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Abstract

PML is involved in many cellular processes. It organizes nuclear structures PML nuclear
bodies (PML NBs) and it associates with nucleolus in response to ribosomal stress to form PML
nucleolar associations (PNAs). The function of PNAs is unclear. To elucidate this question, one
can attempt to identify proteins interacting with PML at nucleolus. The common method is co-
immunoprecipitation, however, this approach cannot be used for PML due to its low solubility. To
defeat this, an alternative way of proximity-dependent biotin labelling could be used.

The goal of this work was to explore a suitability of biotin labelling for identification of
PML nucleolar partners. For this purpose I prepared constructs of wild type or mutated PML with
GFP and biotin ligase for transient and stable expression and analysed their propensity to form
PML NBs and doxorubicin-induced PNAs, and biotinylate their vicinity.

In transient expression, both fusion proteins formed PML NBs and only wild type but not
mutated PML IV formed PNAs after doxorubicin treatment with preserved biotinylation capability.

In stable expression of fusion proteins in cells with PML knockout the number and
composition of PML NBs was aberrant and no PNAs were observed. However, this system was
utilized for optimization of solubilisation of biotinylated proteins using detergents.

My findings indicate that after a modification the biotin proximity labelling might be used
for identification of PML partners.

Key words: PML protein, PML-nucleolar association, ribosomal stress, protein-protein

interaction, biotin ligase, proximity-dependent biotin identification — BiolD2



Abstrakt

PML je zapojen do fady bunéénych procest. Je organizatorem subjadernych struktur
zvanych jaderna téliska PML a asociuje s jadérkem pii1 odpovédi na ribozomalni stres tvorbou
jadérkovych struktur PML (PNAs). Funkce téchto struktur je nejasna a jednou z moznosti
jejiho objasnéni je identifikace proteint interagujicich s PML v jadérku. Bézné pouzivanou
metodou je koimunoprecipitace, bohuZzel tento piistup nelze u PML pouzit pro jeho nizkou
rozpustnost. Jednou z alternativ pro piekonani této prekazky je metoda znaceni interakcnich
partnerti biotinem.

Cilem této prace bylo ovéfeni vyuzitelnosti metody znaceni biotinem pro identifikaci
interak¢nich partnert PML v jadérku. Za timto Gcelem jsem vytvorila konstrukty kodujici
PML IV ¢i jeji mutovanou formu fuzované s GFP a biotin ligdzou pro tranzientni a stabilni
expresi, a analyzovala jsem jejich schopnost tvofit PML NBs, doxorubicinem indukované
PNAs a schopnost biotinylace.

Oba tranzientn¢ exprimované fuzni proteiny tvofily PML NBs a jen divoka forma
PML IV tvotila PNAs po ovlivnéni doxorubicinem. Schopnost biotinylovat byla zachovana.

V bunkéch s deletovanym genem pro PML stabilné exprimujicich fuzni proteiny bylo
detekovano aberantni mnoZstvi a kompozice PML NBs a nebyly pozorovany PNAs. Nicméné
tento systém byl vyuzit pro optimalizaci solubilizace biotinylovanych protient za pouziti
detergentt.

Ma zjisténi ukazuji, Ze po modifikaci miZe byt na proximité zavislé znaceni biotinem

pouzito pro identifikaci partnerd PML.

Klic¢ova slova: protein PML, jadérkové asociace PML, ribozomalni stress, protein-

proteinové interakce, na proximité zavisla identifikace biotinem — BiolD2
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1. Introduction

PML is a multifunctional protein expressed in mammalian cells. It participates in
several cellular processes. It is most often described as a tumour suppressor as well as protein
assigned with important role in antiviral defence or cellular metabolism.

The PML is a main organizer of PML nuclear bodies. Distinct nuclear domains with
many diverse functions provided by the ability of the scaffold PML to recruit other protein
partners and, based on specific association, fulfil the specific function. Recruitment of
interacting partners into the PML NBs is mainly mediated by SUMO-SIM interactions. The
PML provides and important post-translational modification site in the cell nucleus.

According to several studies and recent unpublished data, two out of seven known
isoforms of the PML associate with nucleolus in several types of distinct structures (PNAs).
These associations are generated under conditions of ribosomal stress manifesting itself by
impaired ribosomal biogenesis or function. The highest number of PML-nucleolar
associations has been detected in cells subjected to treatment with agents inhibiting RNA
polymerase I and topoisomerases. What is not known are, firstly, the interaction partners of
PML and the protein network proximal to PML protein during its association with nucleolus,
and secondly, what is the purpose of PML-nucleolar associations and how it is connected to
the conditions under which it happens. We believe that identification of specific interaction
partners will help to explain the purpose of PML-nucleolar associations and dynamic of this
process.

This thesis is a part of an on-going research in the Laboratory of Genome Integrity,
Institute of Molecular Genetics, AS CR dedicated to the functions of the PML. Experimental
part of the thesis attempted to adapt the proximity-dependent biotin identification method for
identification of PML interaction partners during its association with nucleolus. The proximity
labelling was chosen as the PML can multimerise and form high molecular weight structures
that are not soluble in buffers used for co-immunoprecipitation and therefore this commonly
used technique cannot be used in this case. The experimental approach was designed to
compare specifically biotinylated proteins using BiolD2 method isolated form cells
expressing either wild type PML IV or its truncated form lacking domains responsible for the

PML-nucleolar association after identification by mass spectrometry.
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2. Literature Review

2.1. Promyelocytic leukemia protein
The PML is nuclear matrix-associated multifunctional protein first described as part of
fusion protein PML-RARa in patients diagnosed with acute promyelocytic leukemia as a
result of t(15;17) chromosomal translocation (de Thé, H. et al., 1991). This protein is strictly
mammalian and in humans coded by approximately 53 kilobases (kb) long PML gene located

on chromosome 15q24.

2.2. PML isoforms

PML consists of nine exons. Exons 5-9 undergo alternative splicing which results in
various PML protein isoforms (Condemine, 2006, Jensen et al., 2001). Alternative splicing
produces seven isoforms (Figure 1) majority of which is mainly nuclear with the exception of
isoform VIIB being strictly cytoplasmic and PML I isoform containing nuclear localization
signal (NLS) as well as nuclear export signal (NES) as part of exon 9, thus being cytoplasmic
as well as nuclear (Nisole, 2013; Condemine, 2006).

1 2 3 45 6 7a 7b 8a 8b 9
3 - 111 1 & "l H
PrU K 2 3 1776 ha 5 882aa 7
7 829 aa
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- nuclear
633 aa
PMLY [ 2 3 475 "8 fatab 611 aa
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. . introns
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gy T —7—

Figure 1: PML isoforms generated by alternative splicing. Schematic representation of
PML isoforms. Isoforms I — VI are mainly nuclear whilst isoform VIIB is strictly cytoplasmic.
Adapted and modified from Nisole et al., 2013

43532  cytoplasmic
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2.3. N-terminal PML domains
2.3.1.Tripartite motif

The PML belongs to the tripartite motif family which is characteristic for conserved
N-terminal TRIM/RBCC consisting of RING finger, two B-boxes and a-helical coiled coil
domain (CC) (Figure 2). C-terminal region is variable in all PML isoforms (Reymond et al.,
2001). In general, proteins containing TRIM motif are able to homomultimerise and form high
molecular weight structures that constitute the basis for cellular subcompartments with distinct
functions (Zhog et al., 2000). CC domain is crucial for the process of homomultimerisation.
However, without Ring domain or B-box domains, CC domain forms different
subcompartments (Reymond et al., 2001). Known ability of TRIM-containing proteins, for
which mainly CC domain is important, is the formation of scaffold for either cytoplasmic or
nuclear subcompartments with ability to recruit other protein partners leading to execution of
distinct function to which is the subcompartment dedicated. In addition to PML, an organizer
of nuclear structures called PML nuclear bodies (PML NBs), TRIM5a protein trimerises and
serves as an anti-retroviral restriction factor providing an antiviral activity against human

immunodeficiency virus (HIV-1) (Javanbakht 2006, et al).

P
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Figure 2: Schematic of the TRIM motif. Schematic representation of TRIM motif and 3D representation of
each domain (Borden et al., 1995). Zinc atoms are represented by grey spheres, f-strands correspond to blue
arrows and a-helices are ribbons. Adapted from Jensen et al., 2001 and Borden et al, 1995
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TRIM motif, encoded by exons 1, 2 and 3 in the PML gene, has also been connected
with E3 ubiquitin ligase activity for other proteins of TRIM motif family (Urano, 2002;
Meroni, Diez-Roux, 2005).

2.4. Post-translational modifications of the PML

Post-translational modifications are highly important for the PML. It represents a tool

through which specific functions of the PML and its association partners are performed.

2.4.1.Phosphorylation

Phosphorylation of the PML occurs on tyrosine or serine residues. Phosphorylation
plays an important role in PML function as a tumour suppressor and in DNA damage response.
Upon DNA damage signalling the PML is subjected to phosphorylation by ATR kinase (ataxia
telangiectasia mutated and Rad3-related), one of the main DNA damage sensors activated by
DNA single strand break, and Chk2 kinase (checkpoint kinase 2), which is involved in
regulation of cell division and DNA double strand break repair. Casein kinase 2 (CK2), Ser-
Thr kinase characterised as proto-oncogene, has been shown to phosphorylate the PML to

direct it to ubiquitin-proteasome pathway (Scaglioni et al., 2006).

2.4.2.Sumoylation

Sumoylation is one of the most common post-translational modifications and is
considered to be in competition with ubiquitination. Small ubiquitin-like modifier (SUMO)
proteins are conjugated to specific protein lysine residues. The conjugation is reversible and
dynamic and this particular modification has been linked with subcellular localization,
protein-protein interaction, DNA-protein interaction and DNA repair, transcription regulation
and genome organization (Gluo et al., 2014, Hickey et al., 2012).

The PML can be modified by all three known members of SUMO family including
SUMO-1, SUMO-2 and SUMO-3 (dyaydin et al., 2004.; Kamitani et al., 1998). Last two
members being referred to as SUMO-2/3 because of their almost identical amino acid
sequences. The PML has three specific sumoylation sites represented by lysines K65, K160
and K490 located in Ring domain and B-box domain of TRIM/RBCC motif and in NLS of
the PML (Duprez et al., 1999). Through these sumoylation sites the PML directly binds the
SUMO and SUMO-conjugating enzyme UBC9 (Sahin et al., 2014).

14



The PML also possesses SUMO-interacting motif (SIM) which allows its association
with other sumoylated proteins including itself (Sternsdorf, et al., 1997).

The SUMO allows the sumoylated protein to be dynamically conjugated with SIM of
target proteins and very efficiently modulates their stability, activity or solubility and also
enables specific recruitment of other proteins through SUMO-SIM interactions (Sahin et al.,

2014).

2.4.3.Ubiquitination
Ubiquitination is a type of post-translational modification active not only in protein
degradation. It targets proteins to proteasome by adding ubiquitin to the protein sequence.
PML ubiquitination at lysine 401 results in its proteasomal degradation (Hakli et al.,
2004). The PML is often ubiquitinated by viral E3 ubiquitin ligases such as ICPO that targets
PML ubiquitination-mediated degradation in sumoylation-dependent manner (Boutell et al.,

2003).

2.4.4.Acetylation

PML acetylation influences the level of its sumoylation. Specifically PML acetylation
on lysines 487 and 515 promotes its acetylation (Hayakawa et al., 2008). On the other hand, it
was reported, that the PML is more abundant and the level of sumoylation increases upon
overexpression of Sirt 1 deacetylase (Campagna et al., 2001). The complex relationship
between sumoylation and acetylation of the PML is also supported by a study revealing that the
SUMO itself can be acetylated. Acetylation of the SUMO appears to have an inhibitory effect
on assembly of PML NBs by preventing the interaction between SUMO moiety of the PML and
SIMs of the PML NBs components (Ullman et al, 2012).

2.5. PML nuclear bodies
The PML is a main organizer and scaffold protein of the PML NBs (Ishov et al., 1999).
Nucleus usually contains 10 — 30 PML NBs of 0.2 — 1.2 um in diameter (Nisole et al., 2013),
but the number varies depending on cell type, phase of a cell cycle and cell metabolic state
(Brand, 2010).
These subnuclear structures are a representation of relatively newly proposed concept
characterized as biomolecular condensates. These are described as nonmembranous discrete

cellular subcompartments participating in cellular processes, whose composition is highly
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dynamic. Typically their formation is based on liquid-liquid phase separation using weak
multivalent interaction between molecules. Formation of such a structure demands a presence
of scaffold molecules that are crucial for its existence. Other resident molecules of the
condensate are not necessary for their formation, but contribute to specific function of the sub-
compartment (Ditlev et al., 2018, Wheeler et al., 2017, Uversky et al, 2017).

The PML nuclear body formation is based on several separate mechanisms. First, the
oxidation that induces the homomultimerisation of the PML through the TRIM/RBCC motif
occurrs (Reymond et al., 2001, Sahin 2014). Second step depends on sumoylation of three
lysine residues (K65, K160 and K490) of PML and interaction of the SUMO with the SIM of
other molecule of the PML (Shen et al., 2006, Sahin 2014) (Figure 3). Sumoylation is
important for proper PML NB formation (Seeler et al., 2001). The PML forms a shell-like
structure that is able to recruit other proteins through SUMO-SIM interaction.

Oxidation
4 .
¥}
% %
m Coiled-coil
I Hydrophobic interactions
@ sumo

ﬁ SUMO interacting motif

Figure 3: Assembly of PML nuclear body. Schematic representation how PML NBs assembly is based on
SUMO-SIM interaction and interactions between coiled coil domains of PML molecules. Adapted and
modified from Sahin et al., 2014

The PML is sumoylated during cell cycle interphase, which supports formation of
PML NBs complex structure and simultaneously is able to recruit other partners such as death
domain-associated protein (DAXX) or nuclear autoantigen Sp100 (SP100). On the other hand,
the PML is de-sumoylated in mitotic cells and therefore many stable components of PML NBs
dissociate during this cell cycle phase. However the PML still remains aggregated due to the

TRIM/RBCC motif and able to homomultimerize (Bernardi, Pandolfi, 2007).
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2.6. Functions of the PML

2.6.1.PML isoform-specific functions

Different structures of C-terminal region of the PML determine specific interactions
with its partners and consequently specific functions of each isoform (Nisole, 2013; Li et al.,
2017). Western blotting analysis performed by Condemine and colleagues proved the
isoforms PML I and PML II to be the most abundant in cells endogenously expressing the
PML followed by the rest of isoforms being approximately ten times less abundant
(Condemine, 2006).

Each PML isoform has been linked with a specific function in cell and it is believed
that endogenously expressed PML is a well-tuned mixture of the PML isoforms ensuring the
variety of functions of the protein.

It was reported that the PML I is specifically involved in myeloid lineage
differentiation by interaction with acute myeloid leukemia 1 protein (AML) (Nguyen et al.,
2005) and is degraded in SUMO-independent manner by the ICPO produced by HSV-1 virus
(Boutell et al., 2011).

Similarly, the PML II isoform is known to interact with adenovirus type 5 E4 Orf3
protein. It was described that this interaction promotes a disruption of the PML NBs (Leppard
et al., 2009). The PML II also positively modulates viral transcription by cooperation with
AdS5 E1A-13S (Berscheminski et al., 2013).

It was suggested that the PML III isoform has a role in centrosome stability by
influencing the checkpoint involved in centrosome duplication. It directly interacts with
Aurora A kinase followed by targeting to the centrosome (Xu et al., 2001).

The PML IV isoform is specifically involved in anti-viral defence by sequestration of
certain viral proteins, thus disabling successful viral propagation (Maroui et al., 2011). In
addition, the PML IV is responsible for growth-suppression effect of the PML. It recruits the
tumour suppressor pS3 to the PML NBs and enhances p53 activation in a promoter specific
manner by promoting its acetylation and phosphorylation and doing so enhances apoptosis or
senescence (Fogal et al., 2000, Bischof et al., 2002; Nisole et al., 2013). Other reported
function of the PML IV isoform is destabilization c-Myc, which specifically supports
differentiation of hematopoetic precursor cells. c-Myc protein family contains important

regulatory genes and proto-oncogenes involved in cellular proliferation by coding important
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transcription factors and also negatively regulates differentiation process (Bushbeck et al.,
2007). This identifies the PML IV as important senescence inducer. The PML IV also
represses transcription of various genes through interaction with histone deacetylase (Wu et
al., 2001).

Using FRAP (fluorescence recovery after photobleaching) experiments showed that
the PML V isoform have the longest retention time out of all PML isoforms in PML NBs
suggesting that this particular isoform may be the scaffold subunit of the PML NBs
(Weidtkamp-Peters et al., 2008, Geng et al., 2012).

Patients with acute promyelocytic leukemia carrying PML-RARa fusion protein
usually have disrupted pattern of the PML NBs. Treatment with As>O3 proved to be efficient
for these patients. According to the study published by Maroui and colleagues, the PML VI
does not contain SIM, therefore it lost the ability to be polyubiquitinated and recruited to the
proteasome. This results in resistance to the As;Os-mediated PML pattern normalization used
in treatment of patients suffering from acute promyelocytic leukemia (Maroui et al., 2012).

Lastly, the PML isoform VIIb lacking nuclear localization signal (NLS) is present in
cytoplasm. It was proposed that cytoplasmic PML isoform is important for signalling of
transforming growth factor B (TGF B) by interacting with Smad 2/3 and Smad anchor for
receptor activation (SARA) (Lin et at., 2004).

