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ABSTRACT 

 

In eukaryotic cells, the nucleus is enclosed by a double lipid membrane, termed the nuclear 

envelope (NE). The NE consists of the outer nuclear membrane (ONM), the inner nuclear 

membrane (INM), the nuclear pore complexes (NPCs) and the nuclear lamina. Recently it 

has been realized that the NE proteins not only serve structural functions but are also 

involved in a diverse group of genetic diseases collectively termed laminopathies or 

envelopathies. So far, only a few NE proteins have been characterized in detail. Here, we 

have identified and investigated a novel transmembrane protein from the NE, which is 

highly conserved in evolution. We termed the protein, Spindle associated membrane protein 

1 (Samp1). During mitosis, a subpopulation of Samp1 is concentrated in the mitotic 

spindle. Samp1 has four transmembrane domains and is specifically localized to the INM. 

The N-terminal half of Samp1 contains a Zinc finger domain and is exposed in the 

nucleoplasm. Over expression of Zinc finger mutants of Samp1 gave an abnormal 

phenotype characterized by disruption of the localization of endogenous Samp1 and a 

specific set of NE proteins, suggesting that Samp1 is functionally associated with LINC 

complex and A-type lamina network proteins. After posttranscriptional silencing of Samp1 

expression we showed that Samp1 is required for correct localization of Emerin to the NE. 

We also showed that Samp1 interacts with Emerin in live cells and that this interaction can 

occur by direct binding. The fact that the interaction between Emerin and Samp1 depended 

on Zinc, supports the idea that Samp1 has functional Zinc finger(s). 

Posttranscriptional silencing of Samp1 gave rise to an increase in the distance between the 

centrosome and the NE, suggesting that Samp1 is functionally associated with the 

microtubule cytoskeleton, most likely mediated via the LINC complexes. Using high-

resolution fluorescence microscopy we showed that Samp1 is distributed in a distinct 

pattern in the NE and partially colocalized with the LINC complex protein, Sun1. We also 

showed that the Samp1 can interact with Sun1 in live cells.  

 We developed a novel method, Membrane protein Cross-Link ImmunoPrecipitation 

(MCLIP) that enables detection of specific interactions of NE proteins in live cells. Using 

MCLIP we identified specific interaction partners of Samp1 in U2OS cells.  

Human induced pluripotent stem cells (hiPSCs) displayed increased expression of Samp1 

during differentiation. Over expression of YFP-Samp1 induced a rapid differentiation of 

hiPSCs into neurons. The medium from the Samp1 over expressing hiPSCs was sufficient 

to differentiate untransfected hiPSCs.   
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1 INTRODUCTION 
 

1.1 The Nucleus 

 

In eukaryotic cells (Fig 1), the nucleus encloses most of the cell’s genetic material and 

controls several functions, for example gene regulation and chromatin organization. The 

nucleus is the principal site for the synthesis of DNA and RNA (Alberts et al., 2008). 

Transcription factors (TFs) in the nucleus regulate the gene expression according to the 

cellular requirement. Recent findings suggest that the nuclear periphery also may have 

important roles in the gene expression, but exact mechanism remains to be elucidated. The 

nucleus is enclosed by two lipid bilayer membranes termed the nuclear envelope (NE) 

(Stewart et al., 2007). During cell division, the disassembly of the nucleus allows to form the 

mitotic spindle and connect to centrosomes in order to separate the duplicated chromosomes 

into daughter cells.  

 

                              

 

 

 

Fig 1. Schematic view of a Eukaryotic cell. Modified from (Alberts et al., 2008)  
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1.2 Nuclear envelope organization 

 

The NE is made up of different components, the nuclear membranes, the nuclear pore 

complexes (NPCs) and the nuclear lamina (Stewart et al., 2007) (Fig 2). The inner nuclear 

membrane (INM) and the outer nuclear membrane (ONM) are separated by perinuclear space 

(PNS), which is continuous with the lumen of the ER (Gerace and Burke, 1988; Hetzer, 

2010). The ONM is continuous with the rough endoplasmic reticulum (RER) and contains 

ribosomes. The traditional view of the function of the NE was to maintain the shape of the 

nucleus and act as a selective barrier between the nucleoplasm and the cytoplasm. Already 

more than three decades ago it was proposed that the NE has functions in regulation and 

organization of the genome (Blobel, 1980). Since last decade the NE has taken more attention 

of the researchers because of the NE proteins were found to be involved in several genetic 

diseases, commonly termed laminopathies or envelopathies. The ONM and the INM contain 

unique sets of proteins and the repertoire varies between different cell types and tissues 

(Korfali et al., 2012). The differential expression of NE proteins in different tissues suggests 

that the NE might have a role in differentiation.  

                 

 

 

Fig 2. Overview of the nuclear envelope organization. Modified from (Stewart et al., 2007) 

LINC 

complex 
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1.3 Nuclear envelope proteins 

 

Previously subtractive proteomic studies have shown that the INM contains approximately 80 

unique transmembrane proteins (Schirmer et al., 2003, 2005; Schirmer and Gerace, 2005). In 

a recent study, Korfali and colleagues reported that the INM may contain hundreds of 

proteins and they are differentially expressed in different tissues (Korfali et al., 2012). Still, 

only a few of the INM proteins have been characterized in detail. The transmembrane INM 

proteins are synthesized on the RER and transported to their correct localization by a 

diffusion retention mechanism. According to this model, the transmembrane proteins laterally 

diffuse in the ER/NE membrane to their correct localization and then retained in the INM by 

binding to other INM proteins, or nuclear lamina (Schirmer and Foisner, 2007), or chromatin 

(Dorner et al., 2007; Ellenberg et al., 1997; Soullam and Worman, 1995).  

1.3.1 Samp1 

 

Samp1 is a transmembrane protein that specifically localized to the INM in human cells 

(Buch et al., 2009) (see paper-I & II results in the thesis). It is also referred Net5 or 

TMEM201 (Schirmer et al., 2003). Borrego-Pinto and colleagues showed that Samp1 is 

involved in nuclear migration and cell polarization in wound healing assay in NIH-3T3 cells 

(Borrego-Pinto et al., 2012). The Samp1 homologue in S. pombe, Ima1 is involved in the 

connection of MTOC (Microtubule-organizing center)/SPB (Spindle pole body) to the 

nuclear interior (King et al., 2008; Steglich et al., 2012). 

