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ABSTRACT (ENGLISH)

Phosphoinositides (PIs) are negatively charged glycerol-based phospholipids. Their
inositol head can be phosphorylated at three positions generating seven differently
phosphorylated species. Cytoplasmic phosphoinositides regulate membrane and
cytoskeletal dynamics, vesicular trafficking, ion channels and transporters and generate
second messengers. In the nucleus, Pls are implicated in pre-mRNA processing, DNA
transcription and chromatin remodelling. However, their nuclear functions are still poorly
understood. Here we focus on nuclear phosphatidylinositol 4-phosphate (PI(4)P) and
phosphatidylinositol 4,5-bisphosphate (PI(4,5)P2). We describe their localization and
interaction with proteins involved in regulation of DNA transcription.

PI(4)P localizes to the nuclear membrane, nuclear speckles and nucleoplasm. The
majority of nuclear PI(4)P is associated with chromatin and colocalizes with H3K4me2.
PI(4,5)P2 localizes to nucleoli and nuclear speckles. Besides, 30 % of nuclear PI(4,5)P2 forms
small nucleoplasmic PI(4,5)P2 islets. They have carbon rich core, which is probably formed
by lipids, and are surrounded by proteins and nucleic acids. The active form of RNA
polymerase Il associates with PI(4,5)P2 islets and DNA is actively transcribed in the vicinity of
PI(4,5)P2 islets. Moreover, nuclear myosin 1 (NM1) binds PI(4,5)P2 in the nucleus. This
interaction targets NM1 to PI(4,5)P2 islets and is essential for NM1 interaction with
transcription machinery and active DNA transcription. Therefore, we suggest that PI(4,5)P2
islets facilitate a spatial-temporal arrangement of transcription complexes assembly.

Moreover, we demonstrate that lysine-specific histone demethylase 1 (LSD1),
enzyme that demethylates H3K4me2, interacts with both PI(4)P and PI(4,5)P2. While the
interaction with PI(4)P leads to an inhibition of LSD1, the interaction with PI(4,5)P2
stimulates LSD1 H3K4me2 demethylase activity in vitro. Thus, PI(4)P and PI(4,5)P2 could
regulate transcription at the epigenetic level also in vivo.

Another PI(4,5)P2 binding protein, actin, exists in the cytoplasm in monomeric form
that can polymerize to filaments. However, in which form is actin present in the nucleus is
still not sufficiently understood. After actin overexpression, we observed formation of actin
filaments in the nucleus. These filaments resemble cytoplasmic F-actin and recruit cofilin and
Arp3 actin binding proteins. The formation of actin filaments in the nucleus results in an
increased transcription in S-phase, decreased cell proliferation and aberrant mitosis.



ABSTRACT (CZECH)

Fosfoinositidy jsou negativné nabité fosfolipidy. Jejich inositolova hlavicka mize byt
fosforylovdna na tfech pozicich, a tak mohou tvofit sedm razné fosforylovanych forem.
Cytoplasmatické fosfoinositidy reguluji dynamiku bunéénych membran a cytoskeletu,
transport membranovych vacka, funkci iontovych kandll a transportért a produkci druhych
poslll. Jaderné fosfoinositidy ovliviuji postranskripéni Upravy pre-mRNA, DNA transkripci a
remodelovani chromatinu. Jejich jaderné funkce jsou nicméné nedostatec¢né prozkoumany.
Tato prace se zaméruje na jaderny fosfatidylinositol 4-fosfat (PI(4)P) a fosfatidylinositol 4,5-
bisfosfat (P1(4,5)P2), jejich lokalizaci a interakce s proteiny regulujicimi transkripci.

PI(4)P je soucdsti jaderné membrdny, nachazi se v jadernych speckles a
v nukleoplasmé. VétSina jaderného PI(4)P je navdzdna nachromatin a kolokalizuje
s H3K4me2 histonovou znackou. PI(4,5)P2 lokalizuje do jadérka a jadernych speckles.
Pfiblizné 30 % jaderného PI(4,5)P2 tvofi malé ostrlvky v nukleoplasmé. Nitro téchto
ostrlivk(l je bohaté na uhlik a je pravdépodobné tvoreno lipidy. Ostriivky jsou obklopeny
proteiny a nukleovymi kyselinami. Aktivni forma RNA polymerazy Il lokalizuje k PI(4,5)P2
ostravkim a v blizkosti ostrlivkd dochazi k aktivni transkripci. Jaderny myosin 1 (NM1) vaze
PI(4,5)P2. Tato interakce je zdsadni pro vazbu NM1 na transkripéni komplex a probihajici
transkripci. Predpokladame proto, Ze PI(4,5)P2 ostrivky zprostfedkovavaji casové-
prostorovou koordinaci tvorby aktivnich transckripénich komplexd.

Lyzin-specificka histon demetylaza 1 (LSD1) interaguje s PI(4)P i PI(4,5)P2. Interakce
s PI(4)P inhibuje, zatimco interakce s PI(4,5)P2 stimuluje LSD1 demetylacni aktivitu a
ovliviiuje tak hladinu H3K4me2 in vitro. Timto zplGsobem by PI(4)P a PI(4,5)P2 mohly
regulovat transkripni aktivitu na epigenetické drovni i in vivo.

Dalsim PI(4,5)P2 vazebnym proteinem, ktery jsme studovali, je aktin. Aktin existuje
v cytoplasmé ve formé monomer(, které mohou polymerizovat a vytvaret vlakna. Zatim neni
dostate¢né objasnéno, vjaké formé se aktin vyskytuje v bunééném jadre. Po exogenni
overexpresi aktinu jsme pozorovali tvorbu jadernych aktinovych vldken. Tato vlakna
pfipominala svymi vlastnostmi cytoplasmaticka aktinova vldkna. Aktin vazebné proteiny
cofilin a Arp3 lokalizovaly ktémto jadernym vldknim. Nasledkem tvorby jadernych
aktinovych vlaken byla zvysena transkripce béhem S faze bunééného cyklu, snizena bunécéna
proliferace a aberantni mitdza.



