Ma et
al, 2008).
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1.2.4 Product release

Dicer differs from a scheme of a general enzyme model because it associates with its products
(Chendrimada et al, 2005; Noland et al, 2011; Zhang et al, 2002). In general, an enzyme quickly releases
its product and does not form a stable complex with its product because it would obstruct an initiation
of'a new round of reaction it catalyses. By contrast, Dicer forms a complex with its products. This rather
unusual characteristic has been observed for products of perfect or nearly perfect complementarity,
which typically corresponds to siRNA duplexes (Chendrimada et al, 2005; Noland et al, 2011; Zhang et
al, 2002). It remains to be determined whether mammalian Dicer is capable of stable association with
miRNA duplexes as well. Furthermore, there have been contradictory results regarding the requirement
for TRBP for such interaction. The pivotal biochemical study performed with mammalian Dicer shows
that recombinant Dicer alone forms a complex with its products coming from cleavage of long perfect
duplexes with triphosphate on 5’end as measured by mobility shift (Zhang et al, 2002). More recent
biochemical studies show that the formation of heterodimer comprising of Dicer and TRBP or PACT is
essential for binding of siRNAs, which are presented (Chendrimada et al, 2005; Noland et al, 2011). It
is unclear, whether the absence of substrate processing step might be responsible for the contradictory
results.

As mammalian Dicer was believed to be indispensable for loading of RISC with small RNAs,
its ability to form a complex with its products was explained as a necessary prerequisite for handing the
small RNAs over to an AGO protein (MacRae et al, 2008; Noland et al, 2011). Nevertheless, the recent
studies show, that both TRBP and Dicer are dispensable for loading of small RNAs into RISC as well
as for the subsequent strand selection (Betancur & Tomari, 2012; Kim et al, 2014; Suzuki et al, 2015).
Therefore, it needs to be determined why Dicer, with or without TRBP, forms a complex with its

products at the cost of potential detrimental effect on efficiency of its processing.

1.3 Dicer helicase

The Dicer helicase belongs to a large group of helicases which comprises of both RNA and
DNA helicases. Despite the name of the group, these proteins have a wide range of functions in the cell,
ranging from unwinding dsRNA or dsDNA to facilitating dissociation of proteins from RNA or
stabilization the desired intermediate of multiple-step reactions (reviewed in Jankowsky & Fairman,
2007). Unlike DNA helicases, RNA helicases are in general less processive enzymes because majority
of RNA forms only short stretches of dsRNA, unwinding of which requires only few reaction steps
conducted by RNA helicases. The exception to this rule represents viral RNA helicases. Most RNA
helicases require ATP for their activity.

Based on structural, functional and sequence comparison, helicases are divided into five or six
superfamilies (SF) depending on author-adopted classification (Gorbalenya & Koonin, 1993; Singleton
et al, 2007). SF1 and SF2 represent the largest superfamilies, which are further divided into several

families and groups (Fairman-Williams et al, 2010). Dicer helicase belongs to retinoic acid-inducible
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gene 1 (RIG-I)-like helicases, a family of the SF2 helicases (Zou et al, 2009). SF1 and SF2 (reviewed
in Fairman-Williams et al, 2010) share a structural conservation of the catalytic core together with
several conserved motifs. However, the sequence conservation is higher within each superfamily than
between.

The typical structure of an SF2 helicase (reviewed in Fairman-Williams et al, 2010) comprises
of two highly similar and tandemly arranged domains, which have so called RecA-like folds named after
RecA protein. These domains are connected with a flexible linker and form an overall structure
resembling a crayfish claw, each domain comprising one half of the claw. A substrate RNA is inserted
into the cleft between the two halves of the claw, which is in agreement with the position of conserved
motifs responsible for NTP binding, hydrolysis of NTP and substrate binding as they are placed on the
surface facing the cleft between the domains. Such arrangement of conserved motifs indicates that both
domains are necessary for unwinding. Nevertheless, it is possible, that non-canonical function might not
require the presence of both domains.

The HEL1 domain contains several conserved motifs. Motif I and motif II are also known as
Walker A NTP-binding motif and Walker B NTP-binding motif, respectively. They are responsible for
binding of NTPs. The occurrence of these motifs is not confined to RNA helicases, but to proteins
requiring NTP hydrolysis for their action in general. Motif Ia binds sugar-phosphate backbone of RNA
substrate. The HEL2 domain contains motifs responsible for substrate binding (motif IV and V) and
NTP binding (motif VI). The linker between the Hell and the Hel2 domains contains motif 111, which
is responsible for coupling NTP hydrolysis with the helicase unwinding activity.

In contrast to other SF2 helicases, RIG-I-like helicases have an additional domain called the
HEL2i domain, which is inserted inside the HEL2 domain as is apparent from crystal structures
(Kowalinski et al, 2011; Luo et al, 2011). In RIG-I, this domain interacts with dSRNA (Kowalinski et
al, 2011; Luo et al, 2011) and this interaction seems to be preserved amongst different proteins from this
family, as there is rather high sequence conservation of this domain between different members of the
family (Luo et al, 2011). In addition, the Hel2i domain seems to provide an interface for evolution of
protein-protein interactions without the necessity to meddle with conserved helicase catalytic core; e.g.
the HEL2i domain of mammalian Dicer binds the third dSRBD domain of TRBP (Wilson et al, 2015).

The crystal structure of RIG-I indicates that RIG-I is unable of dsSRNA unwinding activity.
There are two mechanistic models describing unwinding activity in RNA helicases. In the model of local
strand separation, RNA helicase binds dsRNA so that it distorts the A-helical structure of dsSRNA, which
promotes the subsequent strand dissociation (Yang et al, 2007). In the second model, a helicase
translocate along a dsSRNA and the unwinding is performed by specific f-hairpin motif, which bisects
the dsRNA (Gu & Rice, 2010; Lam et al, 2003). Nevertheless, the binding of RIG-I to a dsSRNA does
not distort A-form conformation of a dSRNA and the B-hairpin motif necessary for unwinding is absent

in RIG-I (Jiang et al, 2011; Kowalinski et al, 2011; Luo et al, 2011).
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1.3.1 Roles of the Dicer helicase

Dicer helicase is not required for Dicer substrate cleavage in the strict sense because it is absent
or mutated in Dicers of various species which are still capable of dSRNA cleavage, e.g. Dicer of Giardia
intestinalis lacks the entire helicase, but its overexpression in Schizosaccharomyces pombe Dicer delete
restores impaired RNAi (MacRae et al, 2006). Moreover, the Dicer helicase lacks a uniform role in the
rest of eukaryotic Dicer, which have the helicase, but seems to adopt functions, which enable a rather
highly conserved Dicer to adapt to various substrates specific for different pathways. These functions
involve induction of processivity and restriction of substrate specificity (Bernstein et al, 2001; Kidwell
et al, 2014; Ma et al, 2008).

As mentioned above, the helicase stimulates Dicer processing of long dsSRNA at the expense of
ATP (Bernstein et al, 2001). This ATP dependent stimulation is found in Dicers, which participates in
RNAI by processing long dsRNA, such as D. melanogaster Dcr-2 or C. elegans DCR-1 (Ketting et al,
2001; Lee et al, 2004b). Although the mechanistic understanding of this ability is still missing, the
proposed explanations are that the helicase might drives Dicer translocation along a long dsRNA or that
it can help to rearrange a substrate to a conformation more suitable for cleavage (Bernstein et al, 2001;
Hutvagner & Zamore, 2002; Nykanen et al, 2001).

The helicase restricts substrate specificity in D. melanogaster Dcr-1 and mammalian Dicer; the
mechanisms behind its function differ between the two Dicers (Ma et al, 2008; Ma et al, 2012; Tsutsumi
et al, 2011). In Drosophila Dcr-1, the regulatory role of the helicase is facilitated through higher affinity
of Dicer to a ssRNA, represented by the terminal loop of pre-miRNA (Tsutsumi et al, 2011).
Consequently, the higher binding affinity leads to higher activity of pre-miRNA processing by Dcr-1
(Tsutsumi et al, 2011). The efficient binding by the helicase requires the terminal loop and the stem
region of certain size; any deviation from this rule leads to decrease in Dcr-1 processing (Tsutsumi et
al, 2011). Similarly, in vitro deletion of the entire helicase or one of its domains results in impaired Der-
1 processing of pre-miRNAs (Tsutsumi et al, 2011).

The helicase of mammalian Dicer restricts processing of undesirable substrates, which seems to
be everything except of pre-miRNAs (Chakravarthy et al, 2010). In contrast to Drosophila Dcr-1, the in
vitro deletion of mammalian Dicer helicase results in increased Dicer processing of both pre-miRNAs
and perfect duplexes (Ma et al, 2008; Ma et al, 2012). Nevertheless, the increase is only mild in case of
pre-miRNAs relative to the dramatic change in cleavage rate of perfect duplexes (Ma et al, 2008; Ma et
al, 2012). It has been shown that the increase in Dicer processing of perfect duplexes upon the helicase
deletion is attributed mainly to the pronounced change in keu, the catalytic constant for substrate
conversion to product, rather than K, the Michaelis constant, or Kp (Ma et al, 2008). It indicates, that
the effect of the deletion can be explained by increase in speed of catalysis, whereas affinity of the
enzyme toward substrate seems to influence the resultant increase only mildly (Ma et al, 2008).

The intriguing behaviour of the helicase of mammalian Dicer has been explained by several

mechanistic models. The findings from the biochemical studies support model, in which the helicase
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operate as a switch. It forces Dicer into a less active conformation (Ma et al, 2008; Ma et al, 2012). The
helicase relieves its coercion only when the proper substrate, pre-miRNA, is bound, which switches
Dicer into an active conformation (Ma et al, 2008; Ma et al, 2012). Upon helicase deletion, the Dicer
stays in the active conformation more often which leads to the increase in Dicer activity for both pre-
miRNAs and perfect duplexes (Ma et al, 2008; Ma et al, 2012).

More recent model compares the helicase of mammalian Dicer to a trap, which is in agreement
with data obtained by electron microscopy as well as with biochemical data (Ma et al, 2008; Ma et al,
2012; Taylor et al, 2013). In this model the helicase restricts Dicer processing of undesirable substrates
by trapping them into a non-productive conformation (Taylor et al, 2013). The Dicer helicase changes
the conformation upon dsRNA binding (Lau et al, 2012; Taylor et al, 2013) (Fig. 4). Interestingly, this
conformational change is different depending on the substrate used. In case of pre-miRNA, Dicer forms
a more open structure with a branch representing the helicase bending away from the platform when
compared to the structure of apo-Dicer (Taylor et al, 2013). This movement is accompanied by the
extension of the branch (Taylor et al, 2013). The percentage of opened Dicer particles as well as the
processing activity of the protein seems to increase with the size of the terminal loop (Taylor et al, 2013).
Furthermore, an additional mass appears near the platform of Dicer, which is interpreted as a bound pre-
miRNA (Taylor et al, 2013). By contrast, Dicer undergoes an opposite conformational change upon
binding perfect duplexes. The helicase bends toward the Dicer platform and compacts (Taylor et al,
2013). An additional rod-like structure appears bound to the PAZ domain and the helicase in a way that
it is not in contact with the platform, a part which is predicted to hold processing centre of RNase 111
domains (Taylor et al, 2013). Therefore, perfect duplexes are trapped in the conformation, which does
not allow Dicer cleavage, thus explaining low efficiency of Dicer processing in biochemical assays

(Taylor et al, 2013).

A

165 & 165 A

a0 A, 190 A

Fig. 4: Differential binding of substrates by mammalian Dicer. A,B Cryo-electron microscopy
reconstructions of mammalian Dicer bound to a pre-miRNA (in red) (A) or a perfect duplex (in purple)
(B). Adapted from Taylor et al, 2013.
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It is important to note that although majority of Dicer particles with bound perfect duplex forms
a closed conformation preventing Dicer cleavage, the rest remains either unchanged or undergoes a
conformational change similar to the one performed by Dicer bound to a pre-miRNA (Taylor et al,
2013). It is tempting to suggest that this conformational diversity explains the finding that a tiny fraction
of perfect duplexes is cleaved by Dicer, whereas majority stays trapped under multiple-turnover

conditions (Chakravarthy et al, 2010; Ma et al, 2008).

1.3.2 A restoration of mammalian Dicer ability to process RNAi substrates

The role of the helicase in restricting mammalian Dicer to processing of pre-miRNAs indicates
a simple way to extend Dicer substrate specificity when in need by its context dependent omission.
Interestingly, this alternative way of overcoming selective substrate processing of mammalian Dicer has
been partially employed only in oocytes of species inside the Muridae family (Flemr et al, 2013), which
are represented by the mouse model.

In mouse oocytes, the transcription starting from an alternative promoter of retrotransposon
origin within Dicer gene gives rise to an N-terminally truncated Dicer isoform (Dicer®) lacking the
HEL1 domain (Flemr et al, 2013). As the retrotransposon-derived promoters are active only in oocytes,
the Dicer® transcript level drops rapidly in a two-cell embryo (Flemr et al, 2013). Nevertheless, the
change in the transcript level might not correspond with protein level and Dicer® might linger in the
embryo longer (Flemr et al, 2013). Interestingly, Dicer® is expressed in oocytes as well, although it
represents only a small fraction of total Dicer present in oocytes (Flemr et al, 2013).

Dicer® is essential for oocyte development (Flemr et al, 2013). The specific Dicer® knock-out,
generated by deletion of the alternative promoter, leads to female sterility accompanied by serious
spindle defects and chromosome misalignments in oocytes (Flemr et al, 2013), phenotypes normally
associated with Dicer knockout in oocytes (Murchison et al, 2007; Tang et al, 2007). Moreover, the
absence of Dicer® results in substantial increase in levels of transcripts from transposable elements in
oocytes (Flemr et al, 2013). Interestingly, the deletion of DicerO does not substantially influence levels
of miRNAs (Flemr et al, 2013).