1.3.2 Emerin 

 

Emerin is a serine rich INM protein of 294 aminoacids, which is encoded by EMD gene 

located on the X-chromosome. Emerin is a type II integral membrane protein, which exposes 

its N-terminal domain in the nucleoplasm and C-terminus in the PNS. Emerin is very 

dynamic and laterally diffuses between the INM, the ONM and the ER (Ostlund et al., 1999; 

Salpingidou et al., 2007). Emerin is one of the LEM domain containing proteins (Lap2, 

Emerin and Man1). The LEM domain interact with a DNA binding protein, BAF (Barrier-to-

autointegration factor), thereby tethering chromatin to the NE (Brachner and Foisner, 2011). 

Emerin also interacts with several other proteins including the nuclear lamina (Holaska and 

Wilson, 2007; Libotte et al., 2005; Sullivan et al., 1999), and cytoskeletal components, 

tubulin (Salpingidou et al., 2007) and actin (Holaska et al., 2004; Lattanzi et al., 2003).  
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1.3.3 BAF (Barrier-to-autointegration factor) 

 

BAF is a 10 KDa protein, which is localized in the nucleoplasm and enriched at the NE 

(Furukawa, 1999; Haraguchi et al., 2001; Margalit et al., 2007; Margalit et al., 2005; Shimi et 

al., 2004). BAF directly binds double stranded DNA (dsDNA), several transcription factors, 

the LEM domain proteins Lap2, Emerin and Man1, and indirectly interact with A-type 

lamins, reviewed in (Margalit et al., 2007). BAF regulates several cellular functions in the 

cell, which includes cell cycle progression, developmental processes (Furukawa et al., 2003; 

Margalit et al., 2005) and gene expression (Holaska et al., 2003; Wang et al., 2002).  BAF is 

also involved in the heterochromatin formation by its DNA-bridging activity and ability to 

bind to the core histone H3 to repress the gene activity (Montes de Oca et al., 2005). 

However, BAF mediated gene repression is not known in detail. Down regulation of BAF by 

RNAi in C. elegans and deletion of the baf gene in Drosophila flies leads to embryonic/larval 

lethality, respectively (Furukawa et al., 2003; Margalit et al., 2005).  

1.3.4 The LINC complex 

 

The LINC (Linker of Nucleoskeleton and Cytoskeleton) complexes are trans-cisternal bridges 

across the two concentric lipid membranes of the NE (Burke and Stewart, 2002; D'Angelo 

and Hetzer, 2006). The LINC complex is formed by the interaction in the PNS between the 

ONM proteins, Nesprins and Sun proteins from the INM (shown in Fig 2) (Wilhelmsen et al., 

2006). The LINC complexes are conserved from yeast to humans. The LINC complexes has 

been found to play a major role in different cellular functions including cell division, 

centrosome association to the NE, cell polarization, nuclear migration, nuclear anchorage and 

mechanotransduction, recently reviewed in (Burke and Roux, 2009; Lei et al., 2009; Méjat 

and Misteli, 2010; Starr, 2009; Wilson and Berk, 2010; Wilson and Foisner, 2010; Zhang et 

al., 2009).  

1.3.5 Sun domain proteins 

 

Sun proteins have a C-terminal coiled coil Sun domain located in the PNS. Sun proteins 

expose their N-terminal domains in the nucleoplasm, which interacts with the nuclear lamina. 

However, this interaction is not required for their localization to INM (Crisp et al., 2006). Sun 

proteins associate with each other to form homo or hetero oligomers (Lu et al., 2008; Wang et 

al., 2006). However, recently the structure of KASH-Sun1 complex was resolved by X-ray 
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crystallography showing three KASH peptide domains of Nesprins interacting with homo 

trimeric Sun1 (Sosa et al., 2013; Sosa et al., 2012).  

1.3.6 Nesprins 

 

Most Nesprins are ONM proteins, which have a KASH (Klarischt, Anc-1, Syne homology) 

domain in their C-terminus, located in the PNS of the NE. KASH proteins have different 

sizes of their N-terminal domains projecting into the nucleo/cytoplasm. The N-terminal 

domains of KASH proteins can interact with the cytoskeletal elements actin, plectin or 

tubulin, reviewed in (Méjat and Misteli, 2010). However, shorter KASH protein isoforms 

when situate in the INM interact with the nucleoskeleton. 

1.3.7 The nuclear pore complex 

 

The nuclear pore complexes (NPCs) are highly conserved multi protein assemblies of 

approximately 125 MDa molecular mass, which are harbored by the nuclear pores (Fig 3) 

(D'Angelo and Hetzer, 2008; Hetzer, 2010; Tran and Wente, 2006). The NPCs are 

responsible for nucleocytoplasmic transport of proteins, RNA and ribonucleoprotein 

complexes (Beck et al., 2004; Terry et al., 2007). The NPCs allows passage of small 

molecules by passive diffusion. However, proteins with a molecular mass larger than 40 KDa 

require specific signals and are transported by an active mechanism involving nuclear 

transport receptors and the Ran GTPase (Rout and Aitchison, 2000). The NPCs consists of 

multiple copies of ~30 different proteins termed nucleoporins (Nups), arranged in an eight-

fold symmetry. Many Nups are conserved from humans to yeast (Akey, 1995; Asakawa et 

al., 2014; Cronshaw et al., 2002; Rout and Aitchison, 2000; Strambio-De-Castillia et al., 

2010). The Nups can be sub-divided into four groups. The membrane associated proteins, 

termed the pore membrane proteins (POMs) (Hallberg et al., 1993), anchor the NPC to the 

membrane. The core scaffold proteins form the outer and inner rings. The phenylalanine-

glycine (FG) Nups, line the surface of the central channel that connects the nuclear and 

cytoplasmic face. The adaptor Nups, connects the core scaffold proteins and FG Nups. (Fig 

3) (Asakawa et al., 2014; Cronshaw et al., 2002; Rout and Aitchison, 2000; Strambio-De-

Castillia et al., 2010). The NPCs are nonrandomly distributed in the NE and is dependent on 

the nuclear lamina (Aaronson and Blobel, 1975). In one study, The LINC complex protein, 

Sun1 was associated with the NPCs and depletion of Sun1 or over expression of dominant-

negative forms of Sun1 lead to nuclear pore clustering (Liu et al., 2007).  
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1.3.8 The nuclear lamina 

 

The nuclear lamina is a thin mesh like network of type-V intermediate filament proteins, 

which underlies the INM (Stuurman et al., 1998). The nuclear lamina is known to associate 

with proteins of both the INM and chromatin (Aebi et al., 1986; Gerace et al., 1978; Wilson 

and Foisner, 2010). The nuclear lamina consists of two different types of mutually exclusive 

networks, termed A- and B-type lamin networks (Gruenbaum et al., 2000; Shimi et al., 2008). 