1. INTRODUCTION

Phosphatidylinositol (PI) is a negatively charged glycerol-based phospholipid. As an
amphipathic molecule, Pl is formed by hydrophobic acyl tail and hydrophilic inositol head.
The inositol head can be phosphorylated at three different positions generating 7
phosphorylated species, phosphoinositides (Pls) — phosphatidylinositol 3-phosphate (PI(3)P),
phosphatidylinositol ~ 4-phosphate (PI(4)P), phosphatidylinositol 5-phosphate (PI(5)P),
phosphatidylinositol 3,4-bisphosphate (PI(3,4)P2), phosphatidylinositol 3,5-bisphosphate
(P1(3,5)P2), phosphatidylinositol 4,5-bisphosphate (P1(4,5)P2) and phosphatidylinositol 3,4,5-
trisphosphate (PI(3,4,5)P3; Fig. 1). Their metabolism is very dynamic, regulated by numerous
Pls kinases, phosphatases and phospholipases. Although Pls represent only about 2 % of
cellular phospholipids, they are very important signalling molecules (reviewed in Viaud et al.
2015; Tan et al. 2015).
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Fig. 1 Schematic representation of Pl and seven differently phosphorylated Pls. PI
can be phosphorylated at 3’, 4 and 5 positions yielding three phosphatidylinositol
monophosphates (PI(3)P, PI(4)P, PI(5)P), three phosphatidylinositol bisphosphates (PI(3,4)P2,
PI(3,5)P2, PI(4,5)P2) and one phosphatidylinositol trisphosphate (PI(3,4,5)P3). Red circles
depict sites of inositol ring phosphorylation.

1.1 Phosphoinositides in the cytoplasm

As phospholipids, cytoplasmic Pls are components of cellular membranes. Their
localization can be visualized by specific Pls-binding protein domains coupled to GFP and can
be concluded also from localization of their metabolizing enzymes. There are many Pls
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metabolizing enzymes, which differ in their specificity, activity and localization. Therefore,
several pools of particular Pls are produced in different membranes and organelles. Pls then
recruit their binding partners to these sites, which results in unique functions of individual
Pls within the cell. Cytoplasmic Pls regulate vesicular trafficking, membrane and cytoskeletal
dynamics, ion channels and transporters, and generation of second messengers (reviewed in
Balla 2013; Tan et al. 2015).

1.2  Phosphoinositides in the nucleus

Beside their cytoplasmic functions, Pls play an important role also in the cell nucleus
(reviewed in Shah et al. 2013). It is still unclear whether or how Pls are transported from the
sites of their synthesis to the nucleus. However, two isoforms of Pl transfer proteins (PIPTs)
are able to translocate to the nucleus (De Vries et al. 1996). As many Pls metabolizing
enzymes also localize to the nucleus (Keune et al. 2011; Martelli et al. 2011), it is plausible
that Pl is transported to the nucleus, where it is further metabolized. Indeed, several studies
have confirmed an active intranuclear Pls metabolism (Smith and Wells 1983; Cocco et al.
1987; Déléris et al. 2003; Yildirim et al. 2013). These results point towards existence of an
intranuclear Pls cycle, which is independent on cytoplasmic Pls metabolism (Fig. 3).
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Fig. 2 Pls metabolism in the nucleus. Enzymes involved in Pls metabolism that
localize to the nucleus are depicted. Pls kinases (black), phosphatases (green), and
phospholipases (blue) form a metabolic network that most likely facilitates formation of
different Pls species (red) in the nucleus. Pathways catalyzed by enzymes confirmed to be



present in the nucleus (solid black arrows) and also possible pathways without known
nuclear enzyme (dashed grey arrows) are illustrated. A specific case is phosphatase and
tensin homolog (PTEN), which localizes to the nucleus but has been shown to be unable to
dephosphorylate nuclear PI(3,4,5)P3 (Lindsay 2006).

1.3  Functions of nuclear Pls

Approximately 15 % of cellular Pls reside in the nucleus (York and Majerus 1994).
Recent high-throughput studies identified more than 120 nuclear Pls-interacting proteins
involved in different nuclear functions including DNA repair, chromatin remodelling and
rRNA or mRNA processing (Lewis et al. 2011; Jungmichel et al. 2014). In the following
section, data about nuclear Pls and their roles in these processes will be summarized.

1.3.1 Pre-rRNA and pre-mRNA processing

We have recently shown that PI(4,5)P2 binds to nucleolar protein fibrillarin (Yildirim
et al. 2013). Fibrillarin functions in pre-rRNA processing, modification, and ribosomal
assembly (Tollervey et al. 1993). PI(4,5)P2 binds to fibrillarin in the transcriptionally active
regions of the nucleolus, alters its conformation and modulates the binding of fibrillarin to
pre-rRNA (Yildirim et al. 2013).

Anti-PI1(4,5)P2 antibody co-immunoprecipitates both small nuclear RNAs and the
active form of RNA Pol I, and inhibits pre-mRNA splicing in vitro (Osborne et al. 2001). These
results indicate that PI(4,5)P2 forms RNA-protein-lipid complexes which are involved in pre-
mRNA splicing. However, the exact molecular mechanism remains unknown.

PI(4,5)P2 acts also as a regulatory molecule in mRNA polyadenylation. PI(4,5)P2
synthesized by PIP5Kla stimulates processivity of a non-canonical Speckles targeted PIP5Kla
regulated poly(A) polymerase (Star-PAP) resulting in a stabilization of target mRNA coding
proteins involved in detoxification and oxidative stress response (Mellman et al. 2008).

Once mRNA is maturated, it is exported to the cytoplasm upon association with RNA-
interacting protein complexes (Nojima et al. 2007; Fuke and Ohno 2008). PI(4,5)P2 and
PI(3,4,5)P3 directly interact with the N-terminal part of export factor Aly/REF. (Okada et al.
2008). PI3K activity of IPMK and nuclear PI(3,4,5)P3 formation is essential for Aly binding to
target mRNA. The downregulation of IPMK activity inhibits export of mRNA coding proteins
implicated in DNA repair and homologous recombination (Wickramasinghe et al. 2013).

1.3.2 DNA damage response and apoptosis

The activity of class | PI3Ks, kinases that generate PI(3,4,5)P3, increases after growth
factor stimulation and during cell differentiation (Bertagnolo et al. 1999; Tanaka et al. 1999;
Ahn et al. 2004). After nerve growth factor (NGF) stimulation, PI(3,4,5)P3 binds directly to
nuclephosmin (B23). The PI(3,4,5)P3-B23 complex then mediates anti-apoptotic signalization
(Ahn et al. 2005). The action of both SHIP-2 and phosphatase and tensin homolog (PTEN)
phosphatases (Ahn et al. 2004; Ahn et al. 2005) as well as overexpression of B23 PI(3,4,5)P3-
binding mutant (Ahn et al. 2005) can inhibit NGF induced anti-apoptotic actions.



