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Abstract 

Liver transplantation is currently the established treatment for patients with liver 

failure. Unfortunately there is a shortage of donor livers and therefore a number of 

patients die while on the waiting list for liver transplantation. Due to the high 

mortality rates and the increased waiting times for transplantation, there has been 

great interest in culturing hepatocytes in extracorporeal liver devices (known as 

bioartificial liver systems (BAL)). BAL systems may provide temporary liver support 

to bridge the patient prior to transplantation or to allow sufficient time for liver 

regeneration to occur. Many BAL systems have previously been developed and 

clinically tested on human patients. Apart from some minor improvement in the 

clinical status of patients all of the BAL systems failed to promote long-term 

survival of the patient.                    

One critical point in BAL systems is the origin and functionality of hepatocytes 

used in the system. Hepatocytes derived from a non-human origin can be 

immunogenic and therefore not suitable for inclusion in BAL systems. On the other 

hand, human hepatocytes are in limited supply, as are the whole organs.           

One alternative to using freshly isolated hepatocytes or transformed cell lines is to 

generate hepatocyte-like cells from alternative sources. To address this issue we 

therefore focused on using hepatocytes derived from pancreatic cells, via a 

process termed transdifferentiation (or sometimes it is referred to as 

reprogramming) and in general means the conversion of one cell type to another. 

The model is based on culturing the rat pancreatic cell line AR42J-B13 (B13) with 

the synthetic glucocorticoid, dexamethasone (Dex). To develop proof-of-concept 

data for our BAL system we used a biocompatible matrix poly (lactic-co-glycolic 

acid) (PLGA) as a scaffold for culturing hepatocytes. This approach offers the 

option of transplanting the BAL system into the patient for the first time. I now 

provide evidence that the pancreatic B13 cells can be successfully cultured on 

biodegradable scaffolds of PLGA and transdifferentiated to hepatocyte-like cells 

with Dex (based on the morphological appearance). We were also interested in 

identifying novel glucocorticoid receptor interacting partners in the 

transdifferentiation of pancreatic cells to hepatocyte-like cells. To address this 

issue I developed B13 cell clones stably expressing functionally N- or C-terminal-
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tagged glucocorticoid receptor. Stable expression of N- or C-terminal tagged 

glucocorticoid receptor enhanced the sensitivity to Dex. This resulted in increased 

cell death at higher concentrations of Dex but more efficient conversion of 

pancreatic cells to hepatocyte-like cells at lower concentrations of Dex compared 

to normal B13 cells. The B13 cell clones were used to develop a protocol for 

determination of the early signalling events (interacting partners) in the conversion 

of pancreatic cells to hepatocytes. The protocol includes gentle protein extraction 

from the B13 cells followed by purification of the EGFP tagged GR and analysis of 

co-purified proteins by mass spectrometry. I have now identified 11 potential GR 

interacting partners, 7 of which are already published and 4 are completely novel. 

These results suggest that the interacting partners may be involved in the 

reprogramming of one cell type to another. 
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Chapter 1: Introduction 

1.1 The liver 

1.1.1 Liver anatomy 

The mammalian liver is the largest gland and the second largest organ. The liver 

plays a key role in many different functions including regulation of intermediary 

metabolism, detoxification and the production of plasma proteins and bile acids 

(see section 1.1.3). The human liver has a mean weight of between 1500 and 

2000 g (Chouker et al., 2004) and is located on the right hypochondrium under the 

rib cage. The conventional division of the liver into the left and right lobe is an 

anatomical but not a functional segmentation of the liver (Hjortsjo, 1951; Mizumoto 

and Suzuki, 1988). The liver receives blood from the digestive tract via the portal 

vein as well as oxygen-rich blood from the heart via the hepatic artery. Each liver 

lobe consists of functional hepatic units (Rappaport, 1958), known as lobules (Fig 

1.1). The cell population in the liver consists mainly of hepatocytes, which are 

accompanied by non-parenchymal liver cells including: endothelial cells, Kupffer 

cells (liver macrophages), stellate cells (which store vitamin A) and lymphocytes. 
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Figure 1.1 Organisation of functional hepatic units. Hepatic lobule forms the 

functional hepatic unit. Each liver lobule assumes a roughly hexagonal shape with 

hepatocytes radiating out from the central vein. This architecture is repeated 

throughout the liver plate with portal triads (composed of a branch of the hepatic 

artery (HA), portal vein (PV) and bile duct (BD)) placed at regular intervals 

between the acinii. Along the portovenous axis, hepatocytes can be divded into 

three zones: periportal, intermediate and perivenous. Gradients in metabolic 

pathways such as gluconeogenesis, glycolysis, xenobiotic metabolism, 

lipogenesis and ammonia metabolism are observed along this axis. Taken from 

(Burke and Tosh, 2006)  
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1.1.2 Hepatocytes 

Hepatocytes constitute approximately 80 percent of the cell population in the liver 

(Bioulac-Sage et al., 1999). This equates to approximately 100 billion cells. 

Hepatocytes are of variable dimensions and geometric shape. Their size ranges 

from 20-30µm with a volume of 5pl (Bioulac-Sage et al., 1999). The nucleus of the 

hepatocyte is spherical in shape and contains one or more nucleoli, an area within 

the nucleus in which the ribosomal RNA is synthesized. Twenty-five percent of the 

hepatocytes are binucleate and 15 percent of hepatocytes are tetraploid (Adler et 

al., 1981; Feldmann, 1992). Hepatocytes are organised into plates separated by 

vascular channels called sinusoids (Fig 1.1). Hepatocytes are polarised cells 

showing three functionally different membrane domains. The basolateral domain is 

covered by microvilli and constitutes 70 percent of the total cell surface area 

(Bioulac-Sage et al., 1999). The basolateral membrane faces the sinusoids. 

Endocytosis and exocytosis of hepatocytes is a major function of the basolateral 

domain. Fifteen percent of the total hepatocyte cell surface constitutes the apical 

canalicular domain, which forms the bile canaliculus along with the canalicular 

domain of the opposite hepatocyte. The domain contains several ATP-dependent 

transporters, which are responsible for transport of organic compounds across the 

canaliculus into bile (Esteller, 2008).                

The lateral domains span from the basolateral to the canalicular domain, making-

up approximately 15 percent of the total cell surface area. The lateral and 

canalicular domains are separated by tight junctions, gap junctions and 

desmosomes.  

Tight junctions are the closely associated areas of two cells whose membranes 

join together forming a virtual impermeable barrier to fluid. The close association 

between the membranes is mediated by integral membrane proteins. Gap 

junctions are similar to tight junctions with one difference; the membrane proteins 

mediating the association between the membranes form a hydrophilic channel 

which connects the cytoplasm of the two cells. Desmosomes are similar to tight 

junctions with the exception that the intercellular space between the two 

membranes is very wide (about 30nm). 
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1.1.3 Liver function 

The liver is known for three major functions: the regulatory site of energy and 

nutrient metabolism; the synthesis of essential proteins, enzymes, and co-factors 

and finally the detoxification of endogenous and exogenous compounds. The liver 

regulates blood glucose levels via glucose uptake or glucose release from the 

hepatocytes. When blood glucose levels are high glucose is stored in hepatocytes 

as glycogen (catalysed by the trimuvate of enzymes glycogenin, glycogen 

synthase and the branching enzyme (Roach, 2002)). In times of low blood 

glucose, hepatocytes can either mobilise glucose molecules from glycogen stores 

by the enzyme glycogen phosphorylase (Roach, 2002) or, produce glucose from 

non-glucose precursors (such as pyruvate) via a process termed gluconeogenesis. 

The key enzymes mediating gluconeogenesis are pyruvate carboxylase, 

phosphoenolpyruvate carboxykinase, fructose-1,6-bisphosphatase and glucose-6-

phosphatase (Nuttall et al., 2008).               

The liver can synthesise fatty acids from excess glucose. Fatty acids are vital for 

cellular functions because they represent a major energy source for heart, and 

skeletal muscle and are a component of the cellular membrane. Ketone bodies 

(acetoacetate and 3-hydroxybutyrate) are produced by the hepatic breakdown of 

fatty acids mediated by a multi-enzymatic reaction known as ß-oxidation (Kerner 

and Hoppel, 2000). The ketone bodies serve as important fuels for extrahepatic 

organs in times of fasting. Furthermore, ketones serve as precursors for 

eicosanoids, unsaturated fatty acids with twenty carbon atoms, which play a key 

role in cholesterol synthesis, membrane lipid synthesis and covalent protein 

modification. Proteins and their precursors the amino acids are predominantly 

metabolised in the liver. Indeed, in a 70-kg man approximately 400g of protein is 

turned over daily (Young et al., 1975). Human hepatocytes can synthesize 10 of 

the 20 standard amino acids present in the body. The remaining amino acids 

called “essential amino acids” are obtained from meats, plants or bacteria. More 

than 90 percent of circulating plasma protein (15 percent of total body protein) is 

produced by hepatocytes, with albumin as the most predominant secreted protein 

accounting for 55 to 60 percent of total plasma protein (Burt and Day, 2001).  

Amino acids also may serve as a source of energy. The breakdown or catabolism 

of the amino acids mainly occurs in the liver and there are several pathways for 
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the oxidative degradation of each of the 20 standard amino acids. The first step 

generally involves the removal of the -amino group of the amino acid mediated 

by aminotransferases; the remaining carbon backbone can enter different 

pathways to serve as an energy precursor. The catabolism of amino acids 

produces the waste product ammonia, which can enter the blood.             

The liver is the only mammalian organ capable of removing ammonia by producing 

urea via the urea cycle.  Urea formation is mediated by the enzymes ornithine 

transcarbamoylase, argininsuccinate synthetase, argininsuccinate lyase and 

arginase (Morris, 2002). To dispose of the nitrogen (in the form of urea) from the 

body, urea is finally excreted in the urine. Other compounds in the body are 

xenobiotics, which are found in an organism but which are not normally produced 

or expected to be present in the organism. Examples of xenobiotics include drugs, 

antibiotics or toxic molecules from food components.              

The liver has a unique enzymatic system to modify endobiotics and xenobiotics 

(Quistad et al., 1982). The enzymatic system is divided into phase I and phase II 

metabolism. In phase I metabolism, cytochrome P450 enzymes can catalyse 

hydroxylation of an organic substrate by using one oxygen atom from O2 while the 

other oxygen atom is reduced to H2O. The cytochrome P450 enzymes hold a 

heme iron in their catalytic centre. This iron in the heme is responsible for the dark 

red colour of the liver (Nebert and Russell, 2002). In phase II endobiotics or 

xenobiotics are bioconjugated with glucuronic acid (mediated by UDP-

glucuronosyltransferases) (Tukey and Strassburg, 2000) or sulphates (mediated 

by sulfotransferases of the SULT family) (Weinshilboum et al., 1997). Finally, the 

biotransformed xenobiotics can be excreted via the urine or faeces.  

Bile formation is another major physiological function of the liver. Bile is the conduit 

by which hydrophobic (e.g. cholesterol) and amphiphatic compounds are 

eliminated from the body and by which detergent bile acids like isolithocholic acid   

or isodeoxycholic acid are delivered to the gut for digestive action (Reuben, 1984). 

When secreted bile acids are absorbed from the gut and returned to the liver 

where they are once again secreted into the gut this is termed enterohepatic 

circulation (Redinger, 2003). 
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1.1.4 Liver failure 

According to the Office for National Statistics (ONS) in the United Kingdom, liver 

disease is the fifth most common cause of death after heart disease, stroke, 

respiratory disease and cancer (ONS, 2010). In fact liver disease kills more people 

than road death and diabetes combined. Unlike other major causes of mortality, 

liver disease rates are increasing rather than declining (Fig 1.2). A recent UK study 

showed that mortality rates in Scotland for subjects with cirrhosis have more than 

doubled for men and have increased by almost half for women (Leon and 

McCambridge, 2006).  

Liver failure is loosely defined as: "Severe inability of the liver to perform its normal 

metabolic functions, as evidenced by severe jaundice and abnormal serum levels 

of ammonia; bilirubin; alkaline phosphatase; aspartate aminotransferase; lactic 

dehydrogenase; and albumin/globulin ratio" (Gennaro and Gould, 1979). Cirrhosis 

and liver failure are the endpoint of progressive chronic liver disease, which can 

either be related to alcohol or drug abuse, hepatitis virus infection or cancer. 

Alternatively, when liver failure occurs within weeks without any previous liver 

disease, this is referred to as acute liver failure (ALF). The causes of ALF are 

diverse and vary from viral hepatitis to toxins (Sass and Shakil, 2005). ALF is 

associated with a high mortality rate (Bernal et al., 2010). The loss of liver 

functions such as detoxification, metabolism, and acid-base regulation leads to 

life-threatening complications, including kidney failure, encephalopathy, severe 

hypotension and susceptibility to infections culminating in multiple organ failure. 

The only established treatment for such patients is orthotropic liver transplantation 

(OLT).  

From 1988 until 2009 more than 80000 livers were transplanted in the European 

Union (ELTR, 2011). More than half of the transplanted patients in Europe had 

cirrhosis based liver failure (Fig 1.3A) and more than 70% of them had an 

alcoholic or viral related background (Fig 1.3B). Nevertheless, numbers of patients 

waiting for liver transplantation is much higher than that of liver donors, and so a 

considerable number of patients die while on the waiting list for liver 

transplantation. Due to the high mortality rates and the increased waiting times for 

transplantation interest has increased in alternative approaches to providing 
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temporary liver support to bridge the patient with liver failure to transplantation or 

liver regeneration. These techniques can be broadly divided into non-biological 

and biological liver support. 

 

 

Figure 1.2 Changes in mortality in the UK 1971-2008.(ONS, 2009) 
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Figure 1.3 European liver transplantation statistics. A) Primary disease 

leading to liver transplantation in Europe. B) Primary indications of Liver 

Transplantation in 34811 Cirrhosis in Europe. Data from (ELTR, 2011).  

 B  

 A  



Introduction 

9 

1.2 Non-biological liver support 

Water-soluble or protein bound toxic substances of lower (< 500Da) and middle 

molecular weight (between 500 and 12000Da) have been thought to play a crucial 

role in multiple organ failure and encephalopathy, the endpoint symptoms of liver 

failure. Many attempts have been made to develop non-biological liver support 

techniques based on detoxification of the patient’s blood. There are several ways 

of achieving detoxification. 

1. Small molecular water-soluble toxins including ammonia and its equivalent urea 

can effectively be removed from blood by diffusion across a semi-permeable 

membrane into a dialysis fluid. This process is known as haemodialysis. 

2. Haemoperfusion is the direct perfusion of blood or plasma over a toxin-

removing-resin like charcoal or anion exchange (Rosenbaum et al., 1970). 

3. Plasmapheresis is a method of separating the plasma elements from the blood.  

ALF patients’ plasma, containing protein-bound toxins is exchanged against fresh 

plasma (Sabin and Merritt, 1968). 

There are various publications reporting combinations of haemodialysis, 

haemoperfusion or plasmapheresis. Prometheus is a commercially available blood 

purification device from Fresenius medical care AG that combines haemodialysis 

and haemoperfusion (Fig 1.4) based on the work of Strobl and Falkenhagen 

(Falkenhagen et al., 1999; Strobl et al., 1998). The first clinical trial showed that 

Prometheus is a safe supportive therapy for patients with liver failure, with 

improvement in serum parameter levels of conjugated bilirubin, bile acids, 

ammonia, cholinesterase, creatinine, urea and blood pH (Rifai et al., 2003). The 

most widely used extra corporeal liver support technique worldwide is the 

molecular adsorbent recycling system (MARS) (Stange et al., 2002; Stange et al., 

1993), which is commercially available via GAMBRO. The MARS system is based 

on haemodialysis (Fig 1.5) and treatment of patients with hepatorenal syndrome 

show reduced mortality rates (Mitzner et al., 2000). Hepatorenal syndrome is a 

specific form of renal failure in severe liver disease. However, in ALF patients the 

MARS system has not significantly improved survival. Taken together some non-

biological liver support therapies may have some benefit for short-term survival 
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and some degree of recovery for ALF patients but all fail for long-term survival of 

the patients. 

 

 

 

 

Figure 1.4 The circuit of the Prometheus system. Patients blood passes 

through a special albumin-permeable filter (AlbuFlow). The patients own 

albumin is separated from the blood and perfused through adsorber catridges. 

