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1. Introduction 

 

Transport of proteins to the nucleus across a nuclear envelope is controlled mostly via 

nuclear localization signal (NLS). NLS is rich in positively charged amino acids lysine and 

arginine. It was observed that activity of this nuclear localization signal could be regulated 

through a phosphorylation of serine in its close proximity (Zhang et al., 2000; Nardozzi  

et al., 2010). Phosphorylation of serine or phosphomimetic changes of these  

„presequences“ could represent an important mechanism regulating a localization of protein 

in cells in relation to a cellular activation. In our laboratory was identified protein – Fragile 

X mental retardation syndrome 1 neighbor (FMR1NB), whose cellular localization could  

be driven by this posttranslational modification. Subject of this diploma thesis  

is the revealing and monitoring of an effect of the regulatory sequence and phosphorylation 

of serine on an activity and a localization of FMR1NB protein carrying two potential NLSs. 
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 Protein transport in the cell 
 

Most of eukaryotic cells contain membrane-enclosed cellular compartments  

(for example a classic mammalian cell comprises up to 10 000 diverse proteins). For every 

cellular compartment there is a typical own specialized set of molecules and enzymes.  

The synthesis of proteins starts predominantly in the cytosolic ribosomes. A lipid bilayer  

of the cellular membranes is impermeable to most hydrophilic molecules. Hence, a correct 

sorting of proteins and other specialized molecules in the cell is very important. In the cell, 

many specific sorting signals exist which direct transport of proteins through membrane 

transport proteins complexes from the cytosol to various cellular compartments like  

the endoplasmic reticulum the nucleus, peroxisomes or mitochondria (Table 1). But sorting 

signals could be responsible also for transport of proteins from the endoplasmic reticulum  

to other places in the eukaryotic cell. Proteins that have a role in the cytosol do not own 

sorting signals and thus remain there after they are synthesized (Alberts et al., 2014). 

Table 1: Characteristic attributes of different signal sequences.  

Signal sequence – 

function 

Signal sequence – example 

Import to the nucleus -Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val- 

Export from the nucleus -Met-Glu-Glu-Leu-Ser-Gln-Ala-Leu-Ala-Ser-Ser-Phe- 

Import to the ER 
+H3N-Met-Met-Ser-Phe-Val-Ser-Leu-Leu-Leu-Val-Gly-Ile-Leu-Phe-

Trp-Ala-Thr-Glu-Ala-Glu-Gln-Leu-Thr-Lys-Cys-Glu-Val-Phe-Gln- 

Import to the 

mitochondria 

+H3N-Met-Leu-Ser-Leu-Arg-Gln-Ser-Ile-Arg-Phe-Phe-Lys-Pro-Ala-

Thr-Arg-Thr-Leu-Cys-Ser-Ser-Arg-Tyr-Leu-Leu- 

Import to peroxisomes -Ser-Lys-Leu-COO– 

 

These characteristic attributes of divergent signal sequences are known to be important 

for the function of the signal sequence. Negatively charged amino acids are highlighted  

in green and positively charged amino acids are shown in red. Likewise, important 

hydroxylated AAs ale shown in blue and important hydrophobic amino acids  

are highlighted in purple color. COO- marks the C-terminus of proteins and +H3N 

indicates the N-terminus of proteins.                                              (taken ftom: Alberts  et al., 2014) 
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1.1.1.1 Nuclear transport 

 

Nucleus is a cellular compartment which contains most of the cellular genetic 

material and some proteins.  The nucleus of eukaryotic cells is enclosed by nuclear envelope 

(NE). Nuclear envelope consists of two membranes – inner and outer membrane and forms 

a physical barrier for passive diffusion from and into the cytoplasm. Small molecules which 

are not bigger than 60 kDa or up to 9 nm could be transported via passive diffusion. In the 

nucleus a lot of important cellular roles take place, such as replication of DNA  

or transcription of DNA. For these processes are required various macromolecules – for 

example tRNAs, mRNAs, DNA polymerase, RNA polymerase, ribosomal subunits, etc. 

These macromolecules have to be transported to the nucleus from the cytoplasm through 

nuclear pore complexes (NPCs) (Freitas and Cunha, 2009; Lodish et al., 2013). 

 

1.1.1.1.1 NPC and NLS 

 

 Proteins which are either bigger than 60 kDa or 9 nm have to be translocated into  

the nucleus through NPC. Nuclear pore complex consists of approximately 30 nucleoporins 

(Nups) in multiple copies. Nups can be classified to transmembrane ring proteins, 

scaffold nucleoporins and channel nucleoporins that line a central pore (Figure 1). 

Scaffold nucleoporins form layered ring structures. Transmembrane ring proteins anchor  

the nuclear pore complex to the nuclear envelope and span the NE. The central pores  

are filled with a tangled mesh of extensive unstructured regions, where the polypeptide 

chains are intrinsically disordered. These disordered domains block the passive diffusion  

of large macromolecules and contain a large number of phenylalanine-glycine (FG) repeats 

(Lim et al., 2008; Alberts et al., 2014). 
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               (taken from: Allen et al., 2002; Debler et al., 2011) 

 

Figure 1. Architecture of Nuclear pore complex. (A) A schematic model of the nuclear pore complex 

displaying its main parts. The NPC consists of approximately 30 Nups in multiple copies. These Nups 

could be classified into transmembrane ring proteins, coat, adaptor and channel Nups. NPCs are anchored 

to the nuclear envelope through transmembrane ring proteins which also span the NE. Scaffold Nups form 

layered ring structures and channel nucleoporins that line the central pore. (B) and (C) Computer 

generated diagrams. (B) Side view of the nuclear pore complex. (C) Cytoplasmic face of the nuclear pore 

complex, phenylalanine-glycine meshwork core in the middle of the NPC. 

Every NPC has aqueous parts, through witch small and in water soluble molecules 

can diffuse passively. On the other hand bigger macromolecules (i.e. >60 kDa in size) need 

the assistance of soluble transport receptor proteins to be effectively translocated through 

the nuclear pore complex. These soluble transport receptors generally belong to a protein 

family of β-karyopherins. In eukaryotes were identified 10 β-karyopherins (importins) which 

were shown that directly play a role in the nuclear import of proteins and 6 β-karyopherins 

(exportins) participating in the nuclear export.  The formation of import or export complex 

is based on the interaction β-karyopherins with short peptide motifs in primary structure  

NE 

Transmembrane  

ring proteins 

Channel Nups 

Adaptor Nups 

Nuclear basket 

 

 

A C 

B 
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of protein cargos. These motifs are known as a nuclear localization signals (NLSs)  

or nuclear export signals (NESs). Importins-α bind to NLS – containing proteins and link 

the NLS to importin-β. Moreover β-karyopherins are known for its ability to directly interact 

with the Ran Guanosine triphosphatase (GTPase) and FG rich domains of Nups  

(Goldfarb et al., 2004; Freitas and Cunha, 2009; Alberts et al., 2014). β-karyopherins bind 

either NLS directly or via an adaptor protein to cargos. Ran, a small GTPase that belongs  

to the Ras-superfamily. Ran GTPase is recognized as the major source of directionality  

of nucleocytoplasmic transport (NCT) and energy (Nardozzi et al., 2010). Ran GTPase can 

exist in two forms – GTP- and GDP- bound. The cycling of Ran GTPase between these 

forms is controlled by a pair of Ran specific regulators. Cytoplasmic Ran-GAP  

(GTPase activating protein) and to nucleus imported GEF (guanine nucleotide exchange 

factor, RCC1) (Figure 2). These regulators are required because the intrinsic activity  

of the Ran – promoting hydrolysis of GTP to GTP is slow. Thus every molecule  

of Ran entering the nucleus is immediately converted to the GTP bound state. The unequal 

distribution of Ran-GTP and Ran-GDP provides important positional information  

to transport of importin/exportin family and is essential for directional movement through 

the NPC. Importins and exportins interact via their conserved amino-terminal domains. 

Importins bind their substrates in the cytoplasm in the absence of Ran and release them after 

Ran-GTP binds in the nucleus. The cargo – free/importin – Ran-GTP complex, after that, 

quickly recycles back into the cytoplasm. On the other hand, exportins bind to their cargo 

only in the presence of Ran-GTP. Therefore, Ran-GTP associates with their substrates only 

in the nucleus (Weis, 2003; Kalab and Heald, 2008). Every receptor probably exits  

the nucleus as a receptor/Ran- GTP complex. Thus, the level of Ran-GTP in the nucleus  

has to be replenished. Nuclear transport factor (NTF2) is a mediator of Ran-GDP import 

to the nucleus to refill the nuclear stores of Ran-GTP. Nuclear transport factor 2 binds 

directly Ran-GTP initially onto nuclear pore complex and also probably mediates 

translocation of the Ran-GDP/NTF2 complex into the nuclear side of the nuclear pore 

complex. Therefore, NTF2 represents a crucial role in establishing and maintaining  

of the Ran gradient. Nuclear transport factor 2 binds to the GDP-bound form of Ran protein. 

Homodimers of NFT2 stimulate nuclear import of nuclear localization signal – containing 

proteins. After binding NTF2 to Ran-GDP, NTF2 interacts as well with isolated Nups 

containing FG rich domains. This complex is disassociated in the nucleus by the nuclear 
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Ran-GEF (Guanine nucleotide exchange factor) which converts Ran-GDP to Ran-GTP. 

Import of this complex into the nucleus is not energy dependent  

(Ribbeck et al., 1998; Quimby et al., 2000).  

 

 

 

Figure 2. Mechanism of the nuclear import (A) and the nuclear export (B). (A) The Import  

of proteins starts with interaction of importin with the nuclear localization signal of the protein.  

After that the complex importin/NLS – containing protein binds to filaments on the cytosolic side  

of the NPC and subsequently the complex is transported through the pore. In the nucleus,  

the importin/NLS – containing protein complex dissociates after binding the Ran-GTP to importin.  