Besides its role in stabilization of particular mRNAs, Star-PAP-PIP5KIa complex takes
part in DNA damage response and apoptosis. Via PIP5Kla, Star-PAP interacts with PKCS (Li et
al. 2012), which is a key regulator of apoptosis (reviewed in Brodie and Blumberg 2003).
Following DNA damage, PI(4,5)P2 generated by PIP5Kla stimulates PKCS activity. PKCS then
phosphorylates Star-PAP, leading to Star-PAP activation and stabilization of a pro-apoptotic
protein Bcl2-interacting killer (BIK) mRNA (Li et al. 2012).

Moreover, PI(5)P is an important player in DNA damage response through its
interaction with inhibitor of growth protein 2 (ING2; Gozani et al. 2003). Following DNA
damage, ING2 stimulates acetylation of cellular tumour antigen p53 leading to G1-phase
cycle arrest, and apoptosis (Nagashima et al. 2001). PI(5)P binds to ING2 (Gozani et al. 2003)
and stabilizes it at the promoters of target genes (Bua et al. 2013). PIP4KIIB kinase, which
phosphorylates PI(5)P to PI(4,5)P2, is inhibited upon cellular stress (Jones et al. 2006).
Similarly, PI(4,5)P2 4-Ptase |, which dephosphorylates PI(4,5)P2 to PI(5)P, translocates into
the nucleus upon DNA damage (Zou et al. 2007). Elevated PI(5)P levels result in increased
ING2 association with chromatin (Jones et al. 2006) and induction of apoptosis through
ING2-p53 pathway (Zou et al. 2007).

1.3.3 Chromatin remodeling and modifications

The accessibility of DNA is crucial for gene expression regulation. There are data
demonstrating that PI(4,5)P2 plays an important role in DNA topological change and
chromatin remodelling, since it interacts with proteins involved in these processes (Yu et al.
1998; Zhao et al. 1998; Rando et al. 2002; Lewis et al. 2011; Toska et al. 2012).

Nuclear PI(4,5)P2 interacts with transcriptional co-repressor brain acid soluble
protein 1 (BASP1) and facilitates BASP1 interaction with histone deacetylase 1 (HDAC1).
BASP1-PI(4,5)P2-HDAC1 complex is then recruited to the promoter of target genes, where
HDAC1 deacetylates histones and reduces promoter accessibility for RNA Pol Il transcription
machinery (Toska et al. 2012). Another mechanism of PI(4,5)P2 action in chromatin
remodelling is through its direct interaction with SWI/SNF-like BAF chromatin remodelling
complex (Rando et al. 2002). PI(4,5)P2 binds BAF complex, targets it to chromatin, and
facilitates changes in chromatin structure during T-lymphocyte activation (Zhao et al. 1998).

In addition, PI(5)P binds directly to ubiquitin-like PHD and really interesting new gene
(RING) finger domain-containing protein 1 (UHRF1) and allosterically regulates its function.
When not bound to PI(5)P, UHRF1 recognizes unmodified histone H3 tail, while PI(5)P-
UHRF1 complex binds histone H3K9me3 (Gelato et al. 2014). Therefore, PI(5)P levels could
regulate UHFR1 association with chromatin and heterochromatic state of the genome.

1.3.4 DNA transcription

Recent findings show that PI(4,5)P2 and PI(3,4,5)P3 can interact with steroidogenic
factor 1 (SF-1) trough their acyl chains (Blind et al. 2012; Blind et al. 2014) and stabilize the
tertiary structure of SF-1. SF-1 in a complex with PI(3,4,5)P3 displays significantly higher
affinity for a coactivator peptide than in a complex with PI(4,5)P2 (Blind et al. 2014).



Therefore, the action of IMPK kinase or PTEN phosphatase can regulate SF-1 activity and SF-
1 target genes expression (Blind et al. 2012).

Furthermore, PI(4,5)P2 interacts with RNA Pol Il and RNA Pol | transcription
machinery (Osborne et al. 2001; Toska et al. 2012; Sobol et al. 2013; Yildirim et al. 2013).
PI(4,5)P2 forms a complex with the active form of RNA Pol Il (Osborne et al. 2001; Toska et
al. 2012). Yet, there is no evidence of a direct interaction between PI(4,5)P2 and RNA Pol II.

In comparison to RNA Pol Il, the mode of PI(4,5)P2 action in RNA Pol | transcription is
more understood. The upstream binding factor (UBF), which is recruited to the rDNA
promoter and facilitates the initiation of RNA Pol | transcription (Bell et al. 1988), interacts
with PI(4,5)P2. The interaction with PI(4,5)P2 enhances the binding of UBF to the rDNA
promoter. Moreover, the depletion of PI(4,5)P2 from Hela nuclear extract decreases the
level of RNA Pol | transcription in vitro (Yildirim et al. 2013). These data suggest that
PI(4,5)P2-UBF interaction might be required for association of the transcription initiation
complex with rDNA and activation of RNA Pol | transcription.

2. AIMS

Pls and Pls-interacting proteins are regulators of essential nuclear processes. Yet, Pls
nuclear functions are still poorly understood. Therefore we addressed these questions:

1) Which PIs localize to the cell nucleus?
2) In which subnuclear domains are they localized?
3) What are the binding partners of Pls in the nucleus?

Actin is a well-known PI(4,5)P2 interacting protein. The state of actin in the nucleus
(monomeric, filamentous, alternative polymeric) is unclear. We addressed these questions:
4) Can actin form filaments in the nucleus? Does the filament formation
affect nuclear functions?
5) Is the localization of actin in the nucleus regulated by P1(4,5)P2?

3. OVERVIEW OF USED METHODS

Tissue cultures, transfections

Cloning and standard molecular biology techniques

Cell fractionation

Fluorescence microscopy, Super-resolution microscopy
Electron microscopy and electron energy loss spectroscopy
Protein expression and purification
Co-immunoprecipitations and pull-downs

In vitro demethylation assay

SDS-PAGE and immunoblotting

RNA isolation and RT-gPCR



4, RESULTS
4.1 Nuclear Pls can be visualized by specific antibodies and Pls-binding domains.

Overexpressed EEA1-FYVE domain detects PI(3)P in nucleoli.
Overexpressed Pls-binding domains conjugated with GFP are widely used for

detection of Pls in cellular membranes. We tested these domains for detection of Pls in the
nucleus. Most of Pls-binding domains we tested display the same nuclear pattern as their
mutant forms, which are not able to bind Pls. However, EEA1-FYVE domain specifically
detected PI(3)P foci in nucleoli of U20S cells.

Specific antibodies and purified Pls-interacting domains detect PI(4)P and PI(4,5)P2 in the
nucleus.