The purified albumin then re-enters the blood stream and the blood passes 

through ‘an’ high-flux dialysis device.  
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Figure 1.5 The molecular adsorbent recycling system (MARS). Patients 

blood passes through an albumin impregnated high-flux membrane (MARS-

Flux) which is impermeable for albumin but permeable for smaller toxins. The 

extracapilary space of the MARS-Flux membrane is perfused with purified 

albumin and toxins passing the membrane will be bound by the purified 

albumin molecules,The albumin with bound toxins is cleaned by passing it 

through an standard low-flux dialysis device, an activated charcoal resin and 

finally an anion exchange resin. The regenerated albumin will re-enter the 

albumin circuit to perfuse the extracapillary space of the MARS-Flux 

membrane.  
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1.3 Biological liver support 

A biological liver support relies on the functionality of the hepatocytes from either 

human or xenogeneic (derived or obtained from an organism of a different 

species) origin that can be exploited to support the patient’s own liver either until a 

donor liver becomes available or, until the patient’s liver regenerates. 

Historically several biological liver support techniques were applied to human 

patients: 

1. Haemodialysis was one of the first applications of a biological liver support 

reported (Kimoto et al., 1960). Using a cross-haemodialysis method, the circulatory 

systems of a patient and four dogs were connected, separated only by a 

semipermeable membrane (Fig 1.6). Many different biological approaches followed 

thereafter employing cross-haemodialysis, because of the rapid loss of efficacy of 

this procedure it was not suitable for clinical application.  

2. The first clinical study where patients blood was perfused through a whole liver, 

known as extracorporeal liver perfusion (ECLP), was reported in 1965 (Eiseman et 

al., 1965). ECLP using whole animal or human liver has been shown to effectively 

support patients with ALF for several days, but has some complications such as 

increased clotting and acute rejection. More recent trials of ECLP use transgenic 

porcine liver to overcome the potential immunological barrier (Levy et al., 2000). 

3. Cross-circulation is another example of a biological liver support. This was 

reported in 1967 by Burnell et al. In this technique, the circulation of patients with 

hepatic failure is directly connected to a healthy human donor. In the clinical trial, 

one out of three treated patients fully recovered (Burnell et al., 1967), but serious 

toxic side effects in the ‘donor’ (caused by the blood from the patients with hepatic 

failure) resulted in cessation of further trials. 

4. Hepatocyte transplantation is a potential clinical treatment for ALF patients. In 

1997 Strom et al. injected hepatocytes to the splenic artery of a patient, which 

showed improvement in the symptoms of encephalopathy (Strom et al., 1997). 

 

 

 



Introduction 

13 

 

Figure 1.6 Cross-haemodialysis treatment using four living dogs.      
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1.4 Bioartificial liver (BAL) system 

In 1987 a promising biological liver support (the bioartificial liver system (BAL 

system)) was proposed to overcome the clotting problem of ECLP systems. The 

technique of culturing hepatocytes in an extracorporeal flow device (termed a 

bioreactor) is known as a BAL system. It has been shown that hepatocytes 

cultured under flow conditions show improved cellular function and enhanced cell 

numbers compared to static culture (Fiegel et al., 2004; Torok et al., 2001). One of 

the earliest BAL systems applied to a human patient was reported by Matsumura 

and colleagues in 1987. The authors used the principle of haemodialysis to dialyse 

patient blood against a device containing a suspension of dispersed cryopreserved 

rabbit hepatocytes (Matsumura et al., 1987). To date, an increasing number of 

BAL systems have been produced or are currently under development. Significant 

increases in survival rate have been demonstrated in animal studies (Sosef et al., 

2002; Suh et al., 1999). Based on these results, there were high expectations in 

terms of the clinical application of BAL systems to human patients. The 

HepatAssist system which uses primary porcine hepatocytes has been tested 

clinically (Adamson et al., 2011; Rozga et al., 1994; Samuel et al., 2002; 

Watanabe et al., 1997). This is the first BAL-system entering PhaseII/III clinical 

trials (Demetriou et al., 2004). Sussman and colleagues developed the 

extracorporeal liver assist device (ELAD) using the human hepatoma cells line 

HepG2, and showed some improvement in animal studies (Sussman et al., 1992). 

In an uncontrolled clinical trial, 6 out of 11 patients died and just one patient 

recovered completely (Sussman et al., 1994). A controlled clinical trial showed no 

significant difference between ELAD-treated patients and the controls (Ellis et al., 

1996). The BAL-system developed by Gerlach and co-workers (Fig 1.7) is the only 

system that uses primary human hepatocytes isolated from discarded donor livers 

in the modular extracorporeal liver support (MELS) system (Sauer et al., 2002) or 

porcine hepatocytes in the liver support system (LSS) (Gerlach, 1996; Sauer et al., 

2001). Only the human hepatocyte based MELS system reached clinical Phase I 

evaluation (Sauer et al., 2002). In the clinical trial 6 out of 8 patients were 

successfully bridged to transplantation. The AMC-Bioartificial Liver (AMC-BAL) 

showed the most striking decrease in blood parameters of all clinically applied BAL 

systems and was developed by Chamuleau and co-workers in Amsterdam 



Introduction 

15 

(Flendrig et al., 1997).  ALF patients exhibit high blood ammonia and bilirubin 

levels. These were decreased on average by 44% and 31% respectively using the 

AMC-BAL system (van de Kerkhove et al., 2002). The only clinically tested BAL-

system that perfuses the bioreactor with the patient’s blood instead of plasma is 

the bioartificial liver support system (BLSS) (Mazariegos et al., 2001; Mazariegos 

et al., 2002). Some of the systems showed improvement in neurological status or 

blood chemistry but none showed improvement of synthetic function (Sen and 

Williams, 2003) or long-term survival of the patients. In most studies the 

determined end point goal was bridging to transplantation rather than recovery. 

 



Introduction 

16 

 

Figure 1.7 Liver support system (LSS). Bioreactor construction with three 

independent capillary membrane systems that create a three dimensional 

artificial framework for adhesion, aggregation and reorganisation of tissue 

structures. One capillary system enables oxygen supply. Taken from (Sauer et 

al., 2001). 



Introduction 

17 

1.5 Potential sources of hepatocytes 

The efficacy of the BAL treatment strongly depends on the bioactivity of the cell 

mass in the Bioreactor. These cells should be able to replace the function of the 

diseased liver. One important question is the minimum active cell number a 

bioreactor must hold to replace liver function and to keep the patient alive. Clinical 

and experimental studies of partial hepatectomy showed the possibility of survival 

after reduction of the liver mass to one-fifth (corresponding to approximately 200g 

or 20x109 hepatocytes) (DeMatteo et al., 1999; McCarter and Fong, 2000; van de 

Kerkhove et al., 2003).          

Different cell sources are used in the BAL systems currently tested in clinical 

studies, with primary hepatocytes being the most dominant source. Nevertheless 

there are various other potential hepatic cell sources. These will be reviewed here. 

1.5.1 Primary hepatocytes 

Primary hepatocytes are the most widely used cell source in BAL systems. 

Because of their immunological compatibility, human primary hepatocytes would 

be the first choice for a BAL system. Unfortunately, like whole organs, they are in 

limited supply. The second choice is primary porcine hepatocytes which are 

available in large quantities but could cause some problems like immune response 

or transmission of porcine endogenous retrovirus (PERV) (Martin et al., 1998; 

Patience et al., 1997). Porcine-human immunological barrier is another issue of 

BAL-systems, applied to a human patient. Porcine proteins synthesised by the 

hepatocytes could enter the patient blood stream and cause an immune response, 

which may result in serum thickness (Lawley et al., 1984; te Velde et al., 1997). 

Serum thickness is very similar to that seen with allergic reactions. The patient's 

immune system recognizes foreign molecules (proteins or drugs), and produces 

antibodies to protect against the molecules. The newly formed antibodies bind with 

the foreign molecules to form immune complexes. Nevertheless, the major 

problem of primary hepatocytes is their limited life-span and de-differentiation 

characterised by the rapid loss of hepatic function following isolation and culture 

(Guguen-Guillouzo et al., 1986; Reid and Jefferson, 1984). The process of de-

differentiation of hepatocytes is characterized by a progressive loss of liver-

specific gene expression, function and distinct hepatocyte morphology (Elaut et 
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al., 2006). De-differentiation is believed to be partly initiated as a response to the 

loss of signals from the extra-cellular matrix that otherwise modulate hepatic 

transcription factors and morphology (DiPersio et al., 1991). 

1.5.2 Hepatic cell lines 

Human hepatic cell lines (often derived from tumours) are also applied to BAL 

systems as an alternative to primary cells (Wang et al., 1998). The advantage of 

these cell lines is that they are easy to handle in cell culture and can be expanded 

sufficiently. However, cell lines have two problems. First, they are tumourigenic 

and the escape of even a single cell from a bioreactor into the blood stream of a 

patient may be sufficient to cause cancer. In one BAL experiment with the human 

hepatocellular liver carcinoma cell line HepG2, transmigration of the cells through 

a 100kDa cut-off membrane was shown (Nyberg et al., 1994). The second 

problem is that cell lines may not express all hepatic functions. The HepG2 

subclone C3A has already been used in BAL clinical trials (Ellis et al., 1996; 

Sussman et al., 1994) but recent studies reveal that HepG2 cells do not 

recapitulate the complete repertoire of liver functions in vitro e.g. they do not 

express the urea cycle enzymes (Mavri-Damelin et al., 2008), they cannot perform 

ketogenesis (Gibbons et al., 1994) and they lack some of the key enzymes of the 

detoxification system (Majer et al., 2004). An example of a more differentiated 

human hepatoma cell line is the HepaRG cell line. HepaRG has been used as a 

model for understanding liver function and has demonstrated good expression and 

functionality of detoxification enzymes (Guillouzo et al., 2007). However, ammonia 

removal or urea production has not been shown for HepaRG cells which may be 

important when considering the therapeutic potential in a BAL system. 

1.5.3 Stem cells 

Stem cells are undifferentiated cells that can self renew and generate specialised 

(functional) cell types. There are two types of stem cells: embryonic stem cells 

(ESC) derived from the inner cell mass of the blastocyst and adult stem cells 

derived from self-renewing tissues. Very recently, induced pluripotent stem cells 

(iPSC) which are derived from somatic cells but have the properties of pluripotent 

stem cells have been reported (Takahashi and Yamanaka, 2006).  Hepatocyte-like 
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cells derived from embryonic and iPS cells have also been described (see below).  

To date, there is no clearly identifiable adult liver stem cell.  

There is evidence that hepatocyte-like cells can be derived from bone marrow 

derived stem cells, adipose tissue and mesenchymal stem cells (Aurich et al., 

2009; Kern et al., 2006; Newsome et al., 2003; Zhang et al., 2009). Recently 

human embryonic stem cells (hESC) as well as human iPSC have been shown to 

differentiate into hepatocytes by using protocols that mimic the developmental 

steps of hepatocytes (Behbahan et al., 2011). In some studies hepatocyte-like 

cells showed hepatic function like albumin synthesis and cytochrome P450 activity 

(Cai et al., 2007; Duan et al., 2007; Duan et al., 2010). However the removal of 

ammonia, an important toxic compound in the blood of ALF patients, has not been 

shown in these studies. High costs for the growth factors used in the differentiation 

protocol might be a limiting factor for the use of stem cell derived hepatocytes. 

Nevertheless, replacement of the costly growth factors by small molecules as 

shown in a very recent study (Bone et al., 2011) could be the key to a cost efficient 

hepatocyte source. As tumorigenicity appeared in some studies of stem cell 

derived hepatocytes (Basma et al., 2009) the safety of this hepatocyte source has 

to be analysed very carefully.   

1.5.4 Conversion of non-hepatic cell types into 

hepatocytes 

Conversion of non-hepatocytes into hepatocytes (transdifferentiation) constitutes 

an alternative supply  of liver cells for cell therapy. Transdifferentiation is defined 

as the conversion of one cell type to another (Slack, 2007; Thowfeequ et al., 

2007). One well-documented example of transdifferentiation is the conversion of 

pancreatic cells to hepatocytes (Rao et al., 1986; Scarpelli and Rao, 1981). Our 

lab has developed an in vitro model for the conversion of pancreatic cells to 

hepatocytes. The model is based on addition of the synthetic glucocorticoid 

dexamethasone (DEX) to the rat pancreatic cell line AR42J-B13 or mouse 

embryonic pancreatic cultures (Shen et al., 2003; Shen et al., 2000). The 

hepatocytes express a number of hepatic functions including the expression of 

albumin, glucokinase and Cyp2e1 (Burke et al., 2006; Shen et al., 2000; Tosh et 

al., 2002), the ability to replicate hepatitis B virus (Wang et al., 2005) and the 
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expression of liver enriched transcription factors (e.g. C/EBPalpha, C/EBPbeta, 

HNF4 and RXRalpha (Burke et al., 2006)). At least some of the hepatocytes arise 

from pancreatic exocrine cells without any intervening cell division (Shen et al., 

2000) and the transcription factor C/EBPbeta appears to be essential for the 

conversion from a pancreatic to hepatic fate (Shen et al., 2000). The fact that the 

glucocorticoid receptor inhibitor RU-486 prevents pancreas to liver conversion 

(Shen et al., 2000) implicates a key role of the glucocorticoid receptor in the 

conversion of pancreatic cells to hepatocyte-like cells. 

1.6 The Glucocorticoid receptor 

The glucocorticoid receptor (GR) belongs to the superfamily of nuclear receptors. 

Nuclear receptors are transcription factors that regulate diverse functions. Small 

molecules (ligands) can bind and activate the receptors. The nuclear receptors 

include receptors for glucocorticoids, mineralocorticoids, estrogens, progesterone, 

androgene, Vitamin D and retinoic acid (Robinson-Rechavi et al., 2003). There are 

an estimated 75 nuclear receptors in mammals and 48 in humans (Robinson-

Rechavi et al., 2001).  

1.6.1 Gene structure 

The rat GR (rGR) gene covers a DNA region of more than 80kb and was first 

cloned by Miesfield and co workers in 1986 (Miesfeld et al., 1986). The rGR is the 

product of one gene that is composed of 9 exons and is located on chromosome 

18p12 (Gibbs et al., 2004). The protein-coding region is formed by exons 2–9, 

whereas exons 2-8 represent the constant coding region (Fig 1.8). Exon 1 

represents the 5’-untranslated region. In the genome, multiple 1st exons exist and 

alternative use of the 1st exon may act as a mechanism of tissue specific control 

of GR gene expression (Turner et al., 2006). Different usage of the two exon 9s in 

the human GR gene results in the  and  isoform of GR (Encio and Detera-

Wadleigh, 1991). Although the ß splice variant was believed to be absent in 

rodents (Otto et al., 1997) it was found recently in mice (Hinds et al., 2010). 
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Figure 1.8 Genomic and functional structure of the glucocorticoid 

receptor. Schematic representation of the structure of the glucocorticoid 

receptor (GR) gene. Exon 1 represents a non translated gene region while exon 

2-8 code for the constant GR region comprising of N-terminal domain, DNA 

binding domain (DBD) and ligand binding domain (LBD). Alternative splicing of 

exon 9 produces the GRα and the GRβ isoforms. 
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1.6.2 Protein structure/ domains 

The GR has a number of splice variants. In addition to the mRNA species which 

encodes the conventional, ligand binding receptor, named GRα, there is a C-

terminal variant, GRβ, which does not bind the ligand, and may have a dominant 

negative action on GRα (Oakley et al., 1999; Oakley et al., 1996). The 87kDa rGR 

spans 795 amino acids. The receptor consists of three different domains with 

various functions: an N-terminal transactivation domain, a DNA-binding domain 

(DBD) that implies a zinc-finger motif and a ligand-binding domain (LBD). The N-

terminal transactivation domain termed AF-1 is the most poorly conserved domain 

in the GR in terms of size and sequence homology (Kumar and Thompson, 1999; 

Kumar and Thompson, 2003). This AF-1 domain contains the known sites of 

phosphorylation and is able to activate genes in a hormone independent manner. 