The importin/Ran-GTP complex is consequently exported back through the pore from the nucleus  

to the cytoplasm. In the cytoplasm the Ran-GAP hydrolyzes guanosine triphosphate to guanosine 

diphosphate. Due to this event the importin is released to be reused. The Ran-GDP must be transported 

back to the nucleus by its own transport mechanism where it has to be very fast converted into 

 Ran-GTP. The conversion of GDP with GTP executes Ran-GEF. (B) The export from the nucleus uses 

a similar mechanism as the import except that in the nucleus the Ran-GTP binds to exportin which 

promotes binding of the nuclear export signal (NES) – containing protein. After the export of the complex 

Ran-GTP/exportin/NES-containing protein from the nucleus to the cytoplasm, Ran-GAP hydrolyzes 

A B 

Taken from: THE CELL, Fourth edition, Figure 9.12 © 2006 ASM Press and Sinauer Associates, Inc 
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guanosine triphosphate to guanosine diphosphate. Due to this event the protein is released  

and the complex is dissociated. 

Nuclear localization signal of the large tumor antigen of SV40 (Simian-Virus 40)  

is probably best – characterized and first identified NLS. It was observed  

that phosphorylation of serine residues close to the classical SV40 nuclear localization signal 

enhances its recognition by importin-α. According to recent findings it has been suggested 

that phosphorylation upstream of the classical SV40 NLS, might play a role in the nuclear 

import modulating the recognition of SV40 NLS, than increasing binding affinity  

of the SV40 NLS for importin-α. Besides basic NLSs, several other small epitopes have been 

identified, which can promote import of proteins into the nucleus after its phosphorylation. 

An example of this transport activated by phosphorylation is arginine/serine dipeptide 

repeats of arginine/serine rich proteins (Nardozzi et al., 2010). 

 

1.1.1.2 Endoplasmic reticulum transport 

 

 The endoplasmic reticulum (ER) is a network consisting of membranes which  

is found in every nucleated cell. This membrane network forms a large and dynamic cellular 

compartment that can be microscopically categorized as rough/smooth  

or perinuclear/peripheral endoplasmic reticulum. The ER has a crucial role in protein 

biosynthesis (rough ER), lipid biosynthesis (smooth ER) and is a store of Ca2+ which  

is exploited in various cell signaling responses. The endoplasmic reticulum is a cellular 

compartment which serve to production of all transmembrane lipids and proteins  

for a lot of cellular organelles (for example lysosomes, Golgi apparatus, endosomes  

or endoplasmic reticulum itself) (Csala et al., 2007; Dudek et al., 2015). Transport  

of proteins to the ER in eukaryotic cells is first and crucial step in the biogenesis of many 

membrane proteins and most secretory proteins (Zimmermann et al., 2006).  

 The biogenesis of many membrane proteins and most secretory proteins initially 

starts with translocation of these proteins into the endoplasmic reticulum. Targeting  

of proteins to the endoplasmic reticulum typically requires cleavable N-terminal signal 

sequence of amino acids on the precursor proteins or transmembrane domains that are used 

as signal anchors. These determinants are consequently recognized by cytosolic  
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multi-component transport machineries. There are two different mechanisms that could  

be distinguished depending on their relationship to translation (in literature called  

co-/post-translational mechanisms) (Zimmerman et al., 2006; Ast et al., 2013).  

The best-known and first-identified eukaryotic ER-targeting pathway was by using signal 

recognition particle (SRP) and its endoplasmic reticulum-bound SRP-receptor. 

Mammalian signal recognition particle is a ribonucleoprotein complex which consist  

of 7S SRP RNA and six proteins – SRP68, SRP19, SRP54, SRP14, SRP9 and SRP72.  

SRP54 is the most conserved subunit consisting of two functional and structural  

domains – Ras like N-terminal GTPase domain, NG-domain which interacts  

with the SRP-receptor and C´-terminal M-domain (methionine-rich) that interacts  

with signal sequence and SRP RNA. Eukaryotic SRP-receptor consists  

of two subunits – SRP-receptorα and SRP-receptorβ. SRP-receptorα contains an NG domain 

and binds to SRP-receptorβ. SRP-receptorβ has a GTPase domain. For binding  

SRP-receptorα to SRP-receptorβ, the GTPase domain of SRP-receptorβ subunit  

has to be in GTP-bound state (Focia et al., 2004; Janda et al., 2010; Saraogi and Shan, 2011) 

(Figure 3). This co-translational pathway starts at the moment when a nascent polypeptide 

with a signal sequence emerges from an active translating ribosome and consequently  

is recognized by the signal recognition particle.  This leads to slowing down of the protein 

synthesis and it allows the complex of nascent polypeptide chain, ribosome, and signal 

recognition particle to be delivered to SRP-receptor at the target ER-membrane.  

Due to this event the ribosome nascent chain complex is delivered to the Sec61 translocon.  

This interaction of SRP/nascent chain complex is GTP-dependent. Sec61 translocon either 

translocates newly synthesized polypeptides across the membrane or integrates  

it to phospholipid bilayer. Signal recognition particle and SRP-receptor then dissociates 

(Zimmerman et al., 2006; Saraogi and Shan, 2011; Dudek et al., 2015). In the case  

of posttraslational pathway, newly and fully synthesized precursor polypeptides  

are transported to the ER by the help of cytosolic molecular chaperones. These chaperones 

belong to the Hsp40 and Hsp70 chaperone families. By cycling of binding and releasing, 

these chaperones keep the precursor polypeptides soluble and able to interact with the protein 

translocase which is localized in the membrane of endoplasmic reticulum  

(Zimmermann et al., 2006; Zimmermann et al., 2011). 
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Figure 3. Transport of nascent proteins to endoplasmic reticulum. 

Cotrasnslational – SRP-dependent targeting and translocation. Signal recognitional particle binds  

to the nascent polypeptide which is emerging from the ribosome via the signal sequence causing a delay 

in translation. The SRP/nascent protein chain /ribosome complex is consequently recruited  

to the endoplasmic reticulum membrane by a specific interaction between SRP receptor and a signal 

recognition particle of nascent protein. GTPase domains in both proteins promote hydrolysis of guanosine 

triphosphate to guanosine diphosphate leading to the transfer of the nascent protein chain/ribosome 

complex to the translocon and releasing of SRP from both ribosome and SRP receptor. After that, released 

SRP can enable further rounds of targeting while the ribosome continues translocation  

(Zimmermann, 2009). 

 

1.1.1.3 Mitochondrial transport 

Mitochondria are present in almost all eukaryotic cells and represent one of the main 

intracellular compartments. They are highly dynamic organelles and their function is critical 

for the maintenance of cellular homeostasis and serve essential roles in energy transduction, 
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adenosine triphosphate (ATP) production, and other numberless of cellular signaling events. 

Mitochondria also have vital roles in storage and calcium signaling, metabolite synthesis  

and apoptosis (Palikaras and Tavernarakis, 2014; Dorn et al., 2015).  Mitochondria have 

double membrane (outer and inner mitochondrial membrane) which defines four 

functionally and structurally mitochondrial subcompartments: mitochondrial outer 

membrane (MOM), mitochondrial inner membrane (MIM), intermembrane space (IMS)  

and mitochondrial matrix. Proteins that are localized in the mitochondrial outer membrane 

facilitate some interactions between mitochondria and the rest of the eukaryotic cell.  

All proteins which travel from the cytosol into the same mitochondrial destination have 

targeting signals that have similar common motifs but signal sequences are not identical. 

Therefore, the receptors are able to bind to a number of different but similar sequences 

(Rapaport, 2003; Dukanovic et al., 2011; Lodish et al., 2013).  

Signal sequences which direct precursor proteins to the mitochondrial matrix are best 

understood. They all create an amphiphilic α helix – positively charged residues cluster  

on one side of the helix and uncharged hydrophobic residues cluster on the other (opposite) 

side. Receptor proteins initiate protein translocation by recognition either this configuration 

or specific amino acid sequence of the signal sequence. Protein translocators – multisubunit 

protein complexes mediate protein translocation across mitochondrial membranes.  

The TOM complex mediates protein transport through the MOM and two TIM complexes 

(TIM 23 and TIM22) through the MIM (Alberts et al., 2014). The mitochondrial outer 

membrane is rich in pore-forming proteins. These proteins make it permeable to molecules 

up to 5 kDa and are encoded in the nucleus and synthesized on ribosomes in the cytoplasm.  

These proteins have to carry corresponding sorting signals which are responsible for their 

ability to acquire different topologies in the lipid bilayer and also correct import  

into mitochondria. Comparison to most of the mitochondrial inner membrane proteins, 

proteins of intermembrane space and all matrix proteins that contain N-terminal cleavable 

mitochondrial presequences, all proteins of mitochondrial outer membrane contain  

non-cleavable internal sorting and targeting signals. These signals are responsible  

for recognition by the import machinery and insertion to the lipid bilayer  

(Rapaport, 2003; Dukanovic et al., 2011). 
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1.1.1.4 Peroxisomal transport  

 

Peroxisomes (originally named micro bodies) are organelles found in almost  

all nucleated eukaryotic cells. They are generally spherical organelles surrounded by a single 

lipid bilayer membrane and from 0, to 1 μm in diameter. Peroxisomes are participated  

in a variety of metabolic pathways which vary between cell types, species and environmental 

conditions. Each peroxisome contains enzymes that catalyze oxidation reactions including 

enzymes that protect cells from oxidative damage. In mammal’s long chain of fatty acids  

are also oxidized in peroxisomes. Peroxisomes are essential for human metabolism  

and development. In the case of incorrect peroxisomal biogenesis leads to inborn diseases 

like Neonatal Adrenoleucodystrophy or Zellweger-Syndrome (Rucktäschel et al., 2011; 

Hasan et al., 2013; Kim and Hettema, 2015). 

In a similar way, sorting of proteins to other cellular compartments, targeting  

of proteins to peroxisomes depends on signal sequences. Peroxisomes have two types  

of targeting sequences – peroxisomal targeting sequence 1 and 2 (PTS1 and PTS2).  

PTS1 was defined as the tripeptide serine-lysine-leucine at C-terminal end of a protein. 

Receptor for PTS1 proteins is Pex5p which can be divided into two separate  

domains: N- and C-terminal domain. The N-terminal domain is comprised of binding sites 

for another peroxins and mediates biding to membrane. The C-terminal domain comprises 

at least six repeat units providing high affinity PTS1-binding sides (Girzalsky et al., 2010).  

In mammals only a few proteins are targeted into peroxisomes via PTS2 pathway.  