2.6.2.The role of PML in specific cellular processes

2.6.2.1. Transcriptional regulation

The PML participates in regulation of transcription. Its main role seems to be the
recruitment of transcription factors (Zhong et al., 2000). For example, recent study reported an
important role of specifically the PML II isoform in assembly of transcriptional complex on
gene promoters mediating the induction of interferon 3 (INFf) and several interferon-stimulated

genes (Chen et al, 2015).

Other information working in favour of PML role in transcriptional regulation is
frequent PML NBs localization near highly acetylated, hence transcriptionally active
chromatin, or nascent RNA often detected in close proximity to the PML NBs (Kiesslich et
al., 2002). The PML can regulate transcription positively or negatively. This is demonstrated

by the fact, that the PML associates with important heterochromatin-maintaining proteins such
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as heterochromatin protein 1 (HP1), or its interaction with transcriptional corepressors (Seeler

at al.; 1998).

2.6.2.1. DNA damage response

The DNA damage response is an envelope term for elaborate and complex set of
pathways designed to fight against genome instability caused by constant presence of various
mutagenic agents, therefore continuous occurrence of new mutations in genome (Jackson,
Bartek, 2009).

The PML is subjected to phosphorylation by ATR and Chk?2 kinases as a part of cellular
DNA damage response to genotoxic stress. Upon phosphorylation, pattern of the PML NBs is
changed and their size and number increases (Dellaire et al., 2006). Considerable number of
proteins involved in DNA damage (e.g. ATR, MRE11, BLM, Chk2) translocate to or from
PML NBs in response to DNA damage signalling. These proteins (Bazett-Jones, Dellaire,
2004). The PML is involved in homologous recombination-mediated DNA damage repair
(Boichuk et al., 2011). Most recently published study reports a recruitment of the PML NBs
to DNA damage sites in RNF168- and 53BP1-dependent manner and proposes a role of the

PML in homologous recombination-mediated DNA damage repair (Vancurova et al., 2019).

2.6.2.2. Role of PML in cancer

The PML is mainly characterized as a tumour suppressor, this is supported by findings
that followed PML discovery reporting that when the PML gene is inactivated, cells proliferate
in an accelerated manner and are suspected to be prone to tumorigenesis (Mu et al., 1994,
Wang et al., 1998). 1t is known the PML expression is down-regulated in majority of tumours.
The PML tumour-suppressive function was confirmed by several studies working with
populations of mice with deficient PML expression that were prone to tumorigenesis
(Scaglioni et al., 20006).

The PML is known to interact with the p53. The PML IV isoform appears to be
important for recruitment of p53 to the PML NBs. The PML is also important for regulation
of p53 stability by sequestration of ubiquitin-ligase Mdm2, which suppresses p53 activity, to
nucleolus (Bernardi et al, 2004).

Changes in the PML resulting in complete or partial PML loss of function in cancerous
cells usually occur on post-translational level. Ubiquitination and subsequent proteasomal
degradation of the PML is one of often used mechanisms how cancerous cell regulates the
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PML expression (Guerrieri et al., 2004). Proteasomal degradation of the PML is preceded by
other forms of post-translational modifications that contribute to the final targeting of the PML
by proteasome. First example is PML phosphorylation by casein kinase 2 that promotes its
proteasomal degradation in lung cancer (Scaglioni et al., 2006). Second example discusses
sumoylation and acetylation. MageA2 (melanoma antigen gene A2) interacts with the PML
IV isoform and this interaction results in attenuation of sumoylation and acetylation of the
PML. (Peche et al., 2012). Repair of the aberrant PML degradation in various cancers by
targeting the degradation pathways may have therapeutic benefits.

2.6.2.3. Role of PML in cellular senescence

Cellular senescence is primarily characterized by irreversible cell cycle arrest caused
by elevated expression levels of cyclin-dependent kinase inhibitors.

The PML is often upregulated in senescent cells especially upon treatment by
genotoxic stress-inducing drugs, such as distamycin A, camptothecin, etoposide and others.
This elevation of PML expression in cellular senescence is mediated by p53 (Bischof et al.,
2002; Rufini et al., 2013) or by JAK/STAT signalling pathways (Hubackova et al., 2010). The
PML 1V isoform leads to rapid cell growth arrest within several days of ectopic expression
(Bischof et al., 2002). This is consistent with PML-pRB (retinoblastoma) protein association.
pRB has a major role in senescence, because it specifically targets E2F transcription factors
involved in expression of several DNA replication and cell-cycle progression-related genes
(Talluri et al., 2014). Role of the PML in senescence is also supported by ability of the PML
IV to recruit the p53. Specific regulator of the p53, ARF protein (alternate reading frame
protein), interacts with the PML IV and UBC9 SUMO-conjugating enzyme (Ivanschitz et al.,
2015).

Another way of involvement of the PML in cellular senescence is the ability of the
PML NBs to regulate a formation of senescence-associated heterochromatin. Histone
chaperone HIRA, important for senescence-associated heterochromatin formation,
translocates to the PML NBs before the cell shows any other senescence markers. It is believed
that the senescence-associated heterochromatin represses activity of growth-promoting genes

(Zhang et al., 2005).
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2.6.2.4. Role of PML in regulation of apoptosis

Apoptosis is a programmed cell death designed to eliminate chosen cell or set of cells
without any damaging effect on nearby surroundings.

It was reported that the PML regulates apoptosis in the p53-dependent manner. As
mentioned above, the p53 is recruited to the PML NBs by the PML IV isoform and the PML
subsequently promotes its acetylation and phosphorylation. Another way of p53 regulation by
the PML is sequestration of p53 ubiquitin ligase Mdm?2, which usually negatively regulates
the p53, to the nucleolus (Bernardi et al., 2004, Takahashi et al., 2004; Olausson et al., 2012).

Apoptosis can also be, perhaps rather indirectly, mediated by the PML in the p53-
independent manner (Bernardi et al., 2004; Takahashi et al., 2004; Olausson et al., 2012).
First possibility is Chk2 expression being promoted by the PML. On the other hand, Chk2
dissociates from the PML NBs in response to the DNA damage (Yang et al., 2006). Other
options are related to the extrinsic pathway of apoptosis. They include the DAXX. The DAXX
is active in Fas-induced apoptosis and acts as a transcriptional repressor. This role of DAXX
correlates with its sumoylation and subsequent localization to the PML NBs (Zhong et al 2000,
Takahashi et al., 2004). Functionally, DAXX localization to the PML NBs and its
sequestration may facilitate the activation of certain pro-apoptotic genes usually repressed by
the DAXX (Li et al., 2000). However, DAXX gene knock-out in mice was accompanied with
extensive apoptosis during embyogenesis and downregulation of the DAXX also suggests its
anti-apoptotic function (Bernardi et al., 2003; Takahashi et al., 2004). Another discussed
protein in relation to the PML contributing to the p53-independed apoptosis is FLASH protein
(FLICE-associated huge protein) that is commonly associated with the PML NBs, but upon
activation of Fas receptor it is released from the PML NBs and localizes to mitochondria
where it activates initiator caspase 8 (Milovic-Holm et al., 2007).

The PML is also involved in induction of apoptosis executed in caspase-independent
manner. It was reported that overexpressed PML recruits cell death effector BAX and inhibitor
of cyklin-dependent kinases p27%™*! to the PML NBs. No caspase activity was detected in this
process. In addition, no apoptosis-related changes requiring caspase 3 activity, such as

chromatin condensation and nuclear fragmentation, were observed (Quignon et al., 1998).
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2.6.2.5. Role of PML in antiviral defence

Many types of viral infections have been known to target and modify the PML and
therefore PML NBs dynamics and function. Similarly to many other functions of the PML
NBs, their involvement in cellular response to viral infection is rather complex. Although
many studies suggest the role of PML in anti-viral defence, there is some evidence that specific
viruses can evade this defence.

An example of antiviral defence mediated by the PML NBs has been described for
herpes virus infection. Within the intrinsic immunity pathways, virus is targeted to the PML
NBs shortly after it enters the cell and its genome is silenced. Several components of the PML
NBs, including PML, DAXX, Sp100, and ATRX, function as a cellular restriction factors.
Another way to prevent progression of viral infection is the ability of the PML to associate
with a specific viral capsid protein ORF23 (open reading frame 23) and prevent nuclear egress,
hence viral capsid assembly. The PML NBs undergo rapid relocalization to cytoplasm upon
viral infection (Tavalai et al., 2008).

Innate immunity is also connected with the PML and PML NBs influencing the
induction of interferon-induced anti-viral response. Importantly, interferons are responsible
for upregulation of some PML NBs components such as PML or SP100 (Regad et al., 2001).

Some viruses are also able to evade the anti-viral defence the PML participates in. For
example, adenoviral transactivator protein E1A-13S, which is essential for activation of viral
transcription, thus is one of the first viral proteins expressed upon adenoviral infection, targets
the PML NBs and specifically interacts with the PML II isoform. This interaction results in

enhanced E1A-mediated transcriptional activation (Berscheminski et al., 2013).

2.7. Nucleolus

Nucleolus is one of the earliest identified and most prominent nuclear structures
discovered by Wagner in 1835 and Valentin in 1836. Ultrastructure of the nucleolus is defined
by three structural components called fibrillar centre (FC), dense fibrillar component (DFC)
and granular component (GC). Generation and localization of nucleolus in nucleus of human
cell depends on localization of acrocentric chromosomes 13, 14, 15, 21 and 22 that on their
shorter arm contains arrays of ribosomal DNA (rDNA). Upon activation of pre-rRNA
transcription rDNA loci serve as nucleolar organization regions (NORs) (McClintock, 1934).

One of typical features of nucleolus is its dynamic nature not only during interphase, but in
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mitosis as well, when it disassembles at the beginning of mitosis and subsequently
reassembles at its end (D ‘amours et al, 2004; Torres-Rosell, 2004).

Perhaps the best known function of nucleolus is ribosome biogenesis tightly connected
with cell growth and proliferation. rDNA is transcribed into 47S pre-ribosomal RNA followed
by cleavage resulting in several rRNA (23S and 16S in prokaryotes and 28S, 18S and 5.8S in
eukaryotes). Ribosomal RNA associates with approximately 80 ribosomal proteins and 5S
rRNA, transcribed by RNA polymerase III eventually forming ribosomal subunits (Scheer et
al., 1999).

Nucleolar compartments have specific role in the process of ribosome biogenesis.
Nascent 47S rRNA transcripts accumulate in DFC (Hozdk et al, 1994, Cmarko et al., 2000).
Pre-ribosomal RNA undergoes maturation in a process controlled by approximately 150 small
nucleolar RNAs (snoRNAs) and several ribonucleoprotein complexes (RNPs). RNPs
responsible for small and large pre-ribosomal subunit assembly accumulates in small subunit
(SSU) processome and large subunits (LSU) processome respectively (Fromont-Racine et al.,
2003). This maturation continues during migration of the transcript in nucleolus towards GC,
where the final assembly of ribosomal subunits takes place (Gautier et al, 1994, Cmarko et
al, 2000).

Since Pederson’s hypothesis from 1998 that nucleolus could be a multifunctional
cellular subcompartment (Pederson, 1998), further research discovered nucleolar association
of up to 4500 proteins (Ahmad et al., 2008). The 70% majority of these proteins are active in
various cellular processes other than ribosome biogenesis including DNA damage response
and cellular stress response, cell cycle progression, proliferation, gene expression, mRNA
export and protein folding and degradation (Carmo-Fornesca et al., 2000; Andersen et al.,

2005, Ahmad et al., 2008).

2.8. Ribosomal stress
Ribosomal or in other words nucleolar stress occurs when ribosome biogenesis is
disrupted or functionality of ribosomes is altered. Process of ribosome biogenesis can be
blocked, for example, either by inhibition of RNA polymerase I, which is experimentally
achieved, for instance, by using low doses of actinomycin D, or by interfering rRNA
processing/transport. This manifests itself by reorganization of nucleolar components and

segregation of nucleolus (Junéra et al., 1995, Sirri et al., 2008).
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Several studies published over the past decade have been focused on the relationship
between ribosome biogenesis and cell cycle progression. Results suggest that the p53 is
involved in nucleolar stress response. Ribosomal proteins L11 (RPL11) and L5 (RPLS)
participate in activation of cellular stress response pathways, specifically by binding Mdm?2,
thus promoting stabilization of the p53. This can result in the p53-mediated cell cycle arrest
or apoptosis (Fumagalli et al., 2012; James et al., 2014). In addition to the p53, which is
frequently mutated or not present in tumour cells, it was reported that tumour suppressor ARF,
which can respond to the increased mitogenic activity of c-Myc or Ras proteins, is also active
in cellular response to nucleolar stress as well as other nucleolar protein NPM
(nucleophosmin; B23) (Donati et al., 2012).

Disrupted nucleolar function and increased ribosome biogenesis due to altered proto-
oncogene and tumour suppressor gene expression, is a typical feature of cancerous cells both
in many types of solid tumours and leukemia. Extensive studies showed that the expression
of ribosomal proteins in these cells is either significantly increased or lowered. This suggest
that some of the ribosomal proteins might be of tumour-suppressive nature (Montanaro et al;
2008).

Another topic related to ribosomal stress is rDNA topology and a role of
topoisomerases. These enzymes participate in DNA transcription by maintaining its topology.
Their activity is based on ability to break the DNA phosphate backbone and reseal it while
passing one DNA strand through another. There are two known types of topoisomerases. Type
I topoisomerases generate single strand breaks on DNA, thus allowing it to rotate around other
strand and then be resealed. Type II topoisomerases generate double strand breaks on DNA
and allow to one strand of DNA pass through another and then be resealed preserving the new
topology. These processes mitigate stress from DNA being supercoiled or uncoiled during
transcription or replication. In contrast to type Il topoisomerases, type I topoisomerases do not
require ATP for their function (Osheroff et al., 1989, Froelich-Ammon et al., 1995; Meyer et
a.l, 1997).

Results support the notion that both types of topoisomerases participate in rDNA
transcription assuring correct folding into functional topological organization of rDNA genes
in mammalian cells. Detection of type I topoisomerases in nucleolus supports the connection

of these enzymes with rDNA transcription, such as regulation of the cleavage site in rRNA
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flanking regions or phosphorylation-dependent activation of rRNA splicing factors (Bonven
et al., 1985; Rossi et al., 1996). In case of type Il topoisomerases, the highly probable
conclusion is that topoisomerase Ila localizes in nucleolus and is important for rDNA
transcription, on the other hand topoisomerase I is completely excluded from nucleolus
(Meyer 1997).

The hypothesis says that ribosomal stress, defined as disruption of ribosome biogenesis
or altered functionality of ribosome, is strongly influenced by topological properties of IDNA
and later rRNA. When a cell faces a certain level of topological stress resulting from
incorrectly functioning or non-functional topoisomerases usually active in nucleolus, whole
rDNA/rRNA metabolism can be damaged. This is likely to have a significant impact on

ribosome biogenesis, therefore supporting ribosomal stress progression.

2.9. Association of PML with nucleolus

One of the first information about connection between the PML and the nucleolus was
reported in cells with inhibited proteasome degradation. Under these conditions it is possible
to observe an accumulation of the PML and other resident protein of PML NBs in nucleolus
(Mattsson at al., 2001). The accumulation of the PML in nucleolus was also observed after
the DNA damage that was caused by doxorubicin treatment (Bernardi et al., 2004). Similar
PML localization was later detected in replicatively senescent human mesenchymal stem and
when these cells were treated with low doses of actinomycin D that inhibits rRNA synthesis
(Janderova-Rossmeislova et al., 2007). Findings of Condemine and colleagues revealed the
crucial role of the PML I and PML IV in PML-nucleolar association (Condemine at al., 2007).
Recent data from our laboratory show that PML-nucleolar associations (PNAs) are most
common when the PML IV is ectopically expressed compared to other PML isoforms and that

this association is dependent on its C-terminus.

2.10. Proximity-dependent biotin identification
The proximity-dependent biotin identification method (BioID) is used for detection of
direct, indirect and even transient protein-protein interactions (Roux et al., 2012). It also
allows to study cellular environment inproximity to studied association of interest, because it
does not need two proteins to be in the direct contact to detect the interaction (Figure 4).

Protein of interest is fused to mutant form of bacterial biotin ligase (BiolD) from Escherichia
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coli (Choi-Rhee, 2004; Cronan, 2005, Roux, 2012). BiolD contrary to wild type biotin ligase
(Bir2) does random biotinylation in its proximity by binding of biotin to lysine residues. Biotin
ligase biotinylates proteins present in 10 nm biotinylation radius. Biotinylated proteins are
then isolated using methods based on strong affinity between biotin and streptavidin. Isolation
is followed by identification of proteins using mass spectrometry analysis (Roux et al., 2012).
Considering the relatively easy application of BiolD method and exploitation for proteins
insoluble in buffers used for routine methods studying protein-protein interactions such as co-
immunoprecipitation as well as weak or transient protein-protein interactions, over 100 studies
to date employed this method. BiolD method was used in studies dealing with centrosome
structure (Firat-Karalar et al., 2015; Gheiratmand et al., 2019), identifying proteins
associating with nuclear envelope (Kim, Jensen, Roux, 2016), lamin (Methus et al., 2016) or
mitotic spindle (Gu et al., 2017). Other than structural analysis, this method was used, for
example, to identify interactors of GTPase (Gillingham et al., 2019) or methyltransferase

NSD2 (Huang et al., 2019)
-
‘Biotin

1. Biotinylation Biotin

- ~ NH - NH—Protein of interest .