The characterization of Dicer® outside of oocytes showed that Dicer® is more active and has
wider substrate specificity in vivo when compared to Dicer® (Flemr et al, 2013). The Dicer® ectopic
expression in ESC without functional Dicer leads to the production of endo-siRNA from several internal
hairpins and a dsRNA generated by a bidirectional transcription, which is not observed in case of Dicer®
overexpression (Flemr et al, 2013). The difference in Dicer® and Dicer® siRNA production even
increases, when an additional Dicer substrate in form of long hairpin with long flanking ends is
introduced into the cell (Flemr et al, 2013). Taken together, the deletion of the HEL1 domain seems to
have similar effect on Dicer processing of RNAi substrates in vivo as the deletion of the entire helicase

(Flemr et al, 2013).
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The in vitro fluorescent dicing assay showed that Dicer® processes a short fluorescently labelled
dsRNA of 28bp with 2nt overhang with higher activity than Dicer® (Flemr et al, 2013). Nevertheless, in
vitro cleavage assays with wider range of RNAI substrates are necessary to understand the difference

between Dicer® and Dicer® and the impact of Dicer® on the functionality of RNAi in oocytes.
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2 Aims of the thesis

The main aim of my thesis was to examine whether Dicer®, a new Dicer isoform produced specifically
in mouse oocytes, differs from ubiquitously expressed Dicer® in processing of various substrates.

Achieving this aim involved two main tasks:

e Purification of Dicer protein isoforms at high purity and integrity

e Testing substrate processing by mouse Dicer isoforms using a non-radioactive cleavage assay
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3 Material and Methods

3.1 Preparation of Dicer expression vectors

3.1.1 Ligation
Typically, 250 ng of a linearized dephosphorylated plasmid was ligated with an insert in a molar
ratio 1:1 and 1:3 using 2.5 U of T4 DNA ligase (Thermo Scientific). The ligation reactions were

incubated at room temperature for 30 min.

3.1.2 Chemical transformation

One vial containing 50 pl of TOP10 chemically competent Escherichia coli cells was thawed
on ice and 3 pl of a ligation reaction was added. The cells were mixed by few gentle taps on the
microtube and incubated on ice for 30 min. The microtube with cells was placed in a mixing block
preheated to 42°C, incubated there for 45 s and quickly transferred to a container with ice for 2 min. 250
pl Lysogeny-broth (LB) medium was added to the cells and the cells were incubated vigorously shaking
at 37°C for 1 h. Then the cells were spread on an LB agar plate with ampicillin (100 pg/ml). The agar

plate was incubated at 37°C overnight.

3.1.3 Preparation of the pFastBacmf-nHisMyc plasmid

To generate a pFastBac plasmid with encoding a 6xHis-tag, a Myc-tag, a Tobacco Etch Virus nuclear-
inclusion-a endopeptidase (TEV protease) cleavage site together with start and stop codons, synthesized
oligonucleotides were annealed and completed in a PCR cycler (PCR programme: 94°C-4:00, 35x
[94°C-0:30, 60°C-0:45, 72°C-1:00], 72°C-5:00) according to the previously published protocol (Yang
& Sharan, 2003).

N-tagA 5’-CAAGGATCCACCATGGTACATCACCATCACCATCACAATCTCGAGCACG
GTGAACAAAAACTTATTTCTGAAGAAGATCTGCGTCTCGAGGCAGAAAACC-3
N-tagB 5’-TTGAAGCTTAGCGGCCGCCTGCGTCGACGCCCTGAAAATACAGGTTTTC

TGCCTCGAGACGCAGATCTTCTTCAGAAATAAGTTTTTGTTCACCGTGCTC-3’

The PCR product was ligated into pJET1.2. The pJET1.2 plasmid with insert was cut with BamHI and
HindIIl generating the restriction fragment encoding N-tag, which was inserted into an empty
pFastBacmf plasmid with modified multiple cloning site (as described in Flemr, 2013) linearized with

BamHI and HindIII.

3.1.4 Preparation of the pFastBacmf-nHisMyc+DicerS© plasmids

In order to make the coding region of Dicer isoforms compatible with the backbones of other
plasmids in the lab, stop and start codons were deleted and Sall and NotlI restriction sites were introduced
into the Dicer coding region at a cost of addition of several amino acid residues at the N- and the C-

terminus of Dicer® and Dicer®. Expression vectors with Dicer® and Dicer® cDNA were kindly provided
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by Matyas Flemr. The start and stop codons were deleted and replaced with Sall and Notl restriction
sites, respectively, by PCR (PCR programme: 95°C-3:30, 15x [95°C-0:30, 58°C-0:45, 68°C-7:00],
68°C-15:00) with Q5 High Fidelity DNA polymerase (Thermo Scientific) using the primers:

mDcrO-Fwd_SalldelATG 5’-CAGTCGACAGCCGTGATACAGAAGTATACAC-3’
mDerS-Fwd_SalldelATG 5’-GTGTCGACGCAGGCCTGCAGCTCATGACCCC-3°
mDcr Rev_Notl delSTOP 5’-GTGCGGCCGCTGTTAGGAACCTGAGGCTGG-3’

The PCR products were cloned into a pJET1.2 vector, the corresponding plasmids were isolated from
the selected positive colonies and digested with Sall and Notl to obtain inserts with Dicer® and Dicer®
c¢DNAs. Dicer cDNA contains an internal Sall restriction site, thus the insertion of Dicer® and Dicer’
was performed in two rounds. In the first round, the fragment encoding the C-terminal part common to
both Dicer isoforms was inserted into the pFastBacmf-nHisMyc using Sall and Notl cleavage sites. In
the second round, the generated plasmid with C-terminal part of Dicer was linearized with Sall and the
remaining fragments encoding N-terminal part of Dicer® or Dicer® were inserted. The colonies were
screened so that only positive colonies with N-terminal part of Dicer® or Dicer® in a proper orientation

generated PCR product. The Dicer sequence was confirmed by sequencing.

3.1.5 Preparation of the pFastBacmf-nHisMyc+DicerS+cFlagGST plasmid
(prepared by and Radek Malik)

Preparation of the Dicer® construct with N-terminal 6xHis-tag, Myc-tag and C-terminal
3xFLAG-tag and Glutathione S-transferase (GST) removable with TEV preotease comprised three
rounds. In the first round, synthesized oligonucleotides containing 3x FLAG-tag were annealed and
generated dsRNA insert was ligated into pFastBacmf with C-terminal placed 6xHis-tag and Myc-tag
(not described in the thesis, digested with Xhol), yielding pFastBacmf-cFlag.

Flag A 5-TCGACGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTG
ATTACAAAGACGATGACGATAAGC-3’
Flag B 5-TCGAGCTTATCGTCATCGTCTTTGTAATCAATATCATGATCCTTGTAGTC

TCCGTCGTGGTCCTTATAGTCG-3’

In the second round, GST was PCR amplified from the pET4 plasmid using primers with additional

Xhol or HindIII restriction sites.

GST Xhol Fwd 5-CAACTCGAGTCCCCTATACTAGGTTATTGGAAAA-3’
GST_HindIIl Rev 5¢-CTCAAGCTTATCATTTTGGAGGATGGTCGCCACCAC-3’

The PCR product was ligated into pJET1.2, from which it was restricted with Xhol and HindIII and
cloned into Xhol/HindIII-cut pFastBacmf-cFlag yielding pFastBacmf-cFlagGST. In the third round, the
fragment encoding 3xFLAG, GST was cut from pFastBacmf-cFlagGST with Notl and HindIII and
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inserted into the plasmid pFastBacmf-nHisMyc+Dicer® (pre-digested with Notl and HindIII). The

sequence of plasmid insert was verified by sequencing.

3.1.6 Preparation of the pFastBacmf-nHisMyc+DicerS+cEGFP plasmid
(prepared by Jana Urbanova and Radek Malik)

To replace the GST-tag with Enhanced green fluorescent protein (EGFP), sequence of EGFP
was obtained by PCR from the pEGFP-C1 plasmid using the primers with additional Notl or HindIII

restriction sites:

TEV-EGFP_Fwd_Notl 5‘-CTGCGGCCGCGAAAACCTGTATTTTCAGGGCGTGAGCAAGGGC
GAGGAGCTGTTC-3’

EGFP_Rev_HindIII 5‘-CTAAGCTTATCAGAGTCCGGACTTGTACAGCTCGTC-3’

The PCR product was cloned into pJET1.2, from which it was cut off by Notl and HindIII. The fragment
was cloned into Notl/HindIlI-cut pFastBacmf-nHisMyc+DicerS+cFlagGST yielding the pFastBacmf-
nHisMyc+DicerS+cEGFP plasmid.

3.1.7 Preparation of the pFastBacmf-nTStrepHA+DicerS°+cFlagHis plasmids
To generate the inserts encoding construct with a Twin-Strep-tag, an HA-tag, a 3xFLAG-tag and a

8xHis-tag, chemically synthesized oligonucleotides were ordered, which partially overlapped.

N TwinStrep HAtag TEV Fwd2 5’- ATCTACGGATCCACCATGGTATGGAGCCATCCTC
AATTTGAAAAGGGTGGCGGGTCCGGCGGTGGGTCTGGCGGTAGCGCTTGGTCCCACCCCC
AGTTCG -3’

N_TwinStrep_HAtag TEV_Rev 5-GTAGATGTCGACCAGGCCCTGAAAATACAGGTTT
TCGGTACCAGCGTAATCTGGAACATCGTATGGGTAGTCACCCTTCTCGAACTGGGGGTGG
GACCAA-3’

C 3C 2xFLAG 8xHis Fwd 5’- TCTACAGCGGCCGCGGCGGACTCGAAGTGCTCTT
CCAGGGACCTGCTAGCGACTATAAGGACCACGACGGAGACTA-3
C 3C _2xFLAG 8xHis Rev 5’- GTAGATAAGCTTAGTGATGGTGATGGTGATGGTG

GTGGGACCCATCATGATCCTTGTAGTCTCCGTCGTGGTCCTT-3’

After their completion with Q5 High Fidelity DNA polymerase (programme: 94°C-2 min, 5x [94°C-
0:25, 57°C-0:25, 72°C-1:00], 72°C-2:00), the DNA fragments encoding tags fused to the N-terminus
and the C-terminus were digested by Sall, BamHI and Eagl, HindlIll, respectively, in order to adjust
their ends for insertion into existing expression vectors. The fragment encoding the future C-terminus
was inserted into the Notl/HindIII-cut plasmid pFastBacmf-nHisMyc+Dicer®+cFlagGST (not described
in the thesis). Into newly generated expression vector, the fragment corresponding to the prospective N-
terminus was inserted using BamHI, Sall restriction sites. Nevertheless, as Sall cleavage removed the

N-terminal part of Dicer, the generated vector contained only the C-terminal part of Dicer. The N-
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terminal part of Dicer was inserted using Sall restriction site and the positive colonies were screened for

a vector with the Dicer N-terminal fragment inserted in a proper orientation.

3.1.8 Generation of a recombinant bacmid

One vial containing 100 pl of frozen competent DH10Bac Escherichia coli cells was thawed on
ice, the cells were placed into a 2 ml microtube with a round bottom. From 10 to 100 ng of some
pFastBacmf plasmid was added to the bacterial cells. The cells were mixed by few gentle taps on the
microtube and incubated on ice for 30 min. The microtube with cells was placed in a mixing block
preheated to 42°C, incubated there for 45 s and quickly placed to a container with ice for 2 min. Then
800 pul LB was added to the cells and the whole volume was transferred to a plastic culture tube and
incubated shaking vigorously at 37°C for 5 h. During the incubation, the plastic culture tube was only
partially closed in order to enable access of oxygen to bacterial culture. Then 150 pl and 300 pl of
bacterial culture were spread on LB agar plates (with kanamycin (50 pg/ml), tetracycline (10 pg/ml),
gentamicin (7 pg/ml)), which were spread with 40 pl of isopropyl-p-D-thiogalactopyranoside (IPTG,
Fermentas, 40 mg/ml) and 40 pl of 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside (X-gal, Thermo
Scientific, 20 mg/ml, dissolved in dimethyl sulfoxide) in advance. The agar plates were incubated at
37°C for 48 h. The extended incubation was necessary for negative colonies to turn bright blue.

Several positive, white colonies were picked into 50 pl of LB medium (with kanamycin (50
pg/ml), tetracycline (10 pg/ml), gentamicin (7 pg/ml)) and screened for the presence of a bacmid
encoding Dicer (PCR programme: 94°C-2:00, 38x [94°C-0:30, 55°C-0:30, 72°C-2:00], 72°C-7:00). The
primers were chosen so that only positive colonies gave PCR product. A pair of primers huDicer Fwd3
and M13_Rev was used for all constructs apart the one with EGFP, when the huDicer Fwd3 primer was

replaced with EGFP_Fwd_seq primer.

EGFP _Fwd seq 5’-GACCACTACCAGCAGAACACCC-3
huDicer Fwd3 5’-CCAGAAACTGCCAAATTTAGCCC-3’
MI13 Rev 5’-CAGGAAACAGCTATGAC-3’

The positive colonies were inoculated into 300 ml of LB medium containing kanamycin (50
pg/ml), tetracycline (10 pg/ml) and gentamicin (7 pg/ml), incubated shaking vigorously at 37°C
overnight, and then subjected to DNA isolation by NucleoBond Xtra Midi (Macherey-Nagel) according

to the manufacturer’s manual.