As most of the overexpressed Pls-binding domains are not suitable for Pls detection
in the nucleus, we prepared purified PLC61-PH, Tubby and OSH1-PH domains fused with
eGFP, which recognize PI(4,5)P2 and PI(4)P, respectively. Using OSH1-PH and anti-PI(4)P
antibody, we demonstrated for the first time that nuclear PI(4)P can be visualized in the cell
nucleus. Using PLC61-PH and Tubby domains and anti-PI(4,5)P2 antibody we detected
PI(4,5)P2 in nucleoli, nuclear speckles and in the nucleoplasm.

PI(4)P localizes to nuclear membrane, nuclear speckles and nucleoplasm and is associated
with active chromatin.

We show that PI(4)P is present in nuclear membrane, it localizes to nuclear speckles
and forms small nucleoplasmic foci. The pattern of PI(4)P in nuclear speckles is not
homogenous, it forms small foci inside and at the edges of nuclear speckles, where the
active transcription takes place (reviewed in Spector and Lamond 2011). The majority of
nuclear PI(4)P localizes outside of nuclear speckles and most of nuclear PI(4)P is associated
with chromatin. Moreover, small nucleoplasmic foci of PI(4)P partially colocalize with
H3K4me2, the mark of active chromatin (Wang et al. 2014).

Nucleoplasmic PI(4,5)P2 forms small PI(4,5)P2 islets.

Nearly 30% of total nuclear PI(4,5)P2 detected by anti-PI(4,5)P2 antibody is located in
foci outside of nuclear speckles and nucleoli. This nucleoplasmic PI(4,5)P2 forms 40-100 nm
roundish structures, which we termed PI(4,5)P2 islets. They have carbon-rich interior and
phosphorus- and nitrogen-rich exterior.

PI(4,5)P2 islets are associated with active transcription.
The majority of PI(4,5)P2 islets colocalizes with RNA and can be disturbed by RNase

treatment. The active form of RNA Pol Il and transcription machinery proteins as well as
nascent RNA are associated with PI(4,5)P2 islets. Moreover, PI(4,5)P2 hydrolysis results in a
significant decrease of transcription level.

4.2 PI(4,5)P2 binds NM1 in the nucleus and mediates association of NM1 with
transcription machinery.

NML1 interacts with PI1(4,5)P2 in the nucleus.

We demonstrate that NM1 interacts with PI(4,5)P2 in the nucleus through its C-
terminal PH domain. This interaction anchors NM1 to bigger protein-lipid complexes.
Moreover, we show that NM1 localizes to PI(4,5)P2 islets.
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PI(4,5)P2 is required for the association of NM1 with transcription machinery.

It has been show before that the C-terminal part of NM1 is required for NM1-
mediated chromatin remodelling and activation of transcription (Hofmann et al. 2006;
Almuzzaini et al. 2015). We show that mutation of PI(4,5)P2 binding site results in loss of
interaction with RNA Pol Il and downregulation of transcription.

4.3  PI(4)P and PI(4,5)P2 interact with LSD1 and regulate its activity.

LSD1 is a general Pls interactor with the highest affinity for PI(4)P.

LSD1 demethylates H3K4me2 and H3K4mel histone methylation marks and
therefore represses transcription of its target genes (Shi et al. 2004). By direct binding assay,
we show that LSD1 interacts with PI, PI(4)P, PI(3,4)P2, PI(3,5)P2, PI(4,5)P2 and PI(3,4,5)P3
but displays the highest affinity towards PI(4)P.

PI(4)P and PI(4,5)P2 regulate LSD1 activity.

The Pls binding site of LSD1 is located in the C-terminal catalytically active domain of
LSD1. We demonstrate that PI(4)P binding inhibits LSD1 H3K4me2 demethylase activity in
vitro whereas PI(4,5)P2 binding has a stimulatory effect on LSD1 activity.

4.4 Actin is able to form filaments in the cell nucleus.

NLS-actin forms nuclear actin bundles, which recruit cofilin and Arp3.

After over-expression of EYEP-NLS-actin (EN-actin), 1 to 5 % of cells formed long thick
nuclear filaments, which in their length and thickness resembled cytoplasmic F-actin. The
rest of the cells displayed diffused nuclear actin signal. Cofilin, actin-depolymerizing factor,
and Arp3, a component of actin nucleation complex Arp2/3 colocalizes with nuclear actin
filaments.

Actin filaments increase transcription in S-phase and block mitosis.

EN-filaments do not preferentially localize to either active or inactive chromatin.
Although EN-actin does not colocalize with RNA polymerases, the level of transcription
increases in S-phase in presence of EN-actin filaments, by unknown mechanism. Moreover,
we observed that cells with EN-actin filaments do not undergo mitosis. These cells are often
binucleic or generate micronuclei.

4, DISCUSSION

Nuclear Pls are important regulators of various nuclear processes (reviewed in Shah
et al. 2013). To better understand their role in the nucleus, tools for nuclear Pls visualization
both in vivo and in vitro are needed.

In order to detect nuclear Pls, we tested several antibodies and Pls-binding protein
domains. Overexpressed EEA1-FYVE specifically detected PI(3)P foci in nucleoli of U20S cells.
In support of our data, PI(3)P has been previously detected in nucleoli of human fibroblasts
and baby hamster kidney cells (Gillooly et al. 2000). However, the function of nucleolar
PI(3)P is completely unknown. Moreover, we prepared purified PLC&1-PH, Tubby and OSH1-
PH domains fused with eGFP, which recognize PI(4,5)P2 and PI(4)P, respectively. We
compared nuclear pattern of these domains with patterns of anti-PI(4,5)P2 and anti-PI(4)P
antibodies.
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Using OSH1-PH and anti-PI(4)P, we demonstrate that nuclear PI(4)P is present in
nuclear membrane, it localizes to nuclear speckles and forms small nucleplasmic foci. The
majority of nuclear PI(4)P is associated with chromatin. Moreover, small nucleoplasmic foci
of PI(4)P partially colocalize with H3K4me2, the mark of active chromatin (Wang et al. 2014).

Since PI(4)P is present in nuclear speckles it could be implicated in splicing of newly
transcribed pre-mRNA. The other possibility is that PI(4)P serves as a precursor for PI(4,5)P2.
Enzymes, which convert PI(4,5)P2 to PI(4)P and vice versa, localize to nuclear speckles
(Boronenkov et al. 1998; Déléris et al. 2003; Mellman et al. 2008; Schill and Anderson 2009;
Elong Edimo et al. 2011) and therefore it is highly probable that an active metabolism of
these Pls in nuclear speckles indeed occurs.