The PTS2 was first identified as a relatively short conserved sequence that is located near  

the N-terminus. PTS2 is in some species comprised within a pre-sequence that is cleaved 

after import into the peroxisomal matrix (Rucktäschel et al., 2011). Some metabolic 

pathways require a transport of metabolites into and out of peroxisomes. Transport  

of such metabolites is simplified by at least a few different metabolic transporters.  

One of these transporters is the ATP-binding cassette transporter (ABC transporter)  

(Morita and Imanaka, 2012). For insertion of peroxisomal membrane proteins  

(PMPs) are requires Pex3p, Pex19p and in some organism Pex16p.  Pex19p is a soluble 

chaperon and import receptor for PMPs. Most PMPs comprise conserved Pex19p-binding 

sites and most of these sites are also required for their peroxisomal targeting. Pex19p binds 
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to Pex3p at the peroxisomal membrane. Pex16p serves as a recruitment factor  

for Pex3p presumably (Platta and Erdmann, 2007). 

1.1.1.5 Golgi apparatus transport 

 

The Golgi apparatus (GA) is a multi-compartment and membranous organelle which 

plays critical roles in lipid and protein trafficking, processing, sorting and modification.  

In mammalian cells, the Golgi apparatus is composed of many stacks of approximately  

6 parallel-aligned flattened cisternae. The Golgi structure has to be well maintained  

in a dynamic equilibrium between input and output of membranes from and to other 

organelles, inclusive of the plasma membrane, endosome-lysosome system  

and the endoplasmic reticulum (Mirronov and Beznoussenko, 2011; Tang and Wang, 2013).       

 

                        (taken from: Brandizzi and Barlowe, 2013) 

 

Figure 4. Transport between the Golgi apparatus and the endoplasmic reticulum via COPI  

and COPII carriers. The transport between the ER and the GA involves budding, movement, tethering 

and also uncoating followed by fusion of COPII and COPI carriers with their corresponding membrane 
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compartments. The COPI is important for example to simplify retrieval of released luminal proteins 

comprising K/HDEL retrieval signals that can recognize K/HDEL receptor and some other machinery 

which are required for optimal anterograde transport. The COPII carriers simplify selective and bulk flow 

export of cargo towards the Golgi apparatus (retrograde transport). Fusion of carrier is enabled  

by vesicular-SNARE proteins (v-SNAREs) and target-SNARE proteins (t-SNAREs) upon anchoring  

of carriers onto their target membrane compartment via tethers. 

Cytoplasmic movement and reshuffling of components inside the cytoplasm involve 

dynamic changes in the distribution and integrity of the GA and ER. This Golgi  

apparatus – endoplasmic reticulum system plays a crucial role in intracellular trafficking  

and signaling events. These trafficking events involve a drift of newly synthesized lipids  

and proteins coming from the endoplasmic reticulum to the plasma membrane  

(Vinke et al., 2011; Racedo et al., 2012; Reyes et al., 2012). Bidirectional membrane 

trafficking between the Golgi apparatus and endoplasmic reticulum is allowed due to two 

protein complexes – coat protein complex I (COPI) and coat protein complex II (COPII). 

Membrane traffic occurs via similar mechanisms. A carrier emerges on the donor organelle  

and consequently tethers to and fuses with the target organelle. Divergent machineries 

simplify the creation of carriers for retrograde and anterograde transport. It is thought  

that COPI operates in the retrograde pathway from the Golgi apparatus to endoplasmic 

reticulum and COPII operates in the anterograde pathway from the ER to the GA (Atlan-

Bonnet et al., 2004; Brandizzi and Barlowe, 2013) (Figure 4).  

 

 Posttranslational modifications 

 

Cells need to continuously sense changes in external and internal conditions, some  

of which should be acted on very fast. Posttranslational modifications (PTMs) of proteins play 

a big role in the response to changes in internal states or external conditions and also permit  

the cell to regulate protein activity. Post translation modifications can influence big range  

of protein interactions, enzymatic activity and subcellular location. Nowadays, more than  

200 various types of posttranslational modifications are known, ranging from smaller chemical 

modification as for example acetylation and phosphorylation to the addition of complete protein 

– for example ubiquitination or SUMOylation (Minguez et al., 2012; Beltrao et al, 2013). 
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Phosphorylation is the most abundant and best-studied type of PTMs. 

Phosphorylation plays a critical role in modulation activity of wide range of cellular proteins, 

including transcription factors. Phosphorylation happen by addition of a phosphate group  

of serine (S), tyrosine (Y)  or threonine (T) residues in an ATP requiring reaction  mediated 

by serine/threonine protein kinases and tyrosine protein kinases. This PTM is reversible  

with dephosphorylation caused by phosphatases either Y or S/T or dual specifity  

(Hunter, 1995; Denu et al., 1996; Tootle et al., 2005). Other frequent posttransaltional 

modification is glycosylation of cytosolic and nuclear proteins. This posttranslational 

modification is important for correct folding or stabilization of various proteins. 

Glycosylation occurs by the addition of a simple monosaccharide to the hydroxyl group  

of S or T residues. In eukaryotes we distinguish N- and O-glycosylation. In the case  

of N-glycosylation, the molecule of sugar (oligosaccharide) known as glycan is attached  

to a nitrogen atom in an amino acid residue of protein. Whereas in O-glycosylation,  

the molecule of sugar is attached to an oxygen atom (Comer and Hart, 2000;  

Tootle et al., 2005). SUMOylation belongs to PTMs and plays role in many cellular 

processes like trafficking, stress response, transcription, maintenance of ion gradient across 

the cell membrane or for example in autoimmunity. In SUMOylation, the SUMO protein  

is covalently attached to the target protein and modifies its activities via a series  

of enzymatically-catalyzed reactions (Sireesh et al., 2014). Protien ubiquitination occurs 

via covalent attachment of the short protein modifier known as ubiquitin to target proteins. 

Ubiquitin is an evolutionary conserved protein which posttranslationally regulates proteins 

in range of functional behaviors as for example proteosomal degradation pathway, 

trafficking, transduction, chromatin rearrangement and DNA repair. The various fates  

of ubiquinated proteins are decided by the architecture and length of ubiquitin chains 

(Nguyen et al., 2013; Popovic et al., 2014; Zhou et al., 2014). For ubiquitination  

there are three enzymes needed – an ubiquitin-activating enzyme (E1),  

an ubiquitin-conjugating enzyme (E2) and an ubiquitin ligase enzyme (E3). First of all,  

the ubiquitin is activated by E1, then the ubiquitin is conjugated to E2 and finally E3 interacts 

with ubiquitin-E2 and the substrate protein and mediate formation of isopeptide bond 

between the C-terminus of ubiquitin and a substrate lysine (Hershko and Ciechanover, 

1998). There are many other PTMs for instance methylation, acetylation, hydroxylation, 

prenylation, ADP-ribosylation and so on. 
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 Fragile X mental retardation syndrome 1 neighbor 

(FMR1NB) 
 

The biological function of FMR1NB protein is still not well characterized. This fact  

is also supported by its name, which was derived only from its genome localization, where 

it is neighboring Fragile X mental retardation 1 (FMR1) gene. Therefore it got name - Fragile 

X mental retardation 1 neighbor (FMR1NB). The expression of FMR1NB is highly testis 

restricted (the presence was shown also during brain development) and is not detectable  

in normal somatic tissues. However, the function of FMR1NB in spermatogenesis is still 

unclear. Until today there were published only two scientific articles about this gene.  

In the first one, FMR1NB was identified as a cancer/testis antigen (also known  

as NY-SAR-35) which is aberrantly expressed in various cancer tissues and cancer cell lines, 

but not in normal tissues (except of testis). It was also shown that its expression in cancer 

cells is activated by hypomethylation. However, the functions of this antigen remain still 

unexplored (Park et al., 2011). 

In the second article, FMR1NB was identified as one of the cancer testis antigens 

which are required for accurate chromosome segregation in tumor cells. They showed  

that knockdown of FMR1NB in cancer cell lines enhanced the generation of multipolar 

spindles and increased mitotic transit time. These results indicated that reactivation  

of FMR1NB in cancer cells support mitosis and may be engaged to promote tumor cell 

division and fecundity (Cappel et al., 2012; Huc-Chabrolle et al., 2013). 

In our laboratory we started to investigate Fmr1nb gene in collaboration with prof. 

Forejt, who identified Fmr1nb as a candidate gene involved in hybrid sterility.  

The supporting evidence that Fmr1nb can be involved in hybrid sterility mechanisms  

is based on its strong expression in the testis. Until now, most of the genes involved  

in this biological phenomenon are playing its role during spermatogenesis, and its inactivity 

in genetic background lead to sterility of males. With the aim to define the function  

of Fmr1nb in male gametogenesis, in our laboratory we generated mouse knock-outs (KOs) 

by TALEN nuclease technology. Nevertheless, we did not observe any fertility issues  

in male and female mutants with deletion in Fmr1nb coding sequence. Surprisingly,  

we accidentally obtained mutant cohort with substitution of two amino acids  
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(leucine and glutamic acid are substituted for proline and serine) in the N-terminus  

of FMR1NB protein (2AASub) and homozygous females with the 22ASub mutation 

exhibited reduced fecundity. Another phenotype reminiscent to Sex ratio distortion  

was observed by breeding of males carrying this mutation. These results indicated that 

2AASub mutant allele can somehow influence the reproduction system of mice. Therefore 

we decided to investigate if 2AASub mutation has an effect on cellular localization  

of FMR1NB protein. Indeed, our preliminary results showed, that WT version of FMR1NB 

is localized in cytoplasm whilst its 2AASub mutant form is targeted to cell nucleus  

(Figure 5). We decided to continue in further investigation of 2AASub mutant allele.  

 

 

Figure 5. Transfected cells with WT and mutant version of Fmr1nb in fusion with GFP.  

With the aim to investigate a cellular function of FMR1NB in our lab was constructed expression 

vector including Fmr1nb-WT (Pro-Ser) and Fmr1nb-2AAsub (Leu-Glu) allele in fusion  

with GFP. Overexpression of both FMR1NB-WT-GFP and -2AASub-GFP in HEK293T cells 

exposed different cellular localization. FMR1NB-WT-GFP was localized in plasmatic membrane  

and cytoplasm whereas, FMR1NB-2AASub-GFP was localized within the nuclear envelope. 