2. Isolation -
- NH—— NH—— Protem of interest .
3. Identification ®» Mass spectrometry

Isolated biotinylated proteins

Figure 4: Detection of protein-protein interactions using BioID method. Schematic representation
of the process leading to identification of proteins interacting with the protein of interest.
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Bacterial biotin ligase BirA belongs to a family of enzymes also characterized as
holocarboxylasesynthetases as they attach biotin, serving as a cofactor, to
carboxylases/decarboxylases active in metabolic functions and catalyse transfer of CO-
between respective metabolites. The reaction of biotinylation is first started by biotin ligase-
catalysed attack of a-phosphate in ATP molecule by oxygen atom from biotin-carboxylate
forming biotinoyl-5-AMP. Biotinylated protein has a biotinylation site represented by lysine
with nucleophilic eNH»> group that attacks biotinoyl-adenylate and forms amid bond with
biotin. AMP is other product of the reaction (Chapman-Smith and Cronan, 1999).

BioID method was developed as an alternative and improvement to other methods
dedicated to investigation of protein-protein interactions, such as co-immunoprecipitation
requiring appropriate solubility of studied proteins.

Biotin ligase used in BiolD method is a 36 kDa protein consisting of catalytic domain,
ATP binding domain and DNA binding domain (Roux et al, 2012; Chapman-Smith and
Cronan, 1999). 1t has been known that in some cases cellular localization of fusion protein is
not very precise. To provide a solution to this problem Kim and colleagues developed an
improved smaller biotin ligase BioID2. Unlike biotin ligase BiolD, BioID2 does not possess
DNA binding domain, hence is smaller and reportedly more precise in cellular localization

and biotinylation than BiolD (Figure 5) (Kim et al., 2016).

Biotin ligase (E. coli) Biotin ligase (A. aeolicus)

Figure 5: Biotin ligase BiolD versus biotin ligase BiolD2. Schematic structure of biotin ligases BiolD and
BiolID2. BiolD?2 does not possess DNA binding domain, which means that it is smaller than BiolD.
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3. Aims of the thesis

Main aim of the thesis

- To test a suitability of proximity-dependent biotin identification 2 method (BiolD2) for

identification of the PML interaction partners during PML association with nucleolus

Specific aims of the thesis

- To construct expression vectors containing either fusion of wild type or mutant form of PML
protein with BiolD2:

PML IV-(GGGGS)3,-BioID2-GFP (PML-BioID-GFP)

PML IV A560-633-(GGGGS)3x BiolD2-GFP (PML MUT-BioID-GFP)
- To analyse both fusion proteins using transient transfection. The ability to form PML NBs,

associate with nucleolus and the level of biotinylation after biotin addition was tested.

- To construct lentiviral vectors containing the either fusion of wild type or mutant form of PML
protein with BiolD2
lenti PML-BioID-GFP
lenti PML MUT-BioID-GFP
- To generate stable cell lines expressing either one of the DNA constructs.
- To analyse obtained stable cell lines

- To isolate biotinylated proteins for mass spectroscopy analyses.
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4. Materials and methods

4.1. Mammalian cell lines
Retinal pigmented epithelial cell line immortalized by human telomerase with wild
type of PML gene (W\TERT RPE1) and with PML ablated by CRISPR technology (hTERT
RPE1 PML KO) and human embryonic kidney cell line 293 (HEK 293T) were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) with high concentration of glucose (4.5 g/L)

supplemented with 10% foetal bovine serum and 1% penicillin/streptomycin.

4.1.1.Treatments
Two different treatments were used in diploma thesis. First one was performed by
genotoxic agent doxorubicin. Doxorubicin was used in concentration 0.75 uM and treatment
lasted for 24 or 48 hours. Secondly, cells were cultivated with addition of 50 uM biotin for 4,
6 or 24 hours.

4.2. Bacterial strains

DNA constructs were amplified using either Escherichia coli (E. coli) derived XL10
Gold strain (endAl gInV44 recAl thi-1 gyrA96 relAl lac Hte A(mcrA)183 A(mecrCB-
hsdSMR-mrr)173 tet® F'[proAB lacl"ZAM15 Tn10(Tet® Amy Cm®) obtained from Stratagene
(USA) or Sbtl2 strain (F~ mcrA A(mcrBC-hsdRMS-mrr) recAl endA1l lon gyrA96 thi supE44
relA1 X~ A(lac-proAB)) obtained from Thermofisher Scientific (USA). Both strains were
cultivated in LB media (Luria-Bertani media: Tryptone, 10 g; NaCl, 10 g; Yeast extract, 5 g;
950 mL H>0) or SOC (Tryptone, 20 g; NaCl, 0.5 g; Yeast extract, 5 g; 950 mL H>O).
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4.3.Vectors

DNA vectors used in diploma thesis are listed in a table below (Table 1)

Table 1: DNA vectors used in this thesis

name description source citation
Kim DI,
. . Addgene ’
. Vector suitable for C-terminal . Jensen SC,
MCS-BiolD2-HA fusion of BioID2 with the protein plasmid MolCelBiol
. # 74224
of interest 2016
Cloning and expression lentivector System
pCDIé—FCII\_/II\?/e _OMCS_ with strong CMV promoter and Biosciences,
neomycin resistance marker USA
Mammalian expression vector with
EGFP_NI_PML vV CMV promoter coding C-terminal Genome
(hereinafter pPML- P & Jan Kosla
GFP)p fusion of PML isoform IV with Integrity/IMG
EGFP
Mammalian expression vector
EGFZ_,SI;I(I):ggL v coding C-terminal fusion of PML Genorme
. isoform IV with EGFP, the amino . PavlaVasicova
(hereinafter pPML . ¢ Integrity/IMG
MUT-GFP) acids 560-633 of PML IV were
deleted
. Mammalian expression vector
PML IV_L_BIOIDz_ coding C-terminal fusion of PML .
GFP (hereinafter . . This work
PML-BiolD2-GFP) isoform IV with three GGGGS
p linkers, BioID2 and EGFP
PML IV A560-633- Mammalian expression vector
L-BioID2-GFP coding C-terminal fusion of
. ) truncated form of PML isoform IV This work
(hereinafter PML
MUT-BioID-GFP) A560-633 with three GGGGS
P linkers, BiolD2 and EGFP
Cloning and expression lentivector
Ip\S- ?%SII\I/I)Z:E;/III; with strong CMV promoter and
EF1-Neo neomycin resistance marker coding This work
(hereinafter lenti- for C-terminal fusion of PML
PML-BiolD2-GFP) isoform IV with three GGGGS
linkers, BiolD2 and EGFP
pCDH-CMV-PML Cloning and expression lentivector
IV A560-633-L- with strong CMV promoter and
BiolD2-GFP-EF1- neomycin resistance marker coding
Neo C-terminal fusion of truncated This work

(hereinafter lenti-
PML MUT-BiolD-
GFP)

form of PML isoform IV A560-633
with three GGGGS linkers,
BiolD2 and EGFP
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4.4. DNA cloning
4.4.1.DNA isolation
GeneJET Plasmid Miniprep Kit (Thermofisher Scientific, USA) was used for plasmid
DNA isolation according to the manufacturer's protocol. This isolation kit was used for
isolation of up to 20 pg of plasmid DNA for cloning purposes and sequencing.
QIAGEN Plasmid Midi/Maxi Kit (Qiagen, Germany) was used form plasmid DNA
isolation according to the manufacturer’s protocol. This isolation kit was used for production
of plasmid DNA utilized in lentiviral production.

Concentration of isolated DNA was measured by NanoDrop.

4.4.2.PCR reaction
For all PCR reactions the Phusion polymerase was used and the reaction mix was
prepared according to the Table 2. Conditions of respective PCR reaction are described

individually in each experiment. Information about primers are listed in Table 3

Table 2: PCR reaction mix

Final
concentration
DNA 15-20ng
Forward and reverse primer (10 uM) 0.5 uM
dNTP (2 mM) 20 uM
5 x GC buffer 1x
Phusion DNA polymerase 1U/50 uL
ddH,O to 20 ulL
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Table 3: List of all primers use in this work

Primer Sequence Purpose
5' oligo for assembling of
ggzggggctggi;i (GGGGS)s linker in front of
GGGGS-1-base-shift_F ggtggcggcggate BiolD2 (ligation into Bm«l
g8 BamHI)
atoCCeatcoact 3' oligo for assembling of
S (GGGGS)s linker in front of
GGGGS-1-base-shift R & BiolID2 (ligation into BmtI
- ccgeecgagecace BamHI)
gccaccctag
tctaattt toac Gibson Assembly, insertion of
PML IV-GS-BiolD-Fra-F ) ftggg &8 (GGGGS)s:-BiolD2 into
£8ies PML WT - GFP
coantagatcactict Gibson Assembly, insertion of
PML IV-GS-BioID-Fra-R tgtg £8 ) & (GGGGS)3,-BiolD2 into
cleaggcigaa PML WT - GFP
Gibson Assembly, insertion of
PML 1V-d560-633-GS- ggtgatctggogtog (GGGGS)s- Bic}),ID2 into
BiolD-Fra-F cggtggct *
PML MUT - GFP
i e ccggtggatcgettet Gibson Assembly, insertion of
};l\i/gﬁ)l_\;rfgo 633-GS tctcaggetgaacte (GGGGS)3x-BiolD2 into
g PML MUT - GFP
Gibson Assembly, insertion of
PML IV-GS-BiolD-vec-F gagaagaagcgatc (GGGGR)3x-BiolD2 into
caccggtcgecac PML WT - GFP
caccgccaccccaaa Gibson Assembly, insertion of
PML IV-GS-BiolD-vec-R ttagaaaggggtog (GGGGR)s3« -BiolD2 into
ggg PML WT - GFP
PML IV-d560-633-GS- gagaagaagcgatc ((}g) (s}(gl(%s)seglz?ﬁ;gs;rtzon of
BiolD - vec-F caccggtcgecac PML MU%X- GFP
PML 1V-d560-633-GS- caccgecaccccag (gg)é(élc?ss)semgghl)n;?ifn of
. 3x =
BiolD-vec-R atcaccacaacgc PML MUT - GEP
CMV_F cgcaaatgggcggta Sequencing
ggcgtg
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4.4.3.DNA digestion
For cloning purposes, between 1 — 1.5 pg of DNA was digested. Subsequently, 300 ng
was digested for verification of vectors after cloning. Choice of the used restriction enzymes
listed in Table 30, will be specified in each individual experiment. As the fast digest restriction
enzymes provided from ThermoFisher Scientific were used in all reactions unless otherwise
specified, all the reactions were done according to the Tables 4 and 5. All digestion was

performed in 37°C for 20 minutes.

Table 4: Restriction reaction of DNA for cloning purposes

DNA 1-15pg
10 x FD buffer 6 uL
Restriction 2-3ulL
enzyme

ddH,0 to 60 uL

Table 5: Restriction reaction of DNA for control purposes

DNA 300 ng
10 x FD buffer 2 puL
Restriction mne
enzyme

ddH,O to 20 uL

4.4.4.Isolation of DNA fragments
DNA fragments were isolated from agarose gel using QIAquick Gel Extraction Kit
(Qiagen, Germany) according to the manufacturer’s protocol. DNA was isolated from the
agarose gel for purposes of construction of vectors coding desired fusion proteins containing

PML 1V or its truncated version, biotin ligase BoID2 and GFP.

4.4.5.Dephosphorylation/phosphorylation
Digested DNA of vectors, into which desired fragment was cloned, was defosforylated
by adding 1 pL of Shrimp Alcaline Phosphatase (SAP, 0.05 U SAP/1 pmol DNA) and
incubating in 37°C for 1 hour.
The assembled DNA of linker (GGGGS)s« was phophorylated by T4 polynucleotide
kinase (PNK) according to Table 6. The reaction mix was incubating at 37°C for 20 minutes

followed by deactivation at 75°C for 10 minutes.
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Table 6: Phosphorylation reaction

dsDNA (linker) 20 pmol

10 x buffer A for PNK 2 uL

ATP (10 mM) 2 uL

PNK (10 U/uL) 1 pL

ddH»O to 20 uL
4.4.6.DNA ligation

DNA was ligated by adding 1 pL of T4 DNA ligase and incubating in 22°C for 30

minutes (Table 7).

Table 7: Ligation reaction

DNA 10 — 20 ng

5 x rapid ligation buffer 2 ulL

T4 DNA ligase 1 ul

ddH,O Replenished to 10 pL

4.4.7.Gibson assembly

The 1.3 x reaction mixture (Table 8) and 5 x isobuffer (Table 9) were prepared
according to the protocol of Samuel Miller (Miller, S., http:/miller-
lab.net/MillerLab/protocols/molecular-biology-and-cloning/gibson-assembly/, accessed 5.
Aug. 2019). We used previously completed aliquot of reaction mix and DNA fragments were
added according to the following rules. The amount of DNA was estimated, usually by
comparing the intensity of DNA fragment and DNA marker. Equimolar amount of vector and
fragment was determined (0.03 — 0.5 pmol total for each) and mixed with 15 pL of 5 x reaction
mixture and incubated at 50°C for 1 hour. After that 5 pL was used for transformation of

competent cells.

Table 8: Composition of Gibson assembly reaction mixture for 4 reactions

Component Mix for 4 reactions
5 x isobuffer 16 uL

T5 exonuclease 2U/uL 0.32uL

Phusion polymerase 2U/ul 1 uL

T4 DNA Ligase 40U/uL 8 uL

ddH,O 1200 uL
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Table 9: Composition of 5 x isobuffer used for Gibson assembly

5x Isobuffer
Component Volume Final concentration
IM Tris-HCI, pH 7.5 3mL 500 mM
2M MgCl, 150 uL 1 mM
100 mM dGTP 600 pL 1 mM
100 mM dATP 600 pL 1 mM
100 mM dCTP 600 pL 1 mM
100 mM dTTP 600 pL 1 mM
IM DTT 300 pL 50 mM
100 mM NAD 300 pL 5mM
PEG 1.5 mL 25%
ddH,O to 6 mL -

4.4.8.DNA electrophoresis
The accuracy of all DNA isolations, restrictions and PCR reactions was checked by
electrophoresis. Standard protocols were employed to perform electrophoresis and 0.7 — 1.2%
agarose gel was used. Electrophoresis was run in 1 x TAE buffer (Table 10) for 1 hour at 95
V. DNA was visualized using RedSafe™ Nucleic Acid Staining Solution.

Table 10: Composition of 1 x TAE buffer

Tris base 40 mM
Acetic acid 20 mM
EDTA 1 mM

4.4.9.Bacterial transformation

E. coli competent cells were left on ice for 10 minutes. DNA was added to the 50 pL
of competent cells and mixture was incubated on ice for 30 minutes. After incubation the heat
shock reaction was performed by incubating cells with DNA at 42°C for 90 seconds and
quickly transferring them on ice for 2 minutes. In the next step 350 uL of SOC media was
added and the mixture was incubated on Eppendorf Thermomixer (750 rpm) at 37°C for 45
minutes. After incubation the mixture was transferred onto agar plate with appropriate
selection antibiotics and spread evenly on the agar plate using sterile glass beads. Transformed

cells were cultivated overnight at 37°C.
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4.4.10.Construction of pPML-BioID-GFP and pPML MUT-BiolD-GFP vectors

4.4.10.1. Insertion of the linker (GGGGS)3x in front of BiolD2
A flexible linker (GGGGS)3;x was inserted in front of BiolD2 to extend the
biotinylation radius of biotin ligase. Firstly, primers GGGGS-1-base-shift-F and GGGGS-1-
base-shift-R were annealed by incubating the annealing mixture (Table 11 and 12) in the
beaker with ddH>O heated to 100°C and left to cool down naturally to approximately 30°C.
Linker was then phosphorylated using PNK (Chapter 4.4.5). Note the primers were designed
in the way that after annealing the cohesive ends compatible with restriction sites for BamHI

and BspOI were present.

Table 11: The composition of the annealing mixture

GGGGS-1-base-shift-F(100 pM) 11.25 uL
GGGGS-1 base shift-R (100 uM) 11.25 uL
0.5 x annealing buffer 2,5 uL
Total volume 25 pL

Table 12: 0.5x annealing buffer

Tris-HCI, pH 7.4 5mM
NaCl 50 mM

Vector MCS-BiolD2-HA was digested using restriction enzymes BamHI and BspOl
(Chapter 4.4.3). Digested vector was dephosphorylated using SAP (Chapter 4.4.5). Obtained
DNA of digested vector was isolated from agarose gel using QIAquick Gel Extraction Kit.