The highly conserved central DBD contains two zinc finger motifs, which are 

known to be necessary for DNA binding. The zinc finger motifs can interact with 

glucocorticoid response elements (GRE) on the DNA (Godowski et al., 1987; 

Umesono and Evans, 1989). In addition to the zinc finger motifs, the DBD 

harbours a dimerisation and nuclear localisation signal (NLS1) (Picard and 

Yamamoto, 1987). Embedded in the moderately conserved carboxy terminus is 

the LBD, which is responsible for steroid hormone binding (Godowski et al., 1987). 

Apart from the LBD the C-terminal domain contains sequences for a second 

nuclear localisation signal (NLS2), a weaker activation function domain (AF2), 

various protein interactions and receptor dimerisation (Picard and Yamamoto, 

1987).   

1.6.3 Posttranslational modifications 

In addition to subcellular localization and intracellular molecular interactions, the 

function of the GR can also be affected by different post-translational 

modifications, such as phosphorylation, ubiquitination, acetylation and 

sumoylation. I will examine each of these in turn. 
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1.6.3.1 Phosphorylation 

The rGR can be phosphorylated at specific sites; most of them are located in the 

N-terminal highly variable AF1 domain. The rGR has four phosphorylation sites at 

threonine 171 and serines 224, 232, and 246 (Krstic et al., 1997). It has been 

shown that rGR threonine 171 and serine 246 are constitutively phosphorylated by 

mitogen-activated protein kinases (MAPK), while phosphorylation at serine 224 

and serine 232 is hormone dependent and mediated through multiple cyclin-

dependent kinases (Krstic et al., 1997; Pocuca et al., 1998). Phosphorylation of 

the GR was shown to activate transcriptional activity of the receptor (Wang and 

Garabedian, 2003). Other studies demonstrated that GR phosphorylation 

enhances or reduces protein-protein interaction of the GR (Ismaili and 

Garabedian, 2004). The stability of the GR was shown to be influenced by 

phosphorylation as receptor half-life was increased in GR mutants in which all 

phosporylation sites were abolished (Webster et al., 1997). 

1.6.3.2 Ubiquitination 

Phosphorylation is also thought to be a signal in target recognition of ubiquitination 

pathway enzymes. Ubiquitination is the covalent attachment of ubiquitin to target 

amino acid sequences of protein thus marking it for degradation by the 

proteasome. The Pro-Glu-Ser-Thr sequence (flanked by arginine and histidine 

residues) is such a target called the PEST motif (Rechsteiner and Rogers, 1996; 

Rogers et al., 1986) and it is present in the mouse and human GRs (Wallace and 

Cidlowski, 2001; Wallace et al., 2010). In the mouse GR the PEST motif flanking 

lysine (Lys) residue 426 and Lys419 in humans seem to be direct ubiquitination 

targets (Wallace and Cidlowski, 2001; Wallace et al., 2010). Ubiquitination (and 

therefore proteasomal degradation) is believed to decrease the transcriptional 

activity of the GR by rapid turnover of the receptor (Wallace and Cidlowski, 2001). 

1.6.3.3 Acetylation 

Another post translational modification is acetylation. The addition of an acetyl 

group occurs on lysine residues and involves proteins that possess 

acetyltransferase activity whereas the removal of acetyl groups is carried out by 

deacetylase proteins. In the human GR Lys480, Lys492, Lys494 and Lys495 were 
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found to be acetylated (Ito et al., 2006; Nader et al., 2009). This acetylation results 

in a repression of GR-induced transcriptional activity (Nader et al., 2009). 

1.6.3.4 SUMOylation 

In addition to phosphorylation, ubiquitination and acetylation, the addition of a 

small ubiquitin-related modifier (SUMO) protein is another post translational 

modification and is called SUMOylation (Wilkinson and Henley, 2010). Like 

ubiquitin, SUMO can be covalently linked to lysine residues of target proteins but 

in contrast to ubiquitination SUMOylation is not used to tag protein for degradation. 

In the human GR Lys277 and Lys293 are the major sides of SUMOylation which 

seem to correlate with Lys297 and Lys312 in the rat GR (Tian et al., 2002). There 

is some evidence that SUMOylation of the GR may regulate its transcriptional 

activity (Tian et al., 2002). 

1.6.4 Physiological roles of glucocorticoid 

The name glucocorticoid (glucose, cortex, steroid) derives from their action in 

glucose metabolism, their origin of synthesis in the adrenal cortex and their 

steroidal structure. Glucocorticoids (GCs) belong to the group of steroid hormones 

which influence several metabolic, reproductive, immunological and 

neuroendocrine responses both in health and disease. Steroids are a group of 

small lipophilic compounds derived from a common precursor, cholesterol. Steroid 

hormones can be divided into four major types progestins, androgens, estrogens 

and corticoids. The corticoids can be subdivided into mineralocorticoids, which 

regulate ion transport, and GCs, which have many activities, including resistance 

to stress, regulation of intermediary metabolism, and immunosuppressive and anti-

inflammatory effects (Ashwell et al., 2000; Sapolsky et al., 2000). GCs are 

synthesized and secreted into the blood by the cortex of the adrenal gland. The 

adrenal glands lie on top of each kidney. Glucocorticoid secretion is under the 

control of the hypothalamic–pituitary–adrenal (HPA) axis in the brain. Most of the 

secreted GCs (approximately 90%) are bound to corticosteroid-binding globulins in 

the blood. Due to the high lipophilic nature of glucocorticoid molecules, these 

hormones can reach virtually all tissues including the brain and readily diffuse 

across the cell membrane. In the cell GCs exert their effects through the GR. 
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GCs represent one of the most widely prescribed drugs worldwide. During the last 

50 years, a large variety of synthetic glucocorticoids have been developed for 

therapeutic use. Pharmacological doses of glucocorticoids have been used in the 

treatment of inflammatory, autoimmune, and lymphoproliferative diseases and in 

the prevention of graft rejection (Boumpas et al., 1993; Swartz and Dluhy, 1978). 

GCs are highly effective when applied for therapeutic purposes, nevertheless the 

long-term use of glucocorticoids has been limited by the occurrence of adverse 

side effects, such as reduced muscle mass and repair, insulin resistance, fat 

deposition, growth failure, osteoporosis and suppression of the HPA axis, in 

addition to the development of glucocorticoid resistance (Barnes, 2004). The most 

widely used synthetic glucocorticoid analogs are hydrocortisone, dexamethasone, 

betamethasone, triamcinolone, prednisolone and methylprednisolone, which all 

show different binding properties to the GR that are related to different effects in 

the patient. Compared to hydrocortisone, the analog of the naturally occurring 

cortisone, the potency of prednisolone and dexamethasone are 4 times and 20-30 

times, respectively (Zoorob and Cender, 1998). 

1.6.5 Actions and interactions of the GR 

In the cell, GCs exert their effects through the GR, which exists in the cytosol in an 

inactivated form as part of a multi-protein complex of heat shock proteins (hsp), 

immunophilins and other proteins (Pratt and Toft, 2003). This multiprotein complex 

is based on protein-protein interaction with the GR and interaction has been 

shown for heat shock protein hsp90 (Diehl and Schmidt, 1993; Sanchez et al., 

1985), hsp70 (Tai et al., 1992), hsp40 (Dittmar et al., 1998), hsp organiser protein 

Hop (Morishima et al., 2000), p23 (Morishima et al., 2000) as well as for 

immunophilin FKBP52 (Tai et al., 1992), FKBP51(Davies et al., 2002), Cyp40 

(Renoir et al., 1995), PP5 (Chen et al., 1996) and other proteins like Chip (Connell 

et al., 2001), Rap46 (Zeiner and Gehring, 1995) and the hsp70 interacting protein 

Hip (Kanelakis et al., 2000). The main function of this multiprotein complex is to 

stabilize the GR conformation that allows glucocorticoid binding to the LBD 

domain. Upon glucocorticoid binding, the GR undergoes conformational changes 

leading to its dissociation from the cytoplasmic chaperones and exposure of its 

nuclear localization signals. In this new conformation, ligand-bound GR 

translocates into the nucleus within 10min  (Htun et al., 1996). There is evidence 
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that the cytosolic-nuclear movement of the GR is mediated by interaction with the 

motor protein dynein (Davies et al., 2002) and -Tubulin (Harrell et al., 2004) 

which is a component of the intracellular network of microtubules. Nuclear import 

proteins like importin- (Savory et al., 1999), importin-ß (Echeverria et al., 2009), 

importin-7 (Freedman and Yamamoto, 2004), importin-13 (Tao et al., 2006) as well 

as integral nucleoporin Nup62 (Echeverria et al., 2009) interact with the GR and 

might be involved in the translocation step. The GR was also found to bind to 

nucleolin (Schulz et al., 2001) the major nucleolar protein. Once in the nucleus, the 

activated homodimerised GR (Wrange et al., 1989) can regulate (either positively 

or negatively) the expression of target genes by binding directly to DNA consensus 

sequence GREs (Chandler et al., 1983) or indirectly by protein-protein interaction 

with transcription factors.               

The GR-mediated transcription of target genes involves multiple steps leading 

from the initial step of GR-DNA binding to the final result, the target gene 

transcripts (Fig 1.). To give access to endogenous promoters and genes after GR-

DNA association, disruption of the compact chromatin structure of nucleosomes 

termed as chromatin remodelling is needed. Non-covalent disruption of chromatin 

structure is carried out by the SWI/SNF family of nucleosomal remodelling 

complexes (Trotter and Archer, 2007). The SWI/SNF remodelling complex 

interacts with the GR by protein-protein interaction. For the human GR, interaction 

was first shown for the SWI/SNF core protein BRG1 which exhibits ATPase 

activity and for the BRG1-associated-factors (BAF) 170, BAF155 and BAF60a 

(Fryer and Archer, 1998). Nie et al. showed interaction of BAF250 with the mouse 

GR (Nie et al., 2000). Recently a truncated rat GR lacking the LBD was shown to 

interact with BAF57 (Hsiao et al., 2003). Local regulation of histone-histone and 

histone-DNA interactions by covalent protein modifications of histones (such as 

acetylation) are mediated by members of a family of the steroid receptor 

coactivator (SRC)/p160 family that exhibit acetyltransferase activity (Xu and Li, 

2003). Interaction of the GR  with SRC1, SRC2 (Fryer and Archer, 1998) and the 

SRC3 protein (Hsiao et al., 2003) has been reported as well as for cAMP response 

element-binding protein (CREB)-binding protein (CBP) (Kamei et al., 1996) and 

transcriptional adaptor 2 (Henriksson et al., 1997).  
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To start gene transcription from remodelled open chromatin, recruitment of RNA 

polymerase II, the key enzyme of the transcription machinery, is essential. RNA 

polymerase II interacts with the mediator complex (Naar et al., 2002), which 

consists of multiple subunits of mediator proteins (Casamassimi and Napoli, 

2007). The mediator complex proteins Med14 and Med1 have been shown to 

interact with a truncated GR (Hittelman et al., 1999). Apart from the recruitment of 

RNA polymerase II, mediator proteins seem to have a gene selective regulatory 

role on the GR (Chen et al., 2006). There are a number of other proteins such as 

transcription factors and co-activators which can change the transcriptional activity 

of the GR. Interaction of transcription factors and GR was shown for the signal 

transducer and activator of transcription (STAT) 3 (Zhang et al., 1997), STAT5 

(Cella et al., 1998; Stocklin et al., 1996), the octamer binding protein (Oct) 1, Oct2 

(Prefontaine et al., 1998), activator protein 1 (Jonat et al., 1990), Sma and Mad-

related protein SMAD3 (Aurrekoetxea-Hernandez and Buetti, 2004), nuclear 

factor-IL-6 (Nishio et al., 1993) also known as CCAAT/enhancer-binding protein 

beta (C/EBPß) and transcription factor p65 (Ray and Prefontaine, 1994) a member 

of the NFkB/Rel family. Other co-factors and co-activators that interact with the GR 

are HEXIM1 (Shimizu et al., 2005), receptor interacting protein 140 (Subramaniam 

et al., 1999), transcription intermediary factor 1-beta (Chang et al., 1998), 

modulator of non-genomic action of the estrogen receptor (Kayahara et al., 2008; 

Wong et al., 2002) and transforming growth factor ß (TGFß) also known as HIC5 

(Yang et al., 2000) as well as tumour susceptibility gene (TSG) 101 protein 

(Hittelman et al., 1999).    
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Figure 1.9 Interaction model of ligand bound GR with the SWI/SNF 

complex, members of the SRC family or with the mediator complex. Ligand 

binding of the GR leads to nuclear localisation of the GR and interaction with the 

SWI/SNF complex that open compact chromatin structure. Interaction of the GR 

with members of the SRC family and CBP results in further disruption of 

nucleosomal structur by their acetyltransferase activity. Binding of members of 

the mediator complex termed as Med/TRAP/DRIP proteins leads to association 

with and activation of the RNA polymerase. 
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1.7 Techniques to reveal protein interacting partners 

There are various tools available to study protein-protein or protein-DNA 

interactions. Most of these use affinity chromatography approaches employing 

antibodies to purify protein-protein or protein-DNA complexes. The technique to 

analyse protein-protein interaction is called immunoprecipitation (IP) whereas the 

one for protein-DNA interaction is called chromatin-immunoprecipitation (Chip) 

(Kuo and Allis, 1999). In both techniques the protein of interest is bound by a 

specific antibody in the first step. In the second step the antibody-protein complex 

is immobilised on beads so that in the following washing steps antibody bound 

protein can be separated from unbound protein by centrifugation. Finally the 

protein can be released from the antibody by heat or by denaturing reagents and 

molecules co-purified with the protein of interest can be analysed. IP techniques 

are well characterised and relatively quick to perform. Unfortunately specific 

antibodies are expensive so that this technique is often used on a small-scale (pg-

ng quantities). Furthermore the low amounts that are co-purified with the protein of 

interest mostly affect the protein detection while co-purified DNA can be amplified 

by certain techniques. To detect small amounts of protein most commonly labelled 

antibodies are used in immunoblotting techniques to amplify the signal. At this 

point it is necessary to know which protein you expect to co-purify with your 

protein of interest, to choose the right protein-specific antibody for detection.  

Another technique to identify protein-protein interactions is the yeast two-hybrid 

system (Fields and Song, 1989). This technique employs the protein of interest 

fused to one domain of a transcriptional activator in yeast cells and the potentially 

interacting protein fused to the other domain of the transcriptional activator. In the 

case of protein-protein interaction both domains come into contact to form the 

functional activator which leads to transcription of a reporter gene. This is an 

excellent technique but time consuming because each potential interaction partner 

has to be fused and screened separately. Another disadvantage of this technique 

is the reliability since a higher rate of false positive or false negative results have 

been reported for the yeast two hybrid system (Bader and Chant, 2006).     
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Native polyacrylamide gel electrophoresis (native-PAGE) techniques are another 

tool to analyse protein-protein interactions. The blue native and clear native PAGE 

technique became important especially for analysing membrane protein 

complexes (Wittig et al., 2006). In the first dimension protein complexes are 

separated in a porous matrix made of acrylamide or agarose. The complexes 

migrate in an electric field depending on their ratio of native protein charge to 

protein surface. In the second dimension the protein complexes are disrupted by 

denaturing reagents and separated in an acrylamide matrix by their molecular 

weight. Proteins can be detected by immunoblotting techniques or by mass 

spectrometry analysis depending on the amount of protein.  

Another promising large-scale purification technique was used to analyse protein-

protein and protein-DNA interactions (de Boer et al., 2003). This method exploits 

the advantage of the biotin-avidin interaction, the strongest non-covalent bond 

known in nature. The protein of interest is fused to a short 23 amino acid 

sequence which can be strongly biotinylated by the bacterial enzyme BirA. The 

fusion protein of interest can be expressed in cells co-expressing the BirA enzyme 

so that the protein is highly biotinylated. The biotinylated protein can then be 

purified by affinity chromatography using avidin or streptavidin immobilised on 

polymer beads. Boiling the sample will release the bound protein from the beads. 

Molecules that are co-purified with the protein of interest can be analysed directly 

by mass spectrometry for proteins or sequencing for DNA. Unfortunately there are 

low levels of endogenously biotinylated proteins in each cell. These endogenous 

biotinylated proteins can be co-purified as well and form a non-interacting protein 

background which has to be analysed prior to the interaction experiment. 