 

 

 

Fmr1nb-2AASub GFP  
DAPI  DAPI  

A B 

α-Tubulin  

 Fmr1nb-WT GFP  
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1.2 Experimental part 
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 Material and Methods 

 

1.2.1.1 Instruments and equipment 

 

Analytical balances TE 124 S    Sartorius, Germany 

Balances SSAY 1501      Sartorius, Germany 

Bioruptor Plua      Diagenode, Belgium 

Centrifuge 5430 R      Eppendorf, Germany 

Centrifuge 5424 R      Eppendorf, Germany 

EnVision® Multilabel Reader 2104     PerkinElmer, USA 

Flowbox Bio II Advance     Telstar, Spain 

Freezer (-80°C)       Sanyo, Japan 

Freezer comfort 65216     Liebher, Germany 

Fridge ZRA 40 100 WA     Zanussi, Italy 

Gel imager Universal Hood II     Bio-Rad, Canada 

Incubator Forma DH CO2 Hepa Class 100    Thermo Fisher Scientific, USA 

Microwave KOR 6L05      Daewoo, Czech Republic 

Mini-PROTEAN Tetra Cell     BioRad, Canada 

Microscope DMI 4000B, inverted    Leica, Germany 

Microscope IX5, inverted      Olympus, USA 

Microscope, confocal Leica SP5    Leica Microsystems, Germany 

Mixing Block MB-102      BioER Technology, China 

Nanodrop 1000       Thermo Fisher Scientific, USA 

Pipette set BioPette       Labnet, USA 

PowerPac™ Basic Power Supply    BioRad, Canada 

ROLLER 6 basic      Ika, Germany 

T100™ Thermal Cycler     BioRad, Canada 

Tissue culture plastic       Greiner, Germany 

Thermo Shaker TS – 100     BioSan, Latvia 
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VWR VORTEXER MINI 230V    VWR, Canada 

VWR® Tube Rotator and Rotisseries   VWR, Canada 

Water bath Nb9       Nüve, Turkey 

Western Blot PVDF Transfer Hybond-P GE   Healthcare, UK 

 

1.2.1.2 Commercial kits 

 

BCA protein Assay Kit      Pierce, USA 

GeneJET PCR Purification Kit    Thermo Fisher Scientific, USA 

GeneJET Plasmid Miniprep Kit     Thermo Fisher Scientific, USA 

QIAEXII Gel Extraction Kit (250)    QIAGEN, Germany 

 

1.2.1.3 Enzymes, solutions, and buffers 

 

AEBSF inhibitor 

AsiSI (SfaAI)       Fermentas, Canada 

BsmBI        Fermentas, Canada 

BSA, 10x        New England Biolabs, USA 

DMSO        New England Biolabs, USA 

DNA Ladder GeneRuler 1kb plus     Fermentas, Canada 

DNA Loading Dye, 6x      Fermentas, Canada 

DNA Loading Dye, 10x      Fermentas, Canada 

dNTPs (10mM)      Sigma-Aldrich, USA 

DreamTaq buffer, 10x      Thermo Fisher Scientific, USA 

DreamTaq DNA polymerase     Thermo Fisher Scientific, USA 

Fast AP buffer , 10x      Thermo Fisher Scientific, USA 

Fast AP       Thermo Fisher Scientific, USA 

MluI        Fermentas, Canada 

PBS 1x (Phosphate buffer)      IMG media facility, CR 

Prestained protein molecular weight marker   Fermentas, Canada 

T4 DNA ligase buffer, 10x     Thermo Fisher Scientific, USA 



  

31 

 

T4 DNA ligase      Thermo Fisher Scientific, USA 

T4 DNA polymerase      Thermo Fisher Scientific, USA 

Tango buffer, 10x       Fermentas, Canada 

 

Ripa buffer 150mM sodium chloride; 1% Triton-X100; 0.5% SDS;  

0.5% sodium dodecylcholate; 50mM Tris-HCl, pH=8.0 

TAE buffer, 1x:   10mM Tris-HCl; 20mM Acetic acid; 1mM EDTA; pH=8.0 

TBS 10x:    200mM Tris; 5M NaCl; pH=7.5 

TBS 10x+Tween-20  0.5% Tween-20, 1,5M NaCl, 250 mM Tris-HCl 

Transfer buffer:  20% methanol, 192 mM glycine, 25 mM Tris 

Urea, 8M   40mM TrisHCl, 8M urea, 10mM EDTA, pH=7.4 

 

1.2.1.4 Media  

 

DMEM        IMG media facility, CR 

LB medium        IMG media facility, CR 

LB agar plates       IMG media facility, CR 

 

1.2.1.5  Cell lines, plasmids and bacterial strains 

 

Excherichia Coli DH10B: F-mcrA Δ(mrr-hsdRMS-mcrBC) Φ80lacZΔM15 

ΔlacX74 recA1 endA1araD139Δ(ara, leu)7697 galU galK λ-rpsL nupG 

HEK 293T        ATTC, USA 

pCMV6-AC-GFP (mammalian vector with C-terminal tGFP)  Origine, USA 

U2OS         ATTC, USA 
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1.2.1.6 Chemicals 

 

Acetic acid, 98%       Lach:ner, Czech Republic 

Acrylamid        Sigma-Aldrich, USA 

Agarose SeaKem LE       Lonza, Switzerland 

Ammonium persulphate (APS)     Sigma-Aldrich, USA 

Ampicillin        Sigma-Aldrich, USA 

Bovine serum albumin (BSA)     Sigma-Aldrich, USA 

Complete protease inhibitor EDTA free    Roche, Switzerland 

Dithiotreitol (DTT)       Roche, Switzerland 

DAPI (4´,6-diamidino-2-phenylindole)    Sigma-Aldrich, USA 

EDTA         Lach:ner, Czech Republic 

Ethanol 96%       VWR chemicals, Canada 

Ethidium bromide       Sigma-Aldrich, USA 

Glycerol anhydrous G.R.     Lach:ner, Czech Republic 

Chlorophofm       Lachema, Czech republic 

2-Mercaptoethanol       Merk, Germany 

Methanol 99,99% G.R.     Lach:ner, Czech Republic 

Milk powder        Sigma-Aldrich, USA 

Nonidetp40        Sigma-Aldrich, USA 

2-propanol        VWR chemicals, Canada  

Penicillin/Streptomycin      PAA Laboratories, Austria 

Sodium dodecyl sulfate (SDS pellets)    Roth, Germany 

Sodium hydroxide       Lach:ner, Czech Republic 
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Trizma base       Sigma-Aldrich,USA 

Triton X-100        Sigma-Aldrich, USA 

Trypsin/EDTA       PAA Laboratories, Austria 

Tween-20        Sigma-Aldrich, USA 

UREA        Sigma-Aldrich, USA 

 

1.2.1.7 Primary antibodies 

  

Goat anti-mouse-FMR1NB (S-15)   Santa-Cruz Biotechnology, USA 

Rabbit anti-Calnexin     Abcam, UK 

Rabbit anti-human-FMR1NB   Abcam, UK  

 

1.2.1.8 Secondary antibodies 

 

Donkey anti-rabbit-Alexa fluor 594    Abcam, UK 

Rabbit anti-goat IgG-HRP    Santa Cruz Biotechnology, USA 

Goat anti-rabbit HRP     Santa Cruz Biotechnology, USA 

 

1.2.1.9 Bacterial and DNA techniques 

1.2.1.9.1.1 Polymerase chain reaction (PCR) 

 

   Classic PCR was used for creation of mutant forms of plasmids with one amino acid 

substitutions on its N-terminus, verification of good colonies after cloning,  

for amplification of specific genes and also for genotyping of Fmr1nb mice.  

All master-mixes for PCR were prepared on ice. Master-mix was prepared for required 

number of reactions without DNA and loaded into PCR tubes (Table 2). 
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Table 2. PCR Master-mix for creation of mutant forms of plasmids with one amino acid 

substitutions on its N-terminus, amplification of specific genes, verification of good colonies after 

cloning, and also for genotyping of Fmr1nb mice. Master-mix for each PCR used for purpose  

of this diploma thesis consists from the same components except using of different primers. 

All Master-mixes for PCR were prepared on ice. Master-mix was prepared  

for required number of reactions without DNA and loaded into PCR tubes. Required pair 

of primers was added into each PCR tube (Table 4).  

 

 

 

 

 

 

 

Table 3. PCR program used for reactions. 

 

After loading of DNA into PCR tubes with master-mix, thermo cycler was set  

up according to conditions in Table 3 and PCR was executed. 

PCR products were consequently analyzed electrophoretically. 

 

Reagent Volume [μl] 

dd H2O 15,4 

10x Dream Taq buffer 2       

10 mM dNTPs 1       

10 μM F1 0,2    

10 μM R1 0,2    

pDNA 1       

Dream Taq polymerase 0,2  

Final volume 20  

95  ˚C   5 min 

95  ˚C 45 s 

58  ˚C 40 s 

72  ˚C 1 min 

72  ˚C 3 min 

12  ˚C xxx 

34x 
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Table 4. Primers used for PCR reactions 

 

1.2.1.9.1.2 Agarose gel electrophoresis 

 

Agarose powder was dissolved in 1x TAE buffer to obtain 1% agarose gel. The mixture 

was heated in a microwave until the agarose powder was completely melted.  

After approximately 2 min of cooling down, 1 drop of ethidium bromide was added  

to the concentration of 0.5 μg/ml and the solution transferred into a casting tray. A sample 

comb was inserted immediately. After the gel had cooled down, the sample comb was gently 

removed from the gel in an electrophoresis tank and the samples with loading dye were 

loaded. 5 μl of the DNA ladder was loaded to the first sample well to determine size of DNA 

fragments. Gel imager Universal Hood II (Bio-Rad) was used for the visualization of DNA. 

An electrophoresis was used for separation, visualization and also for purification  

of DNA fragments. 