The efficiency of restriction/dephosphorylation reactions was tested by religation
followed by transformation of competent cells. As the number of bacterial colonies after
transformation was low, the prepared linker was ligated with vector (Chapter 4.4.6). Finally,
the competent cells (E. coli XL10 Gold) were transformed with ligation mixture and plated
on agar plates (LB medium; ampicillin) (Chapter 4.4.9). The obtained clones were analysed
by BamHI and HindIl digestion (Chapter 4.4.3) and by sequencing. Final vector (GGGGS);3x-
BioID2-HA was used for further cloning.
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Figure 6: Insertion of the (GGGGS)sx linker in front of BiolD2

4.4.10.2. Insertion of the DNA-fragment bearing (GGGGS)3x-BiolD2 in between
PML and EGFP using Gibson assembly

As between PML and EGFP were not suitable restriction sites to clone (GGGGS)3x-
BioID2 there, we applied Gibson assembly method enabling joining of several DNA
fragments without using restriction enzymes (Chapter 4.4.7). First, the DNA fragments
bearing (GGGGS)3x-BiolD were prepared by PCR. Note, for amplification of (GGGGS)3x-
BiolD two different set of primers were used. One for assembling the obtained product with
pPML-GFP, for this PCR reaction PML IV-GS-BiolD2-Fra F/R primers (details in Table 3)
were used. The second set of primes PMLIV A560-633-BiolD2-Fra F/R (details in Table 3)
was used for assembling the obtained product with vector pPML MUT-GFP. Both vectors,
pPML-GFP or pPML MUT-GFP, were linearized also by PCR using PML IV-GS-BiolD-
vec_F/R or PMLIV A560-633-BiolD2-Vec F/R, respectively (see Table 3 for details). The
obtained PCR reaction was digested by Dpnl which targets methylated DNA, therefore the
DNA template used for PCR, by adding 1 uL into the obtained PCR reaction. Finally, the PCR
product was purified by isolation from the gel (Chapter 4.4.4). The conditions for all PCR
reactions are in Tables 13 and 14. The fragments were joined by Gibson assembly (Chapter
4.4.7). Resulting product was used for transformation of competent cells. DNA from obtained

colonies was analysed by restriction analysis using BamHI restriction enzyme (Chapter 4.4.3)
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and sequencing. Verified vectors were used for experiments (transient transfection) and as a

source of DNA for cloning into lentivectors.

Table 13: Conditions of the PCR reaction used for linearization of vectors PML-GFP/PML

MUT-GFP

Step Temperature (°C) Time

1 98 30s

2 98 20s

3 65/67 20s

4 72 4 min
Steps 2 — 4 were 35 x repeated
5 | 72 10 min

Table 14: Conditions of the PCR reaction used for amplification of fragment

(GGGGNS)sx-BiolD2

Step Temperature Time
O

1 98 30s

2 98 20's

3 65 20s

4 72 1 min

Steps 2 — 4 were 35 x repeated

5 | 72 10 min

Figure 7: PML-BioID2-GFP and PML MUT-BioID2-GFP constructs
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4.4.10.3. Inserting the PML-BiolD-GFP and PML MUT-BiolD-GFP into the
lentiviral vector

To obtain tool for preparation of cell line stably expressing desired fusion proteins
PML-BioID-GFP or PML MUT-BioIlD-GFP, we cloned the DNA fragments coding these
fusion proteins from expression vectors pPML-BiolD-GFP and pPML MUT-BioID-GFP into
pCDH-CMV-MCS-EF1la-Neo lentiviral vector. For cloning, we digested pPML-BiolD-GFP
and pPML MUT-BioID-GFP with Bmtl and Notl (Chapter 4.4.3). Fragments bearing coding
sequence of PML fusion protein were isolated from the gel and the concentration of DNA was
estimated. Lentivector pPCDH-CMV-MCS-EF1a-Neo was also digested with Bm¢l and Notl
(Chapter 4.4.3) and SAP was used for dephosphorylation, see (Chapter 4.4.5). The efficiency
of digestion/dephosphorylation was tested by religation (Chapter 4.4.6) and transformation of
competent cells (Chapter 4.4.9). As low number of colonies was present after this test, the
vector and fragment were ligated (Chapter 4.4.6) and the ligation mixture was used for
transformation of competent cells Sitb2. The DNA from obtained clones was analysed by
restriction with Kpnl and sequencing. Digestion by Kpnl enzyme was performed according to
the protocol described in Chapter 4.4.3, but as this enzyme requires buffer Kpnl+, we used it
instead of usual FD buffer and the incubation at 37°C lasted 1 hour instead 20 minutes. The
final products, pCDH-CMV-PML IV-BiolD2-EGFP-EFla-Neo (hereinafter lenti-PML-
BioID-GFP) and pCDH-CMV-PML 1V A560-633-BiolD2-EGFP-EF1a-Neo (hereinafter
lenti-PML MUT-BioID-GFP) were used for transduction.

4.5. Transient transfection

For that hTERT RPE1 PML KO cells were transfected with desired DNA using
FuGENE 6 as transfection medium. Cells were seeded at the density of 25 000 cells/cm? on
plastic TTP plate where the glass coverslips were placed. After 24 hours the glass coverslips
were transferred to the 24-well plate with 500 puL of fresh media. Transfection volume of 50
uL contained plasmid DNA (c = 150 ng/uL) and FuGene 6 reagent in ratio 3 : 1 replenished
with D-MEM medium with no FBS. Mixture was incubated for 15 minutes in room
temperature and then added to the appropriate well. The efficiency of transfection was checked

after 24 hours using inverted fluorescence microscope.
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4.6. Transduction by lentiviruses
4.6.1.Transfection of HEK 293T cells
Cells HEK293T were seeded at the density of 50 000 cells/cm? on TPP plate (60 cm?)
one day before transfection. Medium was exchanged 2 hours before transfection. First Mix 1
and Mix 2 (mix of vectors) were prepared according Tables 15 and 16 and cultivated for 5
minutes at RT. Note, both mixtures were prepared in the way that final ration between DNA

(total amount of all three vectors [ug]) and PEI [ug] was 1 : 4.

Table 15: Mix 1 for transfection of 293T

Component amount
Opti-MEM 250 uL
lentivectors 9 ug
pMD2.G (VSV-G envelope proteins) 4 ug
psPax (packaging) 7ug
Table 16: Mix 2 for transfection of 293T

Component amount
Opti-MEM 250 uL
PEI (mg/mL) 80 uL

The final transfection mix was prepared by combining of Mix 1 and Mix 2 and
incubation for 15 minutes. After this incubation, mixture was added to the plate with
HEK293T cells. At this point the experiment was treated as infectious. Therefore, we used

extra protection and worked in laminar flow box especially dedicated to work with viruses.

4.6.2.Collecting viral particles

Two days after transfection viral particles were collected. Necessary plastic was
prepared along with inactivation reagents chloramine and 1% SDS in 70% ethanol for
inactivation of used plastic in laminar flow box. Medium was harvested and collected into the
15 mL falcon tubes. The tubes were sealed and centrifuged at 1200 x g for 15 minutes at 4°C.
Supernatant was collected into a new 15 mL falcon tube and to precipitate the viral particles
PEGIT (20% PEG, 1.5M NaCl, filter sterilized) was added to 1/5 of final volume. Falcon
tubes were sealed and incubated overnight at 4°C on rotator. The next day falcon tubes with
precipitated viral particles were centrifuged at 1500 x g, at 4°C for 25 minutes. Supernatant

and used plastic was inactivated in inactivating reagents. Pellet was centrifuged at 1200 g for
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3 minutes. Supernatant was discarded and inactivated. Pellet was resuspended in 500 pL of

PBS and stored in 100 pL aliquots in freezer at -80 °C.

4.6.3.Transduction
hTERT RPEI PML KO cells were seeded one day before planned transduction on 24
well plate at the density of 50 000 cells/cm?. Inactivating reagents were prepared in the laminar
flow box. Viral particles (100 pL/well) were defrosted and added to the well with cells. Used

plastic was inactivated.

4.6.4.Passages for selection

Before sorting transduced cells were extended 5 times according to scheme in the
Figure 7. Medium was aspirated, cells were washed with 1 x PBS 3 times. Cells were
trypsinized using appropriate amount of T/E (Trypsin-EDTA solution, 0.25 % trypsin, 0.2 g/1
EDTA). Cells were harvested into appropriate amount of DMEM and transferred to the new
cell culture plate. The G418 (final concentration 1.18 mg/mL) was always added for selection
of positive clones. As control for selection condition of G418 the non-transducted hTERT
RPEI PML KO cells were used. During all passages every piece of used plastic was
inactivated in chloramine and 1% SDS in 70% ethanol.

Transduction Passage 1 Passage 2 Passage 3 Passage 4 Sorting

Extension 1.84 Extension 3.68 Extension 9 cm? Extension 22 cm?

cm?to3.68cm? cm?to9cm? to 22 cm? to 60 cm?
Day 1 Day 3 Day 4 Day 7 Day 10 Day 18

Figure 7: Extension and selection of transduced cells

4.6.5.Cell sorting
Medium was aspirated. Cells were washed with PBS 3 times and trypsinized using
appropriate amount of T/E. Cells were counted and resuspended in an appropriate amount of
DMEM without FBS and antibiotics in a density of 6 x 10%/mL and transferred into a 15 mL
falcon tube. Firstly cells were sorted into populations according low, medium and high GFP

signal in cooperation with the Microscopy centre, Department of Light Microscopy and
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Cytometry, Institute of Molecular Genetics, ASCR. Sorted cells were harvested into 1 mL of
FBS. Secondly, the single cell sorting of GFP positive cells into 200 pL of conditioned media
that was placed in 96 well plate was done. This sorting was done in cooperation with the same
facility as mentioned above.

After sorting the cell populations and single cell colonies were microscopically

analysed and expanded for further analyses.

4.7.Fluorescence microscopy
4.7.1.Fixation
After treatment cells were fixed in established time points 48 hours for doxorubicin
treatment and 4, 6 or 24 hours for biotin treatment using 4% formaldehyde (FA). Cells we
rinsed with 500 puL of 1 x PBS and added 300 pL of 4% formaldehyde for 15 minutes. After
fixation the cells were three times washed with 500 uL of 1x PBS and then stored in PBS with
0.1% sodium azide at 4°C.

4.7.2.Detection of the proteins fused to GFP
Fixed cells on a cover slip were washed 3 times 5 minutes with 1 x PBS. Subsequently
permeabilization was performed using 0.2% Triton X-100 in PBS for 10 minutes. The
previous washing steps were repeated. Cover slips were transferred on Parafilm®. DAPI was
diluted with ddH2O to final concentration of 1 pg/mL. Cover slips were quickly rinsed in
ddH20 and DAPI was applied. Coverslips with applied DAPI were incubated for 3 minutes in
the dark box. Cover slips were allowed to dry and mounted on a microscopic slide using

ProLong™ Gold Antifade reagent. Cells were analysed using fluorescent microscope Leica

DM6000.

4.7.3.Detection of biotinylated proteins

Fixed cells were washed 3 times 5 minutes with 1 x PBS. Subsequently
permeabilization was performed using 0.2% Triton X-100 in 1x PBS for 10 minutes. The
previous washing steps were repeated. Cover slips were transferred on Parafilm®. In the next
step Streptavidin-R-Phycoerythrin fluorescent conjugate (Table 17) was diluted in 1 x PBS
and 40 puL was pipetted on cover slip with treated cells and incubated for 1 hour. After
incubation the washing steps were repeated. DAPI was diluted with ddH>O to final
concentration of 1 pug/mL. Cover slips were quickly rinsed in ddH>0 and DAPI was applied.
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Coverslips with applied DAPI were incubated for 3 minutes in the dark box. Cover slips were
allowed to dry and mounted on a microscopic slide using ProLong™ Gold Antifade reagent.

Cells were analysed using fluorescent microscope Leica DM6000.

Table 17: Fluorescence conjungate fordetection of biotin

Substrate ;zrchased from, Cat. Dilution
eBioscience ™ L Invitrogen, USA, 12- ]
Streptavidin PE conjungate Biotin 4317-87 11000

4.7.4.Indirect immunofluorescence

Fixed cells on a cover slip were washed 3 times 5 minutes with 1 x PBS. Subsequently
permeabilization was performed using 0.2% Triton X-100 in 1x PBS for 10 minutes. The
previous washing steps were repeated. Cover slips were transferred on Parafilm®. In the next
step primary antibody (Table 18) was diluted in 1 x PBS and 40 pL was pipetted on cover slip
with treated cells and incubated for 1 hour. After incubation the washing steps were repeated.
Secondary antibody (Table 19) was diluted in PBS and applied on a cover slip. Cover slips
with applied secondary antibody were incubated for 1 hour in the dark box. After that the cells
were washed twice with 500 puL of 1x PBS (5 min.). Subsequently DAPI was diluted 1000 x
in ddH2O. Cover slips were quickly rinsed in ddH>O and DAPI was applied. Coverslips with
applied DAPI were incubated for 3 minutes in the dark box. Cover slips were allowed to dry
and mounted on a microscopic slide using ProLong ™ Gold Antifade reagent. Cells were

analysed using fluorescent microscope Leica DM6000.

Table 18: Primary Antibodies

Host Purchased from, Cat. No. Dilution
Anti-PML Ab rabbit Santa Cruz,USA, SC5621 1:200
Anti-PML Ab mouse Santa Cruz, USA, SC966 1:100
Anti-Sumo 1 Ab rabbit Abcam, Great Britain, AB32058 1:300
Anti-Sumo?2/3 Ab rabbit Abcam, Great Britain, AB3742 1:100
Anti - DAXX 003 Ab mouse Gifted from Dr. Andera 1:100
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Table 19: Secondary Antibodies

Host Purchased from, Cat. No. Dilution
Alexa Fluor 568 anti Rabbit Goat Invitrogen, USA, A11036 1:1000
Alexa Fluor 568 anti Mouse Goat Invitrogen, USA, A11031 1:1000
Alexa Fluor 488 anti Rabbit Goat Invitrogen, USA, A11034 1:1000
Alexa Fluor 488 anti Mouse Goat Invitrogen, USA, A11029 1:1000

4.8.Whole cell lysates

Whole cell lysates were prepared from confluent cells incubated on 22 cm?
untreated/treated with 50 uM biotin by aspirating medium, washing with 1 x PBS three times
and adding 100 pL of 1 x sample buffer (95°C) diluted from the 4 x sample buffer stock (250
mM Tris-HCI, pH 6.8; 40% glycerol, 8% SDS). Lysate was harvested using a clean cell
scraper and transferred into a 1.5 mL microtube. Samples were sonicated (15 seconds ON/10

seconds OFF, amplitude 2 microns, 3 cycles).

4.9. Estimation of protein concentration by BCA assay

Concentration of proteins in the samples was measured by BCA assay using Pierce
BCA protein assay kit (Thermofisher Scientific, USA). First, calibration was prepared from a
bovine serum albumin (BSA) stock according to the manufacturer’s protocol. Concentration
of the samples was estimated based on the surface area and density of the original cell culture.
BSA assay was performed according to the Table 20.

Reaction mix was prepared by combining appropriate amount of reagent 1 and 2 on
1 : 50 ratio. Subsequently 150 puL of reaction mic was added into each well and reaction was
incubated in 37°C for 30 minutes and then the absorbance was measured. Concentration of
each sample was calculated according to the standard curve (Microsoft Excel, linear

regression).

Table 20: Mixture for BCA assay. X = Variable volume of sample.

Volume Background Replicates Reaction mix
A+B
Standard 10 uL XuL 1xSB 2 150 pL
Sample X uL 10 uL ddH,O 3 150 uL.
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4.10. SDS-PAGE Electrophoresis

Stacking and separating gel was prepared according to Tables 21 — 23.

Table 21: Separating gel for SDS - PAGE

8% gel, 1.5 mm

ddH,O 3.6 mL
AA (30%) 2 mL
Buffer 1, pH 8.8 1.9 mL
APS (10%) 50 pL
TEMED 12.5 uL

Table 22: Stacking gel for SDS-PAGE

1 x stacking gel, 1.5 mm
ddH,O 1.8 mL
AA (30%) 0.45 mL
Buffer 2, pH 6.8 0.75 mL
APS (10%) 24 ulL
TEMED 6 uL

Table 23: Composition of Buffer 1 and Buffer 2

Buffer 1, pH 8.8
Tris base 1.5M
SDS 0.4%
Buffer 2, pH 6.8
Tris base 0.5M
SDS 0.4%

Polyacrylamide gel was secured in the electrophoresis apparatus and the apparatus was
filled with 1 x TGS running buffer (Table 24) diluted with ddH20O from 10 x TGS buffer (Bio-
Rad, USA). Each sample was loaded onto a polyacryalmide gel in 30 pL volume containing
30 pg of sample, 3 uL of DTT (1 mM) with bromphenol blue and replenished with 1 x SB.

The electrophoresis was run at constant current of 25 mA per gel for approximately 1.5 hour.
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Table 24: Composition of 1 x TGS running buffer

Tris base 25 mM
Glycine 192 mM
SDS 0.1%

4.11. Western blotting

The proteins from PAA gels were transferred on nitrocellulose membrane (Amersham
Protran 0.45 um NC wester blotting membrane, GE Healthcare Life Sciences, USA) by
assembling the transfer sandwich using Whatman Filter Paper (Sigma-Aldrich, USA) (sponge-
Whatman paper-PAA gel-membrane-Whatman paper-sponge, all soaked in transfer buffer)
and the cassette with transfer sandwich was placed into a transfer tank with an ice block. The
tank was filled with 1 x blotting TG buffer (Table 25) diluted with ddH20 from 10 x TG buffer
(Bio-Rad, USA) with added methanol to the final concentration 10%. Transfer was done in a

cold room (4°C) at constant current of 400 mA for 1.5 hour.

Table 25: of 1x TG blotting

1 x TGS blotting buffer T
Tris base 25 mM
Glycine 192 mM
methanol 10%

The efficiency of the protein transfer was checked by staining the membrane with
Ponceau S (0.1% Ponceau S, 5% acetic acid) washed 3 times in PBS-T (1 x PBS, 0.1%
TWEEN-20) for 10 minutes and incubated in 5% non-fat milk for 1 hour. The membrane was
washed 3 times in PBS-T. To detect biotinylated proteins, membrane was incubated in IRDye
800cw Strepavidin (Table 26) for 1 hour in RT. Subsequently the membrane was washed 3
times in PBS-T for 10 minutes and 1 time in 1 x PBS. Membrane was analysed using Odyssey
imaging system.