Using PLC61-PH and Tubby domains and anti-PI(4,5)P2 antibody we detected
PI(4,5)P2 in nucleoli, nuclear speckles and nucleoplasm. We show that the nucleoplasmic
pool forms nearly 30 % of detected nuclear PI(4,5)P2. This nucleoplasmic PI(4,5)P2 forms 40-
100 nm large PI(4,5)P2 islets. They have carbon-rich interior and phosphorus- and nitrogen-
rich exterior. Therefore, we suggest that the inner core of PI(4,5)P2 islets is composed of
lipids while their outer surface is surrounded by proteins and nucleic acids.

The active form of RNA Pol Il and transcription machinery proteins as well as nascent
RNA are associated with PI(4,5)P2 islets. The majority of PI(4,5)P2 islets colocalizes with RNA
and can be disturbed by RNase treatment. Therefore, we suggest that PI(4,5)P2 islets might
serve as a scaffold for the arrangement of RNA Pol Il transcription machinery. In agreement,
PI(4,5)P2 hydrolysis results in a significant decrease of transcription level. Similarly, several
studies demonstrated contribution of other lipid-based structures in transcription
(Scassellati et al. 2010; Layerenza et al. 2013; Yoo et al. 2014).

Nuclear phosphoinositides associate with histones and other chromosomal proteins
to regulate chromatin remodelling, DNA modifications and transcription (reviewed in Viiri et
al. 2012). We describe two novel nuclear Pls interacting proteins - nuclear myosin 1 (NM1)
and lysine-specific histone demethylase 1 (LSD1).

NM1 contains C-terminal PH domain that specifically binds PI(4,5)P2 and tethers
NM1 to the plasma membrane (Hokanson and Ostap 2006; Hokanson et al. 2006). We show
that NM1 interacts with PI(4,5)P2 also in the cell nucleus and this interaction anchors NM1
to bigger nuclear complexes. In the nucleus, NM1 is involved in chromatin remodelling and
RNA Pol Il transcription (Hofmann et al. 2006; Almuzzaini et al. 2015). Mutation of PI(4,5)P2
binding site results in loss of interaction with RNA Pol Il and downregulation of transcription.
As NM1 localizes to the surface of PI(4,5)P2 islets, we hypothesize that NM1 is sequestered
to PI(4,5)P2 islets through the interactions with PI(4,5)P2. In such way, NM1 could recruit
chromatin remodelling complexes to PI(4,5)P2 islets to create open chromatin structure and
promote transcription.

We found that PI(4)P associates with chromatin and colocalizes with H3K4me2.
Moreover, we show that PI(4)P interacts with LSD1, which demethylates H3K4me2 and
H3K4mel histone methylation marks and therefore represses transcription of its target
genes (Shi et al. 2004). LSD1 interacts directly with PI, PI(4)P, PI(3,4)P2, PI(3,5)P2, PI(4,5)P2
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and PI(3,4,5)P3 but displays the highest affinity towards PI(4)P. As PI(4)P and PI(4,5)P2 are
the most abundant Pls species (reviewed in Viaud et al. 2015), we studied how these two Pls
regulate LSD1 activity. We demonstrate that PI(4)P binding inhibits LSD1 activity in vitro
whereas PI(4,5)P2 binding has a stimulatory effect. Interestingly, LSD1 binds PI(4,5)P2 but
not PI(4)P in nuclear lysates. Since LSD1 interacts with PI(4)P after overexpression, we
hypothesize that PI(4)P binds to LSD1 only when downregulation of H3K4me2 demethylase
activity is necessary. It has been shown that a single change in phosphorylation of inositol
ring can regulate affinity of a Pls-interacting protein to its binding partners (Blind et al.
2012). Since the activity of LSD1 is highly dependent on its interacting partners (reviewed in
Amente et al. 2013), a single phosphorylation of PI(4)P or dephosphorylation of PI(4,5)P2
could provide rapid and dynamic regulation of LSD1 function also in vivo.

In the cytoplasm, actin is present in two different forms - as monomeric globular
actin (G-actin), which can polymerize and form actin filaments (F-actin). In the nucleus, actin
is present in monomeric form (reviewed in Jockusch et al. 2006). Initially, it was uncertain
whether actin polymerization can occur in the nucleus. Eventually, several studies reported
F-actin formation in the nucleus (Miyamoto et al. 2011; Belin et al. 2013; Baarlink et al. 2013;
Kokai et al. 2014). We investigated whether nuclear actin filaments recruit actin-binding
proteins and affect nuclear processes. After over-expression of EYEP-NLS-actin (EN-actin), 1
to 5 % of cells formed long thick nuclear filaments, which in their length and thickness
resembled cytoplasmic F-actin. The rest of the cells displayed diffused nuclear actin signal.
We show that cofilin, actin-depolymerizing factor, and Arp3, a component of actin
nucleation complex Arp2/3 colocalizes with nuclear actin filaments. EN-filaments do not
preferentially localize to either active or inactive chromatin. Although EN-actin does not
colocalize with RNA polymerases, the level of transcription increases in S-phase in presence
of EN-actin filaments. In support of this finding, earlier studies reported increased
transcription in presence of polymeric actin in the nucleus (Ye et al. 2008; Baarlink et al.
2013; Kokai et al. 2014).

The formation of EN-actin filaments decreases cell proliferation rate and increases
incidence of formation of additional micronuclei or retention of both daughter nuclei within
one cell. Similar results were reported previously as a consequence of cytoplasmic F-actin
assembly (Moulding et al. 2007). However, it could be also a result of aberrant chromosome
segregation (reviewed in Fenech et al. 2011). Since EN-actin polymerization, its behaviour
during the cell cycle, colocalization with actin binding proteins and transcriptional activity
are in agreement with previous studies, we suggest that EN-actin could be used as a tool in
future research regarding actin functions in the nucleus.

5. SUMMARY AND CONCLUSIONS

5.1 P1(4,5)P2 islets are associated with active transcription

PI(4,5)P2 forms 40-100 nm large structures in the nucleoplasm, which we call
PI(4,5)P2 islets. Their interior is composed of carbon rich structures, probably lipids. They are
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surrounded by proteins and nucleic acids. PI(4,5)P2 islets surface is associated with active
form of RNA polymerase Il, transcription machinery proteins and nascent RNA.

5.2 NM1 interacts with P1(4,5)P2 in the nucleus

NM1 interacts with PI(4,5)P2 in the nucleus through its PH domain. PI(4,5)P2 anchors
NM1 to PI(4,5)P2 islets and is essential for NM1 interaction with transcription machinery.
Mutation of PI(4,5)P2 binding site results in loss of interaction with RNA Pol Il and decreased
transcription.

5.3 P1(4)P localizes to nucleus and is associated with chromatin

In the nucleus, PI(4)P is present in the nuclear membrane, nuclear speckles and small
nucleoplasmic foci. The majority of nuclear PI(4)P is associated with chromatin and
colocalizes with H3K4me2, a mark of active chromatin.