Lamin A and C are two splice variants encoded by a single gene, LMNA. Lamin B1 and B2 

are B-type lamins, encoded by separate genes LMNB1 and LMNB2, respectively (Dittmer and 

Misteli, 2011). Lamin proteins have three domains termed, N-terminal “head domain”, a 

central coiled-coil “rod domain” and C-terminal tail including an “Ig-fold domain” (Dechat et 

al., 2008; Dittmer and Misteli, 2011). Previous reports showed that purified lamins in vitro 

first dimerize by their rod domain, and then the dimers associate in a head-to-tail manner to 

form linear polymers. Finally, linearized polymers associate laterally in a staggered 

antiparallel manner to form a lamina network (Simon and Wilson, 2013). However, the in 

vivo lamina network arrangement needs to be further investigated. Lamin proteins are 

synthesized on free polysomes and post-translationally modified prior to filament assembly. 

Lamin proteins maturation undergoes the following steps. Prelamin A is first farnesylated at 

the cysteine residue of the C-terminal -CaaX motif, followed by proteolytic cleavage by 

Fig 3. Schematic view of the nuclear pore complex and comparison of Nups between 

vertebrates and yeast. From (Strambio-De-Castillia et al., 2010) 
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either Rce1 or Zmpste24 to release aminoacids -aaX from the C-terminus (Fig 4). After 

proteolytic cleavage, the farnesylated cysteine is carboxymethylated by carboxyl 

methyltransferase. Finally farnesylated, carboxymethylated prelamin A undergoes further 

proteolytic cleavage by Zmpste24 to form mature Lamin A devoid of its farnesylated C-

terminal tail (Fig 4) (Broers et al., 2006; Dechat et al., 2010; Dechat et al., 2008; Simon and 

Wilson, 2013). However, B-type lamins keep their farnesyl group, which facilitates 

association with the NE.  

                                                                                                                                                               

 

 

The nuclear lamina has been shown to be important for the nuclear stability, especially in 

tissues involved in mechanical force generation as muscle fibers (Cohen et al., 2008). Also, it 

has been suggested that the nuclear lamina is involved in chromatin organization, 

differentiation, DNA replication and DNA repair processes. For example, using the DamID 

(DNA adenine methyltranferase Identification) technique it has recently been shown that the 

nuclear periphery associates with specific regions of the chromatin termed Lamina 

Associated Domains (LAD’s) which associate with the down regulation of specific genes 

(Kind et al., 2013; Kind and van Steensel, 2010; Luperchio et al., 2014; Peric-Hupkes and 

van Steensel, 2010). B-type lamins are expressed and localized to the NE in most cell types in 

both embryos and adult animals (Lehner et al., 1987; Lourim and Lin, 1989; Stuurman et al., 

1998). Posttranscriptional silencing of B-type lamins in somatic cells induced apoptosis 

Fig 4. Post-translational modifications of lamins. From (Dechat et al., 2010) 
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(Harborth et al., 2001), suggesting that B-type lamins are essential for survival of cells. 

However, by creating embryonic stem cells (ESCs) null for Lamin B1 and B2 it was 

demonstrated that B-type lamins are not essential for survival of ESCs (Hutchison, 2014; 

Kim et al., 2011; Kim et al., 2013), suggesting that in contrast to somatic cells the ESCs may 

not require any type of lamins for their survival. In contrast, A-type lamins are highly 

expressed in differentiated cells but not in undifferentiated cells (Constantinescu et al., 2006; 

Eckersley-Maslin et al., 2013), suggesting that A-type lamins are not an essential element for 

cell survival. However, in several studies Lamin A/C was used as differentiation marker. 

1.4 Laminopathies 

 

Laminopathies or envelopathies are a diverse group of genetic diseases, which are caused due 

to mutations in genes, encoding or affecting NE proteins. For example mutations or deletions 

in EMD or few mutations in LMNA genes give rise to Emery-Dreifuss Muscular Dystrophy 

(EDMD) (Broers et al., 2006). The laminopathies usually set on in adults and are 

characterized by different phenotypes including nuclear morphology aberrations, NE protein 

aggregation and/or detachment of heterochromatin from the NE, reviewed in (Davidson and 

Lammerding, 2014; Wilson and Foisner, 2010). The laminopathies can be further divided 

into different categories based on the affected tissue. In muscular dystrophy diseases mainly 

weakening/wasting of muscles occurs (Bione et al., 1994) without affecting other tissues. In 

accelerated aging syndrome, or premature aging, several tissues are affected (Azibani et al., 

2014; Hutchinson, 1886).  

The major cause of several diverse laminopathies including muscular dystrophies, 

cardiomyopathies and lipodystrophies is due to mutations or loss of the LMNA gene that 

encodes A-type lamins (Broers et al., 2006; Gruenbaum et al., 2005; Mattout et al., 2006; 

Mounkes et al., 2003; Muchir et al., 2004; Scaffidi and Misteli, 2006; Worman, 2012). Bonne 

and colleagues identified mutations in the LMNA gene that cause Autosomal-Dominant 

EDMD (AD-EDMD) (Bonne et al., 1999). So far, a couple of hundred disease causing 

mutations have been identified in the LMNA gene. However, the list of mutations is 

expanding (Azibani et al., 2014; Butin-Israeli et al., 2012). Several labs created LMNA-/- and 

disease mutation models. Most of the model animals were normal at birth but rapidly 

displayed defects in their growth, especially in muscles.  

So far, very few studies have been reported about diseases with mutations in B-type lamins.  

Duplication of the LMNB1 gene gave rise to leukodystrophy (Padiath et al., 2006) and 
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mutations in the LMNB2 gene gave rise to partial lipodystrophy (Hegele et al., 2006). Mice 

with B-type lamin deficiency displayed abnormal nuclear morphology in neuronal cells, 

which led to defects in the neuronal development (Coffinier et al., 2010; Coffinier et al., 

2011).  

Bione and colleagues identified mutations in the EMD gene that leads to a genetic disorder 

termed X-linked EDMD (Bione et al., 1994). In different cases of X-EDMD, Emerin is 

functionally inactive. Patient cells carrying mutations in the EMD gene display an interesting 

phenotype, an increased distance between the centrosome and the NE (Salpingidou et al., 

2007). In several cases of AD-EDMD patient cells displayed similar phenotypes of X-

EDMD, for example centrosome detachment from the NE.  

In other studies it has been shown that mutations in genes encoding LINC complex proteins 

also give rise to EDMD phenotypes. For example dominant mutations in SYNE-1 and -2 

genes which encodes for Nesprin-1 and -2 proteins, respectively give rise to detachment of 

centrosome from the NE (Puckelwartz et al., 2009; Puckelwartz et al., 2010; Zhang et al., 

2007). Recently, Li and colleagues discovered that at least one X-EDMD patient cells 

displayed additional mutations in the LINC complex protein, Sun1 (Li et al., 2014). 