Furthermore, the boiling of the beads destroys the recombinant avidin which 

makes it impossible to reuse the avidin column. 
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1.8 Aims 

Creation of a bioartificial tissue from cells using tissue engineering and cell culture 

approaches has the potential to solve the problem of tissue or organ shortages. 

The research outlined in this thesis focuses initially on the development of a BAL 

system. Two issues arise. The first concerns the source of cells.  One promising 

approach to the shortage of liver donors is to use the conversion of one cell type 

into another (transdifferentiation or reprogramming) (Slack, 2007). The 

transdifferentiation of pancreatic B13 cells to hepatocytes can be induced by 

culture with Dex. This provides a useful model system for studying the cellular and 

molecular events underlying the switch in phenotype and can be used as a 

surrogate hepatocyte model for testing on biomembranes (Shen et al., 2000). The 

second issue concerns the culture substratum. Most of the BAL systems currently 

clinically applied to human patients provide non-biodegradable matrices like 

cellulose acetate, or polyether-sulphone. The use of biodegradable materials 

would offer the unique opportunity of integrating a functional BAL system into the 

patient. Therefore, the first aim of this thesis was to test the utility of cultured rat 

hepatocytes or the B13 cell line on a biodegradable PLGA membrane with a view 

to testing the cytotoxic potential of the PLGA membrane material as well as the 

ability of the pancreatic B13 cells to proliferate and convert to hepatocyte-like cells.  

While we know quite a lot about the molecular events underlying the 

transdifferentiation of pancreatic cells to hepatocytes little is currently known about 

the early signalling events that occur following binding of the Dex to the GR and 

translocation to the nucleus. The second part of this thesis is aimed at identifying 

novel GR interacting partners that might play a critical role in the reprogramming of 

pancreatic cells to hepatocytes.  To achieve this goal, I created B13 clones stably 

expressing the rGR fused with EGFP at either the N- or C- terminals. I then 

identified protein-protein interactions after Dex treatment by two different 

approaches: (i) GFP-Nanotrap purification or (ii) by a three-step purification 

employing gel filtration, native-PAGE and sodium-dodecyl-sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE). The identity of proteins co-purified with the 

tagged GR was revealed by mass spectrometry. Potential interaction was 

confirmed by standard pull down assays carried out on Dex-treated B13 cells.  
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Using this approach I identified 11 interacting partners, 4 of which appeared to be 

completely novel. 
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Chapter 2: Materials and Methods 

2.1 Materials 

Standard analytical grade reagents were obtained commercially. Restriction 

enzymes were purchased from Promega (Southampton, UK). Chemicals and 

oligonucleotides were purchased from Sigma-Aldrich Company Ltd (Gillingham, 

UK).  

2.2 Isolation of total RNA 

Total RNA was extracted from Wistar rat brain using the SV Total RNA Isolation 

System (Promega). RNA integrity was verified using formaldehyde agarose gel 

separation.  MOPS / formaldehyde (10mM MOPS, 5mM sodium acetate, 1mM 

EDTA, 0.66% formaldehyde and 100ng/ml ethidiumbromide pH 7.0) 

electrophoresis was performed in 1.2% agarose gels. The running buffer 

contained 10mM MOPS, 5mM sodium acetate, 1mM EDTA and 0.66% 

formaldehyde. Immediately before electrophoresis, the RNA samples were mixed 

with 1/5 sample volume of 5 x loading dye containing 80mM MOPS, 20mM sodium 

acetate, 4mM EDTA, 885mM formaldehyde, 30% formamide, 20% glycerol and 

bromophenol blue. The samples were then denatured by heating for 5min at 65°C, 

and immediately chilled on ice for 5min, before being loaded onto the gel. 

Electrophoresis was performed at a voltage of 5V/cm. 

2.3 RT-PCR 

To create a cDNA library, reverse transcription (RT) was performed using 

Stratagene AccuScript High Fidelity RT-PCR System (Agilent Technologies, Inc; 

Santa Clara, USA). 

2.4 PCR 

Based on the predicted sequence for rGR (Gen-Bank accession no. AY066016.2), 

2 gene-specific primers (GR-5’ and GR-3’) flanking both start and stop codons 

were designed to amplify the full length GR. One microliter of the first-strand cDNA 

was used as the template for the polymerase chain reaction (PCR). The PCR was 

performed under the following conditions: 1min at 96°C for denaturation, followed 

by 35 cycles 30sec at 96°C, 30sec at 70°C, and 2.5min at 68°C of reactions, 

ending with a 10min extension at 68°C. The primers used were GR-5’ primer 5’-
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CGCGGTACCGCAATGGACTCCAAAGAATCCTTAGCTC-3’ and GR-3’ primer ‘-

GCAACCTTTCTTAGGGATCCAGTCATTTTTGATG-3’ for amplification of full 

length GR sequence with stop codon and GR-5’ primer and GR-3’-NO-STOP 

primer 5’-CTTAGTAAGGCGGATCCTTTTGATGAAACAG-3´ for amplification of 

full length GR sequence with no stop codon. For introducing enhanced green 

fluorescent protein (EGFP) into the pTRE-Tight plasmid for N-terminal fusions, 

EGFP sequence of pEGFP-C1 was amplified using two primers (EGFP-EcoRI and 

EGFP-Acc65I) to insert an EcoRI restriction site upstream of the start codon and 

Acc65I restriction site downstream of the last codon without introducing a stop 

codon. The primers used were EGFP-EcoRI primer 5’-

TAGAATTCGCCACCATGG-3’ and EGFP-Acc65I primer 5’-

TCTGGTACCGGACTTGTA-3’. For insertion of EGFP into the pTRE-Tight plasmid 

for C-terminal fusions based on the EGFP sequence of pEGFP-C1, two EGFP 

specific primers (EGFP-SalI and EGFP-STOP-XbaI) were designed to amplify the 

full length EGFP with a SalI restriction site upstream of the start codon and a stop 

codon and XbaI restriction site respectively downstream of the last codon. The 

primers used were EGFP-SalI primer 5’- GTCGACCGTCAGATCGCCTGG -3’ and 

EGFP-STOP-XbaI primer 5’-TCTAGAGCGGTACCTTACTTGTACAGC-3’. For 

introducing Flag/Cys-GR in the pTRE-Tight plasmid, the Flag/Cys4-GR sequence 

of pCDNA3.1(+)_Flag/Cys-GR was amplified using two  primers (Cys4-N-EcoRI 

and GR-3’) to create an EcoRI restriction site upstream of the start codon and a 

BamHI restriction site downstream of the stop codon. The primers used were 

Cys4-N-EcoRI primer 5’-AATTCTATGGATTACAAGGACG-3’ and GR-3’. For 

insertion of EGFP in pET-23a(+), based on the EGFP sequence of pEGFP-C1, 

two EGFP specific primers (EGFP-NdeI and EGFP-XhoI) were designed to amplify 

the full length EGFP with an NdeI restriction site upstream of the start codon and a 

XhoI restriction site downstream of the last codon. The primers used were EGFP-

NdeI primer 5’-GCTACCATATGCCACCATGG-3’ and EGFP-XhoI primer 5’- 

CGAGACTCGAGTCCGGAC-3’.  

The PCR products were electrophoresized in 0.8% agarose gels, stained with 

ethidium bromide, and visualized under ultraviolet illumination. 
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2.5 Plasmids 

We used pEGFP-C1 (Clontech; Heidelberg, Germany), pTRE-Tight (Invitrogen 

Ltd.; Paisley, UK), pTet-On Advanced (Invitrogen), pGEM-TEasy (Promega), pET-

23a(+) (Merck; Darmstadt, Germany), pCDNA3.1(+) plasmid (Invitrogen) and a 

modified version of pCDNA3.1(+) with EGFP introduced in EcoRI-NotI restriction 

site, kindly provided by Scott Lawrence (Department of Biology & Biochemistry, 

University of Bath). To create the pEGFP-GR and pCDNA3.1(+)_GR-EGFP the 

Acc65I/ BamHI fragment of the full length rGR PCR product of GR-5’ and GR-3’ 

primers and GR-5’ and GR-3’-NO-STOP primers was introduced into the Acc65I/ 

BamHI site of pEGFP-C1 and pCDNA3.1(+)_EGFP respectively. The 

pCDNA3.1(+)_Flag/Cys4-GR was created by insertion of the Acc65I/ BamHI 

fragment of the full length GR PCR product of GR-5’ and GR-3’ primers into the 

Acc65I/BamHI side of the modified pCDNA3.1(+)_Flag/Cys4. The modified 

pCDNA3.1(+)_Flag/Cys4 construct was prepared by annealing oligonucleotide 

Cys4-N-5 AGCTTATGCATCGTTGGTGTTGTCCCGGGTGCTGTAAAACTTTTG 

and Cys4-N-3 

GTACCAAAAGTTTTACAGCACCCGGGACAACACCAACGATGCATA to a double 

stranded oligonucleotide with HindIII and Acc65I overhang which was inserted into 

the HindIII/Acc65I Sites of pCDNA3.1(+). To construct the pTRE-Tight_EGFP(N) 

the EcoRI/Acc65I fragment of the EGFP PCR product of EGFP-EcoRI and EGFP-

Acc65I primers was inserted into the EcoRI/Acc65I site of pTRE-Tight. The pTRE-

Tight_EGFP(C) was constructed by introducing the SalI/XbaI fragment of the 

EGFP PCR product of EGFP-SalI and EGFP-STOP-XbaI primers into the 

SalI/XbaI site of pTRE-Tight. To create the pTRE-Tight_EGFP-GR the 

Acc65I/BamHI GR fragment of pEGFP-GR was inserted into the Acc65I/BamHI 

site of pTRE-Tight_EGFP(N). The pTRE-Tight_GR-EGFP was created by insertion 

of the Acc65I/NotI GR-EGFP fragment of pCDNA3.1(+)_GR-EGFP into the 

Acc65I/NotI site of pTRE-Tight. The pTRE-Tight_Flag/Cys4-GR was constructed 

by insertion of the EcoRI/BamHI Flag/Cys4-GR fragment of 

pCDNA3.1(+)_Flag/Cys4-GR into the EcoRI/BamHI site of pTRE-Tight. To create 

the pTRE-Tight_GR-Flag/Cys4 vector the sequence coding for Flag/Cys4 with a 

stop codon downstream the Cys4 sequence was prepared by annealing 

oligonucleotide Cys4-C-
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5GATCCAGATTACAAGGACGATGATGACAAGCACCGTTGGTGTTGCCCCGGG

TGCTGCAAAACTTTTTAGT and Cys4-C-3 

CTAGACTAAAAAGTTTTGCAGCACCCGGGGCAACACCAACGGTGCTTGTCAT

CATCGTCCTTGTAATCTG to a double stranded oligonucleotide with BamHI and 

XbaI overhang which was inserted into the BamHI/XbaII sites of the pTRE-

Tight_GR-EGFP to replace the EGFP. The pGEM-TEasy_Hygromycin was 

constructed by introducing a DNA fragment coding for the hygromycin resistance 

gene, supplied with the Tet-on Advanced Inducible System (Invitrogen), in the 

linearised pGEM-TEasy vector system (Promega). To construct pET-

23a(+)_EGFP the NdeI/XhoI fragment of the EGFP PCR product of EGFP-NdeI 

and EGFP-XhoI primers was inserted into the NdeI/XhoI site of pET-23a(+). The 

full-length constructs were finally determined by sequencing (Eurofins MWG 

Operon; Ebersberg, Germany). Detailed maps of all plasmids described above are 

shown in Appendix Figures 1-19 and sequencing results are displayed in Appendix 

Figures 20-96. 

2.6 Plasmid amplification and purification 

For transformation, 0.3µg of plasmid was incubated with 100µl of competent E.coli 

strain XL-Blue for 10min on ice. After heat shock for 50sec at 42°C and following 

2min incubation on ice, cells were grown in 900µl Luria-Bertani (LB) media for 1hr 

with shaking. Bacteria were harvested by centrifugation at 5100rpm for 10min in a 

Beckman-Coulter Allegra-25R centrifuge (Beckman-Coulter; Brea, USA). The 

pellet was resuspended in 50µl LB media and transferred to an LB media agar 

plate supplemented with kanamycin 50µg/ml for pEGFP-C1 based plasmid or 

100µg/ml ampicillin for pCDNA3.1(+), pTet-On Advanced, pTRE-Tight, pGEM-

TEasy and pET-23a(+)-based plasmid. The agar plate was incubated overnight. 

Growing bacterial colonies were transferred to 10ml LB media supplemented with 

kanamycin or ampicillin incubated for 1hr by shaking at 37°C and then transferred 

to 500ml LB media supplemented with kanamycin or ampicillin and incubated 

overnight shaking. The plasmids were then purified by High Purity Plasmid 

Maxiprep System (Marligen Bioscience; Ijamsville, USA). 
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2.7 Cell culture 

Rat pancreatic AR42J-B13 (B13) cells were cultured in Dulbecco’s modified 

Eagle’s medium (DMEM) containing 10% foetal bovine serum (FBS), 1% L-

glutamine and 1% penicillin/ streptomycin as described in Shen et al, 2000. 

Primary rat hepatocytes were freshly isolated and kindly provided by Kathy O’Neill 

and Shifaan Thowfeequ. Hepatocytes were cultured in keratinocyte serum-free 

medium supplemented with 1µM Dex, 5ng/ml epidermal growth factor and 50µg/ml 

pituitary gland extract as described (Li et al., 2007). The cells were maintained at 

37°C in a 5% CO2 atmosphere. Viability of cells was analysed by the live/dead cell 

assay according to the instructions of the supplier (Invitrogen).  

2.8 Establishment of stable cell lines constitutively 

expressing tagged GR 

Subconfluent B13 cells were transfected with pEGFP-GR or pEGFP-C1 

(4µg/35mm tissue culture dish) by Lipofectamine 2000 (Invitrogen) according to 

the manufacturer’s instructions. Briefly 4µg plasmid DNA and 10µl Lipofectamine 

2000 were diluted in 250µl D-MEM medium each. After 5min incubation diluted 

plasmid DNA and diluted Lipofectamine 2000 were pooled and incubated for 

20min. The mixture was added to the 35mm dish containing subconfluent B13 

cells. After 24hr incubation cells were split to 15 x 90mm dishes and cultured for 

48hr followed by selection for neomycin resistance by growth in medium 

containing 0.8mg/ml G418 (PAA; Yeovil , UK). Neomycin-resistant colonies were 

screened 14 days later for EGFP fluorescence.  Fluorescent colonies were 

transferred to a 96-well plate. Selected confluent colonies were cloned by three 

cycles of the limiting dilution method (1cell/well) in G418 containing medium. 

Clone B13 EGFP-GR B3F6B7 was selected out of 40 clones and maintained in 

medium supplemented with G418 (0.4mg/ml). 

2.9 Establishment of double stable cell lines 

inducible for tagged GR expression 

B13 Tet-on Advanced cell lines expressing the EGFP fusions (N or C terminal) of 

the GR were established using the Tet-on Advanced Inducible Gene Expression 

System (Invitrogen). Briefly, B13 cells were transfected with linearised pTet-On 

Advanced (4µg/35mm tissue culture dish) using Lipofectamine-2000.  Cells were 
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split into 15 x 90mm dishes and cultured for 48h. Cells were then selected in the 

presence of 0.8mg/ml G418. After 14 days selection, resistant colonies were 

picked and transferred to a 96 well plate. After cell expansion cell clones from 

each well were split on 3 x 96 well plates. Two plates were transiently transfected 

with 0.2µg pTRE-Tight_Luc plasmid per well and one transfected plate was 

adjusted to 10µg/ml Dox for induction of luciferase expression. After 48hr of 

culture out of 51 stable clones 11 clones were tested positive for Tet-on Advanced 

regulator using Luciferase-assay-system (Promega) and FARCyte Fluorescence 

Reader (GE-Healthcare; Bucks, UK). Clones B13 Tet-on A4, G4, E2, F2 and G2 

from the non-transfected 96 well plate were maintained and expanded in medium 

supplemented with G418 (0.4mg/ml).  Tet-on regulator-positive B13 cells were 

further co-transfected with linear pTRE-Tight_EGFP-GR or pTRE-Tight_GR-EGFP 

(4µg/35mm tissue culture dish) and linear hygromycin marker (1µg/35mm tissue 

culture dish) at a molar ratio of 10:1 using Lipofectamine-2000. After 24hr cells 

were split to 15 x 90mm dishes and cultured for 48hr. Cells were then selected in 

the presence of 0.4mg/ml G418 and 0.4mg/ml Hygromycin-B. After 14 days 

selection, resistant colonies were picked and transferred to 96 well plates. Four 

out of 66 double stable B13 Tet-on_EGFP-GR clones and 4 out of 56 double 

stable B13 Tet-on_GR-EGFP clones were tested positive for EGFP tagged GR 

expression by fluorescence microscopy and western blotting. Double stable cells 

were maintained and expanded in medium supplemented with G418 (0.4mg/ml) 

and Hygromycin-B (0.2mg/ml). 