3.1.9 Transfection of insect cells to produce P1 baculoviral stock

5.4 x 10° Sf9 insect cells were centrifuged (900 x g, 3 min), supernatant was removed and they were
resuspended in complete TNM-FH (TNM-FH medium with 10% (v/v) Fetal Bovine Serum, both from
Sigma-Aldrich) to 450 000 cells/ml. 2 ml of the cell suspension was added to each well of a 6-well plate
and the cells were incubated at 27°C for 1 h in order to let the cells attach to the bottom of wells. Medium

was removed, the layer of cells was washed with 2ml of TNM-FH and 800 pl of TNM-FH was added
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to the cells carefully. In the meantime, 6 pl of Cellfectin (Invitrogen) and 1 pug of bacmid DNA were
resuspended separately in 100 pul of TNM-FH. Then they were mixed together and ~210 pl mixture was
incubated at room temperature for 15-45 min and transferred to the cells. The cells were incubated with
the mixture at 27°C for 5 h. After 5 h, the medium containing Cellfectin:DNA complexes was removed
and 2 ml of complete TNM-FH was added. The cells stayed at 27°C for 72 h. During this period, they
developed the indications of infection: an increase in cell’s size and granularity accompanied with
almost no change in a number of cells followed by their death. Medium containing released viruses was
collected, centrifuged (500 x g, 3 min) in order to remove dead cells and large debris, supernatant was

divided into 400 pl aliquots representing P1 viral stock and stored at -80°C.

3.1.10 Amplification of a viral stock

900 000 S19 cells growing in suspension culture were centrifuged (500 x g, 3 min) and supernatant was
removed. The cells were gently resuspended in 9 ml of complete TNM-FH, transferred to a 75cm? cell
culture flask and incubated at 27°C for 1 h in order to let cells attach to the bottom. After 1 hour, either
400 pl of P1 viral stock or 1 ml of P2 viral stock was added to the attached cells and the infected cells
were incubated at 27°C until the cells started dying, usually 4-5 days after infection. Then medium
containing viruses was collected into a 15 ml tube, centrifuged (500 x g, 3 min) and the supernatant was
carefully transferred to a new 15 ml tube. To avoid access of light, the viral stock was wrapped in

aluminium foil and stored at 8°C.

3.1.11 Infection of insect cells

To selected volume of S9 cell culture at a density of 1 x 10* cells/ml, 0.1 volume of P3 viral stock was
added. The infected cells were incubated shaking (115 rpm) in complete TNM-FH medium (containing
0.1% (w/v) Pluronic F-127) at 27°C for 48 hours. They were centrifuged (500 x g, 3 min), the
supernatant was decanted and pellet, formed by cells expressing a recombinant protein, was used for

Dicer purification immediately or stored at -80°C.

3.2 Dicer purification protocols

Dicer purification was performed at 8°C. Dicer purification protocols differed between individual Dicer

protein constructs. Therefore, they are described separately.

3.2.1 Single-step Dicer purification using TALON resin

Based on the previously published protocol (Zhang et al, 2002), 15 ml of TALON resin was divided
evenly into five Pierce Disposable Plastic Columns and each fraction was equilibrated 3x with 10 ml of
W100 Buffer (20 mM Tris-HCI [pH 7.5], 100 mM NaCl, 1 mM MgCl,, 10% (v/v) glycerol, 0.5% (v/v)
Triton X-100). 5 x 10* Sf9 cells expressing the nHisMyc+Dicer® construct or the nHisMyc+Dicer®
construct were washed with 20ml of phosphate-buffered saline (PBS) buffer, centrifuged (500 x g, 3

min) and supernatant was discarded. The pellet was resuspended in 25 ml of Lysis buffer (20 mM Tris-
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HCI[pH 7.5], 100 mM NaCl, 1 mM MgCl,, 10% (v/v) glycerol, 0.5% (v/v) Triton X-100, 1x Protease
Inhibitor Cocktail Set III, Animal-Free (Calbiochem), 2 mM phenylmethylsulfonyl fluoride (PMSF)).
The cells were lysed by five passages through a 21G needle and five passages through a 26G needle.
The crude lysate was centrifuged (16 000 x g, 30 min, 4° C) to pellet the debris. The supernatant was
incubated with the TALON resin in the closed Pierce Disposable Plastic Column on a lab rotator mixer
for 1 h. Then the suspension sedimented and the unbound fraction of lysate was drained from the column
and collected as the flow-through sample. Resin in each column was washed 3x with 10 ml of Lysis
buffer, 3x with 10 ml of W800 buffer (20 mM Tris-HCI [pH 7.5], 800 mM NaCl, 1 mM MgCl,, 10%
(v/v) glycerol, 0.5% (v/v) Triton X-100) and 3x with 10 ml of W100 buffer. Proteins were eluted from
TALON resin in four rounds with 1.5 ml of W100 1200 buffer (20 mM Tris-HCL, [pH 7.5], 100 mM
NaCl, 1 mM MgCl,, 200 mM imidazole, 10% (v/v) glycerol, 0.5% (v/v) Triton X-100). In each round,
resins were resuspended in W100 1200 buffer prior eluate collection. Eluates of the same round from
separate resins were pooled together. The pooled eluates were transferred into two 10k MWCO Slide-
A-Lyzer Dialysis Cassettes (Thermo Scientific), which were dialyzed against 2 1 of pre-chilled Buffer
D (20 mM Tris-HCI [pH 7.5], 100 mM NaCl, 1 mM MgCl,, 50% (v/v) glycerol, 0.1% (v/v) Triton X-
100) overnight. The next day, Buffer D was exchanged for a new one, in which the dialysis cassette

stayed for 2 h. The recombinant Dicer was collected from each cassette separately and stored at -80°C.

3.2.2 Two-step purification using Ni Sepharose and Glutathione Agarose

2 x 10® Sf9 cells expressing the nHisMyc+DicerS+cFlagGST construct were resuspended in 6 ml of
Lysis buffer II (20 mM Tris-HCI [pH 7.5], 500 mM NacCl, 10% (v/v) glycerol, 0.5% (v/v Triton X-100,
1 mM DTT, 20 mM imidazole, 1x Protease Inhibitor Cocktail Set III, Animal-Free (Calbiochem), 1x
SigmaFAST Protease Inhibitor Cocktail Tablet, EDTA-free (Sigma-Aldrich)). The cells were lysed by
five passages through a 21G needle and five passages through a 26G needle. The crude lysate was
centrifuged (16 000 x g, 30 min, 4° C) to pellet the debris. As the supernatant was filtered using a 0.2pm
filter, the filter clogged and less than three quarters of the lysate spilled. The remaining supernatant was
applied to HisTrap High Performance column (filled with Ni Sepharose High performance, 1 ml, GE
Healthcare Life Sciences), pre-equilibrated with Buffer A (20 mM Tris-HCI [pH 7.5],, 500 mM NaCl,
10% (v/v) glycerol, 0.5% (v/v) Triton X-100, 1 mM DTT, 20 mM imidazole). The unbound fraction of
the lysate was collected as the flow-through sample. The resin with bound Dicer® was washed with
Buffer A and then eluted with gradient of Buffer B (20 mM Tris-HCI [pH 7.5], 500 mM NacCl, 10%
(v/v) glycerol, 0.5% (v/v) Triton X-100, 1 mM DTT, 300 mM imidazole). The eluate was collected into
25 0.5 ml fractions. Based on the amount of protein measured by UV absorption at 280 nm, the eluate
fractions 5—13 were pooled and used for the second purification step. The pooled eluate fractions were
desalted using five serially arranged HiTrap Desalting columns (prepacked with Sephadex G-25
Superfine, 5 ml, GE Healthcare Life Sciences) in order to remove imidazole and then they were applied

to Pierce Glutathione Chromatography Cartridge (prepacked with Glutathione Agarose beads, 1 ml,
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Thermo Scientific) pre-equilibrated with Buffer C (50 mM Tris-HCI [pH 8], 150 mM NaCl, 1 mM
DTT). Bound recombinant Dicer® was washed with Buffer C and eluted with Buffer D (50 mM Tris-
HCI [pH 8], 150 mM NaCl, 1 mM DTT, 20 mM reduced glutathione). The eluate was collected in ten 1

ml eluate fractions and stored at -20°C.

3.2.3 Two-step purification using TALON resin and GFP-Trap resin

I ml TALON resin was transferred into a Pierce Disposable Plastic Column and equilibrated 3x with 10
ml W100 Buffer. 5 x 107 Sf9 cells expressing the nHisMyc+Dicer®+cEGFP construct were resuspended
in 5 ml of Lysis buffer IIT (20 mM Tris-HCI [pH 7.5], 100 mM NaCl, 1 mM MgCl,, 10% (v/v) glycerol,
0.5% (v/v) Triton X-100, 1x Protease Inhibitor Cocktail Set III, Animal-Free (Calbiochem), 1x
cOmplete, EDTA-free Protease Inhibitor Cocktail (Roche)). The cells were lysed by five passages
through a 21G needle and five passages through a 26G needle. The crude lysate was centrifuged (16 000
x g, 30 min, 4° C). The supernatant was incubated with the TALON resin in the Pierce Disposable Plastic
Column on a lab rotator mixer for 1 h. Then the suspension was sedimented and the unbound lysate
fraction was drained from the column and collected as the Flow-through sample. The TALON resin with
bound Dicer’® was washed 3x with 10 ml of W100 Buffer, 3x with 10 ml of W800 buffer and 3x with 10
ml of W100 buffer. Proteins were eluted from the TALON resin 3x with 700 pl of W100 1200 buffer;
the eluate fractions were pooled. 40ul of the GFP-Trap resin (ChromoTek) was transferred into a Micro
Bio-Spin Column (Bio-Rad) and equilibrated with 2x 500 ul of EGFP buffer (20 mM Tris-HCI [pH
7.5], 150 mM NaCl). 4x 500 pl of eluate from the TALON resin was incubated with the resin for 15
min on a lab rotator mixer. After each incubation, the supernatant was collected and named Flow-
through (1-4). The GFP-Trap resin with bound Dicer was washed 1x with 500ul of EGFP Buffer, 1x
with 500ul of EGFP Washing Buffer (20 mM Tris-HCI [pH 7.5], 500 mM NacCl) and 1x with 500ul of
EGFP Buffer. Once the resin was resuspended in the third washing step, it was divided into halves,
transferred into microtubes, centrifuged (2000 x g, 2 min, 4°C) and the supernatant was removed. 95 pl
of TEV protease cleavage buffer (50 mM Tris-HCI [pH 8], 1 mM DTT, 0.5 mM EDTA), 10 ul 100%
glycerol and 5 pl either commercially available TEV protease (1 mg/ml, Sigma) or in-house made TEV
protease (2.4 mg/ml, kindly provided by Vaclav Urban) were added to the pelleted resins. The TEV

protease cleavage reactions were incubated at 8°C overnight.

3.2.4 Two-step purification using TALON resin and Strep-Tactin resin

500 pl of TALON resin was transferred into a Pierce Disposable Plastic Column and equilibrated 3x
with 5 ml of W100 Buffer. 5 x 10% Sf9 cells expressing the nTStrepHA+Dicer>+cFlagHis construct or
the nTStrepHA+Dicer®+cFlagHis construct were resuspended in 5 ml of Lysis buffer. The cells were
lysed by five passages through a 21G needle and five passages through a 26G needle. The crude lysate
was centrifuged (16 000 x g, 30 min, 4°C). The supernatant was incubated with the TALON resin in the
closed Pierce Disposable Plastic Column on a lab rotator mixer for 1 h. Then the suspension was

sedimented and the rest of lysate was drained from the column. The TALON resin with bound Dicer
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was washed 1x with 5 ml of Lysis buffer, 1x with 5 ml of W800 buffer (20 mM Tris-HCI [pH 7.5], 800
mM NaCl, 1 mM MgCl, 10% (v/v) glycerol, 0.5% (v/v) Triton X-100, 1x Protease Inhibitor Cocktail
Set III, Animal-Free (Calbiochem), 2 mM PMSF) and 1x with 5 ml of W100 Buffer. Proteins were
eluted from the TALON resin 10x with 500 pl of W100 1200 buffer; the eluate fractions were collected
together. The eluate was incubated with 500 pl of Strep-Tactin resin (IBA), placed into the Pierce
Disposable Plastic Column and equilibrated 3x with Sml of Buffer W (100 mM Tris-HCI [pH 7.5], 150
mM NaCl, 1 mM MgCl,). The unbound fraction was drained and collected. The resin with bound Dicer
was washed 3x with 5 ml of Buffer W and eluted 10x with 500 pl of Buffer E (100 mM Tris-HCI [pH
7.5], 150 mM NaCl, 1 mM MgCl,, 5 mM desthiobiotin). The eluate fractions were collected separately,
but they were pooled during the concentration and buffer exchange step using Amicon® Ultra-0.5
centrifugal filter device (100K, Merck Millipore). The Buffer E was exchanged for Storage buffer (20
mM Tris-HCI [pH 7.5], 100 mM NaCl, 1 mM MgCl,, 50% (v/v) glycerol). Concentrated Dicer

preparations were stored at -80°C.

3.3 SDS-Polyacrylamide gel electrophoresis (PAGE)

Samples, diluted with water to 25 pl, were mixed with 5 pl 6x SDS sample buffer (375 mM
Tris-HCI, [pH 6.8], 12% (w/v) SDS, 60% (v/v) glycerol, 0.6 M DTT, 0.06% (w/v) bromophenol blue)
and denatured at 90°C for 5 min. 3.5 pl of PageRuler Plus Prestained Protein Ladder (Fermentas) and
25 ul of samples were loaded onto gel (unless stated otherwise). Protein samples were resolved on
polyacrylamide gels (5-12% separating gel, 5% stacking gel) using 80 -150 V in 1x SDS running buffer
(25 mM Tris, 192 mM glycine, 0.1% (w/v) SDS). Once the tracking dye reached the bottom of the gel,
the gel sandwich was disassembled and the separating gel was used either for Western blot or for

Coomassie staining.