 

Primers for 

version of Fmr1nb  

Primers:  

WT 

F1-Sgf1_Fmr1nb_WT1: 

ATAGCGATCGCCATGCCTTCGGATCGAAGGCCAA 

R1-MluI_Fmr1nb_R1: 

GCGACGCGTATGGGACAGTAAAGCTCTCTCT 

Glu 

F1-Sgf1_Fmr1nb_F1_PGlu: 

ATAGCGATCGCCATGCCTGAGGATCGAAGGCCAAGTCAGA 

R1-MluI_Fmr1nb_R1: 

GCGACGCGTATGGGACAGTAAAGCTCTCTCT 

Asp 

F1-Sgf1_Fmr1nb_F1_PAsp:   

ATAGCGATCGCCATGCCTGACGATCGAAGGCCAAGTCAGA 

R1-MluI_Fmr1nb_R1  

GCGACGCGTATGGGACAGTAAAGCTCTCTCT 

Ala 

F1-Sgf1_Fmr1nb_F1_PAla:   

ATAGCGATCGCCATGCCTGCCGATCGAAGGCCAAGTCAGA 

R1-MluI_Fmr1nb_R1   

GCGACGCGTATGGGACAGTAAAGCTCTCTCT  

Primers for 

genotyping 

Primers: 

Fmr1nbRightBsrI :    TCACAGGACGGAACAGGATCAC 3´  

Fmr1nb2outf:  ATCGGCAAGTGTATGGAAGG  
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1.2.1.9.1.3 Fragment DNA Isolation from an agarose gel 

 

QIAEX II Gel Extraction Kit was used for isolation of DNA fragments from an agarose 

gel. 

The agarose gel was after electrophoresis placed under UV light to visualize proper 

bands and bands of interest was excised by a sterile scalpel. The excised gel slices were 

placed into 1,5ml microtubes. To each microtube 250 μl of Buffer QX1 was added  

and incubated for 10 min at 50 ˚C. 20 μl of resuspended QIAEX II were added to microtubes 

and mixed by pipetting. After 10min of incubation at 50 ˚C samples were centrifuged  

at 12 000g for 1 min and the supernatant was removed with a pipet. The pellets were washed  

and resuspended with 500 μl of Buffer QX1 and microtubes again centrifuged. This step was 

repeated once. Pellets were then washed and centrifuged for 1 min at 12 000g two times with 

500 μl of Buffer PE. After the removal of Buffer PE the pellets were dried  

and 20 μl of ddH2O was added to each microtube to eluate binded  

DNA from QIAEX II beads. The concentration of samples was measured on nanodrop  

(Nanodrop 1000, Thermo Fisher Scientific). Samples were stored at – 20 ˚C freezer. 

 

1.2.1.9.1.4 The DNA restriction 

 

2 – 6 μl of plasmid DNA was mixed with 1 μl of restriction enzyme, ddH2O  

and corresponding buffer to the final volume of 20 μl. This mixture was incubated  

for 2 hours at 37 ˚C. 

 

1.2.1.9.1.5 Ligation of DNA fragments into a vector. 

 

DNA fragment (insert) and a dephosphorylated vector (100 ng) were in amount 

corresponding to a molar ratio 3:1 mixed with 1 μl of  10x T4 DNA ligase buffer,  

1 μl of T4 DNA ligase and ddH2O to final volume of 10 μl. The mixture was incubated 

overnight at RT and consequently used for transformation of competent bacterial  

cells – DH10B. 
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1.2.1.9.2 Separation of proteins: SDS-PAGE and Western Blotting 

 

The samples were centrifuged at 10 000 g, 5 min, 4 ˚C. To each prepared microtubes 

were added 4 μl of SDS-PAGE dye and 40 μg of each sample. This mixtures were incubated 

at 95 ˚C for 5 min to denaturate samples. Samples were loaded to 10% polyacrylamide gel 

of 1 mm thickness which was used for SDS-PAGE separation of proteins. And then  

an electrophoresis was performed at 90 V. The polyacrylamide gel was after  

the electrophoresis washed in transfer buffer. The aparature for the semi-dry transfer was 

consequently assembled according to manufactures instructions. Then the semi-dry transfer 

was performed at 90 mV for 1 hour. The membrane was blocked in 1x TBS + 2 % milk  

for 1.5 hour. Then was applied diluted solution of primary antibody with 1x TBS + 2% milk 

in which it was incubated at room temperature (RT) for 1.5 hour. The primary antibody was 

removed by washing the membrane with 1x TBS-T for 5 min, 5 times. The diluted secondary 

antibody was applied for 1.5 hour at RT. The membrane was consequently washed 5 times 

for 5 min with 1x TBS for removing of the secondary antibody. To membrane was loaded 

with a detection solution for chemiluminiscence and the membrane was analyzed 

immediately. 

 

1.2.1.9.3 Transformation of E. coli (DH10B) cells 

 

An aliquot of E. Coli (DH10B) cells was used for every transformation. 

The aliquot of DH10B cells was took out from – 80 ˚C freezer and incubated on ice for 

5 min. After 5min incubation a ligation mixture was added and then followed another 

incubation on ice for 5 min. The cells were heat-shocked by 42 ˚C incubation for 90 seconds 

and 5min incubation on ice, respectively. 600 μl of LB media was sterile added to microtube 

with ligation mixture and DH10B cells. After 1 hour incubation of this mixture  

at 37 ˚C for 1 hour was 100 μl of this mixture plated on LB agar plate containing ampicillin 

(100 ug/ml and the plate was incubated overnight at 37 ˚C. 

1.2.1.9.4 Colony picking and colony PCR  

 

10 single colonies were picked from the LB agar plate by sterile pipette tips  

and resuspended in 1,5ml microtubes containing 50 μl of LB media and incubated  
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at 37 ˚C for one hour. 1 μl of transformed DH10B cells from each microtube was used  

for colony PCR in which where used also primers for amplification of gene of interest.  

After PCR an agarose electrophoresis was performed. 1 μl of transformed DH10B cells  

from the microtubes in which were corresponding band on electrophoretic gel were added 

into 15ml flacons with 6 ml of LB media supplemented with ampicillin in final dilution  

1 μg/ml. These 15 ml flacons were incubated in shaking incubator overnight at 37 ˚C. 

 

1.2.1.9.5 Isolation of plasmid DNA 

 

GeneJet Plasmid Miniprep Kit was used for isolation of plasmid DNA from DH10B 

bacterial cells. 

5 ml of bacterial culture was centrifuged for 5 min, 5000 g. After removing  

of supernatant, the pellets were resuspended in 250 μl of Resuspension solution by pipetting 

and transferred to 1,5ml microtubes. 250 μl of Lysate solution was added and mixed 

thoroughly inverting microtubes 7 times. 350 μl of Neutralization solution was added  

to the suspension and again mixed by inverting microtubes 7 times. After 6 min  

of centrifugation at 12 000g, the supernatant was carefully transferred to GeneJet spin 

columns by pipetting. Spin columns were centrifuged for 1 min at 12 000g and the  

flow-through was discarded. Spin columns were washed using 500 μl of Wash solution, 

centrifuged for 1 min, 12 000 g and the flow-through was discarded. The wash procedure 

was repeated once more. Spin columns were transferred to new 1,5ml microtubes.  

50 μl of Elution solution was loaded to each GeneJet spin column and after  

2 min of incubation the spin columns were centrifuged for 3 min, 12 000g. Concentration  

of samples was consequently measured on NanoDrop. Samples were stored  

at - 20 ˚C freezer. 

 

 

1.2.1.9.6 Cell culture. 

 

U2OS and HEK 293T cells were cultivated on treated petri dishes in DMEM culture 

medium with 10% FBS and 1% P/S. As soon as the cells reached 80 – 90% confluence,  

the medium was discarded. After rinsing of the cells with sufficient amount of 1x PBS,  
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1 ml of 0.25% trypsin was added to the cells and the petri dish was incubated until the cells 

were detached from the petri dish. For neutralization of the trypsin, the cells were 

resuspended in 5 ml of DMEM medium with supplements by pipetting.  

100 μl of this suspension was added to the petri dish with 10 ml of fresh DMEM medium 

with 10% FBS and 1% penicillin/streptomycin. The cells were incubated in the incubator 

which was set to 37 ˚C and 5% concentration of CO2. 

 

1.2.1.9.7 Transfection of U2OS cells 

 

The U2OS cells were cultivated on round 10 mm glasses with approximately  

60% confluency after overnight incubation at 37 ̊ C and 5% CO2. After overnight incubation 

the culture medium (DMEM with 10% FBS and penicillin/streptomycin (P/S)) was removed 

and the cells were washed with 1x PBS. Then a transfection mixture was prepared  

(0.5 μg of plasmid DNA +1.25 μl of polyethyleneimine (PEI) and 48.25 μl of serum free 

DMEM medium) which was incubated at room temperature for 15 min. The transfection 

mixture was applied on round glass. After 45 min incubation at 37 ˚C and 5% CO2 was 

added 1 ml of DMEM medium with 10% FBS and P/S. After 20 hours of incubation  

at 37 ˚C and 5% CO2 the transfection efficiency was checked using fluorescent microscopy. 

 

1.2.1.9.8 Fixation and immunostaining of U2OS cells 

 

After 20 hour incubation of transfected cells at 37 ˚C and 5% CO2 the transfection 

efficiency was checked. Transfected cells were gently washed in 1x PBS (37 ˚C). Then cells 

were fixed with 4 % paraformaldehyde (PFA) and incubated at 37 ˚C for 15 min. The PFA 

was consequently rinsed with 1x PBS (3 times, each for 5 min). Cells were permeabilized 

with 0.1% Triton X-100 diluted in 1x PBS (0.5 ml/10mm round glass). After a washing  

of the cells with 1x PBS (3 times, each for 5 min) glasses were taken out and put into a petri 

dish coated with aluminium foil. 100 μl of primary antibody – anti-Calnexin diluted  

with 2% BSA in 1x PBS to final dilution 1:350 were applied to glasses. After 90 min  

of incubation the primary antibody was rinsed with 1x PBS (3 times, each for 5 min)  

and 100 μl of secondary anti body – anti-rabbit Alexa Fluor 594 diluted with 2% BSA  

in 1x PBS to final dilution 1:350 were added. Cells were washed with 1x PBS  



  

40 

 

(3 times, each for 5 min) – in first step of washing 100 μl of DAPI diluted with 1x PBS  

to final concentration 1 ug/ml was added to each glass and incubated for 5 min at room 

temperature. 