2.10 Immunofluorescence detection 

For immunofluorescent staining, B13 cells were cultured on non-coated glass 

coverslips, rinsed with phosphate buffered saline (PBS), fixed with 4% 

paraformaldehyde in PBS for 30min and then permeabilized with 0.1% (vol/vol) 

Triton X-100 in PBS for 30min. Glass coverslips were incubated in 2% blocking 

buffer (Boehringer Mannheim; Basel, Switzerland) containing 0.1% Triton X-100, 

then incubated sequentially with primary and secondary antibodies followed by 

staining with 4'-6-Diamidino-2-phenylindole (DAPI) (0.5µg/ml). Primary antibodies 

were as follows: rabbit polyclonal anti-Cyp2e1 (1:100; a gift from Professor 

Magnus Ingelman-Sundberg, Karolinska Institute, Stockholm. Sweden), rabbit 

polyclonal anti-human-transferrin (1:100; #A0061, Dako, Glostrup, Denmark), 
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sheep polyclonal anti-rat-UDP-glucuronosyltransferase (UGT) (1:100; #CYP601, 

CYPEX Ltd., Dundee, Scotland), sheep polyclonal anti-guinea-pig-albumin (1:100; 

#0220-1799, AbD-SEROTEC, Oxford, UK).  Secondary antibodies were: Texas 

Red conjugated rabbit polyclonal anti-sheep (1:1000; #TI-6000, Vector Labs, 

Peterborough, UK) and Texas Red conjugated goat polyclonal anti-rabbit (1:1000; 

#TI-1000, Vector Labs). 

2.11 Fluorescence microscopy 

Fluorescence microscopy and digital image acquisition were routinely carried out 

using a Laser Scanning Microscope System "META" (LSM510 META) fitted on an  

Axiovert 200M microscope (Zeiss, Oberkochen, Germany) with a 63x/1.2 NA 

water immersion lens objective with correction ring (63x/1.2 W Korr) for live image 

acquisition and a Plan-Apochromat 63x/1.4 NA oil DIC objective for image 

acquisition of fixed fluorescent specimens. The microscope was driven by LSM 

software Release 4.2 (Zeiss). EGFP was imaged using the Argon (gas) laser 

488nm excitation line with a 505-530nm band pass (BP) filter, while red 

fluorescence was imaged using the 543nm He-Ne gas laser with a 560nm long 

pass (LP) filter and DAPI was imaged using the 405nm diode laser for excitation 

with a 420-480nm BP filter for emission.            

Alternatively a Leica DMRB microscope (Wetzlar, Germany) with a 5x (NA 0.12), 

10x (NA 0.30) PH1, 20x (NA 0.50) PH2 and a 40x (NA 0.70) PH2 objective, 

equipped with a Leica Hg50 burner as excitation source and a Nikon DXM 1200C 

CCD camera (Nikkon, Surrey, UK) driven by NIS-Elements imaging software 

version F 2.20 (Nikon) was used. EGFP was imaged using Leica K3 filter set 

(480nm (10nm BP) excitation filter and 515nm LP suppression filter), while red 

fluorescence was imaged using Leica N2.1 filter set (540nm (20nm BP) excitation 

filter and 590nm LP suppression filter) and DAPI was imaged using Leica A filter 

set (360nm (20nm BP) excitation filter and 425nm LP suppression filter). 

2.12 Preparation of cell lysates 

Cells grown in 75cm2 culture flasks were washed three times with ice-cold PBS. 

Cytosolic cell lysates were obtained by hypotonic lysis of the cells in 1ml of 20mM 

HEPES, 10mM KCl, 1mM EDTA, 10% (v/v) glycerol pH 7.9, protease inhibitors 

(1mM phenylmethylsulfonylfluoride (PMSF), 1µg/ml aprotinin, 1µg/ml leupeptin, 
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1µg/ml pepstatin, 5µg/ml antipain, 157µg/ml benzamidine) and phosphatase 

inhibitors (5mM ß-glycerophosphate, 5mM NaF, 1mM Na3VO4). The cells were 

scraped in the buffer, transferred to an eppendorf tube and finally sheared through 

a needle (0.45mm diameter). The lysate was centrifuged at 16300 x g for 5min at 

4°C in a Eppendorf-5415D centrifuge (Eppendorf; Hamburg, Germany) to obtain 

cytosolic lysate (cy). The pellet containing the nuclei was washed 2 x with 500µl 

hypotonic lysis buffer. Nuclei were resuspended in 200µl of high salt buffer (20mM 

HEPES, 10mM KCl, 400mM NaCl, 1mM EDTA, 20% glycerol, 5mM MgCl2, 1mg/ml 

DNAse I pH 7.9) containing  the protease (1mM phenylmethylsulfonylfluoride 

(PMSF), 1µg/ml aprotinin, 1µg/ml leupeptin, 1µg/ml pepstatin, 5µg/ml antipain, 

157µg/ml benzamidine)/ phosphatase inhibitors (ß-glycerophosphate, 5mM NaF, 

1mM Na3VO4) and incubated for 1hr at 4°C in a rotator followed by centrifugation 

at 48000rpm for 1hr at 4°C in a Beckman-Coulter TL-100 Ultracentrifuge. 

Supernatant was stored as nuclear fraction.  

Green fluorescent protein (GFP) fluorescence intensity was recorded in FARCyte 

Fluorescence Reader. Protein determination of cytosolic and nuclear cell extracts 

was done using Roti-Nanoquant (Carl Roth GmbH&Co.KG; Karlsruhe, Germany) 

according to the manufacturer’s instructions. 

2.13 SDS-PAGE 

Protein separation was carried out on 0.75mm mini-gels (Bio-Rad Laboratories, 

Inc.; Richmond, CA) with 15% polyacrylamide for histone samples and 10% 

polyacrylamide for all other samples. GFP-Nanotrap purified proteins as well as 

proteins derived from Gel-filtration / Native-Agarose electrophoresis purification 

were separated on large 0.75mm ProteanII XL gels (Bio-Rad) with a 5-20% 

polyacrylamide gradient.  

Protein samples (5-10µg total protein) were diluted 1:3 in 4 x SDS-loading buffer 

(125mm Tris buffer, 4% SDS, 20% glycerol, 5% ß-mercaptoethanol, 0.01% 

bromophenol blue, pH 6.8) and agarose gel pieces from native agarose 

electrophoresis were incubated with one half of the gel volume with 4 x SDS-

loading buffer overnight. All samples were boiled for 3min at 95°C and loaded on 

the polyacrylamide gel. Molecular mass marker Precision plus dual colour 

standard (BioRad) was applied to one of the lanes. Electrophoresis was carried 
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out at 120V for 1-2hr for mini gels or 200V for 8-10hr for ProteanII XL gels. Mini 

gels were stained with standard coomassie stain while ProteanII XL gels were 

stained with a colloidal coomassie stain solution as described (Candiano et al., 

2004). 

2.14 Western Blotting 

Proteins were electro-blotted onto polyvinylidene difluoride (PVDF) membranes 

(Millipore; Billerica, USA) using a Trans-Blot SD Semi-Dry Transfer Cell (BioRad) 

at a constant 15V for 25min. The blots were blocked overnight in PBS with 0.5% 

Tween-20 and 5% non-fat milk. Membranes were probed with primary antibody for 

1hr at room temperature with gentle shaking. After 3 x 10min washes in blocking 

buffer (PBS with 0.5% Tween-20 and 5% non-fat milk), membranes were 

incubated 1hr with horseradish peroxidase conjugated secondary antibody in 

blocking buffer (PBS with 0.5% Tween-20 and 5% non-fat milk). After 3 x 10min 

washes in blocking buffer (PBS with 0.5% Tween-20 and 5% non-fat milk) and one 

additional wash with PBS for 5min, the membranes were developed using the ECL 

chemiluminescence system (GE-Healthcare); membranes were exposed to Blue-

Sensitive Autoradiography Film (Cole-Parmer Instrument Company Ltd; London, 

UK). Processed films were scanned with a flatbed scanner. For probing blots with 

another primary antibody, the blots were stripped by incubation for 30min in 

stripping buffer (250mM Tris pH 7.0, 5% ß-mercaptoethanol, 1% SDS) at 50°C 

with gentle shaking followed by overnight blocking.  Primary antibodies were as 

followed: mouse monoclonal anti-rabbit-GAPDH (1:10000; #AM430, Ambion, 

Austin, USA), mouse monoclonal anti-human-BRG1 (1:1000; #sc-17797, Santa 

Cruz Biotechnology, Santa Cruz, USA), mouse monoclonal anti-mouse-GR (1:500; 

#sc-12763, Santa Cruz Biotechnology), mouse monoclonal anti-human-BAF170 

(1:200; #sc-166237, Santa Cruz Biotechnology), rabbit polyclonal anti-GFP 

(1:1000; #598, MBL, Woburn, USA), rabbit polyclonal anti-mouse-GR (1:1000; 

#sc-1004, Santa Cruz Biotechnology), rabbit polyclonal anti-human-GR (1:500; 

#sc-1002, Santa Cruz Biotechnology), rabbit polyclonal anti-human-Histone H1.2 

(1:500; #ab-17677, Abcam, Cambridge, UK), rabbit polyclonal anti-human-SMRC2 

(1:500; #ab-64853, Abcam), rabbit polyclonal anti-human-DRIP130 (1:500; #ab-

70450, Abcam).  Secondary antibodies were as followed: horseradish peroxidase 

(HRP) conjugated goat polyclonal anti-rabbit (1:1000; #PI-1000, Vector Labs), 
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HRP conjugated horse polyclonal anti-mouse (1:1000; #PI-2000, Vector Labs) and 

HRP conjugated donkey polyclonal anti-goat (1:1000; #sc-2020, Santa Cruz 

Biotechnology). 

2.15 Immunoprecipitation 

Semi-confluent B13 cells (2 x 175cm2 flasks) were treated for 1hr with 1µM Dex. 

Nuclear extracts were prepared as described (see 2.12) using 4ml cytosolic 

extraction buffer for each flask and 400µl nuclear extraction buffer for the nuclear 

pellet of each flask. Next, 1ml nuclear extracts was placed on a 3kDa cut off 

Amicon Ultra-15 Centrifugal Filter Unit (Millipore) and topped up to 15ml total 

volume with IP buffer (150mM NaCl, 50mM Na2HPO4 pH 7.4, 1µM Dex 

supplemented with protease inhibitors, 1mM PMSF, 1µg/ml aprotinin, 1µg/ml 

leupeptin, 1µg/ml pepstatin, 5µg/ml antipain, 157µg/ml benzamidine and 

phosphatase inhibitors 5mM ß-glycerophosphate, 5mM NaF, 1mM Na3VO4). The 

sample was centrifuged for 90min at 4000 x g and 4°C in a Beckman-Coulter 

Allegra-25R centrifuge. The flow through was removed and the column was 

topped up to 15ml total volume with IP buffer. The procedure was repeated two 

times and in the final spin the sample was concentrated down to 1ml. Nuclear IP 

concentrate was centrifuged 48000rpm at 4°C for 30min in a Beckman-Coulter TL-

100 Ultracentrifuge to remove any precipitate.  Next, 500µl of nuclear concentrate 

was incubated with 4µg of primary antibody [mouse monoclonal anti-human-BRG1 

(#sc-17797, Santa Cruz Biotechnology), mouse monoclonal anti-mouse-GR (#sc-

12763, Santa Cruz Biotechnology), mouse monoclonal anti-human-BAF170 ( #sc-

166237, Santa Cruz Biotechnology) rabbit polyclonal anti-mouse-GR (#sc-1004, 

Santa Cruz Biotechnology), rabbit polyclonal anti-human-Histone H1.2 (#ab-

17677, Abcam), rabbit polyclonal anti-human-DRIP130 (#ab-70450, Abcam)]   or  

control IgG [normal mouse IgG (#sc-2025, Santa Cruz Biotechnology), normal 

rabbit IgG (#sc-2027, Santa Cruz Biotechnology)] on a rotator at 4°C overnight. 

Depending on the host source of the primary antibody, the IP mix was incubated 

with 100µl of Protein-A Agarose beads (#sc-2001, Santa Cruz Biotechnology) for 

rabbit primary antibodies or Protein-G plus Agarose beads (#sc-2002, Santa Cruz 

Biotechnology) for mouse primary antibodies on a rotator at 4°C for 1h. After 

incubation, beads were spun down at 2000 x g for 10min at 4°C in an Eppendorf-

5415D centrifuge and supernatant was removed. After 4 washes with 1ml IP 
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buffer, the immunoprecipitated complexes were eluted with 200µl SDS-loading 

buffer and boiled for 3min at 95°C. Co-immunoprecipitated proteins and IP 

supernatants were analysed by western blotting (see 2.14). 

2.16 GFP-Nanotrap purification 

Semi-confluent B13 EGFP-GR B3F6B7 or B13 Tet-on (G2) GR-EGFP (A2) cells 

either Dox induced or uninduced were treated with Dex (1nM for 48hr for B13 

EGFP-GR B3F6B7; 1µM for 1hr for B13 Tet-on (G2) GR-EGFP (A2)). Cytosolic / 

nuclear extracts of 30 x 175cm2 cell culture flasks were prepared as described in 

section 2.12 using 4ml cytosolic extraction buffer for each flask and 400µl nuclear 

extraction buffer for the nuclear pellet of each flask. The nuclear extracts were 

then topped up with IP buffer (150mM NaCl, 50mM Na2HPO4 pH 7.4, 1µM Dex 

supplemented with protease inhibitors, 1mM PMSF, 1µg/ml aprotinin, 1µg/ml 

leupeptin, 1µg/ml pepstatin, 5µg/ml antipain, 157µg/ml benzamidine and 

phosphatase inhibitors 5mM ß-glycerophosphate, 5mM NaF, 1mM Na3VO4) up to 

the final volume of the cytosolic extracts. Diluted nuclear extracts were placed on a 

3kDa cut off Amicon Ultra-15 Centrifugal Filter Unit (Millipore). The sample was 

centrifuged for 90min at 4000 x g and 4°C in a Beckman-Coulter Allegra-25R 

centrifuge. The flow through was removed and the column was topped up to 15ml 

total volume with remaining diluted nuclear extract. The procedure was repeated 

until all diluted nuclear extract was concentrated. In the final spin the column was 

topped up to 15ml total volume with IP buffer and concentrated down to 10ml. 

Nuclear concentrate was centrifuged at 70000 x g, 4°C for 30min in a Beckman-

Coulter Avanti-J25 centrifuge to remove any precipitate.  

The EGFP-tagged protein was purified from nuclear proteins by the GFP-Nanotrap 

system (Rothbauer et al., 2008) as described by the manufacturer (Chromotek; 

Munich, Germany). The nuclear concentrate was incubated with 100µl of GFP-

Nanotrap beads for 2hr on a rotator at 4°C. Every 30min the sample was spun 

down at 2000 x g for 5min at 4°C in the Beckman-Coulter Allegra-25R centrifuge 

and EGFP fluorescence intensity of 300µl supernatant was recorded in FARCyte 

Fluorescence Reader (GE-Healthcare).  Finally, beads were spun down for 10min 

at 2000 x g at 4°C and the supernatant was removed. After 4 washes with 10ml IP 

buffer, the GFP-Nanotrap beads were eluted three times with 500µl glycine buffer 
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(200mM glycine pH 2.5). The glycine eluate was neutralised with 50µl of 1M Tris 

buffer for each 500µl and the neutralised eluate was concentrated by 

centrifugation at 4000 x g (4°C for 1hr) in a 3kDa cut off Amicon Ultra-4 Centrifugal 

Filter Unit (Millipore) in the Beckman-Coulter Allegra-25R centrifuge.  