To detect PML protein fused to GFP, the membrane was incubated in 1000 x diluted
primary antibody (Table 26) overnight in 4°C. The membrane wash washed three times in
PBS-T and membrane was incubated in and appropriate secondary antibody fused to HRP
(Horseradish peroxidase) (Table 26) for 1 hour. After incubation in the secondary antibody

the membrane was washed three times in PBS-T and ECL chemiluminescent substrate
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(Amersham ECL Prime Western Blotting Detection Reagent, GE Healthcare Life Sciences,
USA) was prepared and applied on the membrane and incubated for 1 minute. The

chemiluminescent signal was captured on the film.

4.12. Membrane stripping
Membrane was stripped after detection of PML protein using anti-PML antibody in
order to re-probe the membrane with anti-GFP antibody to detect GFP signal.
Membrane was 3 x washed with PBS-T and incubated in stripping buffer (Restore™
Western Blot Stripping Buffer, Thermofisher Scientific) for 15 minutes. Subsequently

membrane was blocked and incubated in another primary antibody.

4.13. Dot blotting

Samples for dot blotting were incubated in 95°C. Nitrocellulose membrane and two
layers of filter paper were soaked in ddH2O for 5 minutes and laid on the dot blotting
apparatus. The upper part of dot blotting apparatus was secured on top of the lower part.
Samples were applied in the volume of 100 pL containing 20 pg of sample and replenish with
1 x PBS and vacuum was used to embed the samples into the membrane. Membrane was
incubated in Ponceau S (0.1% Ponceau S, 5% acetic acid) for 10 minutes and scanned.
Subsequently it was blocked in 5% non-fat milk for 1 hour. In the next step the membrane
was incubated in IRDye 800cw Strepavidin (Table 26) for 1 hour. After incubation in IRDye
800 cw Strepavidin the membrane was 3 times washed in PBS-T and 1 x in PBS for 10
minutes and analysed by Oddysey imaging system

Table 26: Antibodies and infrared dye for Western blotting and dot blotting

Antibodies and infrared dye Western blotting and Dot blottin

Name Host Purchased from, Cat. No. Dilution
Anti-PML Ab rabbit Santa Cruz, SC5621 1:1000
Anti GFP — HRP Ab mouse Termofisher Scientific, 1:1000

MAS5-15256-HRP
Secondary antibodies

Goat anti rabbit [gG:HRP Goat Bio-Rad, 5196-2504 1:10000
Infrared Dye
IRDye 800cw Strepavidin - LI-COR, 926-32230 1:1000
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4.14. Nuclear fractionation

Cells harvested from 60 cm? were washed 3 times with 1 x PBS and trypsinized. Cells
were collected into a 15 mL falcon tube and centrifuged for 5 minutes at 300 x g and 4°C.
Pellet was washed twice in ice cold 1 x PBS. Volume of pellet (VP) was estimated and
resuspended in 5 VP volumes of Hypo buffer (Table 27). The cells were incubated for 5
minutes on ice and then Nonidet P-40 (NP-40) was added to a final concentration 0.5%.
Subsequently cells were incubated for 4 — 6 minutes to disrupt the cytoplasmic membrane and
centrifuged for 5 minutes at 300 x g and 4°C. After centrifugation supernatant was stored as
fraction 1 (S1). Pellet was washed twice with 500 pL of Hypo buffer (Table 27) and the washes
were stored as W1 and W2. Pellet was resuspended in 2 VP volumes of ice cold Buffer B
(Table 28) with 0.4% NP-40 and either 0.4% or 1% SDS. The samples were then sonicated (2
seconds ON/4 seconds OFF, amplitude 2 microns, 20 cycles) and centrifuged (16 000 x g, 20
min, 4°C). Supernatant was stored as fraction S2-0.4% SDS or S2-1% SDS. Pellet was
resuspended in 1 x sample buffer in which 0.4% NP-40 and 0.4%/1% SDS was added and

stored as fraction P. Concentration of the samples was measured by BCA assay.

Table 27: Composition of Hypo buffer

HEPES, pH 7.9 10 mM
MgCly 1.5 mM
KCl1 10 mM
PI (protease inhibitors) 1 mM
DTT 1 mM

Table 28: Composition of Buffer B

HEPES, pH 7.4 50 mM
KCl 130 mM
PI (protease inhibitors) I mM
DTT 1 mM

4.15.Isolation of Dbiotinylated proteins using Dynabeads™ My

One™ Strepavidin C1 magnetic beads
Soluble fraction of nuclear proteins in Buffer B (Table 28) with 1% NP-40 and 0.4%
SDS was subjected to the isolation of biotinylated proteins. Firstly 50 uL of Dynabeads™My
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One™ Strepavidin C1 magnetic beads (Invitrogen, USA) was washed four times in equal
volume of PBS. Beads were separated using magnetic holder between washes.

Soluble nuclear fraction (200 pL, 0.5 mg/mL) was incubated with 50 uL of magnetic
beads for 1 hour. Before incubation, 22 uL of the sample was left as “input”. The beads with
isolated biotinylated proteins were separated using magnetic holder for 3 minutes and 22 pL
of the samples was left as “output’’. The beads were washed three times in 200 pL of Buffer
B (Table 28), incubated in 4°C for 5 minutes and separated. Supernatant was stored as W1.
The beads were further resuspended in 200 pL of Tris-HCI buffer, pH 7.4 containing 1% NP-
40 and 0.4% SDS, incubated at 4°C for 5 minutes and placed into a magnetic holder for
separation. Supernatant was stored as W2. Two more washes of beads followed using Buffer
B and storing the supernatant as W3 and W4. In the next step 50 pL of 4 x sample buffer was
added to the beads and they were incubated in 95°C for 5 minutes to release the isolated
biotinylated proteins from the magnetic beads. After separation in magnetic holder for 3

minutes sample was stored as IP.
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4.16. Laboratory instruments, enzymes and chemicals

All laboratory instruments used in experiments in this thesis are listed in a Table 29. All enzymes

and chemicals used in experiments in this thesis are listed in Table 30.

Table 29: Laboratory instruments

Laboratory instruments Company Country
Thermomixer comfort Eppendorf USA
NanoDrop ND-1000 spectrophotometer Thermofisher Scientific USA
Axygen® horizontal gel box Corning USA
MJ Mini Personal Thermal Cycler Bio-Rad USA
Fluorescence microscope Eclipse TE300 Nikon Japan
Centrifuge NF-40m Niive Turkey
Rotator RM-5 Ingonieurbiiro CAT Germany
Haraeus Megafuge 16R Termofisher Scientific USA
Sonicator Soniprep 150 Shoeller Instruments Czech
Republic
Electrophoresis apparatus Mini-PROTEAN Tetra Bio-Rad USA
Cell
Western blotting transfer tank Bio-Rad USA
Amersham Protran 0.45 pm NC western blotting GE Healthcare Life USA
membrane Sciences
Odyssey 9120 LI-COR USA
Optimax 2010 Protec Germany
Centrifuge 5810 R Eppendorf USA
Dot/Slot System Schleicher&Schuell USA
Leica DM6000 Leica Microsystems Germany
ProBlot™ Rocker 25 Labnet USA
Centrifuge 5424 Eppendorf USA
Centrifuge 5424 R Eppdendorf USA
Forma 3121 Water Jacketed CO Incubator, IR230 Thermofisher Scientific USA
Microbiological Safety Cabinet Bio II A Telstar, USA Japan
Water Bath BM 402 Niive Turkey
Eclipse TS100 Nikon Japan
Multiskan EX Thermofisher Scientific USA
TPP plastic Thermofisher Scientific USA
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Table 30: Chemicals

Chemical/enzyme Company, State, Cat. No.
FastDigest BamHI ThermoFisher Scientific, USA, FD0054
FastDigest BspOl ThermoFisher Scientific, USA, FD2044
FastDigest Hindlll ThermoFisher Scientific, USA, FD0504
FastDigest Notl ThermoFisher Scientific, USA, FD0594
10x FD buffer ThermoFisher Scientific, USA
Kpnl Fermentas, USA, ER0521
10x Buffer Kpnl+ Fermentas, USA
Dpnl Fermentas, USA, ER1702
Phusion High-Fidelity DNA polymerase New England Biolabs, USA, M0530L
5x GC Phusion reaction buffer New England Biolabs, USA, B05119S
dNTP ThermoFisher Scientific, USA
dGTP 100 mM ThermoFisher Scientific, USA, R0161
dATP 100 mM ThermoFisher Scientific, USA, R0141
dCTP 100 mM ThermoFisher Scientific, USA, R0151
dTTP 100 mM ThermoFisher Scientific, USAR0171
T4 Polynucleotide kinase (PNK) ThermoFisher Scientific, USA, EK0031
Buffer A for PNK Fermentas, USA
ATP Fermentas, USA, R0481
Shrimp Alcaline Phosphatase Fermentas, USA, EF0511
T4 DNA ligase ThermoFisher Scientific, USA, ELO111
5x Rapid ligation buffer ThermoFisher Scientific, USA, K1422
MgCl, ThermoFisher Scientific, USA
Dithiotreitol (DTT) Sigma-Aldrich, USA
Nicotinamide adenine dinucleotide (NAD) Sigma-Aldrich, USA, B9007S
Polyethylenglycol LOBA, India
Fetal bovine serum Gibco, USA
Penicillin/Streptomycin Invitrogen
Dulbecco’s modified Eagle’s medium Gibbco, Ireland
RedSafe™ Nucleic Acid Staining Solution lgti?N Biotechnologies, - South  Korea
Polyethylenimine Sigma-Aldrich, USA, 408727
optiMEM Gibco, Ireland, 51985
SDS Serva, Germany, 20765
DAPI Sigma-Aldrich, USA, 10236276001
ProLong ™ Gold Antifade Reagent Invitrogen, USA, P36930
4% Formaldehyde VWR-Chemicals, USA, 1.00496.8350
Sodium azide Sigma-Aldrich, USA, 26628-22-8
TRITON™ X-100, 10% Sigma-Aldrich, Usa, 9002-93-1
Acrylamine Serva, Germany, 10-687
APS Sigma-Aldrich, USA, A3679-25G
TEMED Sigma-Aldrich, USA, T9281
Bromphenol Blue Lachema
PonceauS Sigma-Aldrich, USA, 81460-25G
TWEEN 20 Serva, Germany, 37470
Methanol Lach-ner, Czech Republic, 67-56-1
Protease inhibitors Roche, Switzerland,
FuGENE 6 Promega, USA, E2691
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5. Results

5.1.Generation of DNA constructs containing biotin ligase (BioID2) and
green fluorescent protein (GFP) fused to PML IV or its truncated form
PML IV A560-633

The PML IV isoform associates with boundary of segregated nucleolus in reaction to
ribosomal stress in this case caused by doxorubicin treatment. PML function in this interaction
has not been clarified yet. Identification of protein in proximity to PML during its association
with nucleolus could help to better understand the state of nucleolus in contact with the PML
and may elucidate the role of the PML in this interaction.

For this experiment we chose wild type and mutated (A560-633) form of PML IV
isoform (Figure 8). It is known, that PML IV interacts with nucleolus in response to
doxorubicin treatment but portion of PML still localizes to PML NBs. The truncated form of
PML IV does not associated with nucleolus after this treatment and accumulates only in PML
NBs. The comparison of obtained biotinylated protein might help to find the proteins that are
specific form nucleolar association, so the mutated form represents negative control for mass
spectrometry analysis.

To enable the identification of PML interaction partners we fused human PML IV and
its truncated form PML IV A560-633 to biotin ligase BioID2. We decided to insert the BiolD2
behind the C-terminus of PML as C-terminal fusion of EGFP with PML for characterization
of PML domains involved in its interactions with nucleolus was functional and we assumed
that this will be no different. I inserted a flexible linker (GGGGS)3x between the PML and
BioID2 to expand the biotinylation radius of BiolD2. In addition both PML IV and its
truncated form were previously fused to EGFP ensure comfortable detection by fluorescent
microscopy. EGFP fusion mainly brings advantage during preparation of stable cell lines
expressing fusion protein as the cells can be sorted according to the intensity of GFP that
should mirror expression level of PML protein. Schematic representation of final fusion
proteins and how they differ from original PML-GFP and PML MUT-GFP can be seen in
Figure 9.
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Figure 8: Truncated form of PML IV lacking amino acids 560-633 containing domains arguably
responsible for association with nucleolus should not be able to do so in response to ribosomal
stress. Scheme of wild type PML IV and its mutant form lacking C-terminal domains arguably
responsible for its association with nucleolus, thus unable to associate with nucleolus under conditions

of stress.
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Figure 9: Scheme of constructed PML fusion proteins and their comparison with already existing
PML constructs is shown. PML IV — isoform of PML protein; PML IV 4560-633 — deletion mutant of
PML 1V isoform lacking amino acids 560-633; BiolD2 — biotin ligase; (GGGGS)s: — flexible linker
comprising from three stretches of four glycines and serine; GFP — green fluorescent protein.

I generated two types of expression vectors. First one allowed treansient expression in

mammalian systems and is based on pEGFP-N1 expression vectors. Final vectors for transient
expression were named pPML-BiolD-GFP and pPML MUT-BiolD-GFP. Second set of
expression vectors enabled generation of cell lines stably expressing desired fusion protein.
Final vectors for stable expression were named lenti-PML-BioID-GFP and lenti-PML MUT-

BioID-GFP. Expression of both systems is driven from CMV promotor. This constitutive
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CMYV promoter was chosen based on previous positive experience with preparation of cell line
stably expressing PML IV-EGFP and PML I-EGFP.

All fusion proteins were analysed in hTERT PML KO as presence of endogenous PML
protein could camouflage the properties of PML MUT, because this mutant can associate with

nucleolus in the presence of other endogenous PML isoforms.

5.2.Characterization of fusion proteins PML-BioID-GFP and PML MUT-
BiolD-GFP expressed in RPE1 PML KO cells after transient

transfection

Both DNA constructs verified by sequencing (pPML-BiolD-GFP and pPML MUT-
BioID-GFP) needed to be tested for expression of PML fusion proteins. My aim was to verify
the ability of wild type PML and its truncated form both fused to BioID-GFP to form PML
NBs when transiently expressed in hTERT RPE1 PML KO cells. Next, I needed to evaluate
PNAs formation after doxorubicin treatment and confirm the activity of biotin ligase in these
fusion proteins. Finally, I analysed presence of some canonical interactors of PML in PML

NBs formed by these fusion proteins.

5.2.1.PML-BioID-GFP and PML MUT-BioIlD-GFP can form PML NBs in RPE1

PML KO cells

To test the ability of both new fusion proteins to form PML NBs in hTERT RPE1 PML
KO cells I transiently transfected these cells with plasmids expressing both these proteins and
with plasmids expressing original fusion proteins PML-GFP and PML MUT-GFP. One day
after transfection the cells were harvested and GFP pattern was analysed by wide field
microscopy. According to the results of immunofluorescence analysis I assessed that cells
expressing either PML-BiolD-GFP or PML MUT-BiolD-GFP successfully form PML NBs
and that the pattern of these PML NBs was comparable with the pattern of PML NBs observed
in positive controls represented by cells transfected with vectors pPML-GFP or pPML MUT-
GFP (see Figures 10 and 11).
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Figure 10: PML-BioID-GFP forms PML NBs that are comparable with
PML NBs formed by PML-GFP. Pattern of PML NBs (green) formed in
hTERT RPE1 PML KO cells transfected with PML-GFP (A) and transfected
with PML-BiolD-GFP (B). The nuclei were stained by DAPI (blue). Scale
bar, 10 um.

-
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Figure 11: PML MUT-BioID-GFP forms PML NBs that are comparable
with PML NBs formed by PML MUT-GFP. Pattern of PML NBs (green)
formed in hTERT RPE1 PML KO cells transfected with PML MUT-GFP (4)
and transfected with PML MUT-BiolD-GFP (B). The nuclei were stained by
DAPI (blue). Scale bar, 10 um.
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5.2.2.PML-BioID-GFP but no PML MUT-BioID-GFP can associate with nucleolus
after doxorubicin treatment

Based on on-going research it is clear, that the PML IV isoform associates with
nucleolus after doxorubicin treatment, whereas its mutant form of PML IV A560-633 isoform
lacks this ability and after such treatment does not associate with nucleolus. To test whether
the additional fusion of PML-GFP and PML MUT-GFP with BioID moiety did not change
this characteristic, I transiently transformed hTERT RPE1 PML KO cells with plasmids
expressing all four fusion proteins and 24 hours after transfection treated these cells for
another 48 hours with 0.75 uM doxorubicin. Then the cells were harvested and analysed by
wide field microscopy.

As is shown in Figure 12, 13 and Graph 1, PML-GFP and new fusion protein PML-
BioID-GFP associated with nucleolus and showed similar response to doxorubicin treatment.
I observed nucleolar associations in 24% of treated cells expressing PML-BiolD-GFP, which
roughly corresponds with 27% of cells expressing PML-GFP established as a positive control.
In case of cells expressing PML MUT-BioID-GFP and PML MUT-GFP, this experiment

revealed that these PML truncations did not associated with nucleolus at all (Figure 14).
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Figure 12: PML-GFP forms PML nucleolar associations after doxorubicin
treatment. hTERT RPEI PML KO cells after transient transfection with
pPML-GFP (green) and after 0.75 uM doxorubicin treatment (48 h) contain
cells with only PML NBs (A) and cells with PNAs and PML-NBs (B). The nuclei
were stained by DAPI (blue). Scale bar, 10 um.
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Figure 13: PML-BioID-GFP forms PML nucleolar associations after
doxorubicin treatment. ATERT RPEI PML KO cells after transient
transfection with pPML-BiolD-GFP (green) and after 0.75 uM doxorubicin
treatment (48 h) contained cells with only PML NBs (A) and cells with PNAs
and PML NBs (B). The nuclei were stained with DAPI (blue). Scale bar, 10

um.