Suggesting, there are more unknown players which may have involved in EDMD disease 

mechanism. 

In different cases of laminopathies, including HGPS (Hutchinson-Gilford progeria syndrome) 

(Viteri et al., 2010) and Dunningan-type familial partial lipodystrophy (Verstraeten et al., 

2009), patient cells displayed a significant increase in the ROS (reactive oxygen species) 

levels and accumulation of oxidized proteins. The above results suggests that the increased 

levels and accumulation of ROS in the laminopathic patient cells may led to DNA damage, 

reviewed in (Hutchison, 2011). 

1.5 Chromatin organization 

 

The chromatin is made up of dsDNA and histone proteins. The DNA is wrapped around the 

nucleosomes, which are composed of histones. The chromatin is classified into two different 

types based on their condensation. Several studies showed that the chromatin is highly 

condensed in the nuclear and nucleolar periphery, this chromatin is transcriptionally inactive 

or silent and termed heterochromatin, reviewed in (Padeken and Heun, 2014; Stancheva and 

Schirmer, 2014). In the interior of the nucleus, the chromatin termed euchromatin tends to be 

more loosely organized to give access to DNA and RNA polymerases for their activity in 
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transcription. The chromatin organization at the nuclear periphery involve the nuclear lamina 

and associated proteins (Bickmore, 2013; Kind et al., 2013; Kind and van Steensel, 2010; 

Luperchio et al., 2014; Peric-Hupkes and van Steensel, 2010; Zuleger et al., 2011). The 

Tudor domain of the INM protein lamin B receptor (LBR) interacts with heterochromatin 

protein 1 (HP1), which is important for heterochromatin formation. The LEM domain 

proteins from the INM interact with BAF, which is able to bind directly to DNA (See the 

BAF section) (Foisner and Gerace, 1993; Segura-Totten and Wilson, 2004; Tifft et al., 2006; 

Umland et al., 2000). During differentiation of pluripotent cells the chromatin becomes less 

dynamic by formation of heterochromatin in the nuclear periphery, which is a hallmark of the 

differentiated cell (Bhattacharya et al., 2009; Meshorer and Misteli, 2006). So far, only a few 

studies have elaborated on the mechanism of how NE proteins participate in chromatin 

organization. However, further studies of the NE organization in detail may give more 

information about the chromatin organization and also how NE proteins are involved in 

several genetic diseases (See laminopathies section).  

1.6 Differentiation 

 

In multi cellular organisms, the pluripotent cells are able to differentiate into three germ 

layers termed ectoderm, endoderm and mesoderm (Gieseck et al., 2014). The germ layers can 

further differentiate into several different cell lineages, for example muscular or neuronal 

cells. The differentiated cells are the building blocks of an organism. Cell lineage specific 

transcription regulators are expressed to differentiate pluripotent cells into specialized cell 

types, although the mechanism is not clearly known. Also, the chromatin is reorganized 

during the differentiation process (See the chromatin organization section) and chromatin 

modifications might influence the differentiation process (Bernstein et al., 2006). So far, very 

few studies have reported NE proteins to be involved in the differentiation process (D'Angelo 

et al., 2012; Smith et al., 2011). However, the role of the NE in differentiation is a 

challenging task for the future. 

1.7 Mitosis 

 

Mitosis is the event of nuclear division, where the genetic material is equally divided into 

daughter nuclei (Fig 5). Metazoans undergo open mitosis, where the NE disassembles to give 

access for microtubules to form the mitotic spindle. In contrast, yeast undergoes closed 

mitosis, where the NE remains intact and MTOC/SPB is inserted into the NE (Smoyer and 

Jaspersen, 2014). Aspergillus nudulans and Saccharomyces japonicus undergoes semi-open 
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mitosis, where the NE remains intact but the NPCs disassemble, this allows the diffusion of 

proteins involved in the mitotic machinery. Mitosis is an accurately controlled event with 

several checkpoints (Nezi and Musacchio, 2009; Zhou et al., 2002). Missegregation of 

chromosomes results in aneuploidy, which is the major cause of development of chromosome 

instability and cancer (Weaver and Cleveland, 2006; Weaver et al., 2006). Prior to mitosis in 

S-phase, the centrosome/MTOC and the genome are duplicated. During prophase, the 

microtubules assemble into a mitotic spindle, initiated by the nuclear envelope breakdown 

(NEBD). This is crucial for the chromosome alignment and separation, and at the same time 

the duplicated genetic material is condensed to form visible chromosomes. In prometaphase, 

the duplicated centrosomes start to move to opposite poles of the NE and also microtubules 

form a mitotic spindle with attached chromosomes. In metaphase, the chromosomes are 

arranged in a flat metaphase plate connected to the bipolar spindle. In anaphase, the spindle 

poles move further apart with the forces generated by primarily overlapping and astral 

microtubules to segregate the chromosomes. The NE reassembles on the separated 

chromosomes in late anaphase/telophase forming two daughter nuclei (Beaudouin et al., 

2002; Zhou et al., 2002).  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Interphase Prophase Prometaphase 

Metaphase Anaphase Telophase 

Fig 5. Schematic representation of Mitosis. Modified from (Zhou et al., 2002) 
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After nuclear division, the newly formed nuclei and the cytoplasm are divided into two 

daughter cells by the contraction and abscission of the plasma membrane. This is termed 

cytokinesis.  

1.7.1 Nuclear envelope breakdown (NEBD) 

 

In open mitosis the NEBD is one of the crucial step, marking the end of prophase, reviewed 

in (Burke and Stewart, 2002; Hetzer et al., 2005; Smoyer and Jaspersen, 2014). The NEBD is 

initiated through disassembly of NPCs and nuclear lamina. The nuclear lamins and INM 

proteins are phosphorylated, which counteract protein-protein interactions. As soon as the 

nuclear lamina disassembles, the microtubule cytoskeleton physically tears the membrane to 

complete the NEBD process. 

Previously, it was assumed that the nuclear lamina solubilizes and transmembrane NE 

proteins disperses into the ER during mitosis (Fig 6a) (Ellenberg et al., 1997). However, in 

2009 we reported the existence of a specific membrane domain of the mitotic spindle (Buch 

et al., 2009), an observation confirmed by other labs (Lu et al., 2009; Wilkie et al., 2011) (Fig 

6b). However, the function of membranes and membrane proteins in the mitosis has to be 

elucidated in detail. 