5.4 LSD1 is regulated by nuclear phosphoinositides

LSD1 binds directly to both PI(4)P and PI(4,5)P2. While the interaction with PI(4)P
leads to inhibition of LSD1, the interaction with PI(4,5)P2 stimulates LSD1 H3K4me2
demethylase activity.

5.5 Nuclear actin filaments alter cellular behaviour

After overexpression of nuclear targeted EN-actin, 1-5 % of cells display formation of
nuclear actin filaments. These filaments resemble cytoplasmic F-actin and recruit cofilin and
Arp3 actin binding proteins. Formation of actin filaments in the nucleus results in increased
transcription in S-phase, decreased cell proliferation and aberrant mitosis.

8. REFERENCES

Ahn JY, Liu X, Cheng D, et al (2005) Nucleophosmin/B23, a nuclear PI(3,4,5)P3 receptor, mediates the
antiapoptotic actions of NGF by inhibiting CAD. Mol Cell 18:435-445. doi:
10.1016/j.molcel.2005.04.010

Ahn J-Y, Rong R, Liu X, Ye K (2004) PIKE/nuclear Pl 3-kinase signaling mediates the antiapoptotic
actions of NGF in the nucleus. EMBO J 23:3995-4006. doi: 10.1038/sj.emboj.7600392

Almuzzaini B, Sarshad AA, Farrants A-KO, Percipalle P (2015) Nuclear myosin 1 contributes to a
chromatin landscape compatible with RNA polymerase Il transcription activation. BMC Biol
13:35. doi: 10.1186/s12915-015-0147-z

Amente S, Lania L, Majello B (2013) The histone LSD1 demethylase in stemness and cancer
transcription programs. Biochim Biophys Acta 1829:981—6. doi: 10.1016/j.bbagrm.2013.05.002

Baarlink C, Wang H, Grosse R (2013) Nuclear actin network assembly by formins regulates the SRF
coactivator MAL. Science 340:864—7. doi: 10.1126/science.1235038

Balla T (2013) Phosphoinositides: Tiny Lipids With Giant Impact on Cell Regulation. Physiol Rev
93:1019-1137. doi: 10.1152/physrev.00028.2012

Belin BJ, Cimini BA, Blackburn EH, Mullins RD (2013) Visualization of actin filaments and monomers in
somatic cell nuclei. Mol Biol Cell 24:982—94. doi: 10.1091/mbc.E12-09-0685

Bell SP, Learned RM, Jantzen HM, Tjian R (1988) Functional cooperativity between transcription
factors UBF1 and SL1 mediates human ribosomal RNA synthesis. Science 241:1192-7.

Bertagnolo V, Neri LM, Marchisio M, et al (1999) Phosphoinositide 3-Kinase Activity Is Essential for
all- trans -Retinoic Acid-induced Granulocytic Differentiation of HL-60 Cells Granulocytic

14



Differentiation of HL-60 Cells. Cancer Res 59:542-546.

Blind RD, Sablin EP, Kuchenbecker KM, et al (2014) The signaling phospholipid PIP3 creates a new
interaction surface on the nuclear receptor SF-1. Proc Natl Acad Sci U S A 111:15054-9. doi:
10.1073/pnas.1416740111

Blind RD, Suzawa M, Ingraham HA (2012) Direct modification and activation of a nuclear receptor-
PIP, complex by the inositol lipid kinase IPMK. Sci Signal 5:ra44. doi: 10.1126/scisignal.2003111

Boronenkov | V, Loijens JC, Umeda M, Anderson R a (1998) Phosphoinositide signaling pathways in
nuclei are associated with nuclear speckles containing pre-mRNA processing factors. Mol Biol
Cell 9:3547-3560.

Brodie C, Blumberg PM (2003) Regulation of cell apoptosis by protein kinase c. Apoptosis 8:19-27.
doi: 10.1023/A:1021640817208

Bua DJ, Martin GM, Binda O, Gozani O (2013) Nuclear phosphatidylinositol-5-phosphate regulates
ING2 stability at discrete chromatin targets in response to DNA damage. Sci Rep 3:2137. doi:
10.1038/srep02137

Cocco L, Gilmour RS, Ognibene A, et al (1987) Synthesis of polyphosphoinositides in nuclei of Friend
cells. Evidence for polyphosphoinositide metabolism inside the nucleus which changes with cell
differentiation. Biochem J 248:765-70.

De Vries KJ, Westerman J, Bastiaens PI, et al (1996) Fluorescently labeled phosphatidylinositol
transfer protein isoforms (alpha and beta), microinjected into fetal bovine heart endothelial
cells, are targeted to distinct intracellular sites. Exp Cell Res 227:33-9. doi:
10.1006/excr.1996.0246

Déléris P, Bacqueville D, Gayral S, et al (2003) SHIP-2 and PTEN are expressed and active in vascular
smooth muscle cell nuclei, but only SHIP-2 is associated with nuclear speckles. J Biol Chem
278:38884-91. doi: 10.1074/jbc.M300816200

Elong Edimo W, Derua R, Janssens V, et al (2011) Evidence of SHIP2 Ser132 phosphorylation, its
nuclear localization and stability. Biochem J 439:391-401. doi: 10.1042/BJ20110173

Fenech M, Kirsch-Volders M, Natarajan AT, et al (2011) Molecular mechanisms of micronucleus,
nucleoplasmic bridge and nuclear bud formation in mammalian and human cells. Mutagenesis
26:125-32. doi: 10.1093/mutage/geq052

Fuke H, Ohno M (2008) Role of poly (A) tail as an identity element for mRNA nuclear export. Nucleic
Acids Res 36:1037-49. doi: 10.1093/nar/gkm1120

Gelato KA, Tauber M, Ong MS, et al (2014) Accessibility of different histone H3-binding domains of
UHRF1 is allosterically regulated by phosphatidylinositol 5-phosphate. Mol Cell 54:905-19. doi:
10.1016/j.molcel.2014.04.004

Gillooly DJ, Morrow IC, Lindsay M, et al (2000) Localization of phosphatidylinositol 3-phosphate in
yeast and mammalian cells. EMBO J 19:4577-4588. doi: 10.1093/embo0j/19.17.4577

Gozani O, Karuman P, Jones DR, et al (2003) The PHD finger of the chromatin-associated protein
ING2 functions as a nuclear phosphoinositide receptor. Cell 114:99-111. doi: 10.1016/S0092-
8674(03)00480-X