Percentage of cells with PNAs in cells expressing
PML-GFP or PML-BiolD-GFP

30+

204

10+

% of PNAs |

PML- GFP PML- BiolD-GFP

Graph 1: The portion of cells with PML nucleolar associations (PNAs)
formed after doxorubicin treatment either by pPML-GFP or PML-
BioID-GFP is comparable. "”TERT RPE-1 PML KO cells were transfected
with pPML-GFP or PML-BiolD-GFP and treated with 0.75 uM
doxorubicin. After two days the number of cells with PNAs was counted
and the portion of cells with PNAs [%] was plotted. Over 100 cells were
analyzed. The results of one experiment are shown.
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Figure 14: PML MUT-GFP and PML MUT-BiolD-GFP did not form
nucleolar associations after doxorubicin treatment. Pattern of PML MUT-
GFP (green); (4) and PML MUT-BioID-GFP (Green), (B) expressed in hTERT
RPEI PML KO cells after transfection. These cells were treated two days with
0.75 uM doxorubicin for 48 hours. The nuclei were stained with DAPI (blue).
Scale bar, 10 um.

5.2.3.PML-BioID-GFP and PML MUT-BiolD-GFP can accumulate biotinylated
proteins in PML NBs

Next, I was interested in overall functionality of biotin ligase BiolD2, level of
biotinylation and also whether biotin background generated by endogenous biotin and biotin
in cell culture media will or will not be an issue in further experiments.

Therefore, I again transfected RPE1 PML KO cells with vector expressing either PML-
BioID-GFP or PML MUT-BioID-GFP. Note, for experiments aimed to test biotinylation both
PML protein fused only to GFP (PML-GFP and PML MUT-GFP) were used as negative
controls. One day after transfection the cells were further cultivated with/without addition of
50 uM biotin. Treatment was terminated after 4 or 24 hours. Then the cells were harvested
and stained with streptavidin-phycoerythrin and analysed by wide field microscopy.

These experiments revealed that all PML NBs formed by PML-BiolD-GFP or PML
MUT-BioID-GFP were positive for biotinylated proteins (Figure 15 and 16) contrary to PML
NBs formed by cells expressing PML-GFP or PML MUT-GFP (Figure 17). Notably, the weak
biotinylation of PML NBs was detected also in cells expression PML fused to BiolD2 but
cultivated without biotin addition (Figure 15A and C, Figure 16A and C). This indicates that
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endogenous level of biotin is sufficient to promote the addition of biotin to proteins that are

in proximity of PML.

Ctrlah

Biotin4 h

Ctrl24 h

Biotin 24 h

Figure 15: The expression of PML-BiolD-GFP generated the accumulation of biotinylated proteins in
PML NBs. The RPE1 PML KO cells were transfected with vector coding PML-BiolD-GFP (green). One day
after transfection the fresh medium without added biotin (A and C) or with 50 uM biotin (B and D) was
added. The cells were harvested after 4 hours (A and B) or after 24 hours (C and D) and stained with
streptavidin-phycoerythrin (red) to detect biotinylated proteins. The nuclei were stained with DAPI (blue).
Scale bar, 10 um.
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Figure 16: The expression of PML MUT-BiolD-GFP generated the accumulation of biotinylated
proteins in PML NBs. The RPEI PML KO cells were transfected with vector coding PML MUT-BiolD-
GF (green). One day after transfection the fresh medium without added biotin (A and C) or with 50 uM
biotin (B and D) was added. The cells were harvested after 4 hours (A and B) or after 24 hours (C and D)
and stained with streptavidin-phycoerythrin (red) to detect biotinylated proteins. The nuclei were stained
with DAPI (blue). Scale bar, 10 um.
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Figure 17: PML NBs formed by either PML-GFP or PML MUT-GFP did not contain
biotinylated proteins after incubation with biotin. RPE! PML KO cells expressing PML-GFP
(green); (A)) or PML MUT-GFP (green; (B)) were incubated with 50 uM biotin for 24 h. After that
biotinylated proteins were detected using streptavidin-phycoeryhrin (red). The nuclei were stained
with DAPI (blue). Scale bar, 10 um.

Lastly, the biotinylation of PML NBs and PNAs after doxorubicin treatment was
tested. PML NBs formed by both PML-BioIlD-GFP or PML MUT-BiolD-GFP were
biotinylated (Figure 18, Figure 19) Our results indicate that the addition of biotin does not
have any detectable effect on PNAs formation by PML-GFP and PML-BioID-GFP (Figure
18). Importantly, the PNAs formed by PML-BioID-GFP after doxorubicin treatment and
addition of biotin were biotinylated (Figure 18B). Obtained results also confirmed that the
biotinylation of PML NBs and PNAs under tested condition is BiolD2-dependent as both type
of structures were streptavidin-phycoerythrin negative when PML-GFP and PML-MUT-GFP

fusions were expressed and incubated with doxorubicin and biotin (Figure 18A and 19A).
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Figure 18: PNAs formation is not affected by incubation with biotin and the biotinylation of
PNAs is dependent on presence of BiolD2. h”TERT RPE1 PML KO cells expressing PML-GFP
(green; (4)) and PML-BiolD-GFP (green; (B)) were treated with 0.75 uM doxorubicin for 48 h
and with 50 uM biotin for 24 hours. The biotinylated proteins were detected using streptavidin-
phycoerythrin (red). The nuclei were stained with DAPI (blue). Scale bar, 10 um.
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Figure 19: PML MUT-GFP and PML MUT-BioID-GFP did not form PNAs after
doxorubicin and biotin treatment. 7TERT RPE-1 PML KO cells expressing PML MUT-GFP
(green,; (A)) and PML MUT-BiolD-GFP (green, (B)) were treated with 0.75 uM doxorubicin for
48 h and with 50 uM biotin for 24 hours. The biotinylated proteins were detected using
streptavidin-phycoerythrin (red). The nuclei were stained with DAPI (blue). Scale bar, 10 um.
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5.2.4.PML NBs formed by PML-BiolD-GFP and PML MUT-BiolD-GFP are positive

for DAXX, SUMO-1 and SUMO-2/3

To further confirm that PML-BioID-GFP and PML MUT-BioID-GFP form PML NBs
with characteristic composition, the RPE-1 PML-KO cells transiently expressing above
mentioned fusion proteins were analysed by wide field microscopy. After harvesting I
detected the PML, SUMO-1, SUMO-2/3 and DAXX using indirect immunofluorescence
staining. As is shown in Figure 20 and 21, these experiments revealed that PML NBs formed
by both tested fusion proteins were recognized by PML antibody. In addition, such PML NBs
were positive for SUMO-1, SUMO-2/3 and DAXX proteins.

Figure 20: PML NBs formed with PML-BioID-GFP contained SUMO-1, SUMO-2/3 and
DAXX. RPEI PML KO cells expressing PML-BiolD-GFP (green) were stained with anti-
PML, anti-SUMO-1, anti-SUMO-2/3 and anti-DAXX antibodies (all red). The nuclei were
stained with DAPI (blue). Scale bar, 10 um.
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Figure 21: PML NBs formed with PML MUT-BioID-GFP contained SUMO-1, SUMO-
2/3 and DAXX. RPEI PML KO cells expressing PML MUT-BiolD-GFP (green) were stained
with anti-PML, anti-SUMO-1, anti-SUMO-2/3 and anti-DAXX antibodies (all red). The nuclei
were stained with DAPI (blue). Scale bar, 10 um.
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All these results indicate that fusion of wild type PML and its truncated form PML
MUT to BiolD2-GFP did not significantly change the quality of these fusion proteins. Both
are able to form PML NBs that are positive for SUMO-1, SUMO-2/3 and DAXX, however,
only the wild type PML-BioID-GFP fusion associates with nucleolus after doxorubicin
treatment. Importantly, this ability was not affected by the incubation with biotin.
Additionally, I detected significant difference in biotinylation signal of PML NBs formed by

cells cultivated with/without addition of biotin.

5.3.Preparing RPE1 PML KO cell line stably expressing either PML-
BioID-GFP or PML MUT-BiolD-GFP
Despite the positive results provided by the experiments described above, the overall
characterization of transiently transfected hTERT RPElI PML KO cells showed that
expression of either PML-BiolD-GFP or PML MUT-BioID-GFP is accompanied with high
heterogeneity in PML expression and rather low transfection efficiency (see Figure 22 and
23). Such heterogeneous population was not suitable for planned experiments involving
nuclear fractionation followed by isolation of biotinylated proteins using streptavidin

magnetic beads and final mass spectrometry analysis.

Cytoplasmic
aggregation of PML
protein

Standard
" pattern of
PML NBs

—a

4

PML — negative cells

-»

Figure 22: The PML-BiolD-GFP revealed heterogeneous pattern after transient
transfection. After transfection of RPE1 PML KO cells with vector expressing PML-BiolD-GFP
(green) several populations of cells were presented. The lines with arrow point to cells with
standard pattern of PML NBs, cells with aggregates of PML fusion protein and untransfected cells.
The nuclei were stained with DAPI (blue). Scale bar, 10 um.
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Figure 23: The PML MUT-BiolD-GFP revealed heterogeneous pattern after transient
transfection. After transfection of hTERT RPE1 PML KO cells with vector expressing PML MUT-
BiolD-GFP (green) several populations of cells were presented. The lines with arrow point to cells
with standard pattern of PML NBs, cells with aggregates of PML fusion protein and un-transfected
cells. The nuclei were stained with DAPI (blue). Scale bar, 10 um.

Therefore, I decided to generate a stable cell line expressing either PML-BiolD-GFP
or PML MUT-BioID-GFP. As it was mentioned previously (Chapter 5.1), comparison of
biotinylated proteins between these two samples might allow us to identify proteins in
proximity of PML associating with nucleolus. Fusion of PML to GFP enabled us immediately
sort for cells with level and pattern of PML comparable with endogenous expression of PML.
Note, this procedure was successfully used for generation of hTERT RPEI cells stably
expressing EGFP-PML IV and of hTERT RPE1 PML KO cells stably expressing GFP-PML
I. In preparation I tested expression of both fusion proteins from lenti-PML-BiolD-GFP and
lenti-PML MUT-BioID-GFP in RPE1 PML KO cells after transient transfection. Such cells
were analysed by wide field fluorescent microscopy that confirmed undisturbed forming of
PML NBs (Figure 24). Consequently, I proceeded to transduction of hTERT RPE1 PML KO

cells with these vectors.

66



A
Merge

B
—— Merge

Figure 24: PML-BioID-GFP and PML MUT-BioID-GFP expressed from lentiviral
vectors were able to form PML NBs. #/TERT RPE-1 PML KO cells were transiently
transfected with lenti-PML-BiolD-GFP (4) or lenti-PML MUT-BiolD2-GFP (B). The
nuclei were stained with DAPI (blue). Scale bar, 10 um.

5.3.1.Transduction of hTERT RPE1 PML KO cells with lentiviral vectors coding
fusion proteins PML-BiolD-GFP or PML MUT-BiolD-GFP

Transduction of RPE1 PML KO cells was performed twice, because results of the first
one were not satisfactory and there were some technical difficulties during passages of cells
for selection. We detected extensive diffusion of GFP signal and overall low number of cells
with characteristic pattern of PML NBs (data not shown). Considering this observation, we
decided to do transduction with lenti-PML-BiolD-GFP and lenti-PML MUT-BiolD-GFP
again and all following experiments were conducted on cells successfully transduced in 2™
transduction.

According to microscopic documentation of transducted cells three days after
transduction, majority of cells were GFP-positive. The intensity of GFP signal was variable,
but population of cells with canonical pattern of PML NBs was present (Figures 25 and 26).
In addition, cells with diffused GFP signal were not detected. Cells were passaged 5 times in
presence of 1.12 mM G418 that was used for selection of successfully transduced cells.
However, during this selection period, we observed alterations in pattern of GFP signal,

including complete loss of PML NBs and occurrence of diffused GFP signal. Overall, the
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population of cells with canonical PML NBs pattern significantly decreased in both cells

populations (PML-BioID-GFP / PML MUT-BioID-GFP (Figures 27 and 28).

Figure 25: Three days after transduction with “lenti-PML-BioID-GFP” the majority of hTERT RPE1
PML KO cells was GFP positive. Live cell imaging before I*' passage was done using fluorescent microscope.
The left image shows enlarged cells with PML NBs. Scale bar, 200 px.

Figure 26: Three days after transduction with “lenti-PML MUT-BioID-GFP” the majority of h-TERT
RPE1 PML KO cells was GFP-positive. Live cell imaging before I*' passage was done using fluorescent
microscope. The left image shows enlarged cells with PML NBs. Scale bar, 200 px.
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Figure 27: hTERT RPE1 PML KO cell lines expressing PML-BioID-GFP were losing canonical PML NB
pattern during passaging. Live cell imaging before 5" passage was done using fluorescent microscope. The
left image shows enlarged cells. The cells with different GFP pattern are shown. 1) Canonical PML NBs, 2)
aggregates and 3) diffused GFP. Scale bar, 200 px.

Figure 28: hTERT RPE1 PML KO cell lines expressing PML MUT-BioID-GFP were losing canonical
PML NB pattern during passaging. Live cell imaging before 5"passage was done using inverted fluorescent
microscope. The left image shows enlarged cells. The cells with different GFP pattern are shown. 1) Canonical
PML NBs, 2) aggregates and 3) diffused GFP. Scale bar, 200 px.
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5.3.2.Selection for stable cell line with canonical PML NBs pattern

After 5™ passage after transduction, the selected cells were sorted not only into
populations according intensity of GFP signal, but into single cells as well. Unfortunately, I
was not able to use the cell sorted into populations according the intensity of GFP signal for
further experiments, as all obtained populations contained cells with diffuse GFP signal and
the population of cells with canonical PML NB pattern was very small. Thus, I concentrated
on analysis of colonies obtained from single-cell sorting. I obtained three 96-well plates where
single cells expressing PML-BioID-GFP were seeded and two 96 well plates with seeded PML
MUT-BioID-GFP. Using fluorescent microscopy, I inspected the pattern of PML NBs and the
ability of cells to form the colonies.

Although I focused on colonies that showed homogenous characteristic PML NBs
pattern, the majority of promising clones were gradually losing this pattern. After
approximately two weeks, I chose four clones expressing PML-BiolD-GFP and two clones
expressing PML MUT-BioID-GFP for further extension and analysis, despite the pattern of
PML NBs not being optimal (Figure 29 and Table 31).

PMLWT-A9 PMLWT-BS

PML MUT-B8

Figure 29: The GFP signal detected in cell lines derived from single cell. Live
cell imaging of stable cell lines captured in 5" passage was performed using
inverted fluorescent microscope. Two cell lines expressing PML-BiolD-GFP (WT-
A9 and WT-BS8) and two cell lines expressing PML MUT-BiolD-GFP (MUT-BS8 and
MUT-F4) are shown. Scale bar, 200 px.
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Table 31: Selected cell lines derived from single cell and their names used in following text.

PML-BioID-GFP, clone BS WT-B8
PML-BioID-GFP, clone F3 WT-F3
PML-BioID-GFP, clone F9 WT-F8
PML MUT-BioID-GFP, clone B8 MUT-B8
MUT-F4

PML MUT-BioID-GFP, clone F4

I tested pattern of these selected cell lines derived from single cell in 10" passage after
just before first run of experiments in which the quality of PML NBs was analysed using wide
field microscopy. I counted the number of cells with aberrant expression and I found that only

approximately 50% of cells contained PML NBs (Figure 30 and Graph 2).

PMLWT, clone A9 PMLWT, clone B8

PML MUT, clone BB PML MUT, clone F4

Figure 30: At 10™, the selected cell lines contained PMLNBs only in
subpopulation of cells. Cell lines stably expressing PML-BiolD-GFP (WT-A9 and
WT-B8) or PML MUT-BiolD-GFP (MUT-B8 and MUT-F4) were analyzed by wide
field microscopy. The nuclei were stained with DAPI (blue). Scale bar, 10 um.
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Graph 2: Only a subpopulation of cells in chosen
transduced cell line revealed standard pattern of PML NBs.
Untreated cells from each chosen transduced cell line were
analyzed by wide field microscopy. The number of cells with
standard PML NBs in each population was counted as well as
overall number of cells captured during microscopic analyses.
Percentage of cells with standard PML NBs in each chosen
transduced cell line is plotted in the graph above. Over 60 cells
from each chosen transduced cell line were counted

Despite the fact, that expression pattern of both fusion proteins were not homogeneous,
in analysed cell lines I used these selected cell lines stably expressing the transgenes for further
analysis. The aim of these experiments was to characterize the clones before deciding how to

proceed with the experiment.