                                       

 

 

 

 

                                        

 

 

1.8 Embryonic stem (ES) cells and human induced pluripotent stem (hiPS) 
cells 

 

Stem cells are the pluripotent cells, they can differentiate into specialized cells of the 

organism. In 1998, for the first time the ES/PS cells (Fig 7) were isolated from the mouse 

Fig 6. Schematic sketch of spindle endomembranes (SE). Modified from (Figueroa et al., 

2011)  

 

a b 
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embryos (Mountford et al., 1998). In mice, the zygote is formed after fertilization and 

undergoes several cell divisions to give rise to a mass of cells, termed the morula that consists 

of 16 cells. As development proceeds, the cells in the morula further divide and form the 

blastocyst. In the blastocyst, the cells are arranged in two different layers; the outer layer or 

trophoectoderm and the inner layer or inner cell mass (ICM). The ICM is the source of the 

pluripotent stem cells in embryos (Gieseck et al., 2014; Sánchez Alvarado and Yamanaka, 

2014). 

 

 

 

                 

 

 

 

 

 

 

 

 

Human induced pluripotent stem cells (Fig 8) were first generated in the year 2006 

(Takahashi and Yamanaka, 2006; Yamanaka and Takahashi, 2006) and represents a novel 

discovery in regenerative medicine. hiPSCs were derived from fibroblasts after ectopic over 

expression of only four specific transcription factors namely, Sox2, Oct4, c-myc and Klf4 

(Nakagawa et al., 2008; Takahashi et al., 2007; Yamanaka, 2008a, b). Development of 

hiPSCs from patients has advantages and several applications because of their immune 

specificity. hiPSCs can be used in cell replacement therapies, disease models and also in 

development of new drugs. The major disadvantage of hiPSCs over ESCs is they are 

produced by using viral transduction and associated risks. hiPSCs are pluripotent and can 

differentiate into several other cell types. For example, over expression of specific cell 

Fig 7. Schematic view of embryonic stem cells development. Modified from (Gieseck et 

al., 2014) 
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lineage regulators/transcription factors (TFs) differentiate hiPSCs into neurons, under 

conditions promoting differentiation, reviewed in (de Peppo and Marolt, 2012; Zhang et al., 

2013). It has been reported that Silencing of lamin A enhances the generation of hiPSCs (Zuo 

et al., 2012) suggesting that the nuclear periphery might play a role in the production of 

hiPSCs. However, the mechanism is not known.   

                                                                                                                                                              

 

 

Recent studies showed that expression of specific NE proteins might have a role in the 

generation of specialized differentiated cells from the pluripotent stem cells (Constantinescu 

et al., 2006; D'Angelo et al., 2012; Eckersley-Maslin et al., 2013; Smith et al., 2011; Zhang et 

al., 2013). In the present thesis (Paper-IV), we discuss how the INM transmembrane protein, 

Samp1 enhances the differentiation of hiPSCs into neurons. 

ES and iPS cells have similar important properties; they are self-renewable, pluripotent, 

express pluripotent markers and they grow as multi layered colonies with boundaries. Self-

renewal means that they can divide indefinitely and increase their population without any 

genomic abnormalities. Pluripotency means that they can differentiate into several specialized 

cells of an organism. However, ES and iPS cells have dissimilarities in the epigenetic 

landscape, protein expression and posttranslational modifications (Bernstein et al., 2006; 

Brumbaugh et al., 2011).  

Somatic cells 

Oct3/4 

SOX2 

KLF4 

C-myc 

iPSCs 

Fig 8. Flow chart of induced pluripotent stem cells generation.   
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2 METHODOLOGY 

2.1 Microscopy 

 

Microscopy in combination with computational image analysis is a powerful tool in scientific 

research. In our studies very often we used confocal laser scanning microscopy (CSLM). The 

major advantage of CSLM is elimination of out-of-focus light from the illuminated sample. A 

pinhole aperture is placed in front of the detector, which gives crisp optical sections at 

different focal depths of the sample. The size of the pinhole can be adjusted, by this 

adjustment only light emitted from the focal plane of the sample will be detected. Series of 

optical sections can be projected to give a 3D-image of the sample.                               

                          

 

 

2.2 Culture and plating of human induced pluripotent stem (hiPS) cells.  

 

Human induced pluripotent stem cells (hiPSCs) were grown in serum free and sterile 

pluripotent stem cell medium on a cell matrix basement membrane gel. ROCK inhibitor was 

used to prevent dissociation derived differentiation. To prevent spontaneous differentiation of 

hiPSCs, we needed to change the medium every 24 hrs and passage colonies after every 4 or 

5 days.  We developed specific techniques to plate hiPSC colonies onto glass bottom dishes 

coated with cell matrix basement membrane gel in order to keep the hiPSC colonies in the 

middle of the dish, which was very tricky.  To overcome this we used a phase contrast 

microscope in combination with micromanipulator to cut out selected monolayer areas of 

colonies in the cultures and plate them in the middle of a 35mm glass bottom dish. In this 

way we could preserve pluripotency for up to 30 passages. 

Fig 9. Schematic representation of confocal laser scanning microscopy. From public domain.   
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2.3 MCLIP (Membrane protein Cross-Link ImmunoPrecipitation) 

 

Investigating interactions of transmembrane NE proteins is very difficult because extracting 

them from the membranes requires very harsh conditions, such as urea, which denatures the 

proteins and disrupts interactions. Therefore, we developed a novel method to study the 

interactions of hard-to-extract proteins. In this method we used a cell permeable in vivo 

crosslinker Dithiobis [succinimidyl propionate] (DSP), which has a spacer arm length of 12 

Å. DSP contains a disulphide bond in the middle allowing reversal of the crosslink. Live cells 

were incubated with DSP for 15 min to crosslink associated neighboring proteins. After 

incubation, we quenched the reaction using Tris-HCl (pH-7.4). Solubilization of crosslinked 

proteins was performed using 7M urea and 1% Triton X-100. After solubilization of protein 

complexes, the urea concentration was reduced to 0.8M, which is tolerated by antibodies to 

perform specific co-immunoprecipitation of binding partners. 
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3 AIM OF THE THESIS 

The overall aim of this thesis is to elucidate the functional organization of nuclear envelope 

proteins. 

3.1 Individual aims of papers: 

Paper-I 

To characterize a novel transmembrane protein from the nuclear envelope. 

Paper-II 

To elucidate the functional domains and interactions of the nuclear envelope protein, Samp1.  

Paper-III 

To investigate protein-protein interactions of nuclear envelope proteins. 

Paper-IV 

To investigate the role of the nuclear envelope proteins in differentiation. 
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4 RESULTS AND DISCUSSION 

 

4.1 Samp1 is a novel transmembrane protein specifically located in the inner 

nuclear membrane and functionally associated with the microtubule 

cytoskeleton (paper-I). 