 

1.2.1.9.8.1 Cell lysates preparation from tissue cultured cells 

 

Cells (HEK 293T) cultured on 10cm petri dish with approximately 90% confluency were 

washed with 6 ml of 1x PBS. The 1x PBS was aspirated from petri dishes  

and 10 ml of medium DMEM + 10% FBS + P/S were added. Cells were released from petri 

dishes by pipetting and transferred to 15ml flacons and centrifuged for 5 min at room 

temperature at 500 g. To each 15ml flacon were pipetted 150 μl of RIPA buffer with  

a Complete protease inhibitor and 4-(2-Aminoethyl) benzenesulfonyl fluoride hydrochloride 

(AEBSF) inhibitor. The mixtures with cells were resuspended by pipetting and transferred 

to 1,5ml microtubes. 1,5ml microtubes were incubated at 4 ˚C on rotator for 60 min. Lysates 

were 6 times sonicated by sonicator (Bioruptor Plua, Diagenode) and by using BCA Protein 

Assay kit was found out the concentration of each lysate. Samples were stored  

at - 70 ˚C freezer. 
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1.3 Aims of diploma thesis 
 

This diploma thesis contains several particular aims. 

 In silico analysis of the FMR1NB protein sequence with the aim to detect all possible 

nuclear localization signals 

 Construction of plasmid series which would code FMR1NB protein with amino acid 

substitutions on its N-terminus. 

• design of primers for amplification of mutated forms of FMR1NB protein,  

and its cloning into pCMV6-AC-GFP plasmid 

• Verification of constructed molecules with the help of enzymatic digestions  

and sequencing. 

 Investigation whether amino acid substitutions in a potential N-terminal nuclear 

localization signal play a role in FMR1NB localization.  

•  Transfection of U2OS cell line by mutant forms of plasmids  

and visualization on confocal microscopy. 

 Confirmation of expression of FMR1NB protein in testes and ovary of transgenic 

mice with using Western blot method. 
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1.4 Results 
 

 In silico analysis of predicted NLS in FMR1NB protein 
 

 According to initial data obtained from our first experiments which pointed  

out to different localization of FMR1NB-WT and FMR1NB-2AASub, we decided  

to perform additional in silico analysis of the FMR1NB protein sequence with the aim  

to detect all possible NLS. By using a software NucPred – Predicting Nuclear Localization 

of Proteins (Brameier et al., 2007), we identified two short predicted NLS in the sequence 

of human FMR1NB protein, which could be responsible for transport of FMR1NB  

to the cell nucleus. The first NLS is localized at the N-terminus and the second  

one at C-terminus of the FMR1NB ptrotein sequence. The predicted N-terminal nuclear 

localization sequence (NLS) in human FMR1NB protein contains two serines localized 

upstream from NLS.  It is not excluded that these serines in their phosphorylated forms could 

be responsible for the activation of N-terminal NLS and localization of FMR1NB protein  

in the nucleus (Figure 6). In the case of mouse FMR1NB protein sequence, the NucPred 

software strongly predicted the C-terminal nuclear localization sequence however  

the positively charged arginine rich region surrounded by serines was also detected  

on N-terminus of mouse FMR1NB protein (Figure 6B). 

 

Figure 6. Prediction of potential NLSs in FMR1NB protein responsible for transport of protein to 

the nucleus. Prediction of the potential NLS by using NucPred software was performed on both, 

mammalian (A) and mice (B) sequence of FMR1NB protein (Brameier et al., 2007). 

A 

B 
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Figure 7. Output from DISPHOS software. Prediction of potentially phosphorylated AA. 

(Lakoucheva et al., 2004) 

Due to data we got from NucPred software, we decided to perform further in silico 

analysis with the aim to investigate whether the serines close to N-terminal  

NLS are potentially phosphorylated. Results from DISPHOS (Lakoucheva et al., 2004), 

software for prediction of „hot spot“ targets for phosphorylation showed that identified 

serines around the alternative N-terminal NLS are amino acids which are probably 

phosphorylated (Figure 7).  

According to our initial results, where FMR1NB-WT-GFP was localized  

in the cytoplasm, whilst FMR1NB-2AASub-GFP was present in the nucleus (or nuclear 

envelope), together with our data from in silico analysis, we suggested a hypothesis.  

We suggested, that phosphorylation of serine upstream of the N-terminal nuclear localization 

signal of FMR1NB protein, might translocate the FMR1NB protein from the cytoplasm  

to the nucleus (Figure 8). To find out if the directionality of FMR1NB protein depends  

on the phosphorylation of serines close to NLS, we decided to generate a set of plasmids 

containing FMR1NB-GFP with different amino acid substitutions mimicking 

phosphorylated or non-phosphorylated state of serines upstream of N-terminal NLS.  Based 
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on this hypothesis, mutated form of FMR1NB-Asp-GFP protein should be localized  

in the nucleus, whereas wild type of FMR1NB-GFP and FMR1NB-Ala-GFP should  

be in the cytoplasm. 

 

 

Figure 8. Hypothesis of the nuclear or cytoplasmic directionality of FMR1NB protein  

in the cell depending on possible phosphorylation of FMR1NB-WT and mutant forms. 

 

 Construction of plasmid sets carrying Fmr1nb-GFP gene 
 

As we already had a plasmid DNA where the cDNA of Fmr1nb gene was fused with 

GFP, we decided to use this molecule as a template for generation all mutant versions  

of Fmr1nb gene. The fact, that predicted phosphorylated serines are localized  

in the beginning of Fmr1nb coding sequence allow us to incorporate small nucleotide 

substitutions into the forward primer, what eventually led to PCR amplification of different 

mutant forms of Fmr1nb gene from one template molecule.  

These forward primers were used in combination of two different reverse primers.  

First one was complementary to absolute downstream sequence of Fmr1nb gene,  

whilst the second reverse primer was designed to amplify Fmr1nb without C-terminal NLS.  
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The strategy how we designed primers allow us to amplify all mutant forms  

with C-terminal NLS, as well as without C-terminal NLS, in one simultaneous PCR run.  

(Figure 9). Designed primers were used  for amplification of i) Fmr1nb-WT, as well as,  

ii) Fmr1nb-Ala, where the serine was replaced with the phosphodeficient amino acid alanine, 

iii) Fmr1nb-Asp, where serine was replaced with phosphomimetic aspartic acid,  

or iv) Fmr1nb-Glu, where serine was replaced by glutamic acid. All these forms  

were amplified with and without C-terminal NLS. 

 

 

Figure 9. Schematic representation of the vector – pCMV6-AC-GFP in fusion with Fmr1nb gene, 

wild type of Fmr1nb gene (Pro, Ser) and designed set of primers showed final forms of Fmr1nb 

gene. 

 As I mentioned above, we used Fmr1nb-WT gene (719 bp fragment of DNA)  

as a template for amplification all required mutant forms of Fmr1nb gene. . PCR products 

and the destination vector pCMV6-AC-GFP were digested with restriction enzymes  

AsiSI and MluI (Figure 10, 11). The ends of linearized plasmid DNA molecule  

were dephosphorylated by thermosensitive alkaline phosphatase (AP phosphatase),  
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with the aim to increase chance that recircularized molecule will contain the desired PCR 

insert. To verify that PCR products contain correct nucleotides coding particular mutation, 

we send amplified PCR fragments for sequencing and verified PCR products were cloned  

to prepared pCMV6-AC-GFP plasmid. 

 

 

Figure 10. Schematic representation of the ligation of Fmr1nb gene with pCMV6-AC-GFP plasmid. 

An insert for every ligation was obtained by performing of PCR whereas the template was used a plasmid 

DNA Fmr1nb-WT and as primers were chosen set which is able to provide required form  

of Fmr1nb gene. As a vector for every ligation was used plasmid DNA (pDNA) pCMV6-AC-GFP 

 in fusion with Fmr1nb-WT. Both the vector and insert were digested with Mlu1 and AsiSI enzymes.  

The plasmid was consequently dephosphorylated and the ligation performed. 
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Figure 11. pCMV6-AC-GFP vector maps with Fmr1nb-WT insert and highlighted  

fragments of the DNA created after a digestion of these molecules with help of selected  

restriction enzymes. Whole molecule of the plasmid pCMV6-AC-GFP with the insert – Fmr1nb gene 

A 

B 
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has 7274 bp. A) After the digestion of this molecule with restriction enzymes AsiSI and MluI,  

two fragments were created. Bigger one – represents a vector part with 6555 bp and smaller  

one – an insert part with 719 bp. This digestion was used to for obtaining vector molecules for other 

cloning and also for a control digestion of the DNA isolated from transformed E. coli cells.  

B) Digestion of this molecule with a restriction enzyme BsmBI also created two fragments of the DNA. 

Bigger one with 5501 bp and smaller one with 1773 bp. This restriction digestion was used for control  

of the plasmid DNA isolated from transformed E. coli cells. 

 

 Identification of correct bacterial clones with mutant 

versions of Fmr1mb gene fused with GFP and its cellular 

localization 
 

The bacterial clones able to grow on selective ampicillin media were screened  

for the presence of Fmr1nb gene by Colony PCR method. The same primers  

that were used for amplification of mutant PCR fragments, were used also for detection  

of positive bacterial clones, that contain particular version of Fmr1nb gene  

(WT, Asp, Ala, Glu; all in version with and without C-terminal NLS) (Figure 12).  

From each form we obtained several positive clones that were further cultivated  

in LB medium containing ampicillin. Subsequently, the plasmid DNA were isolated  

by miniprep kit and verified by digestion via BsmBI restriction enzyme (Figure 11, 12). 

Eventually, all positive plasmid DNA identified by restriction endonuclease were verified 

also by sequencing.  
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Figure 12. Colony PCR and restriction analysis of DNA isolated from transformed E. Coli (DH10B) cells 

with set of plasmids contain different forms of Fmr1nb gene. The rightness of individually performed 

transformations was checked with Colony PCR and a restriction digestion with help of BsmBI restriction 

enzyme. After an agarose electrophoresis, each digestion and PCR product provided bands of proper  

size – in the case of PCR products of Colony PCR bands with a size of 719 bp and in the case of restriction 

digestion it were bands with a size of 5501 and 1773 bp. 