5.4. Analysis of selected cell lines derived from single cell

To further characterize the selected cell lines I verified the size of expressed PML
fusion proteins. Using wide field microscopy I characterized the PML NBs that were
assembled in selected cell lines. Furthermore, 1 focused on cellular response to doxorubicin

treatment and efficiency of biotinylation by BiolD2.
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5.4.1.Verification of the size of the fusion proteins stably expressed in selected cell
lines

To verify the size of expressed fusion proteins, the transduced cells were harvested and the
size of expressed fusion proteins was analysed by Western blotting. For detection of fusion
proteins the antibody against PML and GFP was used. The size of PML-BioID-GFP and PML
MUT-BioID-GFP is 125 and 117 kDa, respectively, but the fact that both PML-fusion proteins
contain three lysines that can be sumoylated must be considered.

As is shown in Figure 31, the “PML pattern” uncovered by both used antibodies indicates that
cell lines expressing the same fusion protein also possess the same detected pattern. PML
antibody unfortunately recognized some unspecific proteins, as is visible in form of positive
signal in line in which the proteins from hTERT RPE1 PML KO, but also from hTERT RPE1
PML WT cells, are analysed. Importantly, hTERT RPEI cells used for this experiment were
not treated so the level of PML is low and can serve as negative control. Nevertheless, using
the GFP antibody enabled recognition of specific pattern of fusion proteins. The results from
Western blotting also indicate that both PML fusions are modified, and as the PML can and
often is sumoylated, the addition of SUMO can be assumed. After further examination it
could be stated that clone WT-F9 have lower amount of PML fusion proteins than the rest of
studied transduced cell lines. In contrast to this, cell lines Mut-B8 and Mut-F4 have higher
amount of fusion protein than clones expressing wild type PML-BiolD-GFP.
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Figure 31: Verification of the size of the fusion proteins stably
expressed in selected cell lines. Proteins isolated from all selected cell
lines were analyzed by SDS-PAGE and Western blotting. The amount of
proteins was visualized by Ponceau S staining (A), the immuno-
detection of fusion proteins using anti-PML antibody (B) and anti-GFP
antibody (C) is shown. Modified form of PML fusion proteins marked by
blue, non-specific bends that are recognized also in negative controls
are marked with red. PML WT — proteins isolated from RPE1 PML WT
cells and PML KO — proteins isolated from RPE PML KO cells.
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5.4.2.Microscopic analysis of selected cell lines expressing either PML-BiolD-GFP or

PML MUT-BiolD-GFP in untreated cells, after doxorubicin treatment and after

addition of biotin.

To characterize the localization of fusion proteins in all obtained clones, I used wide
field microscopy and analysed GFP fluorescence. Based on the fluorescence images it could
be stated that cells expressing either PML-BioID-GFP or PML MUT-BioID-GFP form PML
nuclear bodies (Figures 32 — 34).

Subsequently chosen clones were subjected to biotin treatment aimed to characterize
efficiency of protein biotinylation during proliferation and after addition of doxorubicin. As
is shown in Figures 32 — 34, there was practically no biotinylation of PML NBs detected in
cells cultivated without addition of biotin while significant increase of biotinylation of PML
NBs occurred in cells cultivated with biotin added for 6 hours.

I examined cellular response to doxorubicin treatment as well. Even though I was able
to detect nucleolar associations of transiently expressed PML-BioID-GFP, these associations
were not observed in cell lines stably expressing the same fusion protein at all.

Lastly I focused on cellular response to combination of both treatments. According to
the results, combined treatment by doxorubicin followed by addition of biotin did not show

any pronounced changes.
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Figure 32: Identification of expression pattern of PML-BioID-GFP and level of biotinylation
in cell lines derived from single cell subjected to different treatments. Stable cell lines WT-A9
and WT-BS8 expressing PML-BiolD-GFP (green) were cultivated without addition of biotin, or 6
hours in the presence of 50 uM biotin, or were treated with 0.75 uM doxorubicin for 48 hours, or
the combined treatment with 0.75 uM doxorubicin (48 hours) and 50 uM biotin (6 hours) was
performed. These cells were stained with streptavidin-phycoerythrin (red) to visualized

biotinylated proteins and observed using wide field fluorescent microscopy. The nuclei were
stained with DAPI (blue). Scale bar, 10 um.
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Figure 33: Identification of expression pattern of PML-BioID-GFP and level of biotinylation
in cell lines derived from single cell subjected to different treatments. Stable cell lines WT-F3
and WT-F9 expressing PML-BiolD-GFP (green) were cultivated without addition biotin, or 6 hours
in the presence of 50 uM biotin, or were treated with 0.75 uM doxorubicin for 48 hours, or the
combined treatment with 0.75 uM doxorubicin (48 hours) and 50 uM biotin (6 hours) was
performed. These cells were stained with streptavidin-phycoerythrin (red) to visualized biotinylated

proteins and observed using wide field fluorescent microscopy. The nuclei were stained with DAPI
(blue). Scale bar, 10 um.



PML MUT-BiolD2-GFP, clone B8

ctrl

Blotin, 6 h

Doxorublcin, 48 h

Doxorubicin 48 h
+Blotin6 h

e
PML MUT-BlolD2-GFP, clone F4

: .

o .

Doxorubicin, 48 h

Doxorubicin 48 h
+Blotin6 h

Figure 34: Identification of expression pattern of PML MUT-BioID-GFP and level of biotinylation in
cell lines derived from single cell subjected to different treatments. Stable cell lines MUT-BS and MUT-
F4 expressing PML MUT-BiolD-GFP (green) were cultivated without addition biotin, or 6 hours in the
presence of 50 uM biotin, or were treated with 0.75 uM doxorubicin for 48 hours, or the combined treatment
with 0.75 uM doxorubicin (48 hours) and 50 uM biotin (6 hours) was performed. These cells were stained
with streptavidin-phycoerythrin (red) to visualized biotinylated proteins and observed using wide field
Sfluorescent microscopy. The nuclei were stained with DAPI (blue). Scale bar, 10 um.



5.4.3.Quantification of PML NBs

To find whether the cell lines that express constructed transgenes generate comparable
number of PML NBs during proliferation and after addition of biotin and doxorubicin, I
decided to quantify the number of PML NBs under these mentioned conditions. As is shown
in Table 32 and Graph 3 cells expressing wild type PML contained fewer PML NBs than
mutant form of PML. In addition, the number of PML NBs formed after doxorubicin treatment
increased in all cell lines stably expressing wild type form of PML transgene. The change in
number of PML NBs in cell lines expressing truncated form of PML was not so prominent.
We also quantified the number of PML NBs after addition of biotin but changes that we

observed were only mild.

Table 32: The number of PML NBs is expressed as mean value counted at least in 12 cells. The number

of PML NBs presented in all selected cell lines derived from single cell under different conditions.

Stable cell lines Number of PML NBs [mean value]
No treatment Biotin (6 hours) Doxorubicin (48 hours)

WT-A9 4.7 5.4 7.7

WT-B8 4.6 5.7 9.8

WT-F3 3.9 3.8 7.9

WT-F9 34 4.5 7.6

MUT-BS8 12.1 14.4 20.6

MUT-F4 17.6 17.1 13.3
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Graph 3: The number of PML NBs in individual cells after different treatments were plotted. 7T#e cell
lines derived from single cell were analyzed by wide field microscopy. The number of PML NBs was counted
in each individual cell in untreated populations (black dots), after incubation with biotin (6 hours) (green
dots) and after treatment with 0.75 uM doxorubicin for 48 hours (red dots). The PML NBs at least in 12 cells
were counted. The cells with aggregates, with diffuse signal and no GFP signal were not considered.
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I also analysed the number of PML NBs in hTERT RPE1 PML KO cells after transient
transfection with PML-BioID-GFP and PML MUT-BioID-GFP. As is shown in Table 33 and
Graph 4 and the number of PML NBs presented in cells transiently expressing PML-BiolD-
GFP was considerably higher (mean value for PML-BioID-GFP = 18.5) when compared with
number of PML NBs detected in selected cell lines expressing same protein (mean values for
WT-A9 =4.7; for WT-B8 =4.6; for WT-F3 = 3.9, for WT-F9 = 3.4). On the other hand, the
difference between number of PML NBs formed by PML MUT-BiolD-GFP transiently or
stably expressed in hTERT RPE1 PML KO cells was not such prominent as obtained mean
values of numbers of PML NBs were comparable (PML MUT-BiolD-GFP transiently
expressed = 15.5, MUT-B8 = 12.1 and MUT-F4 = 17.6 PML NBs). I also counted number of
PML NBs after addition of biotin or doxorubicin. This analysis revealed that neither biotin
nor doxorubicin affected the number of PML NBs formed in hTERT RPE1 PML KO cells
after transient transfection with wild type or mutated form of PML-BiolD-GFP.

These quantifications led me to conclusion that dynamics of PML NBs formation is
different between wild type and mutated form of PML when stably expressed in hTERT RPE1
PML KO cells. Notably, this analysis also revealed that reduction of number of PML NBs
formed by PML-BioID-GFP occur only in stable cell line as after transient transfection this

number was markedly higher and comparable with PML MUT-BiolD-GFP.

Table 33: The average number of PML NBs in hTERT RPE1 PML KO cells after transiently transfected
with either PML-BioID-GFP or PML MUT-BiolD-GFP. The number of PML NBs was counted in each
individual cell in untreated population (ctrl), after incubation with biotin (24 hours) and after treatment with 0.75
uM doxorubicin (48 hours). The PML NBs at least in 20 cells were counted. The cells with aggregates, with
diffuse signal and no GFP signal were not considered.

PML-BioID-GFP PML MUT-BioID-GFP
Control 18.5 15.6
Biotin, 24 h 17.2 16.4
Doxorubicin, 48 h 17.9 23.8
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Graph 4: The number of PML NBs in hTERT RPE1 PML KO cells when transiently transfcted with
either pPML-BioID-GFP or pPML MUT. The cell transfected with either one of the DNA constructs were
analysed by wide field microscopy. The number of PML NBs was counted in each individual cell in untreated
population (ctrl), after incubation with biotin (24 hours) and after treatment with 0.75 uM doxorubicin (48
hours). The PML NBs at least in 20 cells were counted. The cells with aggregates, with diffuse signal and no
GFP signal were not considered.

5.4.4.Analysis of presence of resident proteins such SUMO1, SUMO2/3 and DAXX in

PML NBs formed by both fusion proteins

I also examined whether typical resident proteins are still present in PML NBs formed
in selected cell lines. The same set of antibodies (anti-PML, anti-DAXX, anti-SUMO1, anti-
SUMO2/3) was used as in case of transiently transfected cells.

All PML NBs were recognized by PML, SUMO1 and SUMO2/3 antibodies (Figure 35
and Figure 36). Note, PML NBs formed after transient transfection of RPE1 PML KO cells
with plasmids coding both fusion proteins (see Figure 20 and 21) and PML NBs detected in
hTERT RPEI1 cells that are formed by endogenous PML (Figure 37) were also positive for
SUMO1 and SUMO2/3 signal, indicating that there is no distinct change in sumoylation of
PML NB assembled in selected cell lines. Interestingly, the staining with DAXX antibody
revealed that all four cell lines stably expressing PML-BiolD-GFP did not accumulated
DAXX signal in the PML NBs (Figure 35) contrary to PML NBs that were formed after
ectopic expression of the same transgene (see Figure 21) and contrary to “endogenous” PML

NBs that were formed in confluent hTERT RPE1 cells (Figure 37). On the other hand, the
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PML NBs assembled in cell lines expressing truncated form of PML (PML MUT-BiolD-GFP)
Vwere DAXX-positive (Figure 35).

anti - PML Ab anti - DAXX Ab

Merge . .

MUT-B8

MUT-F4

Figure 35: Detection of PML and DAXX in stable cell lines derived from single cells. The
cell lines expressing either PML-BioID-GFP or PML MUT-BiolD-GFP (both green) were
stained with anti-PML and anti-DAXX antibodies (both red) and analyzed by wide field
microscopy. The nuclei were stained with DAPI (blue). Scale bar, 10 um.
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Figure 36: Detection of SUMO1 and SUMQO2/3 in stable cell lines derived from single cells. 7/e
cell lines expressing either PML-BiolD-GFP or PML MUT-BiolD-GFP (both green) were stained
with anti-SUMO1 and anti-SUMO2/3 antibodies (both red) and analyzed by wide field microscopy.
The nuclei were stained with DAPI (blue). Scale bar, 10 um.

Figure 37: Detection of protein PML, SUMO1, SUMO2/3 and DAXX in hTERT
RPE1 The cells were stained with anti-PML (green) and anti-DAXX, anti-SUMOI and
anti-SUMO2/3 antibodies (all red) and analysed by wide field microscopy. The nuclei were
stained by DAPI (blue). Scale bar, 10 um.
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In conclusion, all tested stable cell lines expressing same transgene revealed similar
size of expressed protein and equivalent quality of PML NBs. On the other hand, presented
analysis revealed that PML NBs formed by wild type PML-BioID-GFP considerably differ in

composition and number from PML NBs formed in cells expressing its truncated form.

5.5.Analysis of biotinylated proteins

Microscopic analysis of obtained cell lines revealed that RPE1 PML KO cells stably
expressing PML and its truncated form PML MUT both fused to BiolD2-GFP even after
single cell cloning still formed heterogeneous population in which only subpopulation of cell
contained PML NBs. In addition, PML-BioID-GFP fusion stably expressed in hTERT RPE1
PML KO cells did not associate with nucleolus after doxorubicin treatment. Therefore, the
original concept of the experiment based on utilization of these cells for identification of
proteins interacting with PML during formation of PNAs was not possible to carry out. On
the other hand, after addition of biotin the biotinylated protein accumulated mainly in PML
NBs, therefore, I can use these cells as a model for isolation of biotinylated proteins from

these membrane-less structures.

5.5.1.Detection of biotinylated proteins using Western blotting

To detect the extent of biotinylation and the size of biotinylated proteins I cultured cell
lines with 50 uM biotin for 4 or 6 hours. The total proteins were separated using SDS PAGE
and after Western blotting the biotinylated proteins were detected by streptavidin IRDye using
Odyssey detection system. The obtained pattern of biotinylated proteins revealed that the
biotinylated proteins were presented even without incubation with biotin. Nevertheless, four
hours-long cultivation with biotin considerably increased the amount of biotinylated proteins.
The prolongation of incubation with biotin for another 2 hours did not have strong effect on
amount of biotinylated proteins (Figure 38). This analysis also revealed that the cell lines

stably expressing truncated form of PML contained higher amount of biotinylated proteins.
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Figure 38: Biotinylation pattern of proteins expressed in selected cell lines: Stable cell lines were
incubated with biotin and protein extracts were analyzed using SDS-PAGE and Western blotting.
Biotinylated proteins were detected by IRDye 800cw streptavidin. In the left column the total proteins
stained with Ponceau S are shown, in the right column the biotinylated proteins are presented.
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5.6. Isolation of biotinylated protein
5.6.1.Nucleolar fractionation

As the PML is mainly nuclear protein, I performed nuclear isolation followed by
extraction of nuclear proteins using buffers with added detergents. Note, the PML is hardly
soluble in common buffers used for pull-downs and co-immunoprecipitation. It can also be
assumed that some portion of biotinylated proteins may stay insoluble under these conditions.
Thus I tested a solubility of biotinylated proteins in buffers that contained NP-40 (1%) and
two different concentrations of SDS (0.4 and 1%). According to the literature (Cheah et al.,
2017) these detergents are compatible with isolation of biotinylated proteins by magnetic
beads coated with streptavidin and it is possible to remove them from the sample that is used
for mass spectrometry analysis.

In this experiment I tested all selected stable cell lines. First, the cells were cultivated
with addition of 50 uM biotin for 4 hours. Subsequently nuclei were isolated and nuclear
proteins were extracted into buffer with 1% NP-40 and either 0.4% SDS or 1% SDS. The
distribution of biotinylated proteins between cytoplasmic fraction (S1), soluble nuclear
fraction (S2) and insoluble fraction (P) was tested using dot blot analysis. The biotinylated
proteins were detected with streptavidin IRDye.

As 1s shown in Figure 40, the biotinylated proteins were mainly present in soluble
nuclear fractions S2. Considering the concentration of SDS, the results were not unequivocal.
As for following experiments I intended to use only PML-BioID-GFP, I chose the two cell
lines expressing this fusion protein and showing the highest level of biotinylation (WT-A9,
WT-BS) for further analysis. First I reanalysed already obtained protein fractions by SDS
PAGE and Western blotting to better distinguish the possible difference in solubility of
biotinylated proteins in buffers with different concentration of SDS. Apart from solubility of
biotinylated proteins I also tested behaviour of PML in these buffers. I could confirm that
majority of biotinylated proteins was in nuclear soluble fraction (S2-A, S2-B). Considering
the results I report no significant difference between efficiency of fractionation dependent on
whether used buffer contained 0.4 or 1% SDS, as is presented by fraction S2-A containing
nuclear soluble proteins extracted into buffer with 1% NP-40 and 0.4% SDS and fraction S2-
B containing nuclear soluble proteins extracted into buffer with 1% NP-40 and 1% SDS
(Figure 40).
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Figure 39: The distribution of biotinylated proteins between cytoplasmic, soluble nuclear and insoluble
fraction is shown. A/l stable cell lines were incubated with biotin (4 hours) and then the proteins were
fractioned. The isolation of nucleolar proteins from all tested cell lines was done using buffer with two
concentration of SDS (0.4 and 1 %). The distribution of biotinylated proteins was analyzed using dot blot. The
amount of total proteins in individual fractions is visualized by Ponceau S staining. The biotinylated proteins
were visualized by IRDye 800cw streptavidin. Cytosolic fraction (S1), nuclear soluble fraction extracted into
buffer containing 1% NP-40 and 0.4% SDS (S2-A), nuclear soluble fraction extracted into buffer containing 1%
NP-40 and 1% SDS (S2-B), nuclear insoluble fraction extracted into buffer containing 1% NP-40 and 0.4% SDS
(P-A) nuclear insoluble fraction extracted into buffer containing 1% NP-40 and 0.4% SDS (P-B) are shown.
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Figure 40: Distribution of biotinylated proteins and PML protein in two stable cell lines expressing PML-BiolD-GFP (WT-B8 and WT-A9) between cytosolic
(S1), nuclear soluble (S2) and nuclear insoluble fraction is shown. Two stable cell lines expressing PML-BiolD-GFP were incubated with biotin (4 hours) and then the
proteins were fractioned. The isolation of nucleolar proteins from all tested cell lines was done using buffer with two concentration of SDS (0.4 and 1 %). The distribution

of biotinylated proteins was analyzed using SDS PAGE and Western blotting. The biotinylated proteins were visualized by IRDye 800cw streptavidin and PML with anti-
PML antibody. Fraction of cytosolic proteins(S1), nuclear soluble fraction extracted into buffer containing 1% NP-40 and 0.4% SDS (S2-A), nuclear soluble fraction
extracted into buffer containing 1% NP-40 and 1% SDS (S2-B), nuclear insoluble fraction extracted into buffer containing 1% NP-40 and 0.4% SDS (P-A) are shown.