 

Subtractive proteomic studies for NE proteins in rat liver (Schirmer et al., 2003), leukocytes 

(Korfali et al., 2010) and muscles (Wilkie et al., 2011) has resulted in a long list of putative 

novel NE protein candidates. In this paper we focused on one of these putative 

transmembrane NE proteins identified in rat liver, Net5 (Schirmer et al., 2003). We found this 

protein especially interesting because it was conserved from humans to S. pombe and 

silencing of its homologue in a genome-wide siRNA screen in C. elegans, gave rise to 

phenotypes associated with mitotic defects (Sönnichsen et al., 2005). We termed this protein 

Samp1, because of reasons that will be discussed later (Page 19-20). 

To characterize Samp1, we raised antibodies against a peptide located in the C-terminus and 

purified them using affinity chromatography. The purified antibodies gave rise to a single 

band of expected size in Western blotting of total cell lysates. The antibodies specifically 

stained nuclear rims in immunofluorescence microscopy. Both the 43 KDa band in Western 

blot and nuclear rim labeling disappeared after posttranscriptional silencing of Samp1 using 

siRNA. Hence, we concluded that the antipeptide antibodies were specific for Samp1 and that 

Samp1 was specifically localized in the NE. In humans Samp1 has three splice isoforms. We 

focused on the shortest isoform, which has a unique C-terminus recognized by our antibodies. 

Furthermore, Samp1 resisted 7M urea extraction, which proves that Samp1 is a 

transmembrane protein. Using immunoelectron microscopy and epitope accessibility assay in 

semi permeabilized cells we showed that Samp1 was specifically located in the INM. Taken 

together our data show that Samp1 is a novel transmembrane protein that specifically 

localizes to the INM. 

We also investigated phenotypic changes after siRNA mediated silencing of Samp1 

expression. Surprisingly, we noticed a significant increase in the distance between the NE and 

the centrosomes of Samp1 depleted cells (Fig 10), showing that Samp1 is functionally 

associated with the centrosome and microtubule cytoskeleton. Detachment of centrosomes 

from the NE has also been observed, in cells from Emery-Dreifuss muscular dystrophy 

patients carrying mutations in LMNA or EMD (Hale et al., 2008; Salpingidou et al., 2007), in 
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embryonic fibroblasts from LMNA-/- mice and fibroblasts over expressing A-type lamin 

mutants (Hale et al., 2008). Centrosome detachment was also observed in cells post-

transcriptionally silenced with siRNA against Emerin (Salpingidou et al., 2007), as well as in 

cells carrying mutations in Nesprins (Malone et al., 2003). This suggests that A-type lamins, 

the LINC complex proteins, Emerin and Samp1, function together in a cellular process which 

is important for the specific disease mechanism behind muscular dystrophy.   

                                                                                                                                         

 

 

 

 

 

 

 

4.2 Samp1 is concentrated in the mitotic spindle during mitosis (paper-I).  

 

To study the distribution of Samp1 during the cell cycle, we performed immunofluorescence 

microscopy using antipeptide antibodies specific for Samp1 and live cell imaging in cells 

expressing YFP-Samp1. During mitosis, INM proteins are known to disperse into the ER 

(Ellenberg et al., 1997). Surprisingly, we noticed that a significant fraction of Samp1 was 

concentrated in the mitotic spindle during metaphase in both live (Fig 11A, arrow) and fixed 

cells (Fig 11B, arrow). Hence, we termed this protein Samp1 (Spindle associated membrane 

protein 1). The localization of Samp1 to the mitotic spindle was not specific for HeLa cells, 

but also occurred in neuroblastoma (SH-SY5Y) and MDCK cells. The enrichment of Samp1 

in the mitotic spindle even after post-transcriptional silencing, suggests that Samp1 might 

have an important role in the mitotic machinery. Our study was the first to demonstrate the 

existence of a specific membrane domain in the mitotic spindle. After our study, Lu and 

colleagues (Lu et al., 2009) showed that several ER proteins tagged with GFP also located in 

the mitotic spindle. Although the ER proteins were not enriched in the spindle, the study 

supports the idea of the presence of membranes in the spindle (Lu et al., 2009). More 

recently, Wilkie and colleagues showed that two novel proteins from the INM, WFS1 and 

Fig 10. Centrosome detachment from the NE after post-transcriptional silencing of 

Samp1. 

  
Silencing of Samp1 

Nucleus Nucleus 

Centrosome 

Centrosome 
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Tmem214 (Wilkie et al., 2011) were also concentrated in the mitotic spindle. The 

nucleoplasmically exposed N-terminal domain of Samp1 is sufficient to localize Samp1 to 

the mitotic spindle. Intersetingly, genome wide RNAi screens in HeLa cells (Neumann et al., 

2010) and in C. elegans (Sönnichsen et al., 2005) siRNA mediated silencing of Samp1 

expression resulted in mitosis defective phenotypes.  

                                                                         

 

 

 

 

 

4.3 Samp1 distributes in specific micro-domains partially overlapping with 

LINC complex protein, Sun1 (paper-II).  

 

With the development of better microscopes more and more labs have showed that many NE 

proteins distribution in specific micro-domains (Liu et al., 2007; Lu et al., 2008; Maeshima et 

al., 2006; Shimi et al., 2008). For example Lamin A/C and Lamin B distributes in separate 

networks with mutual exclusion (Shimi et al., 2008). To investigate the distribution of Samp1 

in the INM we used high resolution fluorescence microscopy. We applied deconvolution on 

immunofluorescence microscopy image stacks along the Z-axis acquired by CLSM. 

Immunostaining of Samp1 was not uniformly distributed in the INM but instead gave rise to 

a distinct dotty pattern, which showed a partial colocalization with the LINC complex 

protein, Sun1. This is interesting in light of the functional association between Samp1 and the 

microtubule cytoskeleton, c.f. 4.1.  

4.4 Membrane topology of Samp1 (paper-II).  
 

Samp1 was suggested to have five transmembrane domains by membrane topology 

prediction programs. To investigate the functional domains of Samp1, we created deletion 

mutants from the C-terminus of YFP-Samp1. Surprisingly, deletion mutants lacking the four 

predicted transmembrane domains in the C-terminal half of Samp1 distributed in the 

nucleoplasm instead of nuclear rim. We concluded that the first hydrophobic domain is not a 

Fig 11. A sub fraction of Samp1 localized to the mitotic spindle in live (A) and fixed (B) 

cells. Modified from (Buch et al., 2009)   

A B 
YFP-Samp1 Phase Phase α-Samp1 
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true transmembrane domain and that both the N- and C-terminal ends are exposed in the 

nucleoplasm (Fig 12). This is in agreement with the topology of homologues of Samp1 in 

fission yeast (King et al., 2008) and Chaetomium thermophilum (Ct) (Jafferali et al., 2014) 

                               

 

4.5 The Zinc finger domain of Samp1 is responsible for its localization to the 

NE and interaction with Emerin (paper-II).  