 

The verified mutant forms of Fmr1nb gene with C-terminal NLS, as well as without 

C-terminal NLS were all fused with GFP protein in the destination vector. Therefore  

we could very easily determine whether the particular mutations have an effect  

for FMR1NB-GFP cellular localization. For this purpose we transfected all plasmid forms 

into human U2OS cell lines. Transfected cell lines were also immunostained  

by anti-Calnexin (red), which helped us to distinguish structure of endoplasmic reticulum  

and nucleus structure was visualized by DAPI (blue) chromatophor. Thus, in transfected 

cells, the green color represented overexpressed FMR1NB-GFP protein  

(cytoplasmic or nuclear localization), the red color determined the endoplasmic reticulum 

and the blue color constitutes the nucleus in images obtained from a confocal microscopy. 
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1.4.3.1 Localization of FMR1NB-GFP wild type form 

Wild type version of FMR1NB-GFP protein exhibited a cytoplasmic localization  

in transfected U2OS cells. FMR1NB-GFP protein was in addition colocalized  

with anti-Calnexin antibodies, what indicated that FMR1NB plays its natural function  

in endoplasmic reticulum. Moreover it seems that FMR1NB was localized in the cytoplasm 

independently on the presence or absence of C-terminal NLS (Figure 13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Cellular localization of the wild type version of FMR1NB protein  

with both – N- and C-terminal NLSs (A) and a version without C-terminal NLS (B). 

A 
A 
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1.4.3.2 Localization of FMR1NB-Ala-GFP with and without C-terminal 

NLS 

 FMR1NB-Ala-GFP protein where the amino acid serine was replaced  

with the amino acid alanine exhibits nuclear localization only when C-terminal  

NLS was present. The version without C-terminal NLS showed a cytoplasmic localization. 

Therefore, it seems that its translocation to nucleus is strictly dependent on the presence  

of C-terminal NLS. (Figure 14). 

 

Figure 14. Cellular localization of mutant version of FMR1NB-Ala protein  

with both – N- and C-terminal NLSs (A) and a version without C-terminal NLS (B). 

A 

B 
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1.4.3.3 Localization of FMR1NB-Asp-GFP with or without C-terminal 

NLS 

FMR1NB-Asp-GFP protein where an amino acid serine was replaced  

with an aspartic acid displayed cytoplasmic localization when C-terminal NLS was deleted. 

In the case when FMR1NB-Asp-GFP contained C-terminal NLSs, it was targeted  

to the nucleus. (Figure 15).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Cellular localization of mutant version of FMR1NB-Asp protein  

with both – N- and C-terminal NLSs (A) and a version without C-terminal NLS (B). 

A 
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1.4.3.4 Localization of FMR1NB-Glu-GFP with or without C-terminal 

NLS 

 FMR1NB-Glu-GFP protein with a glutamic acid substitution instead of the amino 

acid serine, displays in the case of both versions of FMR1NB protein – with both  

(N- and C-terminal) and also without C-terminal nuclear localization signal a cytoplasmic 

localization (Figure 16). 
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Figure 16. Cellular localization of mutant version of FMR1NB-Glu protein  

with both – N- and C-terminal NLSs (A) and a version without C-terminal NLS (B). 

A 

B 



  

54 

 

 The confirmation of expression of FMR1NB protein  

in testes and ovary of transgenic mice 
 

  In our laboratory, we previously generated mouse knockout in Fmr1nb gene  

by using TALEN nuclease technology. Talen pair was designed to target ATG start codon 

which is a part of exon 1. We generated several mouse mutant cohorts, but we propagated 

only two of them. The first mouse mutant (Fmr1nb-KO) contained 236bp deletion which led 

to absence of almost the entire exon1 sequence. Second propagated mutant  

(Fmr1nb-2AASub) contained 9nt deletion (around of original ATG start codon) and partial 

sequence inversion that led to re-assembly of new ATG start codon with translational 

changes in first two amino acids of FMR1NB protein, where proline and serine  

(in WT version) were substituted for G and glutamic acid (Kinsky, unpublished data).  

These mutations were verified on the DNA level by sequencing and RNA transcripts  

too (Kinsky, unpublished data).  

Our next goal was to verify that mutation on Fmr1nb coding sequence lead  

to abolished translation and protein production. Therefore we performed WB by using  

two commercially available antibodies. There are two commercially available antibodies  

for detection of FMR1NB protein via Western blot (WB) – anti-human-FMR1NB (Abcam)  

and anti-mouse-FMR1NB (Santa Cruz). To find out if both antibodies are able to detect 

FMR1NB via WB in lysates derived from testes of adult mice, we decided to perform  

the WB by using both antibodies. Due to data obtained from BioGPS (Wu, 2009),  

which provided us data including the information, FMR1NB protein is most likely expressed 

on the biggest level in testes of adult mice, we prepared the lysates from them. 

The protein lysates derived from testes of Fmr1nb-WT mice and transgenic  

mice – Fmr1nb-2AAsub and Fmr1nb-KO were tested for specifity of the both – human  

and anti-mouse-FMR1NB antibody using Western blotting. For this WB as a positive control 

(PC), lysate from transfected HEK 293T by FMR1NB-Glu (1AASub) plasmid DNA 

containing Myc tag and as a negative control (NC), lysate from nontransfected 

 HEK 293T cells we used. Anti-human-FMR1NB antibody could not detect FMR1NB 

protein in the tested lysates (Figure 17A), whereas anti-mouse-FMR1NB antibody detected 

FMR1NB protein only in the case of positive control (Figure 17C). Both membranes  

were stripped and onto both membranes was applied anti-Myc antibody to confirm  
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an episomal expression of FMR1NB protein in the positive control. Anti-Myc antibody 

deceted FMR1NB protein in the case of both membranes (Figure 17). Hence, for following 

experiments was used only anti-mouse-FMR1NB antibody. 

 

 

Figure 17. Detection of FMR1NB protein by Western blotting via human anti-FMR1NB antibody 

(A) and anti-mouse-FMR1NB antibody (C) anti-Myc (B) and (D). We wanted to verify that mutation  

on Fmr1nb coding sequence lead to abolished translation and protein production. Therefore we performed 

WB by using two commercially available antibodies – anti-human-FMR1NB from Abcam (A)  

and anti-mouse-FMR1NB from Santa Cruz (C). But only in the case of anti-mouse-FMR1NB antibody, 

there was a signal which represents FMR1NB protein (band of proper size 25 kDa) in the track where 

positive control was loaded. Consequently we stripped membranes and applied anti Myc antibody  

to confirm an expression of FMR1NB protein. The expression of FMR1NB protein in the lysate from  

PC was confirmed in both membranes (B) and (D). Hence, for following experiments we decided to use 

only anti-mouse-FMR1NB antibody. 
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Due to results obtained from DNA and RNA analysis which confirmed a presence  

of mutant forms of Fmr1nb gene in the cells of transgenic mice, we decided to optimize  

the conditions of Western blotting. Primarily, we started to use only anti-mouse-FMR1NB 

antibody and we tried to change the blocking solution. For some Western blots we used 

solution of BSA and for other solution of milk. Nevertheless, we got the same result.  

Consequently, we obtained additional data from professor Forejt laboratory based  

on relative expression of mRNA in testes which showed that FMR1NB protein is expressed  

in the highest level in testes of 12 – 16 days old pup mice (Figure 19) (Jansa, unpublished 

results).  Therefore, we made new lysates from 14 days old pups from testes but in this case 

we did lysates also from ovary of adult female mice of Fmr1nb-WT mice and transgenic 

mice – Fmr1nb-2AASub and Fmr1nb-KO. We performed an isolation of proteins from mice 

tissue via RIPA buffer and in the case of WT and KO with 8M urea. These lysates were 

tested for specifity of the FMR1NB antibody using Western blotting (Figure 18).  

For blocking of nonspecific protein, a solution of milk was used. The antibody generated 

against FMR1NB protein detected FMR1NB protein surprisingly in all samples.  

 

 

Figure 18. Detection of FMR1NB protein by Western blotting. To analyze expression of FMR1NB 

protein, lysates were prepared from 16 days old pups of ovary (A) and testes (B) of Fmr1nb-WT pup mice 

and transgenic pup mice – Fmr1nb-2AASub and Fmr1nb-KO 
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But control genotyping of used Fmr1nb-KOs and Fmr1nb-WTs on an electrophoretic 

gel clearly displayed bands of proper size 483 bp and confirmed accuracy of samples  

(Figure 20). Thus, in tracks where lysates derived from Fmr1nb-KOs were loaded,  

there should not be visible any positive band representing a signal  

from anti-mouse-FMR1NB antibody. Therefore, we repeated this Western blot  

with the same conditions but we always got the same result.  

 

 

 

 

 

 

 

 

 

Figure 19. Level of expression of Fmrinb protein in testes due to days post-partum  

(Jansa, unpublished results). 

 

 

 

 

 

 

 

 

 

Figure 20. Control genotyping of Fmr1nb-WTs and Fmr1nb-KOs. 
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1.5 Discussion 

In our laboratory we started to investigate Fmr1nb gene in collaboration with prof. 

Jiří Forejt group, which is focused on research of biological phenomenon called Hybrid 

sterility (HS). HS contributes to the diversification and evolution of species by creating 

reproductive isolation barriers. This natural mechanism is widely spread among animal  

and plant species although majority of identified genes and chromosome loci responsible  

for HS came from studies on Drosophila species. Laboratory of J. Forejt developed  

a mammalian model for genetic analysis of HS, with the mouse subspecies Mus m. musculus 

(PWD) and Mus m. domesticus (B6) allowing investigation of molecular mechanisms  

and genetic networks underlying HS. In this model, incompatibilities between subspecific 

alleles of two major hybrid sterility loci, Prdm9 on chromosome 17 and Hstx2  

on chromosome X constitute the major components of genetic control of HS. Based  

on the testis-specific gene expression and polymorphisms between PWD and B6 alleles,  

it was found that the Hstx2 locus contains eight HS candidate genes. One of them,  

Fragile X mental retardation syndrome 1 neighbor gene (Fmr1nb) showed expression  

in late meiotic prophase I, which is a stage affected in HS. To verify that Fmr1nb gene plays 

some role in HS (or fertility generally) the aim of our laboratory was to generate mouse 

knockout mutants and check if the absence of Fmr1nb gene can lead to sterility of males. 