3.4 Western blot
A separating gel was soaked in Semidry transfer buffer (12.5 mM Tris, 96 mM glycine, 10%

(v/v) methanol) for 1 min. A polyvinylidene difluoride (PVDF) membrane of desired size was soaked
for 1 min in 100% methanol and then transferred equilibrated in Semidry transfer buffer. Then the
sandwich was made from bottom to top of two Whatmann 3MM blotting filter papers, two filter papers,
a PVDF membrane, a gel, two filter papers and two Whatmann 3MM blotting filter papers. Following
addition of every paper, bubbles were pushed out from the sandwich. The transfer was run at 35 V for
55 min. Then the sandwich was disassembled; the PVDF membrane was soaked in 100% methanol and
dried in order to increase the affinity between proteins and the PVDF membrane. The membrane was
soaked in 100% methanol once again for activation, transferred to a container with Tween-Tris-buffered
saline (TTBS) buffer (20mM Tris, [pH 7.5], 150mM NacCl, 0.02% Tween 20) for equilibration and
blocked with 20 ml of Blocking buffer (5% fat-free milk dissolved in TTBS buffer) at room temperature
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for 1 h. The membrane was incubated with 8 ml of solution of primary antibody rocking at 8°C

overnight.

Primary antibodies:
Anti-Dicer antibody (349) (1:5 000, rabbit, polyclonal)
c-myc antibody, HRP conjugate (1:2 000, mouse, monoclonal, 9E10, Exbio)
Anti-Flag M2 antibody (1:5 000, mouse, monoclonal, M2, Sigma)
Anti-His-tag antibody, HRP conjugate (1:2 000, mouse, monoclonal, HIS-1, Sigma)
Anti-HA tag antibody (1:5 000, rat, monoclonal, clone 3F10, Roche)

Secondary antibodies:
Pierce goat anti-rabbit IgG (H+L), HRP conjugate (1:50 000, Thermo Scientific)
Pierce goat anti-rat IgG (H+L), HRP conjugate (1:50 000, Thermo Scientific)
Pierce goat anti-mouse IgG (H+L), HRP conjugate (1:50 000, Thermo Scientific)

The following day, the procedures differed according to the used primary antibody. In case of a
primary antibody not conjugated with horseradish peroxidase (HRP), the membrane was washed 4x with
20 ml of Blocking buffer and incubated with solution of secondary antibody conjugated with HRP (1:50
000, 0.25ul of a secondary antibody per 12.5 ml of Blocking buffer) for 1 hour at room temperature.
Then the membrane was washed 6 x with 20 ml of TTBS buffer. In case of primary antibody conjugated
with HRP, the membrane was directly washed 6x with 20 ml of TTBS buffer. After washing, the
membrane was incubated with either 500 pl of SuperSignal™ West Pico Chemiluminescent Substrate
(Thermo Fisher Scientific) or SuperSignal™ West Femto Maximum Sensitivity Substrate (Thermo
Fisher Scientific) for 1 min and then exposed to a film for a period ranging from 1 s to 10 min. The
exposed films were developed using OPTIMAX 2010 (Protec Processor Technology).

3.5 Coomassie staining

Following SDS-PAGE, a separating gel was washed in Destaining solution (10% (v/v)
methanol, 25% (v/v) acetic acid) for 5 min. Then it was transferred to a container with Staining solution
(50% (v/v) methanol, 10% (v/v) acetic acid, 0.05% (w/v) Coomassie Brilliant Blue R-250), rocking at
room temperature overnight. The following day, Staining solution was replaced with Destaining
solution, which was exchanged several times until the gel was satisfactory destained so that only blue
bands representing separated proteins were visible. For a faster destaining, a piece of soft foam, which
adsorbed the dye, was placed into the container with Destaining solution and/or or the gel was heated in

a microwave oven for 1 min.
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3.6 Substrate preparation for dicing assay

3.6.1 DNA Template preparation

DNA templates for blunt-ended 130nt dsRNA substrate (Zhang et al, 2002) were prepared from
plasmid pEGFP-C1 by PCR (PCR programme: 94°C for 2:00 min, 20 x [94°C-0:25, 60°C-0:25, 72°C-
0:30], 72°C-7:00) with proofreading Q5 High-Fidelity DNA polymerase (New England Biolabs)
according to the published protocol (Zhang et al, 2002). In the first round, the PCR products were
resolved on a 2% agarose gel, excised from the gel and isolated using the QIAquick Gel Extraction Kit
(Qiagen). In subsequent preparations, the DNA template from the first round was used as the DNA
template for another PCR amplification and the PCR products were isolated with the QIAquick PCR
Purification Kit (Qiagen) due to higher yield of DNA.

DNA templates necessary for dsRNAtetra substrate generation were produced by PCR (PCR
programme: 94°C-2:00, 20x [94°C-0:25, 60°C-0:25, 72°C-0:30], 72°C-7:00) with Q5 High-Fidelity
DNA polymerase (New England Biolabs) using primers mounting near the ends of synthesized

oligonucleotides (Sigma-Aldrich).

Strand A:

Tetraloop A 5’-CGCGAAATTAATACGACTCACTATAGGGTGCTCAGGTAGTGGGA
AACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCA
CATGGTCCTGCTGGA-3’

T7 promotor primer 5-TAATACGACTCACTATAGGG-3’
Tetraloop_ A Rev 5’-TCCAGCAGGACCATGTGATCG-3’
Strand B:

Tetraloop B 5’-CGCGAAATTAATACGACTCACTATAGGCATGGACGAGCTGTACG
AAAGTACAGCTCGTCCATGCCTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCT
TTGCTCAGGGCGGACT-3’

T7prom Tetraloop B 5’-TAATACGACTCACTATAGGC-3’
Tetraloop_ B_Rev 5’-AGTCCGCCCTGAGCAAAGACC-3’

The DNA templates were resolved on a 2% agarose gel, excised and isolated with the QIAquick Gel
Extraction Kit (Qiagen).

The DNA template for pre-let-7a3 substrate was generated using a synthesized oligonucleotide
encoding the entire pre-let-7a3 sequence and two specific primers by PCR (PCR programme: 94°C-2:00
min, 20x [94°C-0:25, 60°C-0:25, 72°C-0:30], 72°C-7:00) with Q5 High-Fidelity DNA polymerase
(New England Biolabs). The PCR product was resolved on a 2% agarose gel. As the PCR product
formed only one band, it was isolated with the QIAquick PCR Purification Kit (Qiagen) in subsequent

preparations.

pre-let-7-pcDNA_fwd 5-GATCTTTAATACGACTCACTATATGAGGTAGTAGGTTGT
ATAGTTTGGGGCTCTGCCCTGCTATGGGATAACTATACAATCTACTGTCTTTCCTT-3"
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T7_promotor TG 5’-CTTTAATACGACTCACTATATG-3’

pre_let 7a3 rev 5’-GGAAAGACAGTAGATTGTATAG-3’

3.6.2 In vitro transcription
RNA substrates for dicing assay were generated by in vitro transcription with T7 RNA
polymerase (Thermo Scientific) using the reaction set-up:
x ul DNA template (500ng)
1.5 ul  T7 RNA polymerase (30 U, Fermentas)
1.25 pul Ribolock Ribonuclease Inhibitor (RI) (50 U, Thermo Scientific)
10 ul  NTPs, mix (10 mM each)
10 ul  5x Transcription Buffer
to 50 ul H,O

The reaction set-up was scaled up as necessary. The transcription reactions were incubated at
37°C overnight. The following day, 1 U DNase I (Fermentas) was added to each reaction to degrade
DNA templates; reactions were incubated at 37°C for 15 min. In case of pre-let-7a3 substrate, the
treatment with DNase I was coupled with dephosphorylation using 5U Shrimp Alkaline Phosphatase
(Fermentas) in order to remove phosphate groups at the 5’end of pre-let-7a3 as only one phosphate
group is present at the 5’end of a pre-miRNA as a result of Drosha cleavage.

RNA was isolated using the mirPremier microRNA Isolation Kit (Sigma-Aldrich). Following
the procedure for small RNA isolation from mammalian cell cultures, ~50 pul of the transcription reaction
was added to 450 pl of Lysis Mix and mixed thoroughly with 500 pl of 96% ethanol. The mixture was
applied to a Binding column, centrifuged (16 000 x g, 30 s) and the flow-through liquid decanted. The
column with bound RNA was washed once with 700 pl of 96% ethanol and twice with 500 pl of Ethanol-
diluted Wash Solution; the column was centrifuged (16 000 x g, 30 s) and the flow-through liquid
decanted after each washing step. The column was dried by centrifugation (16 000 x g, 1 min) and the
bound RNA was eluted with nuclease-free water. The concentration of isolated RNA was measured on
a NanoDrop. The isolated RNA was stored at -20°C until use.

In case of pre-let-7a3, the isolated RNA was phosphorylated at the 5’end. Depending on the
pre-let-7a3 concentration, the amount of added T4 Polynucleotide Kinase (Thermo Scientific) was
adapted according to the formula - 10 U of T4 Polynucleotide Kinase per 50 pmol pre-let-7a3. The
reaction was incubated at 37°C for 30 min. The RNA was isolated using the mirPremier microRNA

Isolation Kit as described previously.

3.6.3 Annealing
In case of pre-let-7a3, 0.11 volume of 10x NEBuffer 2, serving as an annealing buffer, was
added to the volume of the sample with isolated pre-let-7a3. The annealing reaction was incubated at

95°C for 3 min, quickly placed on ice and stored at -20°C until use.
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In case of dsRNA and dsRNAtetra substrates, equimolar amounts of both strands were mixed
and 0.11 volume of 10x NEBuffer 2 was added. According to the published protocol (Zhang et al, 2002),
both substrates were incubated at 95°C for 3 min and then placed to a water bath preheated to 75°C,
which was left to cool down gradually to room temperature lasting 3 to 4 hours. In case of the
dsRNAtetra substrate, when the temperature dropped to 50°C, MgCl, was added to a final concentration
of 2 mM in order to help the proper folding of the 4nt loops. The annealed RNA was stored at -20°C

until use.

3.7 Dicer cleavage assay

Unless stated otherwise, cleavage reactions (V=70 ul) contained 50 nM Dicer® or Dicer®, 70 U
Ribolock RI (Thermo Scientific) and Dicer assay buffer (30 mM Tris-HCI [pH 8], 50 mM NaCl, 3 mM
MgCl,, 0.25% (v/v) Triton X-100, 15% (v/v) glycerol) (Podolska et al, 2014). The used substrate
concentrations are indicated in the legends of corresponding figures. Reactions with inhibited Dicer
contained 10 mM EDTA. The cleavage reactions were incubated at 37°C for 96 h (unless stated
otherwise). At time points 0, 2, 6, 10, 24 and 96 h, 10 pul were collected from each cleavage reaction.
The collected samples were mixed with 1.2 volume of RNA loading buffer (95% (v/v) formamide, 18
mM EDTA, 0.025% (w/v) SDS, 0.1% (w/v) xylene cyanol, 0.1% (w/v) bromophenol blue) to stop Dicer
cleavage as published previously (Ma et al, 2008) and stored at -20°C. When it was necessary for lack

of substrate, the cleavage reactions were scaled down proportionally.

3.8 Denaturing RNA electrophoresis

Samples from Dicer cleavage assays were denaturated for at 95°C 5 min. Following pre-run (1-2 h, 200-
500V) with preheated TBE buffer (100 mM Tris, 100 mM H3;BOs, 2mM EDTA), 10 pul of denatured
samples were loaded onto preheated 15% polyacrylamide gel (with 7M Urea) and resolved using 250-
550 V, while the buffer was continually heated by a manual heat exchanger. The temperature of the gel
dropped during sample loading and then gradually rose to 40-55°C. Gels were rinsed in water and then
incubated with 30 ml 1x SYBR Gold Nucleic Acid Gel Stain (diluted in water, Thermo Scientific)
rocking at room temperature for 10-20 min. Stained RNA and DNA were visualized with

transiluminator; the exposure ranged from 400 ms to 3 s.
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4 Results

4.1 Dicer purification

Dicer preparation of high purity and integrity is fundamental initial step for a biochemical study
focusing on Dicer activity and its substrate processing. The purity, the absence of other proteins in a
sample, is not only important for the accurate measurement of protein concentration, but also for the
validity and reproducibility of obtained data. The presence of other proteins might influence the Dicer
activity, stability or the integrity of RNA substrates, which are prone to degradation by ubiquitous
RNases. The integrity of a protein denotes presence of a desired protein in a sample in its intact form
and without any degradation products. Absence of degradation fragments is of particular importance in
the case of mammalian Dicer because its fragments lacking the helicase are potentially more active than
the full-length Dicer. As a consequence, they could disguise the activity of intact Dicer in a cleavage
assay.

To obtain pure and intact mouse Dicer isoforms, several purification protocols based on affinity
chromatography were tested. I started with a previously published single-step purification using a
TALON resin (Zhang et al, 2002). Nevertheless, the purity of the Dicer preparation was low, so I tested
several two-step purification protocols with various combinations of affinity resins, which are described
in this section.