Hofmann WA, Vargas GM, Ramchandran R, et al (2006) Nuclear myosin | is necessary for the
formation of the first phosphodiester bond during transcription initiation by RNA polymerase II.
J Cell Biochem 99:1001-9. doi: 10.1002/jcbh.21035

Hokanson DE, Laakso JM, Lin T, et al (2006) Myolc binds phosphoinositides through a putative
pleckstrin homology domain. Mol Biol Cell 17:4856—65. doi: 10.1091/mbc.E06-05-0449

Hokanson DE, Ostap EM (2006) Myolc binds tightly and specifically to phosphatidylinositol 4,5-
bisphosphate and inositol 1,4,5-trisphosphate. Proc Natl Acad Sci U S A 103:3118-23. doi:
10.1073/pnas.0505685103

Jockusch BM, Schoenenberger C-A, Stetefeld J, Aebi U (2006) Tracking down the different forms of
nuclear actin. Trends Cell Biol 16:391-6. doi: 10.1016/j.tcb.2006.06.006

Jones DR, Bultsma Y, Keune W-J, et al (2006) Nuclear PtdIns5P as a Transducer of Stress Signaling: An
In Vivo Role for PIP4Kbeta. Mol Cell 23:685—695. doi: 10.1016/j.molcel.2006.07.014

Jungmichel S, Sylvestersen KB, Choudhary C, et al (2014) Specificity and commonality of the

15



phosphoinositide-binding proteome analyzed by quantitative mass spectrometry. Cell Rep
6:578-91. doi: 10.1016/j.celrep.2013.12.038

Keune W jan, Bultsma Y, Sommer L, et al (2011) Phosphoinositide signalling in the nucleus. Adv
Enzyme Regul 51:91-99. doi: 10.1016/j.advenzreg.2010.09.009

Kokai E, Beck H, Weissbach J, et al (2014) Analysis of nuclear actin by overexpression of wild-type and
actin mutant proteins. Histochem Cell Biol 141:123-35. doi: 10.1007/s00418-013-1151-4

Layerenza JP, Gonzdlez P, Garcia de Bravo MM, et al (2013) Nuclear lipid droplets: a novel nuclear
domain. Biochim Biophys Acta 1831:327-40. doi: 10.1016/j.bbalip.2012.10.005

Lewis AE, Sommer L, Arntzen MO, et al (2011) Identification of Nuclear Phosphatidylinositol 4,5-
Bisphosphate-Interacting Proteins by Neomycin Extraction. Mol Cell Proteomics
10:M110.003376—M110.003376. doi: 10.1074/mcp.M110.003376

Li W, Laishram RS, Ji Z, et al (2012) Star-PAP control of BIK expression and apoptosis is regulated by
nuclear PIPKla and PKC& signaling. Mol Cell 45:25-37. doi: 10.1016/j.molcel.2011.11.017

Martelli AM, Ognibene A, Buontempo F, et al (2011) Nuclear phosphoinositides and their roles in cell
biology and disease. Crit Rev Biochem Mol Biol 46:436-57. doi:
10.3109/10409238.2011.609530

Mellman DL, Gonzales ML, Song C, et al (2008) A Ptdins4,5P2-regulated nuclear poly(A) polymerase
controls expression of select mRNAs. Nature 451:1013—-1017. doi: 10.1038/nature06666

Miyamoto K, Pasque V, Jullien J, Gurdon JB (2011) Nuclear actin polymerization is required for
transcriptional reprogramming of Oct4 by oocytes. Genes Dev 25:946-58. doi:
10.1101/gad.615211

Moulding DA, Blundell MP, Spiller DG, et al (2007) Unregulated actin polymerization by WASp causes
defects of mitosis and cytokinesis in X-linked neutropenia. J Exp Med 204:2213-24. doi:
10.1084/jem.20062324

Nagashima M, Shiseki M, Miura K, et al (2001) DNA damage-inducible gene p33ING2 negatively
regulates cell proliferation through acetylation of p53. Proc Natl Acad Sci U S A 98:9671-6. doi:
10.1073/pnas.161151798

Nojima T, Hirose T, Kimura H, Hagiwara M (2007) The interaction between cap-binding complex and
RNA export factor is required for intronless mRNA export. J Biol Chem 282:15645-51. doi:
10.1074/jbc.M700629200

Okada M, Jang S-W, Ye K (2008) Akt phosphorylation and nuclear phosphoinositide association
mediate mRNA export and cell proliferation activities by ALY. Proc Natl Acad Sci U S A
105:8649-8654. doi: 10.1073/pnas.0802533105

Osborne SL, Thomas CL, Gschmeissner S, Schiavo G (2001) Nuclear PtdIns(4,5)P2 assembles in a
mitotically regulated particle involved in pre-mRNA splicing. J Cell Sci 114:2501-11.

Rando 0J, Zhao K, Janmey P, Crabtree GR (2002) Phosphatidylinositol-dependent actin filament
binding by the SWI/SNF-like BAF chromatin remodeling complex. Proc Natl Acad Sci U S A
99:2824-9. doi: 10.1073/pnas.032662899

Scassellati C, Albi E, Cmarko D, et al (2010) Intranuclear sphingomyelin is associated with
transcriptionally active chromatin and plays a role in nuclear integrity. Biol Cell 102:361-75. doi:
10.1042/BC20090139

Shah ZH, Jones DR, Sommer L, et al (2013) Nuclear phosphoinositides and their impact on nuclear
functions. FEBS J 280:6295—-6310. doi: 10.1111/febs.12543

Shi Y, Lan F, Matson C, et al (2004) Histone demethylation mediated by the nuclear amine oxidase
homolog LSD1. Cell 119:941-53. doi: 10.1016/j.cell.2004.12.012

Schill NJ, Anderson RA (2009) Two novel phosphatidylinositol-4-phosphate 5-kinase type Igamma
splice variants expressed in human cells display distinctive cellular targeting. Biochem J
422:473-82. doi: 10.1042/BJ20090638

Smith CD, Wells WW (1983) Phosphorylation of rat liver nuclear envelopes. |. Characterization of in
vitro protein phosphorylation. J Biol Chem 258:9360-9367.

Sobol M, Yildirim S, Philimonenko V V, et al (2013) UBF complexes with phosphatidylinositol 4,5-
bisphosphate in nucleolar organizer regions regardless of ongoing RNA polymerase | activity.