2.17 Gel filtration 

Nuclear extracts of 5 x 175cm2 flasks with semi confluent B13 Tet-on (F2) EGFP-

GR (G4A2) cells induced with 1µg/ml of Dox and 1µM Dex treated for 30min were 

changed to IP buffer conditions and concentrated as described in section 2.15. 

The concentrate was centrifuged at 48000rpm, 4°C for 30min in a Beckman-

Coulter TL-100 Ultracentrifuge to remove any precipitate and the supernatant was 

then loaded onto a Sephacryl S-400 HR matrix (GE-Healthcare)  in a XK 16/100 

column (GE-Healthcare). Buffer A (150mM NaCl, 50mM Na2HPO4 pH 7.4, 1µM 

Dex) was run at 0.5ml/min using the FPLC Äkta (GE-Healthcare). Multiprotein 

complexes were recovered in 1ml fractions and each fraction was tested for EGFP 

fluorescence in a FARCyte Fluorescence Reader (GE-Healthcare).  

2.18 Native Agarose electrophoresis 

Native electrophoresis was carried out according to patent DE102007037065.4.  

Here follows a brief description.  EGFP-positive fractions were pooled and 

concentrated spun at 4000 x g in a 3kDa cut off Amicon Ultra-4 Centrifugal Filter 

Unit (Millipore) in the Beckman-Coulter Allegra-25R centrifuge. The concentrate 

was adjusted with glycerol to a final concentration of 20%. Next, the sample was 

loaded onto a large 1.5mm ProteanII XL gel (Bio-Rad) containing 0.5% agarose, 

76mM Tris-HCl pH 7.4, 0.1M L-glycine, 0.1M L-serine and 0.1M L-asparagine. 

Running buffer contained 192mM glycine and 25mM Tris-HCl at pH 7.4.  The gel 

was run at 200V overnight at 4°C. The gel was then scanned with an FLA-5000 

imaging system (Fujifilm, Tokyo, Japan) using the LBP-filter set at 800V/100µm 

resolution. EGFP-positive gel areas were excised from the gel and stored at 4°C. 

2.19 Mass spectrometry 

Protein bands of interest were excised from the gel and digested with trypsin using 

the ProGest automated digestion unit (Perkin Elmer Life Sciences; Waltham, 

USA). The resulting peptides were analysed using a 4700 MALDI-Tof/Tof mass 

spectrometer (Applied Biosystems; Carlsbad, USA).  Mass spectra were recorded 
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in positive ion mode on an Applied Biosystems 4700 MALDI mass spectrometer. 

MS spectra were recorded in reflector mode. For MSMS analysis, the top 5 most 

intense, non-tryptic, precursors were selected for fragmentation by collision 

induced dissociation. Neither baseline subtraction nor smoothing were applied to 

recorded spectra.                  

The resulting MS and MSMS data were analysed using GPS Explorer 3.5 (Applied 

Biosystems). MS peaks were filtered with a minimum signal to noise ratio of 35 

and to exclude masses derived from trypsin autolysis. MSMS peaks were filtered 

to exclude peaks with a signal to noise ration less than 35 over a mass range of 

50Da to 20Da below the precursor mass. Data was analysed using the MASCOT 

algorithm (Matrix Science; London, UK) using the NCBInr database. A maximum 

number of missed cleavages of 1 and a charge state of +1 were assumed for 

precursor ions. A precursor tolerance of 100ppm and an MS/MS fragment 

tolerance of 0.15Da were used in the database search. Routinely samples were 

analysed with methionine oxidation considered a variable modification. 

2.20 Protein expression and purification of 

Escherichia coli 

The cells of the E. coli BL21(DE3) strain were transformed with the plasmid pET-

23a containing the EGFP construct and were grown at 37oC in 10l LB medium with 

ampicillin (100µg/ml). When the absorbance at 600nm was 0.6, isopropyl-ß-D-

thiogalactopyranoside (IPTG) was added to a final concentration of 0.5mM. After 

4hr of protein induction, cells were collected by centrifugation at 5100rpm for 5min 

in the Beckman-Coulter Allegra-25R centrifuge. Cells were resuspended in binding 

buffer (20mM Na2HPO4 pH 7.5, 500mM NaCl, 50mM imidazole) containing 

protease inhibitors (1mM phenylmethylsulfonylfluoride (PMSF), 1µg/ml aprotinin, 

1µg/ml leupeptin, 1µg/ml pepstatin, 5µg/ml antipain, 157µg/ml benzamidine) with 

1mM MgCl2, 200µg/ml lysozyme and 20µg/ml DNAseI.  Cells were then lysed by 

mixing to homogenate at 4°C for 30min followed by sonication (three 2min pulses 

with 1min on ice in between) using a Branson sonifier (Danbury, USA). The 

homogenates were centrifuged at 5100rpm for 15min at 4°C in the Beckman-

Coulter Allegra-25R centrifuge. Cell pellets containing inclusion bodies were 

resuspended in cold 20mM sodium bicarbonate, pH 9.0 and 8M urea at 4°C till it 
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was a clear green-yellow solution. The solution was dialyzed three times against 

binding buffer followed by centrifugation at 70000 x g for 30min at 4°C in a 

Beckman-Coulter Avanti-J25 centrifuge to remove any debris and precipitate.  The 

EGFP-His6 solution was then applied to a HiTrap HP chelating affinity column 

(GE-Healthcare) equilibrated with the same binding buffer, using an ÄKTA-FPLC-

system (GE Healthcare). The bound EGFP-His6 was eluted with binding buffer in a 

gradient from 50 to 500mM imidazole. The green fractions containing EGFP-His6 

were analysed by SDS-PAGE, pooled and concentrated using a 3kDa cut off 

Amicon Ultra-15 Centrifugal Filter Unit (Millipore). The green concentrate was 

centrifuged at 48000rpm, 4°C for 30min in a Beckman-Coulter TL-100 centrifuge 

to remove any precipitate and loaded on a Superdex200 10/300 GL column (GE-

Healthcare). Buffer A (150mM NaCl, 50mM Na2HPO4  pH 7.4, 1µM Dex) was run 

at 0.5ml/min using the FPLC-Äkta (GE-Healthcare). Proteins were recovered in 

300µl fractions and each fraction was tested for EGFP fluorescence in a FARCyte 

Fluorescence Reader (GE-Healthcare). Finally EGFP positive fractions were 

pooled and analysed by SDS-PAGE. 

2.21 PLGA membrane synthesis 

PLGA flat sheet membranes were cast from a 20% (w/w) PLGA 75/25 (Boehringer 

Ingelheim, Germany) in the solvent 1-methyl-2-pyrrolidinone by pouring 

approximately 2ml of polymer solution onto a flat glass sheet (10 x 15cm). The 

polymer was spread with a glass rod kept at a height of 200µm from the glass 

sheet using a 200µm diameter wire wrapped around a 1cm diameter rod. The 

coated glass sheet was then submerged in deionised water at 25°C. The water 

was changed every 6hr and 24hr after initial immersion to remove residual solvent. 

2.22 Cell culture on PLGA membranes and 

immunofluorescence analysis 

For cell culture on PLGA membranes a complete PLGA membrane sheet was 

integrated into the 6-well bioreactor or alternatively one 1cm x 1cm piece of PLGA 

membrane was placed per well in a standard 6-well cell culture plate with cloning 

rings on each membrane edge. Control plates were set up with glass cover slips in 

each well. Each well was sterilised by one wash with 70% ethanol, followed by two 

washes with H2O and one wash with PBS. B13 cells or freshly isolated rat 
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hepatocytes (seeded at 4x105 or 2.5x105 cells/well respectively) were cultured and 

stained for live and dead cells as described in section 2.7. For long term culture 

and cell conversion studies, B13 cells stably expressing EGFP were cultured in 

DMEM containing 10% FBS, 1% L-glutamine and 1% penicillin / streptomycin in 

the presence or absence of 1µM Dex on PLGA membrane in the 6-well bioreactor. 

Membranes were washed two times with PBS to remove any traces of phenol red 

(medium) prior to live image acquisition. Fluorescent live cell images were taken 

by using the Leica DMBR microscope as described in section 2.11.  

2.23 Bioreactor design 

The Bioreactor based on a 6 well cell culture plate was virtually designed by using 

the Google SketchUp 6 software. Pictures of the Bioreactor design are shown in 

Figure 99-101 in the Appendix section. Based on those images and the 

dimensions of the 6 well cell culture plate a Bioreactor prototype was made by 

Paul Frith (University of Bath, Mechanical Engineering, Bath, England). 
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Chapter 3: Viability of hepatocytes and pancreatic B13 

cells cultured on PLGA membranes 

3.1 Introduction 

3.1.1 Transdifferentiation and biodegradable 

matrix 

Creation of a bioartificial liver (BAL) from cells using a combination of tissue 

engineering and cell culture approaches has the potential to maintain patients in a 

stable condition either until a transplant becomes available or, until their own liver 

regenerates. The research outlined in this chapter focuses on the development of 

a BAL system. Two issues arise with the development of a BAL. The first concerns 

the source of liver cells.  One promising approach to the shortage of liver donors is 

to use the conversion of one cell type into another (transdifferentiation or 

reprogramming) (Slack, 2007). The transdifferentiation of pancreatic B13 cells to 

hepatocytes can be induced by culture with Dex (Shen et al., 2000). This provides 

a useful system for studying the cellular and molecular events underlying the 

switch in phenotype and can be used as a surrogate hepatocyte model for testing 

on biomembranes (Shen et al., 2000). The second issue concerns the culture 

substratum. Most of the BAL systems currently clinically applied to human patients 

provide non-biocompatible matrices such as cellulose acetate, polyester or 

polyether-sulphone. The use of biocompatible materials would offer the unique 

opportunity of integrating a functional BAL system into the patient. Therefore, the 

first aim of this thesis was to test the utility of cultured rat hepatocytes or the 

pancreatic B13 cell line on a biocompatible PLGA membrane with a view to testing 

the cytotoxic potential of the PLGA membrane material as well as the ability of the 

pancreatic B13 cells to proliferate and convert to hepatocyte-like cells. 
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3.1.2 Use of biodegradable matrices in BAL 

Liver cells are adherent cells that need to attach to an extracellular matrix support 

in order to maintain their long term phenotype and viability. Attachment of 

hepatocytes to matrices under in vitro cultures has been shown to improve cell 

function and survival (Cima et al., 1991; Ranucci et al., 2000). Most of the BAL 

systems currently used clinically for patients with liver failure are composed of 

matrices such as cellulose acetate (Demetriou et al., 2004; Ellis et al., 1996; 

Rozga et al., 1994; Samuel et al., 2002; Sussman et al., 1994; Watanabe et al., 

1997) or polyether-sulphone (Mundt et al., 2002; Sauer et al., 2002). These 

materials are not biodegradable. Biodegradable material have the advantage to 

undergo degradation in a living environment resulting in biocompatible by-products 

which can be eliminated from the body by either metabolism or kidney filtration 

(Jain, 2000).Therefore using biocompatible materials would offer the novel 

opportunity of integrating a functional BAL system into the patient.   

Over the last few decades biodegradable polymers have been used in a variety of 

approaches (Jain, 2000). The biodegradable copolymer poly (lactic-co-glycolic 

acid) (PLGA) consists of the two monomers lactic acid and glycolic acid.  

Degradation of PLGA polymer occurs via a passive hydrolysis of the ester 

linkages. Degradation times for the PLGA can be adjusted by using different ratios 

of the monomers (Jain, 2000). Three dimensional porous structures of PLGA have 

been synthesised to serve as a scaffold for cell growth. These PLGA scaffolds 

have been used for tissue growth of blood vessels, pancreatic islet transplantation, 

hepatocyte transplantation or for the growth of nasoseptal cartilage replacements 

(Juang et al., 1995; Mooney et al., 1994; Puelacher et al., 1994; Takeda et al., 

1995). Due to these excellent biocompatibility properties, PLGA was approved by 

the Food and Drug Administration (FDA) (Jain, 2000).  Based on these properties, 

we therefore focused on the development of a BAL system using PLGA as a 

biocompatible matrix.  
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3.1.3 Aims 

The aims of chapter 3 were to: 

1. Test the cytotoxic potential of the PLGA membrane material. 

2. Improve PLGA membrane synthesis. 

3. Evaluate the ability of the pancreatic B13 cells to proliferate and convert to 

hepatocyte-like cells on PLGA membranes. 

3.2 Results 

3.2.1 Viability of adult rat hepatocytes and the 

pancreatic B13 cells cultured on PLGA 

membranes 

To test whether PLGA allows for cell attachment and promotion of cell viability, we 

used two different cell types, adult rat hepatocytes and B13 cells.  The cells were 

seeded onto flat sheet PLGA membranes.  After 48 hours in culture, cell viability 

was determined using a commercially available kit by staining for live and dead 

cells. In this assay, live and dead cells can be distinguished following treatment 

with calcein-AM and ethidium homodimer (EthD-1).  Live cells are distinguished by 

the conversion of the nonfluorescent cell permeant calcein-AM by ubiquitous 

intracellular esterase activity into fluorescent calcein (green).  Dead cells are 

detected when EthD-1 enters cells with damaged membranes and undergoes an 

enhancement of fluorescence following binding to nucleic acids (red). The 

experiment was performed four times and representative results are shown. 

Hepatocytes and the pancreatic B13 cell line when cultured on PLGA membrane 

showed high viability and were comparable to cells cultured on a glass cover slip 

as a control (Fig 3.1A and B). It is interesting to note that the number of dead cells 

for primary rat hepatocytes cultured either on glass cover slips (control) or PLGA 

membranes were approximately 10 fold higher  than that of the pancreatic cells 

(Fig 3.1A). In terms of cell attachment to PLGA membranes, hepatocytes as well 

as pancreatic cells showed similar cell density and distribution over a wide area of 

the PLGA membrane compared to the control sample (Fig 3.1A and B). Indeed, 

areas of much higher and much lower cell density were found for both cell types 

cultured on PLGA membranes, which was not noted for cells cultured on glass. 
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The higher and lower cell densities were found on uneven membrane areas as it 

was noted that PLGA membrane pieces tend to curl when incubated under cell 

culture conditions (Fig 3.2).  

 

 

 

 

 

Figure 3.1 Viability of cells cultured on glass cover slip or PLGA flat sheet 

membranes. A) Freshly isolated rat hepatocytes and B) rat pancreatic AR42J-

B13 cells were seeded on PLGA flat sheet membrane (PLGA membrane) or a 

glass cover slip (control). After 48hr of culture, cells were stained by the live/dead 

cell assay (Invitrogen). Green fluorescence indicates live cells, while dead cells 

show red fluorescence. 
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Figure 3.2 Irregular cell densities on curled PLGA membrane areas. Rat 

pancreatic B13 cells were seeded onto PLGA flat sheet membranes. After 48hr of 

culture, cells were stained by the live/dead cell assay (Invitrogen). Green 

fluorescence indicates live cells, while dead cells show red fluorescence. Red 

autofluorescence of PLGA membrane was noted. 
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3.2.2 PLGA membranes synthesised at 37°C remain 

flat under cell culture conditions (37°C). 

Initial cell culture experiments on PLGA membranes indicated that flat sheet 

membranes tended to curl when incubated at 37°C. Uneven membrane surfaces 

do not allow equal cell distribution over the PLGA membrane. An even cell density 

may be critical for efficient transdifferentiation from pancreatic to hepatic cells and 

also for hepatocyte function. In order to produce PLGA membranes which keep 

their flat membrane surface at cell culture conditions (37°C) membranes were 

either i) synthesised at room temperature (as described under section 2.21) 

followed by a 48hr incubation at 37°C or ii) synthesised with prewarmed material 

(37°C) followed by a 48hr incubation at 37°C to mimic cell culture conditions. The 

experiment was performed three times. As shown in Figure 3.3,  membranes 

synthesised at room temperature tend to fold when incubated at 37°C (Fig 3.3A) 

while membranes synthesised at 37°C show flat surface area when incubated at 

37°C (Fig 3.3B). 
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Figure 3.3 PLGA membranes synthesised at 37°C show a flattened surface 

when incubated at 37°C.  A) PLGA membrane was prepared as described under 

2.21 at room temperature followed by 48hr incubation in water at 37°C. B) PLGA 

membrane was prepared as described under 2.21 at 37°C with all material 

prewarmed at 37°C followed by 48hr incubation in water at 37°C. 
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3.2.3 B13 cell cultures on PLGA membranes 

proliferate and show flattened and enlarged 

cell morphology when treated with 

Dexamethasone 

A potential BAL system could be composed of a biodegradable matrix like PLGA 

and hepatocytes derived from pancreatic cells. To exclude whether PLGA has an 

inhibitory effect on cell proliferation or transdifferentiation, rat pancreatic B13 cells 

stably expressing EGFP were seeded onto flat sheet PLGA membranes or glass 

coverslips and cultured in the presence or absence of 1µM Dex. For culture set up 

PLGA membranes were synthesised at 37°C with prewarmed material to allow flat 

surface formation. Additionally membranes were used in a special designed cell 

culture device (see Appendix section Fig. 99-101) which encouraged the 

membranes into a confirmation with an even surface on the bottom of each well. 