 

The N-terminal tail of Samp1 contains eight conserved cysteine residues organized in four     

-CXXC- motifs, which might be able to form two Zinc fingers. Furthermore, silencing of 

Samp1 expression showed that Emerin localization to the INM was dependent on the 

presence of Samp1. To investigate a possible interaction between Samp1 and Emerin we 

performed co-immunoprecipitation using GFP-antibodies in cells over expressing YFP-

Samp1. The experiment showed that Samp1 interacts with Emerin and that the interaction 

only occurred in the presence of Zinc ions (Fig 13), supporting the existence of functional 

Zinc finger(s) in Samp1.   

 

                                                

Fig 12. Membrane topology of Samp1. Adapted from (Gudise et al., 2011) 

Fig 13. Samp1 interacts with Emerin in the presence of Zinc ions. Adapted 

from (Gudise et al., 2011) 
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4.6 Zinc finger mutants of Samp1 disrupts NE and chromatin organization 
(Paper-II)  

 

We constructed cysteine to alanine substitution mutations in YFP-Samp1 to disrupt Zinc 

finger formation. These mutants showed mislocalization to cytoplasmic membranes, 

suggesting that Zinc finger formation might be responsible for the proper localization of 

Samp1 to the INM. 

After over expression of Zinc finger mutants, we noticed that not only Samp1 was 

mislocalized but also that the nuclei acquired a lobulated shape and loss of peripheral 

chromatin. The effect was very strong and appeared similar to morphologies of nuclei in cells 

expressing laminopathic disease mutations or down regulation of lamins (Dechat et al., 2008; 

Gruenbaum et al., 2005; Sullivan et al., 1999). Interestingly, over expression of Zinc finger 

mutants also showed effects on the localization to the INM of a specific set of INM proteins 

including Emerin, Lamin A/C and Sun1, but not Sun2, nuclear pores and Lamin B. The effect 

on the INM organization suggests that Samp1 functionally associates with the A-type lamina 

network proteins. Samp1 association/interaction with the A-type lamina network proteins 

may be essential for Samp1 anchorage to the NE. 

4.7 Samp1 interacts with Sun1, Emerin, Lamin B1 and Ran in live cells 

(paper-III). 

 

It has traditionally been very difficult to study protein-protein interactions of membrane 

proteins of the NE because they are difficult to extract from the membranes in their native 

form. To overcome this problem we developed an efficient method, to identify and study 

interactions of NE proteins in live cells that we termed MCLIP (Membrane protein Cross-

Link ImmunoPrecipitation). 

To elucidate the interaction network of Samp1, we used MCLIP (See methodology section) 

to crosslink interacting proteins using a cell permeable crosslinker followed by complete 

solubilization in Triton X-100 and 7M urea. After dilution of the urea, the samples were 

subjected to immunoprecipitation using α-GFP antibodies. In U2OS cells expressing YFP-

Samp1 or Samp1-YFP MCLIP was able to specifically coprecipitate Emerin, Sun1, Ran and 

Lamin B1 but not Lamin A/C, Sun2, p62, Nup214, POM 121 or Nup210/gp210, 

demonstrating that MCLIP detects specific interactions. The previously reported interaction 

between Samp1 and Emerin using Co-IP in vitro (Gudise et al., 2011), was reproduced in 

vivo. Also, the interaction between Samp1 and Sun1 that was suggested in paper-II was 
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reproduced and could explain the centrosome detachment observed in Paper-I. Furthermore, 

using recombinantly expressed proteins in E. coli we showed that N-terminal domains of Ct. 

Samp1 and human Emerin can bind to each other directly.  

4.8 Samp1 in differentiation (paper-IV). 
 

It is known that the nuclear periphery plays important roles in organization of chromatin and 

may influence the differentiation of cells. However, there is very little known about the role 

of individual NE proteins during differentiation. Yet, it is known that Lamin A/C expression 

correlates with differentiation of pluripotent cells (Constantinescu et al., 2006; Eckersley-

Maslin et al., 2013). Samp1 is differently expressed in different tissues (Figueroa et al., 2010; 

Korfali et al., 2012). In order to investigate the Samp1 expression during differentiation we 

employed human induced pluripotent stem cells (hiPSCs) as model system in paper-IV. 

4.9 Samp1 is localized to the NE in the spontaneously differentiated 

pluripotent cells but not in undifferentiated cells (paper-IV).  

 

We characterized the nuclear envelope organization in differentiating hiPSCs by 

immunofluorescence using antibodies specific for different NE proteins. The distribution and 

expression of the LINC complex proteins, Sun1 and Sun2 were similar in both 

undifferentiated and differentiated cells. We observed low levels of Lamin A/C in 

undifferentiated cells and higher levels in early stages of differentiation, consistent with 

previous studies on ES cells showing increased Lamin A/C staining after spontaneous 

differentiation (Constantinescu et al., 2006; Eckersley-Maslin et al., 2013). We found that 

Samp1 displayed a similar expression pattern as Lamin A/C. This is consistent with the 

expression pattern in differentiating hES cells (unpublished). Emerin was expressed in both 

undifferentiated and differentiated cells but the enrichment in the NE was higher in 

differentiated cells correlating with the appearance of its binding partners, Samp1 (Gudise et 

al., 2011) and Lamin A/C (Libotte et al., 2005; Sullivan et al., 1999). Previously, Emerin was 

shown to be localized to the NE after 2-5 days of differentiation of ES cells (Butler et al., 

2009) and redistributed during adipogenic differentiation (Verstraeten et al., 2011). These 

results call for further investigation of the relation between the differential expression of NE 

proteins and the differentiation process. 

 

 



 

24 

4.10 Over expression of Samp1 induces rapid differentiation in hiPSCs into 

neurons (paper-IV). 

 

To our surprise we discovered that after transient over expression of YFP-Samp1 in 

undifferentiated hiPSC colonies, the morphology of the colonies were drastically changed 

even under conditions promoting pluripotency. The effect was massive, affecting all cells in 

the colony and occurred very rapidly (within 24 hrs). The effect was specific for Samp1 

because there are no changes in the morphology of hiPSC colonies transfected with cDNA 

encoding YFP or YFP-Emerin.  