For each purification protocol, a new Dicer construct was prepared with different combination
of affinity tags and protease cleavage sites, which enabled to remove the affinity tags during or after the
purification. Therefore, descriptions of a purification protocol are accompanied with a schematic
representation of the prepared construct. A subset of used affinity tags, e.g. a His-tag, EGFP, GST, were
used for purification; the rest of affinity tags, e.g. a Myc-tag, an HA-tag, were introduced into the protein
construct in order to enable its detection on Western blot with commercially available validated
antibodies when testing purification protocols. Moreover, the arrangement of affinity tags on both
termini of Dicer enabled to obtain information about recombinant protein degradation during the

purification process.

4.1.1 Single-step Dicer Purification using TALON resin

To establish a benchmark method, to which other purification protocols could be compared, and
to produce sufficient amount of Dicer® and Dicer® for ongoing projects in the lab, the previously
published single-step Dicer purification protocol (Zhang et al, 2002) was adopted with minor
adjustments (described in detail in Material and Methods). It is based on immobilized metal affinity
chromatography (IMAC) with a TALON resin, which binds an amino acid motif of six or more histidine
residues called a His-tag. Recombinant Dicer isoforms produced throughout the study were fused with

His-tags with a variable number of histidine residues as indicated in abbreviations.
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Using a baculovirus expression system, pFastBac vectors were designed, constructed and used
for bacmid generation, leading to preparation of corresponding viral supernatants. 50 ml of the viral
supernatants encoding Dicer isoforms fused with a 6xHis-tag and a Myc-tag at their N-terminus (Fig. 5)
were used for infection of 5 x
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hours, the cells were lysed and A
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15ml TALON resin, which () 6xHis-tag () Myc-tag X TEV protease cleavage site

bound recombinant  Dicer

isoforms by their 6xHis-tag.  Fig. 5: Dicer isoforms purified with the TALON resin. The

Following washing, elution with ~ 3g8 and TEV cleavage sites are not to scale with the Dicer

200 mM imidazole and dialysis, protein.
I obtained approximately 40 mg and 31 mg of purified Dicer® and Dicer®, respectively. Samples
collected during the purification were analysed by SDS-PAGE.

As shown in Fig. 6, the purity or integrity of Dicer® preparation was very low. Estimating from
the intensity of a Dicer® band on a Coomassie-stained gel, intact recombinant Dicer® comprised less than
20% of the total protein, although the exact proportion could be influenced by Dicer’s habit to enter the
gel inconsistently resulting in its gradual release from the well forming a smear above the Dicer band
(Michael Doyle, personal communication). The remaining fraction of the preparation consisted of
proteins of various sizes. They could be contaminants from insect cells or products of Dicer degradation

occurring before, during or after purification. The subsequent Western blot analysis confirmed the

presence of shorter Dicer fragments in the preparation (data not shown), which did not exclude a
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Fig. 6: Analysis of single-step Dicer purification using
TALON resin. 5 pl of samples collected during the
2504 o purification were loaded onto gel. The loaded volume
corresponded to ~55 pg of cell lysate and 8 nug of purlﬁed
D1cer after dialysis (labeled as cher Casl and cher
130 Casll according to two dialysis cassettes comprising
different eluate fractions). The gel was stained with
- Coomassie Brilliant Blue. The full-length Dicers, indicated
100+ ' - by the black arrowhead, migrated slightly slower than
. e 250kDa band of the marker despite its predicted size of 221
701 kDa. Nevertheless, it was consistent with experiments
. - performed in the lab in the past.
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presence of cellular contaminants in the preparation. A similar result was achieved with Dicer (data
not shown).

I did not test the presence of cellular contaminants by any direct methods, e.g. mass
spectrometry. Nevertheless, I confirmed it indirectly in the last purification protocol (Section 4.1.4),
where I intentionally used a smaller bed volume of the resin for lysate from a comparable number of
cells to increase purity of Dicer preparation. IMAC resins in general bind not only proteins fused with
a His-tag, but also undesirable proteins naturally containing surface motifs suitable for IMAC resin
binding (reviewed in Block et al, 2009). However, such proteins generally bind an IMAC resin with
lower affinity and might be, therefore, outcompeted by the desired protein fused with a His-tag. If there
is less of the desired protein than is the capacity of the resin, then there are more IMAC functional
groups vacant and available for binding of such contaminants, which leads to decreased purity of
purified protein. The simple decrease in amount of the TALON resin thus led to the increased purity of
the eluate.

The Dicer isoforms purified with the original strategy were used for optimization in a validation
screen for selected potential inhibitors and activators of Dicer and the miRNA pathway in general (data
not shown). However, the purity and integrity of Dicer preparations was considered suboptimal for the
desired aim of my thesis. Therefore, I added another affinity resin into the purification protocol. If the
degradation would occur before Dicer purification or while Dicer is bound to the first resin, the
successive use of two resins, which bind two different affinity tags fused either with the N- or the C-
terminus of Dicer, should ensure that only intact Dicer with both termini should be present in Dicer
preparation. In addition, combination of two distinct resins would yield an increased purity of the
preparation as a considerably smaller subset of potential contaminants should bind to both resins in a

non-specific manner.

4.1.2 Two-step Dicer purification using Ni Sepharose and Glutathione Agarose

I started with the combination of an N-terminal 6xHis-tag and C-terminal GST-tag. The
combination was used previously for purifying Recl4, a protein of 32.9 kDa from Saccharomyces
pombe (Maity et al, 2013), although positions of tags on the recombinant protein and the order of affinity
resins differed from the protocol described here.

The pFastBac vector carrying the coding region for Dicer® fused with 6xHis-tag and Myc-tag at

A the N-terminus and
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Dicer (X]:-:-:- I . - L L1 |~© three adjacent FLAG-
O 6xHis-tag Q Myc-tag Q GST-tag tags and GST-tag at

the C-terminus was

0 FLAG-tag X TEV protease cleavage site

produced by my
Fig. 7: Dicer” used for purification with combination of the Ni colleague Radek
Sepharose and the Glutathione Agarose resins. Depicted purification tags

and TEV cleavage sites are not to scale. Malik. The - affinity
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tags were separated from Dicer by TEV protease cleavage sites and thus designed as potentially
removable (Fig. 7). After generating the corresponding viral supernatant, I tested a small scale
purification of Dicer® from 2.5 x 107 insect cells with TALON resin and Pierce Glutathione Agarose and
a combination of batch format and gravity-flow column chromatography. Despite the relatively high
protein concentration in the eluate from the Glutathione Agarose resin (0.7ug/pl), it was difficult to
detect DicerS even with Western blot (data not shown). The outcome did not improve even when a
Glutathione Agarose resin from a different manufacturer (Macherey-Nagel, kindly provided by Vaclav
Urban) was used. Therefore, I increased the number of insect cells expressing recombinant Dicer® and
tested fast protein liquid chromatography (FPLC) with Pierce Glutathione Chromatography Cartridge.

Due to accidental loss of approximately three quarters of the lysate, the recombinant protein
from ~6 x 10" Sf9 cells was purified using FPLC with a HisTrap High Performance (HP) column
(prepacked with Ni Sepharose, 1 ml, GE Healthcare Life Sciences). Following elution with increasing
concentration of imidazole, the eluate was collected into 24 0.5ml fractions. Based on the protein
concentration measured by the UV light absorption at 280 nm in the FPLC machine, the eluate fractions
5 to 13 were pooled, desalted and applied to Pierce Glutathione Chromatography Cartridge (prepacked
with Glutathione Agarose beads, Iml, Thermo Scientific). Recombinant Dicer® was eluted with steady
concentration of reduced glutathione.

I obtained ~700 pg of purified Dicer® protein using the above mentioned purification protocol.
This corresponded to ~15% of the yield obtained from the one-step purification using only the TALON
resin, when recalculated per 1 x 10® cells. There are several explanations for the reduced protein yield.
Apart from unequal Dicer expression in infected cells and increased Dicer loss during two-step
purification, the reduced protein yield might also indicate increased purity of the preparation due to
decrease in cellular contaminants or Dicer degradation fragments.

The purity of the Dicer® preparation remained unknown as I did not perform SDS-PAGE
followed by Coomassie staining of the elution fractions from the second column due to former poor
experiences with detection of Dicer even by the Western blot.

Surprisingly, the two-step purification using His-tag and GST-tag did not yield an intact Dicer®
(Fig. 8). Although the detection with a Dicer-specific antibody indicated absence of a significant amount
of degradation fragments, the detection with a FLAG-specific antibody (Fig. 9C) showed the opposite;
the shorter fragments of Dicer® were present in the sample of the purified protein. The observed
discrepancy between two antibodies can be attributed to distinct positions of their epitopes on Dicer.
Dicer-specific antibody recognizes amino acid sequence localized between the DUF283 and the PAZ
domain. Therefore, the shortest possible fragment with intact N-terminus recognizable by the Dicer-
specific antibody would have 88 kDa, the fragment with C-terminus would have 163 kDa (the theoretical
molecular weights were counted using EXPASy Compute pI/Mw Tool and do not take into account the

above mentioned discrepancy in Dicer size when compared with PageRuler Plus Prestained Protein
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Ladder). As the fragments detected with FLAG-specific antibody were smaller than 163 kDa, they

lacked the epitope necessary for detection with the Dicer-specific antibody.
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Fig. 8: The analysis of two-step purification with Ni Sepharose and Glutathione Agarose. A-
C Western blot analysis and D SDS-PAGE followed by Coomassie staining was performed with
samples collected from individual purification steps. 50 ug of cell lysate and flow-through and 20
ul of elution fractions from Glutathione Agarose were loaded onto gels. In case of selected eluate
fractions from Ni Sepharose, 8 pl and 16 pl were loaded for Western blot and Coomassie staining,
respectively. The proteins were resolved on 7% polyacrylamide gels. A Dicer-specific antibody

was used for detection of Dicersin the panels A and B. The membrane from the panel A was

subjected to HRP inhibition by 1% sodium azide and DicerS was detected with a FLAG-specific
antibody in panel C. Note the distinct pattern of bands in panels A and C. EL-Eluate fraction, Ni
Seph-Ni Sepharose

The presence of shorter Dicer fragments in the Dicer preparation might have two possible

explanations, which are not mutually exclusive and are compatible with the Western blot results. First,
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the dimerization property of GST-tag fused with Dicer® might result in pull-down of degraded Dicer
fragments when they form a heterodimer with an intact Dicer. GST forms homodimers with very low
Kd (<<1nM), so that there are hardly any monomeric forms found in uM concentration (Fabrini et al,
2009). Moreover, the GST-tag dimerization is imposed on the protein with which it is fused (Maru et
al, 1996). When the cell lysate contains degradation fragments of the desired protein or some
degradation occurs during the purification, the dimers might be formed between the intact protein and
degradation fragments lacking the terminus without GST-tag. In that case, the two-step purification is
ineffective, because in the first step it enables to pull down intact protein together with its dimerizing
partner lacking the N-terminus.

Second, Dicer degradation might have occurred not only before or during cell lysis, but also
during the course of purification. The sample could be contaminated with an unknown protease with
several cleavage sites within Dicer that could cleave Dicer during the entire purification process.
Nevertheless, the set-up would have enabled that only degradation fragments with the intact C-terminus
generated during or after the elution from the first column would have passed the second purification
step. Degradation fragments with the N-terminus would be present in the Dicer preparation only in case
that the protease would cleave during or after elution from the second resin.

In any case, I decided to avoid the problem with the strong dimerization tendency of GST by its
replacement by EGFP in the construct. EGFP differs from wild type Green Fluorescent Protein (GFP)
in several mutations enhancing its fluorescence intensity (Cormack et al, 1996; Thastrup et al, 2001).
Notably, the wildtype GFP forms dimers in concentration above 5 mg/ml (Chalfie, 1995), which
indicates that EGFP might dimerize as well.

4.1.3 Two-step Dicer purification using TALON resin and GFP-Trap
The pFastBac vector containing Dicer® fused with 6xHis-tag and Myc-tag at its N-terminus and
EGFP at its C-terminus was generated by Jana Urbanova and Radek Malik. Both affinity tags were
removable by TEV protease cleavage (Fig. 9), which was particularly important, as I intended to avoid
the elution from the
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Trap. The GFP-Trap
() 6xHis-tag <» EGFP X TEV protease cleavage site | .oncists of a fragment
O Myec-tag of alpaca’s antibody

Fig. 9: Dicer® purified with TALON resin and GFP-Trap. The tags against GFP coupled
and TEV cleavage sites are not to scale with Dicer.

with agarose. Once the
EGFP-tagged protein is bound to the GFP-Trap, it can only be eluted under denaturing conditions of
low pH (2.5), quickly followed by neutralization of the eluate. Such treatment might, however, result in
loss of activity or the degradation of the protein of interest. To release the Dicer from the GFP-Trap, 1

intended to replace the elution step with an on-column TEV protease cleavage of both EGFP and N-
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terminal affinity tags. The short N-terminal tag might be removed from the sample of purified Dicer by

adding into the purification protocol a second TALON resin, a size exclusion chromatography or a

concentration through the Amicon Ultra Centrifugal Filter (Merck Millipore)

I performed the two-step purification from 5 x 107 cells expressing Dicer® using 1 ml TALON

resin (Clontech). The eluate was divided into 4 parts, which were successively applied to 40 ul GFP-

trap (ChromoTek). The GFP-trap with bound EGFP-tagged Dicer was divided into halves and incubated

with either 10 pg of commercially available TEV protease (Sigma) or 12 pg of in-house made TEV

protease (kindly provided by Vaclav Urban) at 8°C overnight. The following day, the cleavage reactions

were shortly spinned and supernatant, which should have contained Dicer, was separated from beads

forming pellet.