16



Nucleus 4:478-86. doi: 10.4161/nucl.27154

Spector DL, Lamond Al (2011) Nuclear speckles. Cold Spring Harb Perspect Biol 3:a000646—. doi:
10.1101/cshperspect.a000646

Tan X, Thapa N, Choi S, Anderson RA (2015) Emerging roles of Ptdins(4,5)P2 - beyond the plasma
membrane. J Cell Sci 128:4047-56. doi: 10.1242/jcs.175208

Tanaka K, Horiguchi K, Yoshida T, et al (1999) Evidence That a Phosphatidylinositol 3,4,5-
Trisphosphate-binding Protein Can Function in Nucleus. J Biol Chem 274 :3919-3922. doi:
10.1074/jbc.274.7.3919

Tollervey D, Lehtonen H, Jansen R, et al (1993) Temperature-sensitive mutations demonstrate roles
for yeast fibrillarin in pre-rRNA processing, pre-rRNA methylation, and ribosome assembly. Cell
72:443-57.

Toska E, Campbell HA, Shandilya J, et al (2012) Repression of Transcription by WT1-BASP1 Requires
the Myristoylation of BASP1 and the PIP2-Dependent Recruitment of Histone Deacetylase. Cell
Rep 2:462-469. doi: 10.1016/j.celrep.2012.08.005

Viaud J, Mansour R, Antkowiak A, et al (2015) Phosphoinositides: Important lipids in the coordination
of cell dynamics. Biochimie. doi: 10.1016/j.biochi.2015.09.005

Viiri K, Maki M, Lohi O (2012) Phosphoinositides as regulators of protein-chromatin interactions. Sci
Signal 5:pe19. doi: 10.1126/scisignal.2002917

Wang Y, Li X, Hu H (2014) H3K4me?2 reliably defines transcription factor binding regions in different
cells. Genomics 103:222-8. doi: 10.1016/j.ygeno.2014.02.002

Wickramasinghe V, Savill J, Chavali S, et al (2013) Human Inositol Polyphosphate Multikinase
Regulates Transcript-Selective Nuclear mRNA Export to Preserve Genome Integrity. Mol Cell
51:737-750. doi: 10.1016/j.molcel.2013.08.031

Ye J, Zhao J, Hoffmann-Rohrer U, Grummt | (2008) Nuclear myosin | acts in concert with polymeric
actin to drive RNA polymerase | transcription. Genes Dev 22:322-30. doi: 10.1101/gad.455908

Yildirim S, Castano E, Sobol M, et al (2013) Involvement of phosphatidylinositol 4,5-bisphosphate in
RNA polymerase | transcription. J Cell Sci 126:2730-9. doi: 10.1242/jcs.123661

Yoo SH, Huh YH, Huh SK, et al (2014) Localization and projected role of phosphatidylinositol 4-kinases
lla and 1IB in inositol 1,4,5-trisphosphate-sensitive nucleoplasmic Ca?* store vesicles. Nucleus
5:341-51. doi: 10.4161/nucl.29776

York JD, Majerus PW (1994) Nuclear phosphatidylinositols decrease during S-phase of the cell cycle in
Hela cells [published erratum appears in J Biol Chem 1994 Dec 9;269(49):31322]. J Biol Chem
269:7847-7850.

Yu H, Fukami K, Watanabe Y, et al (1998) Phosphatidylinositol 4,5-bisphosphate reverses the
inhibition of RNA transcription caused by histone H1. Eur J Biochem 251:281-287.

Zhao K, Wang W, Rando 0J, et al (1998) Rapid and phosphoinositol-dependent binding of the
SWI/SNF-like BAF complex to chromatin after T lymphocyte receptor signaling. Cell 95:625—-636.
doi: 10.1016/50092-8674(00)81633-5

Zou J, Marjanovic J, Kisseleva M V, et al (2007) Type | phosphatidylinositol-4,5-bisphosphate 4-
phosphatase regulates stress-induced apoptosis. Proc Natl Acad Sci U S A 104:16834-16839.
doi: 10.1073/pnas.0708189104

17



10. RESEARCH PAPERS PRESENTED WITHIN THE THESIS

Tools for visualization of phosphoinositides in the cell nucleus

Kalasova I, Faberova V, Kalendova A, Yildirim S, Uliéna L, Venit T and Hozak P

Histochem Cell Biol. 2016 Feb 4 [Epub ahead of print]. doi: 10.1007/s00418-016-1409-8.

IF: 3.054 (2014)

I. K. designed and performed experiments (DNA cloning, DNA mutagenesis, fluorescence
microscopy, protein expression and purification) and wrote the manuscript.

Nuclear phosphatidylinositol 4,5-bisphosphate islets contribute to efficient DNA
transcription

Sobol M, Kalendova A, Yildirim S, Philimonenko V, Marasek P, Kalasova |, Pastorek, Hozak P
Manuscript.

I.K. performed experiments (pull-down assay and western blotting).

Chromatin associated PI(4)P regulates lysine-specific histone demethylase 1

Kalasova I, Kalendova A, Faberova V, Marasek P, Uli¢na L, Vacik T and Hozak P

Manuscript.

I.K. designed and performed most of the experiments (DNA cloning, DNA mutagenesis,
protein expression and purification, cellular fractionations, pull-down assays, fluorescence
microscopy, western blotting, demethylation assays, qPCR) and wrote the manuscript.

Nuclear actin filaments recruit cofilin and Arp3 and their formation is connected

with a mitotic block

Kalendova A, Kalasova |, Yamazaki S, Ulicna L, Harata M and Hozak P

Histochem Cell Biol. 2014 Aug;142(2):139-52. doi: 10.1007/s00418-014-1243-9. Epub 2014
Jul 8.

IF: 3.054 (2014)

l. K. performed experiments (fluorescence microscopy)

18



11. CV

Personal data:
llona Kalasova
born on 15 September 1985 in Nové Mésto na Moravé (Czech Republic)

Current address:
Dept. of Biology of the Cell Nucleus, Institute of Molecular Genetics, AS CR, v.v.i.
Videnska 1083, 14220 Prague 4
kalasova@img.cas.cz
tel: +420 241 063 154
fax:+420 241 062 289

Education:
2011 — Present
Institute of Molecular Genetics, AS CR, v.v.i.,, Laboratory of Biology of the Cell
Nucleus, PhD student, supervisor: Prof. Pavel Hozak

2008 - 2011

Institute of Physiology AV CR, v.v.i, Department of Cellular and Molecular
Neuroendocrinology, master degree (thesis: On the role of the second
transmembrane domain in purinergic P2X4 receptor desensitization, supervisor:
Hana Zemkova, PhD)

2005 -2008

Institute of Physiology AV CR, v.v.i, Department of Cellular and Molecular
Neuroendocrinology, bachelor degree (thesis: Purinergic P2X receptors and other
membrane receptors in anterior pituitary cells, supervisor: Hana Zemkova, PhD)

19