Interestingly, an increased level of Lamin A/C and βIII-tubulin were observed in cells 

transfected with YFP-Samp1 (Fig 14, arrow) but not in untransfected cells or, cells 

transfected with YFP alone. Our study is, to our knowledge, the first to show that transient 

over expression of an INM protein induces rapid (6 days) differentiation of hiPSCs into 

neurons. Previously, several different labs reported that the differentiation of pluripotent stem 

cells into neurons under conditions promoting differentiation required longer times varying 

between 1 to 6 weeks, reviewed in (Zhang et al., 2013). In another report, over expression of 

a LINC complex protein, Nesprin-1, enhanced differentiation of ES cells most likely by 

modifying the architecture and chromatin binding property of the NE (Smith et al., 2011). 

Also, a recent study showed that Nup210/gp210 promoted differentiation by increasing the 

activity of specific set of genes in ES and myoblasts (D'Angelo et al., 2012). However, the 

mechanism has to be studied in detail. 

                 

 

 

 

 

Finally, I speculate that transient over expression of YFP-Samp1 may organize the NE 

composition and the organized NE might have an impact on the chromatin organization and 

gene expression to induce differentiation of hiPSCs into neurons. In regard to a role of Samp1 

in chromatin organization, I would like to mention that Samp1 has been reported to affect 

intranuclear positioning of specific chromosomes in human cells (Zuleger et al., 2013)  and 

Fig 14. Samp1 specifically induces differentiation of hiPSCs into neurons. 
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that its homologue in fission yeast, Ima1, was found to preferentially colocalize with 

heterochromatin (Steglich et al., 2012) and interact with centromeric heterochromatin (King 

et al., 2008).     

4.11 The medium from hiPSC colonies transfected with YFP-Samp1 cDNA is 

sufficient to differentiate undifferentiated hiPSC colonies (paper-IV).  

 

We noticed that during YFP-Samp1 induced differentiation, only a few cells were actually 

transfected. Nevertheless the effect was global in hiPSC colonies. We hypothesized that the 

transfected cells, when differentiating may secrete soluble factor(s), which could induce 

differentiation of other cells in the colony. Medium supplementation experiment supported 

our hypothesis but the exact mechanism remains to be studied in detail. 

The major impact from our study may be the unusually rapid generation of a specific cell 

type from pluripotent stem cells. This might contribute to improve regenerative medicine in 

the future and gives faster help to patients suffering from cell degeneration diseases. 

 

 

 

 

 

 

 

 

 

 

 

 



 

26 

4.12 CONCLUSIONS 

In this thesis, we focused on a novel transmembrane protein from the INM that we termed 

Samp1 (Paper-I). Samp1 is the first transmembrane protein shown to colocalize with 

microtubules of the mitotic spindle.  

 Samp1 is specifically located in the INM, and it is also essential for the correct 

localization of another INM protein, Emerin (Paper II). The interaction between 

Samp1 and Emerin occurs in live cells (Paper-III) and requires Zinc ions (Paper-II) 

and can occur by direct binding (Paper-III). 

 

 Samp1 is important for the attachment of the centrosome to the NE, a phenomenon 

most likely mediated via the LINC complexes (Paper-I). Samp1 is distributed in 

distinct microdomains in the NE displaying partial colocalization with the LINC 

complex protein, Sun1 (paper-II). Samp1 also interacts with Sun1 in live U2OS cells 

(Paper-III). 

 

 Samp1 has four well conserved –CXXC– motifs in the N-terminal 

nucleoplasmicdomain, which can form two putative Zinc fingers (Paper-I). The Zinc 

finger domain of Samp1 is important for its correct localization to INM, chromatin 

and nuclear envelope organization (Paper-II) and interacting with Emerin (Paper-II). 

Taken together, the results suggest that the Samp1 might have one or two functional 

Zinc fingers.  

 

 Samp1 expression is induced upon differentiation of hiPSCs and Samp1 over 

expression induces rapid differentiation of hiPSCs into neurons (Paper-IV). Medium 

from the hiPSCs over expressed with Samp1 is sufficient to differentiate 

untransfected hiPSCs. 
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4.13 FUTURE DIRECTIONS 

 

In the past years of my Ph.D study we have found different interesting aspects of Samp1, 

which remains to be elucidated in detail. Here, I would like to take a chance to mention some 

of the possible future directions. 

Structural organization of Zinc fingers in Samp1 

In paper-II we showed that Samp1 has four conserved –CXXC- motifs in the N-terminal 

nucleoplasmic domain, which is likely to form two Zinc fingers. However, the organization 

and number of Zinc fingers has to be investigated in detail. To study the structural 

organization of the Zinc finger domain, we tried to produce crystals using recombinantly 

expressed and purified His-tagged N-terminal tail of human Samp1. Unfortunately, we have 

not succeeded to get crystals. At present, we turned to produce N-terminal tail of Samp1 

homologue in Chaetomium thermophilum, which has higher possibilities to form crystals. As 

soon as we get crystals of Samp1 we perform X-ray crystallography to reveal how Zinc 

finger(s) are arranged. Furthermore, we will perform co-crystallization along with the 

interaction partners such as the nucleoplasmic N-terminal domain of Emerin to explain how 

Samp1 and Emerin interaction takes place in the presence of Zinc ions using 3D-structure.  

Proteome analysis of Samp1 interaction partners 

In paper-III, We developed a novel method termed MCLIP to investigate the interaction 

partners of Samp1 in live cells. Using MCLIP we showed specific interactions of Samp1 in 

live U2OS cells. To find out unknown interaction partners of Samp1 we will perform mass 

spectrometric analysis after MCLIP. We will also perform reciprocal immunoprecipitation to 

confirm the interactions. We will continue with posttranscriptional silencing of interesting 

interacting partners to find out the importance of the interaction in cells. Furthermore, we can 

extend MCLIP in different stages of cell cycle. For example, investigating interaction 

partners of Samp1 in the mitotic spindle may give clues about the function of Samp1 and 

membranes in the mitotic spindle. 

Samp1 in differentiation 

In paper-IV, we tried to find out the role of Samp1 during differentiation of hiPSCs. After 

over expression of YFP-tagged Samp1 in hiPSCs, we noticed a rapid differentiation into 

neurons. However, the role of Samp1 in differentiation has to be studied in detail. To find out 

whether the neurons produced after differentiation are functional or not we will perform 
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electrophysiological experiments in collaboration with Prof. Gilad Silberberg at Karolinska 

Institutet. To study the mechanism in neuronal differentiation we will investigate which 

neural genes are up or down regulated by using microarray technique or deep sequencing. 

Also, we can extend the study by finding the role of other NE proteins in the differentiation 

process. For example, Lamin proteins. 
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