As shown in Fig. 10, the on-column TEV protease cleavage seemed to be inefficient for both
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Fig. 10: Analysis of DicerS purification using
TALON resin and GFP-Trap. SDS-PAGE followed
with Coomassie staining was performed with samples
collected from individual purification steps. 25 pul of
reactions with TEV proteases and 13.6 pl of rest of the

samples were loaded onto gel. It corresponded to DicerS
from ~5 pl of beads and to ~55 pg of cell lysate. The
S

proteins were resolved on 8% gel. The intact Dicer is
marked by the black arrowhead and its degradation
fragments by the black asterisks. TEV proteases are
marked by the white arrowheads.
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TEV proteases as no visible amount of
full-length Dicer was released from the
GFP-Trap to the supernatant samples.
Unlike the commercial TEV protease, the
in-house made TEV protease cleaved
inside Dicer, which resulted in generation
of several smaller Dicer fragments. This
could be caused by contamination of the
in-house made TEV protease with
another protease. The subsequent
experiments showed that the on-column
cleavage with the TEV protease (Sigma)
yielded full-length Dicer in supernatant,
where it could be detected by Western
blot stained with Dicer-specific antibody
(data not shown). However, the
efficiency of the on-column TEV
protease cleavage was unacceptably low.
In addition, a c-myc specific antibody
also detected the released Dicer, which
could be possible only due to inefficient
removal of N-terminal affinity tags.

To avoid the inefficient on-
column cleavage, I tested the elution with
low pH mentioned above, but no

detectable amount of Dicer was



recovered. Because of high purity and integrity of Dicer, I tried whether it would be possible to use the
complex of Dicer with GFP-Trap for the cleavage assay. The impossibility to measure Dicer protein
concentration when bound to GFP-Trap resin by standard methods would be circumvented, the amount
of Dicer in the reaction should be proportional to the intensity of fluorescence emitted by EGFP, which
could be used for Dicer quantification. I used an in vitro dicing fluorescent assay established in our lab.
Briefly, Dicer is incubated with a 27bp duplex with 3’ 2nt overhang on one end and a pair of fluorescent
dye Cy5 and quencher Towa Black-RQ on the other end (Podolska et al, 2014). The Dicer-cleaved
substrate releases the fluorescent dye from the quencher, thus resulting in an increased fluorescence of
the reaction mixture. As the emission maximum of EGFP (509 nm) differs from the emission maximum
of Cy5 (665 nm), the assay can be performed with EGFP-tagged Dicer while EGFP can serve for
calibration. Nevertheless, I encountered two problems. First, there was high variability among samples
because it was difficult to add the same amount of beads accurately as they sedimented quickly. Second,
there was high variability in the fluorescence even between multiple measurements from one sample,
which could be caused by uneven resuspension of the particles with bound Dicer between individual
measurements leading to uneven exposure of EGFP or varying degree of shadowing (data not shown).
Therefore, the idea to use the complex of Dicer bound to the GFP-Trap for the cleavage assay was
abandoned.

The purity of TEV protease (Sigma) treated Dicer® bound to GFP-trap seemed to increase
considerably when compared to the purified Dicer® obtained by the single-step purification (Fig. 6),
although the negative control in form of resin with bound Dicer® was not included. To circumvent the
problematic recovery of Dicer from the GFP-Trap while maintaining its high purity, the GFP-trap was

replaced with a Strep-Tactin resin in the purification protocol.

4.1.4 Two-step purification using TALON resin and Strep-Tactin resin

The Strep-Tactin-Twin-Strep-tag system uses immobilized tetrameric Strep-Tactin, a specially
engineered streptavidin, which binds to its biotin binding pocket a short peptide called Strep-tag II with
high affinity (Schmidt et al, 1996; Voss & Skerra, 1997). The use of two tandemly arranged Strep-Tags
I, called Twin-Strep-tag, increases affinity of the recombinant protein to Strep-Tactin (Schmidt et al,
2013). The Twin-Strep-tag is displaced from the resin by an analogue of biotin, desthiobiotin. Unlike
biotin, desthiobiotin binds to Strep-Tactin reversibly, thus enabling resin regeneration.

Following generation of expression vectors encoding Dicer’® and Dicer® fused with Twin-Strep-
tag and 8xHis-tag to the N-terminus and the C-terminus, respectively (Fig. 11), I performed two-step
purification. The lysate from 5 x 10% insect cells expressing the corresponding Dicer isoform was mixed
with 500 pl of the TALON resin. The eluate was incubated with 500 pl of the Strep-Tactin resin. After
addition of desthiobiotin, the eluate fractions were collected separately to take samples for downstream
analysis. To obtain the highest possible protein yield, the eluate fractions were pooled during the

concentration and buffer exchange step.
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I obtained ~300 pg and ~100 pg of Dicer® and Dicer®, respectively. The smaller yield of Dicer®
could be caused by its lower expression in the infected cells when compared to DicerS. Moreover, a
considerable amount of Dicer® did not bind to the TALON resin as judged from the amount of Dicer®
in the flow-through sample from the TALON resin (Fig. 12). Although Dicer isoforms differed only in
the N-terminus and the 8xHis-tag was fused with the C-terminus, it cannot be ruled out at the moment

. s A X that the absence of the
Dicer’ ()@ M TT T[] I 1)

N-terminal HEL1

X X
Dicer® m[-:- [T 11 I I Im domain might have

‘ imposed less frequent

O 8xHis-tag . HA-tag X TEV protease cleavage site
. FLAG-tag OO Twin-Strep-tag X HRYV 3C protease cleavage site

Fig. 11: Dicer isoforms purified with the TALON resin and the Strep-
Tactin resin. The affinity tags and protease cleavage sites are not to scale
with Dicer. a lower yield of Dicer®.

conformation on Dicer,

I which obstructed the C-

terminus, hence caused

I obtained a protein of high purity as the majority of impurities in eluate from the TALON resin
apparently did not bind to Strep-Tactin and were, therefore, removed in the second purification step
(Fig. 13). In any case, the sample of purified Dicer contained a tiny amount of a protein around ~70 kDa
and small amounts of proteins of size ranging from 180 kDa to 240 kDa. The identity of the smaller
protein remained unknown, but the longer fragments contained FLAG-tag as evidenced by Western blot
analysis (data not shown). Therefore, they originated from the Dicer construct. Their smaller size
indicated that they lacked the N-terminus. Such Dicer fragments should not bind to the Strep-Tactin
resin and should have been lost during purification. Therefore, it seemed that a small but consistent
degradation occurred during or after elution from the second resin. I excluded the influence of
inappropriate storage as similar results were obtained for Dicer preparation stored at 8 °C or undergoing
one freeze-thaw cycle.

The purity of the Dicer preparation seemed to be similar regardless of the order of TALON and
Strep-Tactin resin in the purification protocol (data not shown). Nevertheless, the resin order had a
profound effect on the purity of the eluate from the first resin. In case of Strep-Tactin as the first resin,
the eluate contained very little or no impurities at all and the estimated purity of the samples was around
90%, whereas the estimated purity of Dicer in the eluate from TALON as a first resin ranged from 50
to 60 %. However, due to smaller amount of protein loaded onto gel for eluate from the first Strep-
Tactin resin when compared to its counterpart in Fig. 13, it would be difficult to recognize the impurities

against the background, even if they were present.
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Fig. 12: Analysis of Dicer® and Dicer® purification using TALON and Strep-Tactin resins.
The upper panels and lower panels show samples from purification of Dicer® and Dicer®,
respectively. SDS-PAGE analysis was performed with samples collected from individual
purification steps. 50 pug of the cell lysate and the flow-through from the TALON resin and 20.8 pl
of the rest of the samples were loaded onto gel. The sample labelled 0.5x purified Dicer represented
2x diluted purified Dicer sample. Proteins were resolved on 7.5% gels and stained with Coomassie
Brilliant Blue. Note the distinct appearance of the bands corresponding to intact Dicer of purified
Dicer when compared to EL2, which is a consequence of higher percentage of glycerol in the
sample. EL-Eluate fraction

As it seemed that the purity of Dicer was independent on the order of the resins, I decided to
use the purification protocol in which the TALON resin preceded the Strep-Tactin resin for several
reasons. First, the TALON resin is prone to nonspecific protein binding when its binding capacity is not
reached (reviewed in Block et al, 2009). As the protein concentration decreases after the first resin, the
TALON resin might be even less selective when used as the second resin. Second, the lysate might

contain traces of biotin from the complete TNM-FH medium, where biotin is present in a nanomolar
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concentration. As the Strep-Tactin resin binds to biotin irreversibly, it might be advisable to use Strep-
Tactin as the second resin to prevent the permanent decrease in Strep-Tactin binding capacity.

The purified Dicer isoforms from Fig.13 were used for the cleavage assays (sections 4.2.1-
4.2.3). I tested the affinity tags removal by TEV and human rhinovirus 3C (HRV 3C) protease cleavage
several times on several different Dicer constructs and the obtained results were inconsistent ranging
from complete tag removal to apparently no removal at all (data not shown). The observed difference in
the efficiency of proteases cleavage could be caused by different sequence contexts adjacent to their
cleavage sites, because I used different Dicer constructs. Moreover, the Dicer constructs differed in their
purity and some impurities could prevent the TEV protease adhesion to the surface of a microtube
similarly to Bovine Serum Albumin in the restriction reaction, thus resulting in the different cleavage
efficiency. In any case, | omitted the affinity tags removal at all, so the Dicer isoforms used for the

cleavage assay contained all affinity tags as shown in Fig. 11.

4.1.5 Dicer concentration comparison
Estimating intact Dicer concentration in the samples with purified Dicer isoforms was a necessary
prerequisite for obtaining a reproducible data from the following cleavage assays. However,
measurement of total protein concentration might be inaccurate in determining concentration of intact
Dicer isoforms for at least two reasons. First, purified Dicer isoforms might differ from each other in
the proportion of the degradation fragments or impurities, so the total concentration would not be
proportional to exact concentration. Second, different methods of total protein concentration
measurement depend on or are influenced by the sequence of the protein and thus might not be optimal
for comparison of concentration of two proteins with different sequences. Therefore, I determined the
ratio between Dicer isoforms with unequal concentrations, when the amounts of Dicer isoforms equal,
based on a gel stained with

Coomassie Brilliant Blue as

Dicer’ s — well as by Western blot (Fig.
13). Finally, I chose a ratio of

- L A B S e 3x diluted Dicer® : Dicer® 5 :

o — . 6, which amounts to a ratio
A 4 Rt el —

Dicer® : Dicer® 5 : 18.

Fig 13: A comparison of concentrations between Dicer® and )
Dicer®. The gel stained with Coomassie Brilliant Blue (upper panel) Notably, the accuracy of this

and the developed film from Western blot (lower panel) show method is also limited, the
different volume ratios of purified 3x diluted Dicer® and Dicer® . s

loaded onto gel, which are indicated as Dicer®:Dicer® above images. actual ratio of Dicer” to
Five times smaller amount of protein was loaded onto the gel used Dicer® might deviate from

for Western blot. Dicer was detected with a FLAG specific antibody

(Sigma, 1:5000). The arrow indicates approximate ratio I selected the estimated one by 20%.

for following cleavage assay. The Dicer® dilution by factor three was Repeating of the experiment
chosen based on the comparison of the amount of purified Dicer® ) .
and Dicer® on the Coomassie-stained gel (Fig. 12). with the range of Dicer” to
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Dicer® ratios closer to the observed one could make the estimation more precise. Nevertheless, even 20
% deviation was small in comparison with measurement of total protein concentration in the sample of
Dicer® by absorbance at 280 nm with NanoDrop, where there was a 4-fold difference between minimal
and maximal measured value when measuring one sample several times due to low concentration of the

protein.

4.2 Dicer cleavage assay

To investigate the difference between Dicer® and Dicer®, I opted for a nonradioactive cleavage
assay set-up. It enabled to observe Dicer products together with the processing intermediates similarly
to a radioactive cleavage assay without the requirement to follow the extra security measures necessary
for handling radioactive material. Furthermore, as it was not used before, I wanted to test its potential.

I performed several cleavage assays with various substrates, which could reveal differences in
Dicer activity or the ability of internal cleavage. The cleavage reactions were resolved on 15%
polyacrylamide-7M urea gels and gels were stained with SYBR Gold Nucleic Acid Gel Stain
(Invitrogen). As shown in Fig. 14, the amount of a 21nt RNA visible on gel stained with SYBR Gold
Nucleic Acid Gel Stain ranged from 2 to 4ng, which corresponds to ~300 and 600 fmol, respectively;
the detection limit also depended on the length of exposure.

To compensate for the high detection limit, I

extended the time of the cleavage assay to up to 96

12 ng
1.5 ng

48 ng
24 ng
6 ng
3ng

hours. Nevertheless, the extension of the time might
have resulted in accentuation of drawbacks of in vitro
assays, which might have a negative impact on 25
obtained data. The drawbacks involve protein 5y
destabilization, loss of enzymatic activity, substrate

degradation as well as excessive evaporation. 17

Although they might be present in biochemical assays

as well, the short observation time might prevent them  Fig. 14: Detection limit of staining with
. .. ) SYBR Gold Nucleic Acid Gel Stain.
or minimize their influence so, that they canbe ignored. 1, 4404 amount of miRNA Marker (New

Nevertheless, in case that difference in processing  England Biolabs) was loaded onto 15%
L ) polyacrylamide-7M urea gel. The amount

between two Dicer isoforms exists, even a cleavage of 21nt sSRNA was counted as one third of

assay performed under suboptimal conditions could  the total amount of miRNA Marker/well.

provide some evidence.

4.2.1 Dicer processing of pre-let-7a3
To confirm that both purified Dicer isoforms had not lost the activity during purification and to

optimize reaction conditions, I performed a cleavage assay with a miRNA precursor, a typical substrate
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of mammalian Dicer. It was represented by human pre-let-7a3 (70nt), which had been used previously

(Zhang et al, 2004).