After 13 days in culture, cells were visualised by fluorescence microscopy. In the 

first experiment B13 cells formed large colonies of small cells when cultured in the 

absence of Dex on PLGA membrane similar to proliferating B13 cells cultured 

under the same conditions on glass coverslips (Fig 3.4 top). It was noted that B13 

cell colonies were slightly larger for cells cultured on PLGA membrane than for 

cells cultured on glass cover slips.  In contrast, when B13 cells stably expressing 

EGFP were cultured in the presence of 1µM Dex small colonies of enlarged cells 

were noted on the PLGA membrane (Fig 3.4 bottom right) similar to pancreatic 

B13 cells cultured under the same condition on glass (which represents the 

standard transdifferentiation procedure) (Fig 3.4 bottom left). A flattened, enlarged 

cell morphology on PLGA membrane was seen in two independent experiments 

culturing the B13 EGFP cell line and two experiments culturing the B13 tra-DSRed 

(stable integration of red fluorescent protein sequence DS-Red under control of 

the transferrin promoter) cell line in the presence of 1µM Dex. Low cell density is 

indicative of inhibition of proliferation and, in combination with enlarged cells, has 

been shown to be a morphological feature of pancreatic cell to hepatic 

transdifferentiation (Shen et al., 2000). 
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Figure 3.4 Proliferation and cell morphological changes of B13 cells 

cultured on PLGA. Rat pancreatic B13 cells stably expressing EGFP were 

seeded on PLGA flat sheet membrane or a glass cover slip (control). After 13 

days of culture in the presence (+Dex) or absence (-Dex) of 1µM Dex, cells were 

visualised by fluorescence microscopy.  
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3.3 Discussion 

In the present chapter I analysed the cytotoxicity of the PLGA material, optimised 

the PLGA membrane synthesis and tested cell proliferation and hepatocyte-like 

cell conversion of B13 cultures on PLGA membrane. In summary PLGA 

membranes showed low cytotoxicity for hepatocyte and B13 cell cultures. The 

flatness of the PLGA membranes was improved by increasing the membrane 

synthesis temperature and development of a special cell culture device. Finally I 

could show that B13 cells cultured on PLGA membrane proliferate and show cell 

conversion (based on morphologic appearance) in the presence of Dex similar to 

normal cell culture material. 

For creation of an implantable bioartificial liver device we planned to use the PLGA 

matrix as a scaffold for cell attachment. The FDA approved PLGA material was 

chosen by its excellent biocompatibility properties and extensive use in cell and 

tissue culture research (Juang et al., 1995; Mooney et al., 1994; Puelacher et al., 

1994; Takeda et al., 1995). In previous studies hepatocytes have been 

successfully cultured on PLGA (Cima et al., 1991). To deliver a large number of 

cells, 3D cultures of hepatocytes in porous PLGA sponges have been tested 

(Fiegel et al., 2004; Hasirci et al., 2001; Kaufmann et al., 1997; Kim et al., 1998). 

Implantation of such PLGA sponges revealed 95-99% dead hepatocytes over the 

first 7 days following implantation which was hypothesized to be caused by limited 

nutrient transport (Mooney et al., 1997). To allow culture of large cell numbers on 

PLGA in combination with optimal nutrient supply we plan to use PLGA hollow 

fibres as described by Ellis and Chaudhuri (Ellis and Chaudhuri, 2007). Therefore I 

initially tested for the first time the PLGA co-polymer solution 75:25 for its ability to 

promote cell attachment and cell viability for primary rat hepatocytes and the rat 

pancreatic B13 cell line. PLGA scaffolds provide a surface enabling the growth of 

rat hepatocyte and rat pancreatic cell cultures similar to that of control glass cover 

slips (Fig 3.1 A and B). The fact that higher numbers of dead cells were found in 

the hepatocyte samples could be explained by a higher number of dead or dying 

cells presents in fresh hepatocyte isolations.    

As well as primary rat hepatocytes, we also tested the utility of rat pancreatic B13 

cells to be cultured on PLGA membranes.  Rat pancreatic B13 cells behave on 
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PLGA membrane in a similar way to cells cultured on control glass cover slips both 

in terms of cell proliferation and in the ability to convert to flat enlarged cells in the 

presence of Dex (Fig 3.4). As flat enlarged cells are a morphological indicator of 

pancreas to liver hepatocyte conversion a more detailed analysis showing liver 

marker expression and testing of liver function (e.g. urea production) of these cells 

on PLGA needs to be performed. The fact that proliferating B13 cells cover slightly 

larger areas on PLGA than on control glass cover slip could be an indicator of 

increased proliferation on PLGA. Nevertheless, it remains unclear if larger cell 

colonies on PLGA actually contain more cells as the depth of the B13 cell colonies 

was not measured. To test whether or not PLGA might have a proliferative effect 

on B13 cells, long term cultures of B13 cells maintained on PLGA could be 

harvested by trypsin digestion and the cells counted. However, areas of variable 

cell density (both regions of low and high cell density) on the PLGA membranes 

for both hepatocytes and B13 cells were observed during initial cell seeding 

experiments. This could be problematic in terms of pancreas to liver conversion, 

as a lower density of pancreatic cells is essential for optimal conversion towards 

hepatocytes. One reason for the areas of low and high cell densities found on 

PLGA membranes could be the uneven surface of the flat sheet membranes (Fig 

3.2). PLGA membranes are normally synthesised at room temperature as flat 

sheets and tend to fold when incubated at 37°C in H2O, PBS or culture media. 

One explanation for the lack of flatness could be that the membrane tension 

increases if membranes synthesised at 21°C are exposed to higher temperatures 

(Fig 3.3A). In order to avoid membrane tension I used flat sheet membranes 

synthesised at 37°C which remain flat when cultured at 37°C (Fig 3.3B). 

Membrane produced by this approach showed some degree of improvement in 

terms of flatness in cell culture but slightly uneven surface areas were still present. 

One reason for this observation could be the fact that membranes were cooled 

down to 21°C for the short period of cell culture set up as this step was performed 

at room temperature. We also created a cell culture device based on 6 well tissue 

culture plates.  This device encouraged the membranes into a confirmation with an 

even surface on the bottom of each well. Additionally the cell culture surface area 

in each well will be completely covered by PLGA material which will allow cell 

attachment to PLGA surface only. With the combination of both conditions, namely 
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membrane synthesis at 37°C plus culture set up in the 6 well tissue culture device, 

a relatively even membrane surface and complete membrane covered tissue 

culture area for cell attachment will be provided. These conditions could be used 

to examine cells exclusively cultured on membrane surface to further analyse the 

functionality of hepatocytes (either adult rat hepatocytes or transdifferentiated 

hepatocytes). Testing of liver functions including ammonia detoxification, bilirubin 

elimination and albumin secretion could be performed to determine whether the 

PLGA membranes alter the differentiated properties of the hepatocyte-like cells. 
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Chapter 4: Generation of stable B13 cell lines 

expressing a tagged glucocorticoid receptor 

4.1 Introduction 

4.1.1 Transdifferentiation and the GR 

Conversion from the pancreatic phenotype to the hepatocyte phenotype is 

achieved by treatment with the synthetic glucocorticoid dexamethasone (Dex) 

(Shen et al., 2000). Involvement of the glucocorticoid receptor (GR) was previously 

demonstrated by pretreating the cells with RU486 (a glucocorticoid receptor 

antagonist) prior to addition of Dex.  Treatment with RU486 blocked the 

glucocorticoid-induced transdifferentiation of pancreatic cells to hepatocytes (Shen 

et al., 2000). While this result implicates a role for the GR it does not tell us 

anything about the detailed cellular and molecular mechanisms initiating pancreas 

to liver conversion. Protein-protein interactions of the GR in other cell systems 

mediates many of the cellular and molecular mechanisms of the GR such as  

cytosolic-nuclear translocation (Davies et al., 2002; Harrell et al., 2004), chromatin 

remodelling (Fryer and Archer, 1998; Hsiao et al., 2003; Nie et al., 2000; Xu and 

Li, 2003) and transcriptional activity (Aurrekoetxea-Hernandez and Buetti, 2004; 

Cella et al., 1998; Chang et al., 1998; Hittelman et al., 1999; Jonat et al., 1990; 

Kayahara et al., 2008; Nishio et al., 1993; Prefontaine et al., 1998; Ray and 

Prefontaine, 1994; Shimizu et al., 2005; Stocklin et al., 1996; Subramaniam et al., 

1999; Wong et al., 2002; Yang et al., 2000; Zhang et al., 1997).   To address the 

role of the GR in the transdifferentiation of pancreatic cells to hepatocytes I 

decided to try and identify some of the GR interacting partners.  In order to 

achieve this goal, we must first generate stable expression of a tagged rat GR 

(rGR) (rat glucocorticoid receptor as the pancreatic cells are of rat origin) in B13 

cells. Stable expression is known to result in a moderate level of functional protein 

(Xia et al., 2006) and is the basis for successful co-purification of the target protein 

and any unknown interacting proteins. Furthermore, expressing a tagged GR 

allows easy purification due to well-established tag specific antibodies, purification 

protocols and detection methods.   

 



Results 

61 

4.1.2 Cloning of the GR cDNA into expression 

vectors 

For producing a tagged GR in a cell, the receptor sequence has to be integrated 

into an expression vector and then transferred into the cell. DNA sequences 

coding for proteins can be derived from the mRNA that is present in cells or tissue. 

These mRNA-derived DNA sequences from tissues or cells are called cDNA 

libraries (Das et al., 2001). A cDNA library forms the basis of gene templates for 

cloning a specific gene since cDNA libraries represent DNA translations of all 

mRNAs extracted from a certain tissue or cell line (Das et al., 2001). A DNA 

sequence coding for the functional full-length rGR is the basis for successful 

subcloning of the rGR in an expression vector.    

4.1.3 Expression vectors and EGFP  

Expression vectors are widely used to express a gene of interest in a cell system 

of choice (Kriegler, 1990; Sambrook and Russell, 2001). Various expression 

vectors are commercially available and contain sequences of easily detectable 

peptides or proteins (tags) for the fusion to the gene of interest. The 720bp/25kDa 

green fluorescent protein (GFP) is a tag easily detectable by its ability to fluoresce 

green under UV light. GFP was first discovered by Shimomura (Shimomura et al., 

1962) and cloned by Prasher (Prasher et al., 1992). A red-shifted variant of wild-

type GFP is the enhanced GFP mutant (EGFP) which has been optimized for 

brighter fluorescence by introducing 2 amino acid exchanges (PL64, ST65)  

(Cormack et al., 1996; Heim et al., 1995). There are various mammalian 

expression vectors available (such as pEGFP-C1 or pEGFP-N1) which contain the 

EGFP sequence for N-terminal or C-terminal fusion with the gene of interest.  

The EGFP protein contains 240 amino acids (Prasher et al., 1992), which amounts 

to nearly one third of the length of 795 amino acids of the rGR (Miesfeld et al., 

1986). Fusion of such a large tag to the N- or C-terminus of the GR has the 

potential to interfere with some function or interaction of the N- or C-terminal GR 

region (Andresen et al., 2004). Therefore, both N-terminal and C-terminal fusion 

constructs should be tested to ensure there is no change in function of the 

expressed protein. 
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4.1.4 The inducible expression vector system Tet-

on  

The pEGFP-C1 and the pCDNA3.1_EGFP vector systems contain the 

cytomegalovirus (CMV) promoter. This promoter allows constitutive expression of 

the EGFP fusion protein in cells transfected with the vector system. It is worth 

noting that the level of protein expression is important as constitutive 

overexpression of proteins may affect cell viability (Andresen et al., 2004). 

Therefore being able to regulate the level of protein expression could help to avoid 

potential cell death due to the overexpression of the fusion protein. To establish a 

vector system that allows the fusion protein level to be regulated, we used the 

inducible Tet-on Advanced system. The system is based on a reverse Tetracycline 

(Tet) controlled transactivator protein that binds to specific DNA sequences (called 

tetracycline response elements (TREs)) in the presence of Doxycycline and can 

function as an activator of transcription (Gossen et al., 1995). Mutagenised 

reverse transactivator protein carrying 5 amino acid exchanges (SG12, EG19, AP56, 

DE148, HR179) lead to an improvement specifically in terms of low background 

expression in the absence of Dox (Urlinger et al., 2000). The improved Tet-on-

Advanced vector system is commercially available via Invitrogen and contains one 

plasmid coding for the transactivator protein (termed pTet-On Advanced) and one 

plasmid with the improved tetracycline response element sequence (this is termed 

pTRE-Tight). The Tet-on advanced vector system can be used to stably integrate 

the gene of interest into the genome of cells. To do so, the co-integration of a 

selection marker is essential to screen for cells that have integrated the DNA 

sequence. Selection markers are genes that provide antibiotic resistance 

(Colbere-Garapin et al., 1981; Santerre et al., 1984). The Tet-on Advanced system 

is supplied with limited amounts of linear hygromycin resistance gene (Kaster et 

al., 1983) as a selection marker. 
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4.1.5 Transfer of the expression vector into the cell 

One way to achieve DNA transfer is by a technique known as transient 

transfection (Colosimo et al., 2000; Felgner et al., 1987). Successful incorporation 

of the DNA via transient transfection leads to relatively high expression levels of 

the corresponding protein but this may not represent physiological protein levels 

(Gingras et al., 2005). In terms of co-purification of potential interacting proteins, 

high protein level can be problematic because endogenous interactors might be 

present in a much lower copy number compared to the highly expressed protein. 

Additionally, high expression of protein might lead to misfolding of overexpressed 

protein(s) and aggregation with heat shock proteins (Gingras et al., 2005). Another 

limitation is that very few of the transiently transfected cells randomly integrate the 

DNA into their genome which allows replication of the integrated DNA and transfer 

to the next cell generation during cell division (Adamson et al., 2011). This very 

rare event is known as stable transfection. Co-integration of a selection marker, a 

gene that provides antibiotic resistance, can be used to screen for the rare stably 

transfected cells (Colosimo et al., 2000). This technique is time consuming 

compared to ordinary transient transfection (Adamson et al., 2011) but it may 

provide a cell population expressing the protein at a lower, more physiological 

level (Xia et al., 2006). This may therefore be an advantage in terms of co-

purification of potential interacting partners of the GR. 

 

 

 

 

 

 

 

 

 



Results 

64 

4.1.6 Functionality of the GR 

The full length expression of the EGFP-tagged GR is the first sign of successful 

establishment of stable or double stable B13 cells. Unfortunately full length 

expression is no proof of functionality of the EGFP fused GR. Tagging the GR 

results in addition of amino acids to the protein. In the case of EGFP-tag 25kDa 

(nearly one third of the GR size of 87kDa) is added to the receptor. These 

additional amino acids could interfere with the folding, action and interaction of the 

receptor (Andresen et al., 2004). Therefore receptor function such as the 

glucocorticoid-mediated translocation of the EGFP-tagged GR from the cytoplasm 

into the nucleus of the cell, a well known action of the endogenous GR (Htun et al., 

1996; Picard and Yamamoto, 1987) needs to be tested. 

4.1.7 Aims 

The overall aims of the present chapter were to: 

1. Synthesise the rGR DNA sequence. 

2. Subclone the rGR into constitutive expression vectors pEGFP-C1 and 

pCDNA3.1(+)_EGFP as well as into inducible expression vectors pTRE-

Tight_EGFP(N) and pTRE-Tight_EGFP(C) for creating N- or C-terminal EGFP 

fusions of the GR. 