PML KO line documents amount of biotinylated proteins and PML protein in whole cell protein lysates from hTERT RPE1 PML KO cell, thus representing negative control.

PML WT line documents amount of biotinylated proteins and PML protein in non-confluent hTERT RPEI cells, thus also representing negative control. Same amount of
fraction S1, S2-A and S2-B was loaded on 10% SDS-PAGE gel to compare amount of biotinylated proteins and PML protein itself in each fraction. Change of SDS
concentration does not have a visible effect of efficiency of isolation. Same amount of soluble (S2-A) and insoluble (P-A) nuclear fraction was loaded on SDS-PAGE gel to

evaluate the difference in the amount of biotinylated proteins and PML protein in these two fractions.
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5.6.2.Isolation of biotinylated proteins by Dynabeads™ MyOne™ Streptavidin C1

To test the efficiency of isolation of biotinylated proteins in buffer where 1% NP-
40 and 0.4% SDS are present [ used cell lines WT-A9 and WT-BS stably expressing PML-
BioID-GFP. I treated these cells with biotin for 4 hours, after that the nuclei were isolated,
the nuclear proteins were extracted using buffers with detergents, and soluble nuclear
fraction was incubated with Dynabeads™ MyOne™ Streptavidin C1. After that all
obtained fractions were analysed using SDS-PAGE and Western blotting and biotinylated
proteins were detected using streptavidin IRDye.

As is shown in Figure 41, I detected no obvious loss of biotinylated proteins during
any of the three final washes of magnetic beads with the exception of second wash of
sample WT-B8 where moderate streptavidin signal informed about moderate loss of
biotinylated proteins. Strong streptavidin signal was detected in the final IP sample
signifying successful isolation of biotinylated proteins indicating that the buffer with both
detergents might be used for isolation.

In conclusion, isolation of biotinylated proteins using Dynabeads™ MyOne™
Streptavidin C1 proved to be effective. According to the SDS-PAGE analysis of all
fractions collected during the isolation, I did not detect any significant loss of biotinylated
proteins during the three washes and strong streptavidin signal in line analysing the final

IP sample signifies that biotinylated proteins were successfully isolated.
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Figure 41: The efficiency of isolation of biotinylated proteins presented in cell lines stably expressing PML-
BiolD-GFP using magnetic Dynabeads™ MyOne™ Streptavidin C1. Two stable cell lines expressing PML-
BioID-GFP were incubated with biotin (4 hours) and then the proteins were fractioned. The soluble fraction of
nuclear protein was incubated with magnetic Dynabeads™ MyOne™ Streptavidin CI. The distribution of
biotinylated proteins between individual fractions generated during isolation was analyzed using SDS PAGE
and Western blotting. The amount of total proteins in individual fractions was visualized by Ponceau S staining.
The biotinylated proteins were detected by IRDye 800cw streptavidin. Input fraction represents original S2-A
sample (nuclear soluble fraction), output fraction is the original sample subjected to isolation after incubation
with magnetic Dynabeads™ MyOne™ Streptavidin CI. Three washes were performed during the isolation
process and no major loss of biotinylated proteins occurred during any of the washes. IP sample, containing
biotinylated proteins is a final product of the isolation.
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6. Discussion

In noncancerous cells the PML protein associates with the nucleolus under specific
conditions. However, the function of these associations is unclear. One of the approaches
that could help to solve this question is the identification of interaction partners of PML
specific for its nucleolar association as the description of the protein composition of this
structure may help to clarify its function. However, the serious obstacle that should be
overcome is the stability of PML complexes preventing the employment of methods
commonly used to identify interacting partners such as co-immunoprecipitation.

Therefore, the main goal of my work was to explore relatively novel alternative
approach with potential to defeat this issue — proximity biotin labelling (Kim et al., 2016).
The specific aims were to prepare vectors expressing wild type and mutant form of PML
fused to biotin ligase and to test the suitability of this approach for identification of proteins
in the proximity of PML on the boundary of nucleolus.

During my work I found that fusion of PML with biotin ligase indeed enabled
biotinylation of PML NBs and, under conditions of transient transfection, was also able to
form and biotinylate PNAs. In contrast to transient transfection, my work revealed that
hTERT RPE1 PML KO cells stably expressing PML-BiolD2-GFP 1) formed
heterogeneous population of cells either with PML NBs, with diffuse GFP signal and with
no GFP signal at all, 2) generated PML NBs that were sumoylated but contrary to PML
NBs appearing in transient transfectants they did not accumulated DAXX and 3) stably
expressed PML-BioID-GFP did not associate with nucleolus after doxorubicin addition.
Notably, hTERT RPE1 PML KO cells stably expressing truncated form of PML MUT-
BioID2-GFP that originally had serve as negative control for MS analysis were also losing
the cells with PML NBs during cell culture propagation. Nevertheless, these PML NBs
were not only sumoylated but the accumulation of protein DAXX was observed. Finally,
regardless all problems with strains stably expressing wild and mutated PML fused to
BioID2-GFP, I found that after addition of biotin, the PML NBs in these cells were

biotinylated and I was able to isolate these proteins using streptavidin magnetic beads.

Results obtained from characterization of PML-BiolD-GFP transiently expressed
in hTERT RPE1 PML KO cells were consistent with our expectations. Firstly, this PML
fusion was able to form PML NBs and also to associate with nucleolus after doxorubicin

treatment. Pattern of PML NBs and frequency of PNAs was comparable with positive
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control represented by PML-GFP. Secondly, the fusion protein PML MUT-BiolD-GFP,
meant to serve as a negative control for MS analysis, also proved to be able to form PML
NBs when transiently expressed in hTERT RPE1 PML KO cells. According to
expectations, I did not detect any PNAs in cells expressing PML MUT-BiolD-GFP after
doxorubicin treatment. Another aspect [ wanted to evaluate was the maturity of PML NBs
that can be characterized by their chemical composition, post-translational modifications.
One typical post-translational modification of mature PML NBs is the sumoylation
(Hecker, 2006, Shen 2006). As the PML contains SUMO interacting motif (SIM), the SIM-
SUMO interaction is involved in homomultimerisation of the PML and formation of PML
NBs (Shen 2006). Even more, it is known that PML NBs seem to be hub for proteins that
are sumoylated or contain SIM (Zhong et al., 2000). 1t was described that SIM within
DAXX is responsible for localization of this well-known transcription corepressor into the
PML NBs (Ding-Yen Lin 2006 Molecular Cell). Importantly, I found that PML NBs
formed by both tested fusion proteins indeed contained SUMO1, SUMO2/3 and DAXX.
All these analyses confirmed that fusion of PML with BioID2 and EGFP did not affect the
formation of PML NBs and PNAs. Moreover, such PML NBs were sumoylated and were
able to accumulate the DAXX.

Lastly, I was interested to estimate the biotinylation capability and substrate
specifity of fusion proteins. Significantly, biotin ligase proved to be functional in the
context of this tripartite fusion protein as I detected an obvious difference in the intensity
of biotinylation signal after biotin addition in cells expressing either the DNA constructs
compared to control cells with no biotin exposure. As anticipated, the biotinylated proteins
accumulated indeed in PML NBs and PNAs as shown by indirect fluorescence microscopy
indicating that most of the biotinylated proteins were concentrated in the vicinity of PML
and might be the component of PML NBs or PNAs. It should be emphasized that even
control cells cultured in the absence of biotin still exhibited weak biotinylation signal
accumulated in PML indicating that BiolD2 is able to biotinylate even using the
endogenous biotin sources. Importantly, in cells expressing PML-GFP (i.e. without biotin
ligase) no streptavidin signal in PML NBs was detected confirming the specificity of the
signal.

All this analysis confirmed that fusion of the PML with BioID2 and EGFP did not
affect the formation of PML NBs and PNAs. Even more, such PML NBs were sumoylated
and able to accumulate the regular component of PML NBs, DAXX. As after incubation
of biotin mainly the PML NBs and PNAs were biotinylated, this approach proved to be
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suitable for identification of proteins in vicinity of PML by proximity-dependent biotin
identification. However, it should be stressed that all these favourable observations were
present using transient transfectants unsuitable for further biochemical analyses due to

population heterogeneity.

During generation of stable RPE1 PML KO cell lines with the goal to reach
homogeneous expression of PML IV isoform and its mutant fused to BioID-GFP for
subsequent biochemical analyses I encountered the loss of cells with canonical PML NBs
pattern. During propagation of stable cell lines, gradual changes involving the increase of
aberrant diffused PML-GFP signal in nucleoplasm together with decreased number of cells
with regular PML NBs were detected. Considering the heterogeneity of subcellular
distribution of PML fusion proteins and primarily the failure to generate stable cell lines
with similar intensity of GFP signal by FACSorting, I focused on preparation of cell lines
generated from single cells. Nevertheless, even this approach ended in heterogeneous
population, where only 50% of cells contained 'normal' PML NBs and the rest revealed
diffuse or no GFP signal.

Even though single cell-derived populations contained only 50% of cells with
typical PML NBs I decided to characterize them further. Four and two single cell clonal
lines expressing wild type and mutant PML fusion proteins, respectively, were subjected
to the similar analyses as performed for transient transfectants. Unfortunately, though
some analysed features were found as expected (e.g., sumoylation and biotinylation),
others showed significant discrepancies. The most relevant one important to reach the goal
of the study was the inability of the PML in cells stably expressing the PML-BioID-GFP
to associate with nucleolus after doxorubicin treatment. In addition, selected clonal cell
lines expressing PML-BioID-GFP (WT-A9, WT-BS, WT-F3, WT-F9) formed lower
number of PML NBs together with the absence of DAXX compared to the transient
transfectants. On the contrary, the cells carrying the mutant form of PML behaved as
expected — the number of PML NBs was normal and they contained DAXX.

These results indicate that the expression of the wild type PML fusion proteins and
subsequent formation of PML NBs caused proliferative disadvantage to hTERT RPEI
PML KO cells accounting for the appearance of the cells without or with diffused GFP
signal. These results were unexpected as the hTERT RPE1 PML KO stably expressing
GFP-PML I and hTERT RPEI1 stably expressing GFP-PML IV have been successfully

generated previously in the laboratory. The possible explanations are that either the
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exclusively expressed PML IV isoform in cell with PML gene knock-out or the fusion of
PML with biotin ligase BioID2 can affect cell metabolism.

The possibility that exclusively expressed PML 1V is rather unfavourable for the
cell can be well explained. Firstly, the PML IV plays an important role in recruitment of
p53 and its activation through promoting its acetylation or phosphorylation. This was
demonstrated in the study published by Bischof and colleagues performed in MEFs (mouse
embryonic fibroblasts) overexpressing PML IV isoform. Western blotting analysis showed
increased acetylation and phosphorylation of p53 in these cells. This PML IV-dependent
p53 activation and stabilization is part of the process defined in this study as PML-induced
premature senescence (Bischof et al., 2002). Secondly, the PML IV is involved in growth
regulation as was demonstrated in HEK293T cells transfected with different PML
isoforms. Although several of them interacted with PML, only cell transfected with PML
IV isoform showed the decrease in level of endogenous c-Myc, suggesting its
destabilization in a PML IV-dependent manner (Buschbeck et al., 2007). Despite these
facts, I cannot exclude that even low, but permanent biotinylation of PML and its
interaction partners affects their function.

As mentioned above, the PML NBs formed by all analysed transductants were
biotinylated upon addition of biotin, the indication that biotin ligase is functional in context
of both fusion proteins even when they are stably expressed in the hTERT RPE1 PML KO
cells. Using wide field microscopy I detected a weak biotinylation of PML NBs even
without addition of biotin. This was confirmed by Western blotting analysis indicating that
low level of endogenous biotin is sufficient for biotin ligase to biotinylate proteins in its
proximity. This can be accounted for the BiolD2 being a promiscuous biotin ligase
designed by Kim and colleaques (Kim et al., 2012) as a modification of original BiolD
(Roux et al., 2012). 1t is smaller and reportedly provides more selective targeting of fusion
proteins. It also requires less biotin supplementation than original BioID. While the
efficiency of BiolD biotinylation was reduced once concentration of biotin decreased
below 50 puM, BiolD2 maintained high efficiency of biotinylation even while
supplemented only with 3.2 uM biotin. This, although it could be a major advantage, can
also constitute disadvantage, for example, by ability to utilize even low concentration of
endogenous biotin for biotinylation as was also shown in my study. This presents another
problem for the primary goal as it could affect the cellular protein function in general and
to obscure clear discrimination of the proteins biotinylated before and after specific

treatment (doxorubicin).
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Despite this issue, when analysing the biotinylated proteins, the level of
biotinylation was higher compared to samples obtained without cultivation with addition
of biotin. Therefore, I proceeded to the isolation of biotinylated proteins. Preparation
involved the isolation of nuclei and extraction of soluble nuclear proteins. As mentioned,
the PML complexes are hardly soluble in common buffers used for pull-downs or co-
immunoprecipitation, therefore I tested the solubility of biotinylated proteins in buffer
containing detergents such as NP-40 and SDS for its reported compatibility with isolation
of biotinylated proteins (Cheah et al., 2017). The isolation of biotinylated proteins was
based on the biotin-streptavidin bond, which is one of the strongest noncovalent biological
interactions. This strong interaction allowed me to use conditions described above to
solubilize the biotinylated proteins. Subsequent isolation of biotinylated proteins using

streptavidin magnetic beads also was successful.
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7. Conclusion

To identify partners interacting with PML at nucleolar border, I explored the
suitability of recently newly designed approach for studying protein-protein interaction
based on biotin proximity labelling. For this purpose, I created DNA construct coding either
wild type or mutated form of PML IV isoform fused to biotin ligase BioID2 and analysed
its impact on formation of both regular PML NBs and doxorubicin-induced PML nucleolar
associations, and their capability to biotinylate proximal neighbourhood of PML in two
experimental settings of transient and stable expression of fusion proteins.

Analysis of these fusion proteins transiently expressed in hTERT RPE1 PML KO cell
showed expected behaviour. PML-biotin ligase fusion proteins formed PML NBs of regular
characteristics of endogenous PML and ectopically expressed PML-GFP. The formation of
PML nucleolar associations induced by doxorubicin was also preserved altogether indicating
the fusion protein retains proper localization both under unperturbed and experimental
conditions. Importantly, biotin ligase BioID2 also proved to be functional in the fusion
protein.

On the contrary, stable transfectants of fusion proteins showed some drawbacks
limiting the primary intention of the method. Most importantly, I did not detect any
doxorubicin-induced PML-nucleolar associations. In addition, the expression of wild form
of PML IV was incompatible with cell growth resulting in selection of cell clones with less
numerous and aberrant PML NBs not accumulating regular component of PML NBs,
DAXX.

Despite these restrictions, I utilised the model of stably expressed PML 1V isoform
fused to biotin ligase BioID2 to test and optimize the process of isolation of biotinylated
proteins using magnetic beads coated with streptavidin to prove that biotinylated proteins
can be successfully solubilised and isolated using buffers containing strong detergents NP-
40 and SDS.

Considering these emerging problems further elaboration and modification of biotin
proximity labelling approach to detect PML interacting partners is needed. For example, to
overcome the selection of cell clones loosing regular pattern of PML NBs found in PML KO
cells we suggest to use PML WT cells for stable expression of PML IV-BiolD-GFP in which
the EGFP-PML IV fusion protein was previously successfully expressed and this fusion
protein colocalized with nucleolus after addition of doxorubicin. The main disadvantage of

this model is that it disables the comparison of biotinylated proteins arising in cells
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expressing either wild type PML-BiolD or mutated PML-BioID fusion as in this setup both
proteins are able to associate with nucleolus after doxorubicin treatment by the interaction
with endogenous PML. Another solution of above described problems might be to use the
inducible expression of both fusion proteins in RPE1 PML KO cells as this approach could
better mimic the transient expression and prevent the long-term expression of PML IV that
is not compatible with the proliferation and is probably the main reason for observed
instability of ectopic stable PML IV expression.

In conclusion, I believe that after some modifications the biotin proximity labelling

approach will be suitable to study PML interacting partners.
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