4.2.1.1 Test of contamination by ubiquitous RNases

Due to high sensitivity of RNA to degradation by contaminating RNases, I tested the presence
of nonspecific RNases in my cleavage reactions by performing the cleavage assay with pre-let-7a3 and
Dicer® with and without Ribolock RI (Thermo Scientific), which is derived from the mammalian
ribonuclease inhibitor protein.

The cleavage reactions contained 500 nM pre-let-7a3, which was incubated with 50 nM Dicer®,
so the pre-let-7a3 substrate was in 10-fold excess over Dicer®. Notwithstanding long cleavage time,
Dicer® cleaved only ~ 60 % of pre-let-7a3 in 24 hours. Therefore, I added a 96-hour time interval into
the cleavage assay to see how Dicer isoform would be able to cleave the substrate within this time range,
which is admittedly extremely long for a biochemical reaction.

The comparison of pre-let-7a3 cleavage pattern generated with and without Ribolock RI showed
that the samples were contaminated with a nonspecific RNase (Fig. 15). The reaction with Ribolock RI
generated products characteristic for Dicer cleavage: miRNA duplex comprising small 21-23nt RNA
and the ~25nt fragment corresponding to the cleaved-off terminal loop. In contrast, cleavage products
from the reaction without the Ribolock RI contained two additional cleavage fragments of around ~30
and ~35nt. The additional fragments were likely to arise from single or multiple cleavages inside the
terminal loop of pre-let-7a3, suggesting that the nonspecific nuclease is a single-stranded RNA
(ssRNA)-cleaving endoribonuclease. The specificity of contaminating RNase for ssSRNA was further
supported by the results of the same experiment with dSRNA substrate. The dsSRNA substrate does not
contain a stretch of ssSRNA enabling a cleavage by ssRNA-cleaving nonspecific RNase, so it could be
degraded only by dsRNA-cleaving nonspecific RNase. However, the cleavage pattern of dsRNA
substrate with and without Ribolock RI did not differ (data not shown).

As shown in Fig. 16, I observed a higher Dicer cleavage rate in the presence of Ribolock RI
than without it. There are two possible explanations. First, the ribonuclease inhibitor binds RNase A so
that it prevented the access of substrate to its active site (Kobe & Deisenhofer, 1995). Therefore, it is
plausible, that nonspecific RNase could not inhibit Dicer processing by competitive binding to pre-let-
7a3. Second, the nonspecific cleavage of pre-let-7a3 in the terminal loop region resulted in generation
of pseudo dsRNA substrate, which might have been more prone to form a non-productive conformation
with Dicer than intact pre-let-7a3. It was improbable that Ribolock RI would directly stimulate Dicer
cleavage rate in general as I did not see the stimulation for other substrates (data not shown).
Nevertheless, the possibility of specific stimulation Dicer cleavage of pre-let-7a3 by Ribolock RI could
not be ruled out.

Despite many precautions against RNase contamination, some appeared in the cleavage

reactions, but their source remained elusive. Interestingly, the performed cleavage assays with pre-let-
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Fig. 15: Test of the presence of a nonspecific RNase. The cleavage assay with 50 nM Dicer®
and 500 nM pre-let-7a3 was performed under two different conditions: with and without Ribolock
RI, inhibitor of RNase A. Only in this assay, I used the pre-let-7a3 substrate with 5’end
triphosphate; the subsequent assays were performed with the pre-let-7a3 with monophosphate at
the 5‘end. The Dicer cleavage products are indicated with white asterisks, the cleavage products
of nonspecific Ribonucleases are indicated with black asterisks. DNA and miRNA Marker served
only as an approximate indicator of small RNA length; DNA marker tended to migrate slightly
faster than RNA and miRNA Marker tended to migrate slightly slower than the rest of RNA due
to different buffer composition. Furthermore, the migration of markers differed from gel to gel
presumably because of varying temperature of gels. DNA M-DNA marker, miRNA M-miRNA
Marker

7a3 substrate differed from each other in the rate of cleavage by nonspecific RNase in the reactions with
Dicer isoforms and negative controls without Dicers and Ribolock RI. Thus, the substrate might be the
source of nonspecific RNase, as each preparation might have differed in the amount of nonspecific
RNase. However, the cleavage assay with the lowest possible cleavage rate by nonspecific protease as
shown by negative controls had contaminated cleavage reaction with Dicer without Ribolock RI, which
would indicate, that the Dicer preparation was the source. Nevertheless, it is contradictory with the
presence of nonspecific RNase in the negative controls without Dicer. As Ribolock RI had a positive

effect on nonspecific RNase inhibition, I used it routinely in the cleavage assays.

4.2.1.2 Test of Dicer-specific cleavage

I tested whether pre-miRNA cleavage in the presence of Ribolock RI is specific to Dicer by
addition of excess of divalent cations chelating agent, EDTA, which inhibits Dicer cleavage (Provost et

al, 2002; Zhang et al, 2002). Although the divalent cations are required for cleavage of many
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ribonucleases, the combined characteristic of EDTA-inhibition together with generation of characteristic
~22nt products constitute a solid evidence for the Dicer specific cleavage. To verify that the ~22nt
products are indeed produced by Dicer cleavage, it would be best to generate catalytically dead mutants.
However, I did not prepare it and, to my knowledge, there is no commercially available small compound
inhibitor specifically inhibiting Dicer cleavage activity, which could be used instead.

As shown in Fig. 16, the addition of EDTA decreased production of characteristic 21 - 22nt

small RNA fragments bud did not completely prevent it. It was probably due to nonspecific RNase
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Fig. 16 : Test of specificity of Dicer cleavage. The cleavage assay with 50 nM Dicer® and 500 nM
pre-let-7a3 was performed with Ribolock RI or EDTA. The Dicer cleavage products are indicated with
white asterisks, the cleavage products of nonspecific RNase are indicated with black asterisks. DNA
M-DNA marker, miRNA M-miRNA Marker

cleavage in the sample without Ribolock RI. As is shown in Fig.17, there is a possible combination
which might generate 21nt cleavage fragments as well. The same experiment with dsSRNA did not yield
~22nt cleavage product when treated with EDTA (data not shown).

The addition of the 96h time point showed that Dicer retained at least a part of its activity during
several days at 37°C (Fig. 16). Nevertheless, such prolonged incubation led to Ribolock RI inactivation
and excessive evaporation even from closed microtubes. As the evaporation was uneven across samples,
I decided to take into consideration only the results from shorter time points. However, I included the
96h time point in the cleavage assay and also used it for RNA PAGE, because it was helpful for
determining the position of Dicer products of ~22nt, which were weakly visible in case of other

substrates.
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4.2.1.3 Comparison of Dicer® and
Dicer’ pre-let-7a3 processing

To compare processing of the Dicer
isoforms, 1 performed cleavage assay
with the pre-let-7a substrate, which
substrate  of

As in

represents a typical
mammalian Dicer in a cell.
previous assays, the pre-let-7a3 substrate
was in 10-fold excess over Dicer
isoforms. As shown in Fig. 18, the Dicer
isoforms did not differ significantly in

their processing of pre-let-7a.

ohbeam @ e
GAG AGUAGGUUGUAUAGUU UGGGGCU
c
GUCCCGU

v A URGGGURUC

A

Fig. 17: Possible cleavage sites of nonspecific RNAse.
At least two cleavage events by nonspecific RNase are
necessary to generate fragments corresponding to the
observed RNA species in the Fig, 16. Possible
degradation fragments are highlighted in different
colours: 38, 32 and 24nt fragments in yellow, green and
dark green, respectively. If nonspecific RNAse cleaves
off also the ssRNA overhangs, the generated products
could be 37, 29 and 2Int long. Arrowheads indicate
possible cleavage sites of nonspecific RNase. Secondary
structure of pre-let-7a3 was adapted from the miRBase
database.
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Fig. 18: Comparison of pre-let-7a processing between Dicer® and Dicer®. Reactions containing
50 nM Dicer® or Dicer® and 500 nM pre-let-7a were incubated at 37°C. DNA M-DNA Marker,

miRNA M-miRNA Marker

4.2.2 Dicer processing of perfectly complementary dsRNA

Next, I tested Dicer processing of 130bp long, blunt ended, perfectly complementary dsRNA,

which had been used previously (Zhang et al, 2002). It represents a type of RNAi substrate resembling

a blunt-ended replicated RNA virus.
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As shown in Fig. 19, both Dicer isoforms were inefficiently cleaving the 130bp perfect duplex.
Although reactions contained equal molar amount of Dicer to substrate at the beginning, the length of
the substrate would enable several cleavages and thus the multiple rounds of cleavage. As expected,
Dicer® apparently cleaved less than 20 % of the perfect duplex in 96 hours, which corresponded to less
than one cleavage per one Dicer molecule. The cleavage intermediates of ~85nt were probably products

of two rounds of Dicer cleavage.
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Fig. 19: Comparison of Dicer’ and Dicer® processing of perfectly complementary
dsRNA. Reactions contained 50 nM dsRNA and 50 nM Dicer® or Dicer®. Substrate in the
form of dsRNA and ssRNA is marked by black arrowheads and black asterisks, respectively.
Cleavage intermediates are denoted by orange asterisks and cleavage product by white
asterisks. DNA M-DNA Marker, miRNA M-miRNA Marker

Interestingly, there was no significant difference in Dicer® and Dicer® processing. The subtle
difference in Dicer processing in favour of Dicer®, which seemed to be more active, has been reversed
once | switched the order of the loading of cleavage reactions on the gels. This reversal indicated that,
apart from other artefacts, the uneven staining or uneven diffusion of small RNA from the gel according
to their position on the gel might play a role as well.

The substrate did not form only one band on the gel, which would correspond to 2 strands of
the same size, but formed two bands instead. It indicated, despite the high urea content, pre-run and
preheating of the TBE buffer to 50-55°C that the electrophoresis might not have been denaturing
enough, especially for RNA samples above 100nt. Therefore, the upper band likely corresponded to
dsRNA and the lower band to denatured strands.
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4.2.3 Dicer processing of dsRNAtetra substrate

As the RNAI substrates usually lack open helical ends and initiation of their processing would
require internal cleavage, I wanted to investigate how Dicer isoforms differ in the ability of making an
internal cleavage. For this purpose, I used a derivative of a substrate lacking free ends (Zhang et al,
2002). It comprises two RNA strands. A 5’end of each strand basepairs with the internal region of the
strand, thus forming a stem region with 4-nt terminal loop and long 60nt single stranded extension which

pairs with the second RNA oligo. After annealing,

the substrate has two tetranucleotide terminal loops

instead of open helical ends (Fig. 20), which

18nt 55nt 17nt
prevents substrate binding by the PAZ domain of Fig. 20: A schematic representation of the
Dicer. dsRNAtetra substrate.

The efficiency of product generation was very low (Fig. 21), because the 22nt products were
readily visible only after 96 hours. However, it is important to note that the formation of one 22nt
products from dsRNAtetra required 2 cleavages. Therefore, the generation of products should have been
less frequent than in case of previous dsRNA substrate where only one cleavage event was necessary
for generation of ~22bp small RNA as it was cleaved from the terminus. Moreover, in the case of
dsRNAtetra, it was plausible to expect that the first internal cleavage was rather random and did not
formed intermediates of the same size. As a consequence, the detection method would have to be extra
sensitive in order to detect so infrequent and random event. For future experiments, it might be advisable
to increase the concentration of Dicers in the reaction in order to increase the frequency of product
generation or to use more sensitive method (e.g. radiolabelled substrates) enabling visualization of small
amount of products.

There seemed to be no difference in rates of ~22bp products generation by the Dicer isoforms,
which implies that there was no difference in the ability of internal cleavage between Dicer® and Dicer®.
In the samples representing 24-hour time point, there was only a very faint band of the 22nt detectable
in both samples and only in case of a very long exposure. The 96h time interval with detectable 22nt
product was inadvisable to use for comparison as the samples differed in their concentration of the
substrate and products due to uneven evaporation after such long time, which would strongly disturb

reaction conditions.
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Fig. 21: Comparison of Dicers and Dicer0 processing of the dsRNAtetra substrate.

Reactions contained 50 nM dsRNAtetra and 50 nM DicerS or Dicero. Substrate is marked by
black asterisks and the cleavage product by white asterisks. A A picture of the entire gel with
resolved cleavage reactions. B A section of the gel from A showing Dicer products. C A section
of the gel from the second independent experiment showing Dicer products. Sections are from
photograps with longer exposure than in A and adjusted brightness and contrast. DNA M-DNA
Marker, miRNA M-miRNA Marker
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5 Discussion

The functionality of RNAi in mouse oocytes coincides with the expression of Dicer®, a truncated
Dicer isoform. To better understand contribution of Dicer® to functionality of RNAi in mouse oocytes,
I intended to assess the difference in processing of RNAi substrate between Dicer® and Dicer® in vitro.
Therefore, 1 established a protocol for isolation of pure recombinant Dicer and performed non-
radioactive cleavage assays with substrates containing features characteristic of RNAi substrates, such
as long stretch of perfectly complementary dsRNA or absence of blunt dsSRNA ends.

Below, 1 will discuss the issues I encountered during testing different Dicer purification
protocols and continue with the discussion of the last protocol, comprising TALON and Strep-Tactin
resins, which yielded Dicer of the highest purity and integrity. The second part of discussion is devoted

to the analysis of the non-radioactive cleavage assay and to the interpretation of the results.