Therefore, we prepared a set of targeted deletion mutants by TALEN technology  

(Kinsky, unpublished data). The established Fmr1nb deletion mutant mouse lines have been 

studied to address the gene specific function in key meiotic stages of male germ cell 

differentiation. We found that Fmr1nb is most likely not responsible for HS as the mutant 

mouse lines did not exhibit defects in spermatogenesis, especially in synapsis  

and recombination of homologous chromosomes during meiotic  

prophase I (Kinsky, unpublished data). However, we noticed that breeding between  

WT females and 2AAsub mutant males (described previously) led to generation of offspring  

with underrepresented population of males. This phenotype is very reminiscent  

to scientifically still unknown mechanism called sex ratio distortion, which is usually 

accompanied by non-Mendelian segregation. In the breeding which we setup we expected 

gender ratio 1:1 (Female: Male), but experimentally obtained ratio led to significant 

underrepresentation of WT males. Based on this observation we started to speculate  

if mutated 2AASub allele (carrying leucine and glutamic acid) brings some benefits  
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for embryos which randomly inherited this allele. We also wanted to check whether  

the 2AASub mutation has some role in protein localization on the cellular level. Therefore 

we prepared Fmr1nb-WT allele as well as Fmr1nb-2AASub allele in fusion  

with GFP and we observed that FMR1NB-WT-GFP was localized in plasmatic membrane  

and cytoplasm, whereas FMR1NB-2AASub-GFP was localized within a nuclear envelope. 

According to this observation we decided to perform additional in silico analysis  

of FMR1NB protein. NucPred software (Brameier, 2007) predicted two short potential 

nuclear localization sequences in the sequence of human FMR1NB protein. The first NLS  

is localized at N-terminus and the second nuclear localization sequence at C-terminus  

of the FMR1NB sequence. We have been believed that both sequences could be responsible  

for transport of FMR1NB protein to the nucleus. In the case of mouse FMR1NB protein,  

the NucPred predicted only C-terminal nuclear localization sequence. Moreover, obtained 

data from NucPred software display that potential N-terminal NLS (in human FMR1NB 

protein) is surrounded by serines (one serine from each side) which could be after  

its phosphorylation responsible for activation of this N-terminal NLS. In the case of mice 

Fmr1nb protein sequence, the software predicted only the C-terminal nuclear localization 

sequence. Consequently, we performed other analysis via DISPHOS software which predicts 

„hot spot“ targets for phosphorylation. Data obtained from this analysis provided 

information that identified serines around the alternative nuclear localization signal  

on N-terminus of FMR1NB protein are amino acids which are probably phosphorylated.  

To observe if the directionality of FMR1NB protein is dependents on the phosphorylation  

of predicted serines, we decided to generate a plasmid series which would have one amino 

acid substitution in sequence of FMR1NB protein. Two sets of plasmids were constructed. 

 Each set of plasmids concludes except of Fmr1nb-WT gene always substituted  

the potentially phosphorylated serine, for phosphomimetic amino acid (Asp), 

phosphodeficient amino acid (Ala) and an amino acid Glu in the Fmr1nb gene.  

Moreover, one set of plasmids includes both (N- and C- terminal) NLSs and second set  

of plasmids has a deleted C-terminal nuclear localization signal. These plasmids  

were in fusion with GFP and used for transfection of U2OS cells. After fixation  

and immunostaining of transfected U2OS cells, these cells were visualized by confocal 

microscopy. 
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We assumed that FMR1NB-WT-GFP protein with both (N- and C-terminal)  

and also with C-terminal NLS will have cytoplasmic location in cells. Images obtained from 

confocal microscopy confirmed this proposal.  However, mutated form of protein  

FMR1NB-Ala-GFP refuted our hypothesis, that once amino acid before N-terminal  

NLS is phosphorylated, in the case of FMR1NB protein with both (N- and C-terminal) 

nuclear localization sequences, the FMR1NB protein should be located in the nucleus. 

Whereas images from confocal microscopy display that FMR1NB-Ala-GFP is located also 

in the nucleus, despite the fact, alanine is a phosphodeficient amino acid.  

FMR1NB-Ala-GFP with only N-terminal NLS exhibit predicted cytoplasmic localization. 

In the case of other mutated pair of FMR1NB protein – FMR1NB-Asp-GFP  

with both (N- and C-terminal) and C-terminal NLS showed usual cellular localization.  

Due to images obtained from confocal microscopy FMR1NB-Asp-GFP protein without 

 C-terminal NLS was in the cytoplasm and because Asp is a phosphomimetic amino acid, 

the form of this protein with both NLSs was located in the nucleus. Last mutated form  

of FMR1NB protein we work with, is FMR1NB-Glu. Images obtained from confocal 

microscopy provided relatively expected results. FMR1NB-Ala-GFP with both NLSs  

was as FMR1NB-Ala-GFP with only N-terminal nuclear loacalization signal expressed  

in the cytoplasm. During observation of FMR1NB-GFP protein we also  

find out that in the case of cytoplasmic localization, FMR1NB-GFP protein colocalize  

with endoplasmic reticulum. For this observation we used anti-Calnexin – primary antibody 

which is used as marker for endoplasmic reticulum. 

According to data obtained from confocal microscopy, we can say that for transport 

of FMR1NB-GFP protein to the nucleus, C-terminal NLS is required. Any mutated form  

of FMR1NB-GFP protein including wild type can not be transported to the nucleus without 

this C-terminal NLS. Due to this we can also say that predicted N-terminal NLS plays  

no role in protein transport to the nucleus. Moreover, with help of confocal microscopy,  

we also observed that FMR1NB-GFP protein colocalize with endoplasmic reticulum  

in the cytoplasm.   

Second part of this diploma thesis is based on the confirmation of expression  

of FMR1NB protein in testes and ovary of transgenic mice. For this purpose we decided  

to perform Western blot. First of all, we started to try to detect FMR1NB protein with using  

of both commercially available antibodies for detection of FMR1NB  
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protein –anti-human-FMR1NB (Abcam) and anti-mouse-FMR1NB (Santa Cruz) antibody 

in lysates derived from an testes of adult mice – Fmr1nb-WT mice and transgenic  

mice – Fmr1nb-2AAsub and Fmr1nb-KO. As a PC, lysate from transfected  

HEK 293T by Fmr1nb-Glu (2AAsub) plasmid DNA containing Myc tag and as a NC, lysate 

from, nontransfected HEK 293T cells we used. But we observed that anti-human-FMR1NB 

antibody could not detect FMR1NB protein in the tested lysates, whereas  

anti-mouse-FMR1NB antibody detected FMR1NB protein only in the case of positive 

control. Both membranes were consequently stripped and onto both membranes was applied 

anti-Myc antibody to confirm an episomal expression of FMR1NB protein in the positive 

control. Anti-Myc antibody deceted FMR1NB protein in the case of both membranes.  

Thus, for following experiments was used only anti-mouse-FMR1NB antibody.  

After that followed a series of other Western blots where we tried to optimize conditions  

of this WB. Then, we acquired additional data from professor Foreit group based on relative 

expression of mRNA in testes which showed that FMR1NB protein is expressed  

in the highest level in testes of 12 – 16 days old pup mice. For this reason we decided  

to make new lysates from 14 days old pups but in this case we did lysates from testes  

and also ovary of Fmr1nb-WT pup mice and transgenic pup mice – Fmr1nb-2AASub  

and Fmr1nb-KO. When we performed WB using this new lysates, we surprisingly  

got positive signal in all tracks where some sample was loaded, including tracks with lysates 

derived from. For this reason we performed an additional control genotyping of used 

Fmr1nb-KO mice but all Fmr1nb-KOs mice were confirmed. Hence, in tracks where lysates 

derived from Fmr1nb-KOs were loaded, there should not be visible any positive band 

represents a signal from anti-mouse-FMR1NB antibody. Therefore, we repeated  

this Western blot with the same conditions but we always got the same result.   
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1.6 Summary 

Theoretical part of this diploma thesis is focused on transport of proteins in the cells, 

particularly transport of proteins to the nucleus, endoplasmic reticulum, mitochondria, 

peroxisomes and Golgi apparatus. Other topic of this thesis is introduction  

to posttranslational modifications and Fragile X mental retardation 1 neighbor (Fmr1nb) 

gene. 

In experimental part of this diploma thesis, we found out that predicted N-terminal 

nuclear localization signal plays no role in the targeting of FMR1NB-GFP protein  

into the nucleus. According to our hypothesis, forms of FMR1NB-GFP  

protein – FMR1NB-Glu-GFP and FMR1NB-Asp-GFP in version with N-terminal NLS 

should be localized in the nucleus. But our data obtained from confocal microscopy show  

that any form of FMR1NB-GFP protein with only N-terminal NLS is not able to get  

into the nucleus. For this reason we can say that N-terminal NLS plays no role in the targeting 

of FMR1NB-GFP protein into the nucleus. Only two forms of FMR1NB-GFP protein  

(FMR1NB-Ala.GFP and FMR1NB-Asp-GFP) were localized in the nucleus. Whereas 

alanine is a phosphodeficient amino acid, the localization of this version of FMR1NB-GFP 

protein should be in the cytoplasm. According to this finding we can say that transport  

of the FMR1NB-GFP protein to the nucleus is not dependent on the phosphorylation  

and also that for translocation of FMR1NB-GFP protein to the nucleus, C-terminal nuclear 

localization sequence is needed. 

In the case of the confirmation of expression of FMR1NB protein in testes and ovary 

of transgenic mice, we confirmed expression of FMR1NB protein just in positive control  

with using of Myc-tag antibodies. We also selected anti-mouse-FMR1NB antibody  

(Santa Cruz) from two commercially available antibodies for detection of FMR1NB protein 

via WB. Finally we got bands of proper size represent FMR1NB protein in all tracks, 

including tracks where lysate derived from Fmr1nb-KO mice was loaded. Thus, control 

genotyping of used WTs and KOs from which lysates were derived was performed.  

This control genotyping verified produced mutants. Thus, bands of proper size  

in our Western blots in tracks where lysate derived from Fmr1nb-KO mice were loaded 

represent most likely some nonspecific protein with a similar size. This experiment should 

be verified and completed in the future.  
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