5.1 Testing different Dicer purification protocols

In order to obtain Dicer of high purity and integrity, several different purification protocols were
tested. The purity and integrity evaluation of some Dicer preparations was complicated by the low
concentration of Dicer in eluates. Therefore, I was routinely forced to use Western blot, which has higher
detection sensitivity. As a consequence, [ was evaluating only Dicer integrity because the used antibody
visualized only one specific protein and the rest of the proteins present in the sample remained hidden.
Because of the expected higher activity of some Dicer degradation fragments and the potential risk they
posed to the validity and reproducibility of obtained data, the estimating precisely Dicer integrity was
more critical than purity. However, it should be noted that Western blot has certain limitations, which
could distort the data and subsequent interpretation if used alone.

First, it is very sensitive, so it detects a minuscule amount of present proteins. The potential
drawback of such sensitivity lays in the question, whether such amounts would be relevant. For example,
I used Western blotting to assess whether I reached the binding capacity of the TALON resin. As |
always detected Dicer in the flow-through sample, I scaled down the number of Dicer expressing cells
because I assumed that the binding capacity of the resin had not been reached. Apart from an increase
in the cost of the purification, such arrangement led to the above mentioned drawback of increased
binding of nonspecific proteins, which however could not be detected by Western blot.

Second, the high sensitivity of the Western blot is coupled with a narrowed linear dynamic range
of the detection signal. Therefore, the integrity of certain Dicer preparation might have looked lower
because, unlike the signal from the degradation fragments, the signal from the intact Dicer might have
already been saturated.

Third, the Western blot comprises of several steps, which are prone to generation of artefacts.
Specifically, I encountered problems with Dicer transfer especially when I overloaded the gel with

proteins. As smaller fragments in general tend to be transferred more efficiently, it might have added to
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the underestimation of Dicer integrity, e.g. in case of Dicer preparation obtained by the two-step
purification with TALON and Glutathione Agarose resin. Additional distortion of results can be caused
by an uneven substrate distribution across membrane, which manifests as white patches with weak or
no signal on developed films.

Taken together, it is advisable to combine the Western blot with the Coomassie staining or the
silver staining if conditions allow it. If the Western blot alone is used for analysis, then it is necessary
to be cautious when interpreting the obtained results.

Despite numerous obstacles emerging during work with various purification protocols, I
established a functioning two-step purification protocol based on the TALON and the Strep-Tactin
resins, which allowed for preparing Dicer at high purity and integrity. In fact, concerning the purity of
Dicer, the described two-step purification is comparable to, or even outperforms, the widely used Dicer
purification protocol comprising of IMAC combined with the size exclusion chromatography (MacRae
et al, 2008) when comparing images of Coomassie-stained gels showing Dicer preparations from various
studies (Liu et al, 2015; Ma et al, 2008; Ma et al, 2012; MacRae et al, 2008).

The described two-step purification protocol represents an accessible and affordable alternative
to the previous purification protocol (MacRae et al, 2008). The size exclusion chromatography in general
requires equipment of high acquisition costs that is not available in all laboratories. In contrast, the
described two-step purification does not need any special equipment as it is performed in a batch or a
gravity-flow format. Moreover, both TALON and Strep-Tactin resins can be reused multiple times when
handled properly, which further reduces the cost of the purification.

To obtain ultrapure Dicer without affinity tags, however, it is necessary to optimize the two-
step purification protocol further. Moreover, the outcome of the optimization might provide insights into
the lower purity and integrity of Dicer preparations obtained by other protocols tested in the thesis.

First, it needs to be determined whether the degradation fragments are result of residual protease
activity. Therefore, purification with a wide range of protease inhibitors present during the whole
procedure needs to be tested as some could be found, which would inhibit the residual protease activity.
Nevertheless, it is also possible that the putative protease responsible for Dicer degradation would not
be inhibited by any of the available inhibitors. If the putative protease originates from insect cells, it
would be useful to test different methods of cell lysis in order to prevent the protease release into the
lysate.

Second, I would like to test whether Dicer with affinity tags forms monomers or dimers.
Although Dicer with His-tag does not have a dimerization tendency (Zhang et al, 2004), there is a
possibility that the other affinity tags or the composition of used buffers might promote its dimerization.
Consequently, it would lead to unintentional copurification of intact Dicer together with its degraded
dimerization partner as suggested for GST-tagged Dicer.

Third, an additional experiment should be performed to test the effect of high temperature on

Dicer stability as Dicer might be degraded during the denaturation step preceding loading on the gel.
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Although I tested the effect of denaturation temperature several times and saw no effect, I used either
Dicer preparations of low integrity and purity or Dicer, which was bound to beads (data not shown). In
the first case, the appearance of new bands or intensification of the existing ones due to additional
degradation might not have been detectable due to low purity of Dicer. In the second case, the
temperature seemed to correlate with the release of Dicer from the beads rather than with its degradation,
however, this notion should be examined more systematically.

Fourth, the protocol for protease cleavage needs to be optimized so that the affinity tags could
be removed from the recombinant Dicer. However, it might be advisable to construct a new expression

vector containing cleavage sites of only one protease in order to simplify the purification protocol.

5.2 Non-radioactive cleavage assay

I established a non-radioactive cleavage assay which enables to directly visualize the cleavage
products of Dicer processing on the gel using SYBR Gold Nucleic Acid Gel Stain. There are several
advantages of the non-radioactive cleavage assay over the traditional radiolabelling. The samples from
the non-radioactive cleavage assay do not need to be processed immediately but can be stored at -80 for
a long time; the duration of the storage is limited only by the stability of the RNA. Moreover, the nucleic
acid visualization and subsequent photographing is simple as it consumes only several minutes and does
not require any gel drying or prolonged exposition. In contrast to radioactive nucleotides used in
radioactive assays, SYBR Gold Nucleic Acid Gel Stain is not hazardous to health, its handling requires
only standard safety measures and waste disposal regulations are minimal.

There are, however, two drawbacks of the developed non-radioactive assay: (1) the high
detection limit, which is in the nanogram range, together with (2) the occurrence of some artefacts,
which might distort the obtained data. The potential artefacts involve i) an effect of extensive and uneven
evaporation caused by extended incubation of the samples at 37°C, which was used to accumulate
sufficient amounts of cleavage products, and ii) an effect of the sample position on the gel, probably
caused by uneven gel staining or uneven diffusion of small RNAs from the gel during its staining.

Using the non-radioactive cleavage assay, I confirmed that both recombinant Dicer isoforms
isolated by two-step purification using TALON and Strep-Tactin resins were active. They generated the
characteristic ~22nt small RNA species from various substrates. Moreover, both Dicer preparations
retained their ability to process pre-miRNA in a multiple-turnover fashion. Under condition of ten-fold
excess of substrate over the enzyme, both Dicer isoforms processed more than 50% of initial substrate
in 24 hours. Nevertheless, the cleavage rate of both mouse Dicer isoforms was very low when compared
with published results, where the full-length human Dicer, equivalent of Dicer®, processed half of the
initial amount of pre-miRNA in 15 minutes under the same Dicer to substrate ratio.

There could be several reasons behind such a striking difference in efficiency of Dicer
processing. First, the two assays differed in the used substrate; I used human pre-let-7a3, whose dsRNA

end has Int 5’end overhang and a 3nt 3’end overhang, whereas the published study utilized pre-let-7al
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modified so as to form a 3° 2nt overhang. Therefore, the substrates differ from each other in the terminal
loop and the structure of their ends bound by the PAZ domain; difference in both structures could
influence the Dicer activity (Feng et al, 2012; Park et al, 2011). Second, due to persisting issue with
RNase contamination even during RNA purification, individual pre-let-7a3 preparations differed from
each other in the presence of shorter RNA fragments. The fragments could imitate short dsSRNAs with
their inhibitory effects on the Dicer cleavage efficiency (Chakravarthy et al, 2010; Ma et al, 2008; Ma
et al, 2012; Taylor et al, 2013). Although the reduced cleavage rate was most pronounced in the
reactions without Ribolock RlI, it is possible that even a mild contamination with degradation fragments
in reactions with Ribolock RI could cause the discrepancy between the published data and my assay.
Third, the assays differed in pH and composition of used buffer. I used a buffer optimized for the in
vitro fluorescent Dicer assay described above (Podolska et al, 2014), which was with minor adjustments
used in a study reporting the discovery of Dicer® isoform (Flemr et al, 2013). The pH of the buffer was
8, which was by 1.5 units higher than in case of the buffer used in Ma et al, 2008. Although it represents
a considerable difference, the test of buffer of a similar pH (6.8) decreased Dicer activity in the in vitro
fluorescent assay, when compared to the used buffer (Podolska et al, 2014). Therefore, the higher pH of
the used buffer should have either neutral or positive effect on Dicer processing. Nevertheless, the
cleavage assay with both buffers needs to be performed to exclude the detrimental effect of different pH
and buffer composition on Dicer activity in my assay. Fourth, recombinant Dicers used in the cleavage
assay contained affinity tags, so that I cannot exclude the potential interference with the Dicer activity
which might have manifested in the reduced Dicer processing. This issue needs to be resolved in further
experiments.

Both recombinant Dicer isoforms showed similar, but reduced activity when processing pre-let-
7a3, which indicated that they were equally affected by the above suggested factors. Therefore, they
could be used in other cleavage assays as the potential difference in their processing of these substrates
would be caused by differences in their inherent characteristic rather than the above suggested external
factors.

When I performed non-radioactive cleavage assay with a long, perfectly complementary
dsRNA, both Dicer isoforms generated ~22 nt small RNAs and longer dsRNA corresponding to
cleavage intermediates, while there was no apparent difference in their mode of processing or in their
activity. Nevertheless, no conclusion can be drawn from the result at the moment due to assay
limitations. Given the high detection limit of the assay and artefacts arising from an uneven gel staining
or diffusion, I probably would not be able to see a 50% difference in Dicer activity, if it would have
existed. Therefore, additional assay optimization needs to be done to improve the sensitivity of the assay.
The artefacts might be reduced or prevented by gel fixation, shortened duration of the gel staining or
mirrored arrangement of samples in the gel. The signal to background ratio of Dicer cleavage products
might be improved by increasing Dicer concentration, which should result in a higher amount of

products and cleavage intermediates. If the implementation of suggested improvements does not lead to
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increased sensitivity of the assay, it will be necessary to repeat the experiments with a radioactively
labelled substrate.

The cleavage assay with dsRNAtetra substrate testing the ability of internal cleavage showed
no difference between Dicer® and Dicer®. However, it suffered from the same drawbacks as the previous
assay and they were even more pronounced due to structural features of dsSRNAtetra preventing efficient
Dicer processing.

There is a possibility that even improved non-radioactive cleavage assay would not show any
difference in Dicer® and Dicer® processing of RNAi substrates. In that case, there are two possible
explanations. First, the recombinant Dicer isoforms I prepared could be impaired, e.g. due to presence
of affinity tags at the N-terminus, which might interfere with the helicase function, or due to prolonged
purification, so they could not process the dsSRNA substrate differently. Second, the published difference
in activity of Dicer® and Dicer® was an artefact generated by the in vitro fluorescent cleavage assay,
which measures the Dicer activity indirectly by the increase in fluorescence. However, nonspecific
cleavage by contaminating RNase or spontaneous dissociation of the strands comprising the fluorescent
substrate would also lead to an increase in fluorescence. Moreover, the bulky structure of the fluorescent
dye and the quencher could have differential effect on the activity of Dicer® and Dicer®.

To test the functionality of my Dicer preparations it would be advisable to include a positive
control in the non-radioactive cleavage assay to be able to distinguish, whether the assay conditions
enables detection of the difference in Dicer activity. The positive control could be mouse Dicer without
the entire helicase, which is known to be more active in processing perfectly complementary dsSRNA
than Dicer® (Ma et al, 2008; Ma et al, 2012), mouse Dicer® partially digested with Proteinase K (Zhang
et al, 2002) or commercially available recombinant human Dicer (Genlantis). Moreover, I should test
the original Dicer preparations for comparison, despite the fact that they are more than three years old
so that they could already lose their activity.

To test the reproducibility of the in vitro fluorescent cleavage assay with previously published
substrates, it should be performed with the Dicer preparations described in the thesis in two parallel set-
ups. In the first set-up, the rate of Dicer cleavage would be measured as published previously by the
increase in fluorescence (Podolska et al, 2014). In the second set-up, a non-radioactive assay described
in this thesis would be performed with the fluorescently labelled substrate to visualize the cleavage
products and to determine whether the increase in fluorescence correlates with the increase in an amount

of the Dicer cleavage products.
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6 Conclusions

The main aim of this thesis was to examine whether two mouse Dicer isoforms, Dicer® and Dicer®,

differ in in vitro processing of various substrates. In order to achieve the aim,

e [ tested several Dicer purification protocols with varying number and combination of affinity
resins. Finally, I established a Dicer purification protocol comprising TALON and Strep-Tactin resins,

which yielded mouse Dicer isoforms of high purity and integrity.

e I developed a non-radioactive cleavage assay enabling visualization of Dicer cleavage
products and processing intermediates similarly to radioactive cleavage assays, although with lower
sensitivity. It involves separation of RNA species with urea-PAGE and subsequent staining of gels

with SYBR Gold Nucleic Acid Gel Stain.

e [ performed non-radioactive cleavage assays with various substrates. I observed no difference
between two mouse Dicer isoforms, Dicer® and Dicer®, in in vitro processing of a pre-let-7a3, a
perfectly complementary dsSRNA and a dsRNA lacking free ends. The observed results indicate that
deletion of the HEL1 domain might not be sufficient for the increase of in vitro Dicer activity
observed for the human Dicer without the entire helicase. Nevertheless, the validity of the observed
results is limited due to technical limitations of the assay together with low activity of recombinant
Dicers, possibly caused by the presence of affinity tags at the N-terminus. Therefore, further

experiments are necessary to confirm these preliminary results.
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