3. Generation of stable B13 cell lines expressing full length N- or C-terminal EGFP 

fusions of the GR. 
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4.2 Results 

4.2.1 Integrity of the RNA extraction 

To establish the cDNA library for the cloning of the rGR, RNA was extracted from 

rat brain tissue as described in the Materials and Methods (see section 2.2). Other 

cDNA libraries of different rat tissue including liver and pancreas as well as the 

B13 cell line were created to have a broader range of templates for establishing 

the rGR DNA sequence. Each extraction was performed once. We initially 

checked the integrity of the RNA by performing denaturing formaldehyde agarose 

electrophoresis. This revealed two bands corresponding to the most prominent 

28S and 18S RNA (Fig 4.1). The intensity of the higher molecular weight 28S RNA 

was found to be nearly double that of the lower molecular weight 18S RNA (Fig 

4.1) which indicates intactness of the RNA in the extract. In addition, there was no 

smearing of the RNA suggesting that there was little or no degradation. 
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Figure 4.1 28S and 18S RNA integrity. Total RNA was extracted from rat brain 

tissue and run on a 1.2% agarose gel containing formaldehyde for denaturing 

conditions. 
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4.2.2 Isolation of a full length rat GR PCR product 

To amplify the full-length rGR we used polymerase chain reaction (PCR) of the 

cDNA library derived by RT-PCR of rat brain RNA. Two gene specific GR-5’ (5’-

CGCGGTACCGCAATGGACTCCAAAGAATCCTTAGCTC-3’) and GR-3’ (5’-

GCAACCTTTCTTAGGGATCCAGTCATTTTTGATG-3’), flanking both start (GR-5’) 

and stop (GR-3’) ’’’ codons, based on the predicted DNA sequence of the rGR 

(Gen-Bank accession no. AY066016.2), were used to specifically amplify the rGR 

sequence. PCR reaction products were separated by Agarose gel electrophoresis, 

which revealed a single band at around 2.4kbp (Fig 4.2) corresponding to the size 

of the predicted full-length rGR DNA sequence (Miesfeld et al., 1986). 

Amplification of the rGR sequence from other rat cDNA libraries including 

pancreas, liver and B13 cells was unsuccessful.  
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Figure 4.2 PCR product of the rGR PCR reaction. Picture shows the PCR 

product of the PCR reaction of rat brain cDNA using two gene-specific primers, 

flanking both start and stop codon, based on the predicted DNA sequence for 

the rGR (Gen-Bank accession no. AY066016.2). 
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4.2.3 Integrity of pEGFP-GR constructs 

To create the N-terminal EGFP-GR fusion, the Acc65I/BamHI digested rGR PCR 

product (primer: GR-5’, GR-3’) was integrated into the Acc65I/BamHI site, 

downstream from the EGFP sequence of the mammalian expression vector 

pEGFP-C1. To check successful integration of the GR gene into the pEGFP-C1 

vector, a custom digest using the EcoRI restriction enzyme was carried out. This 

showed for the purified plasmid clone1 two DNA fragments at 4800 and 2300bp, 

while control (which represents the EcoRI digest of the original vector pEGFP-C1) 

showed just one band at 4800bp (Fig 4.3). 

A virtual EcoRI custom digest of the predicted pEGFP-GR DNA sequence 

performed by NEBcutter V2.0 (New England BioLabs Inc.) confirmed two DNA 

fragments of 4795bp and 2320bp (Fig 4.4), while digest of the pEGFP-C1 original 

vector showed only one fragment of 4731bp (Fig 4.4). EGFP-GR sequence was 

confirmed by sequencing of the pEGFP-GR vector (see Fig 20-26 in Appendix 

section). A single A-G nucleotide substitution was noted at position 230 of the rGR 

(Fig 25 in Appendix section) which results in a Q-R amino acid substitution in the 

protein sequence (Fig 26 in Appendix section). This nucleotide substitution was 

found to be a natural variation of the receptor since other published rGR 

sequences (Y12264, M14053) show the same A-G substitution at position 230 (Fig 

97 in Appendix section). 
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Figure 4.3 EcoRI digest of the pEGFP-GR plasmid. The control lane shows 

the EcoRI digest of the pEGFP-C1 plasmid while clone1 shows the digest of 

plasmid DNA purified from E.coli transformed with the pEGFP-GR ligation. 
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Figure 4.4 Virtual EcoRI digest of the pEGFP-C1 and pEGFP-GR plasmid. 

Map of the EcoRI restriction sides of pEGFP-C1 (top left) and pEGFP-GR (top 

right). The corresponding fragmentation pattern is shown for the pEGFP-C1 

(bottom left) and pEGFP-GR (bottom right).                                    

# Ends  Coordinates   Length (bp) 

1 

 EcoRI-

EcoRI   1360-1359  4731 

# Ends  Coordinates   Length (bp) 

1 

 EcoRI-

EcoRI   3680-1359  4795 

2 

 EcoRI-

EcoRI   1360-3679  2320 

pEGFP-C1 pEGFP-GR 
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4.2.4 Intactness of the pCDNA3.1_GR-EGFP 

construct 

To establish the rGR construct with the EGFP fused to the C-terminus, the 

Acc65I/BamHI digested GR PCR product (primer: GR-5’, GR-3’-NO-STOP) was 

ligated in the Acc65I/BamHI side of the pCDNA3.1_EGFP vector upstream of the 

EGFP sequence. The ligation product was amplified and purified from E. coli. 

Successful integration of the GR gene into the pCDNA3.1_EGFP vector was 

checked by a custom digest using the ApaI restriction enzyme, which showed for 

clone1 to clone3 two DNA fragments; one between 6000 and 8000bp and another 

one at around 2200bp (Fig 4.5). A control custom digest (which represents the 

ApaI digest of the original vector pCDNA3.1._EGFP) showed two fragments as 

well, but of different sizes (Fig 4.5). 

Virtual ApaI custom digest of the pCDNA3.1_GR-EGFP DNA sequence carried out 

by NEBcutter V2.0 (New England BioLabs Inc.) confirmed two DNA fragments of 

6307bp and 2193bp (Fig 4.6 right) while digest of the pCDNA3.1_EGFP vector 

revealed two fragments of 5407bp and 766bp (Fig 4.6 left). The GR-EGFP 

sequence was confirmed by sequencing of the pCDNA3.1_GR-EGFP expression 

vector (Fig 27-34 in Appendix section). 
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Figure 4.5 ApaI digest of the pCDNA3.1_GR-EGFP plasmid. The control 

lane shows the ApaI digest of the pCDNA3.1_EGFP plasmid while clones1 to 3 

show the ApaI digest of plasmid DNA purified from E.coli transformed with the 

pCDNA3.1_GR-EGFP ligation 

# Ends Coordinates    Length (bp) 

1   ApaI-ApaI   4074-1880  6307 

2   ApaI-ApaI   1881-4073  2193 

# Ends  Coordinates  Length (bp) 

1   ApaI-ApaI   1747-980  5407 

2   ApaI-ApaI   981-1746  766 

Figure 4.6 Virtual ApaI digest of the pCDNA3.1_EGFP and pCDNA3.1_GR-

EGFP plasmid. Map of the ApaI restriction sides of pCDNA3.1_EGFP (top left) 

and pCDNA3.1_GR-EGFP (top right). The corresponding fragmentation pattern 

is shown for the pCDNA3.1_EGFP (bottom left) and pCDNA3.1_GR-EGFP 

(bottom right).                                    

pCDNA3.1_EGFP pCDNA3.1_GR-EGFP 
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4.2.5 Integrity of pTRE-Tight_EGFP(N) 

To create the pTRE-Tight expression vector with the EGFP sequence for N-

terminal fusion of the gene of interest, the EcoRI/Acc65I digested EGFP PCR 

product (primer: EGFP-EcoRI, EGFP-Acc65I) from the pEGFP-C1 vector was 

ligated into the EcoRI/Acc65I restriction side of pTRE-Tight. To check the 

successful integration of the EGFP gene into the pTRE-Tight vector, a custom 

digest using the EcoRI restriction enzyme was performed which showed for 

purified plasmids of clone1 and clone3 one DNA fragments at 3300bp, whereas 

the control digest (which represents the EcoRI digest of original vector pTRE-Tight 

and clone2) showed one band at 2600bp (Fig 4.7). 

A virtual EcoRI custom digest of the pTRE-Tight_EGFP(N) DNA sequence 

performed by NEBcutter V2.0 (New England BioLabs Inc.) revealed a DNA 

fragment of 3325bp (Fig 4.8 right) while the digest of pTRE-Tight only resulted in 

one fragment of 2605bp (Fig 4.8 left). The EGFP sequence without any stop 

codon was confirmed by sequencing analysis of pTRE-Tight_EGFP(N) expression 

vector (Fig 47-50 in Appendix section). 
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Figure 4.7 EcoRI digest of the pTRE-Tight_EGFP plasmid. The control lane 

shows the EcoRI digest of the pTRE-Tight plasmid while clones1 to 3 show the 

EcoRI digest of plasmid DNA purified from E.coli transformed with the pTRE-

Tight_EGFP(N) ligation. 

Figure 4.8 Virtual EcoRI digest of the pTRE-Tight and pTRE-

Tight_EGFP(N) plasmid. Map of the EcoRI restriction sides of pTRE-Tight (top 

left) and pTRE-Tight_EGFP(N) (top right). The corresponding fragmentation 

pattern is shown for the pTRE-Tight (bottom left) and pTRE-Tight_EGFP(N) 

(bottom right).                                    

# Ends  Coordinates   Length (bp) 

1   EcoRI-EcoRI   324-323  2605 

# Ends  Coordinates   Length (bp) 

1   EcoRI-EcoRI   324-323  3325 

pTRE-Tight pTRE-Tight_EGFP(N) 
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4.2.6 Intactness of pTRE-Tight_EGFP(C) construct 

To fuse EGFP with the C-terminus of a gene of interest in the pTRE-Tight 

expression vector system the SalI/XbaI digested EGFP PCR product (primer 

EGFP-SalI, EGFP-STOP-XbI) from pEGFP-C1 vector was integrated into the 

SalI/XbaI restriction side of pTRE-Tight. After insertion the resulting pTRE-

Tight_EGFP(C) plasmid was checked for integrity by custom digest using the KpnI 

restriction enzyme. The digest showed two DNA fragments of 2600bp and 800bp 

for purified plasmids of clone1 and clone2, whereas the control digest (which 

represents the KpnI digest of original vector pTRE-Tight) showed one band at 

2600bp (Fig 4.9). 

A virtual KpnI custom digest of the pTRE-Tight_EGFP(C) DNA sequence 

performed by NEBcutter V2.0 (New England BioLabs Inc.) revealed two DNA 

fragments of 2542bp and 813bp (Fig 4.10 right) while the digest of pTRE-Tight 

only resulted in one fragment of 2605bp (Fig 4.10 left). The EGFP sequence with a 

stop codon was confirmed by sequencing analysis of pTRE-Tight_EGFP(C) vector 

(Fig 51-54 in Appendix section). 
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813bp fragment 

# Ends  Coordinates   Length (bp) 

1   KpnI-KpnI   1153-339  2542 

2   KpnI-KpnI   340-1152  813 

# Ends  Coordinates   Length (bp) 

1   KpnI-KpnI   340-339  2605 

Figure 4.10 Virtual KpnI digest of the pTRE-Tight and pTRE-

Tight_EGFP(C) plasmid. Map of the KpnI restriction sides of pTRE-Tight (top 

left) and pTRE-Tight_EGFP(C) (top right). The corresponding fragmentation 

pattern is shown for the pTRE-Tight (bottom left) and pTRE-Tight_EGFP(C) 

(bottom right).                                    
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Figure 4.9 KpnI digest of the pTRE-Tight_EGFP(C) plasmid. The control 

lane shows the KpnI digest of the pTRE-Tight plasmid while clones1 and 2 

show the KpnI digest of plasmid DNA purified from E.coli transformed with the 

pTRE-Tight_EGFP(C) ligation. 

pTRE-Tight pTRE-Tight_EGFP(C) 
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4.2.7 Integrity of pTRE-Tight_EGFP-GR construct 

To fuse the GR sequence to the EGFP sequence in the pTRE-Tight_EGFP(N) 

expression vector, the Acc65I/BamHI GR fragment derived from the pEGFP-GR 

vector was inserted into the Acc65I/BamHI site of pTRE-Tight_EGFP(N). To check 

the successful integration of the GR gene into the pTRE-Tight_EGFP(N) vector, a 

custom digest using the NcoI restriction enzyme was performed which showed for 

purified plasmids of all clones two DNA fragments at 4500bp and 1000bp, 

whereas a control digest (which represents the NcoI digest of original vector 

pTRE-Tight_EGFP(N)) showed one band at 3000bp (Fig 4.11). 

A virtual NcoI custom digest of the pTRE-Tight_EGFP-GR DNA sequence 

performed by NEBcutter V2.0 (New England BioLabs Inc.) revealed two DNA 

fragments of 4668bp and 1044bp (Fig 4.12 right) while the digest of pTRE-

Tight_EGFP(N) only resulted in one fragment of 3325bp (Fig 4.12 left). EGFP-GR 

sequence was confirmed by sequencing of the pTRE-Tight_EGFP-GR expression 

vector (Fig 55-63 in Appendix section). 
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# Ends  Coordinates   Length (bp) 

1   NcoI-NcoI   334-333  3325 

# Ends  Coordinates   Length (bp) 

1   NcoI-NcoI   1378-333  4668 

2   NcoI-NcoI   334-1377  1044 

Figure 4.12 Virtual NcoI digest of the pTRE-Tight_EGFP(N) and pTRE-

Tight_EGFP-GR plasmid. Map of the NcoI restriction sides of pTRE-

Tight_EGFP(N) (top left) and pTRE-Tight_EGFP-GR (top right). The 

corresponding fragmentation pattern is shown for the pTRE-Tight_EGFP(N) 

(bottom left) and pTRE-Tight_EGFP-GR (bottom right).                                    
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Figure 4.11 NcoI digest of the pTRE-Tight_EGFP-GR plasmid. The control 

lane shows the NcoI digest of the pTRE-Tight_EGFP (N) plasmid while clones1 

to 3 show the NcoI digest of plasmid DNA purified from E.coli transformed with 

the pTRE-Tight_EGFP-GR ligation. 
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4.2.8 Intactness of the pTRE-Tight_GR-EGFP 

construct 

In order to establish the pTRE-Tight expression vector containing the GR-EGFP 

sequence, the Acc65I/NotI fragment of GR-EGFP (derived from pCDNA3.1_GR-

EGFP vector) was integrated into the Acc65I/NotI sides of pTRE-Tight. To check 

the successful insertion of the GR-EGFP gene into the pTRE-Tight vector, a 

custom digest using the EcoRI restriction enzyme was performed which showed 

for purified plasmid of clone1 two DNA fragments of 3500bp and 2300bp, whereas 

control which represents the EcoRI digest of original vector pTRE-Tight and 

clone2 showed one band at 2500bp (Fig 4.13). 

A virtual EcoRI custom digest of the pTRE-Tight_GR-EGFP DNA sequence 

performed by NEBcutter V2.0 (New England BioLabs Inc.) revealed two DNA 

fragments of 3401bp and 2316bp (Fig 4.14 right) while the digest of pTRE-Tight 

only resulted in one fragment of 2605bp (Fig 4.14 left). GR-EGFP sequence was 

confirmed by sequencing of the pTRE-Tight_GR-EGFP expression vector (Fig 64-

71 in Appendix section). 
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Figure 4.13 EcoRI digest of the pTRE-Tight_GR-EGFP plasmid. The control 

lane shows the EcoRI digest of the pTRE-Tight plasmid while clones1 and 2 

show the EcoRI digest of plasmid DNA purified from E.coli transformed with the 

pTRE-Tight_GR-EGFP ligation. 

 

# Ends  Coordinates   Length (bp) 

1   EcoRI-EcoRI   324-323  2605 

# Ends  Coordinates   Length (bp) 

1   EcoRI-EcoRI   2640-323  3401 

2   EcoRI-EcoRI   324-2639  2316 

Figure 4.14 Virtual EcoRI digest of the pTRE-Tight and pTRE-Tight_GR-

EGFP plasmid. Map of the EcoRI restriction sides of pTRE-Tight (top left) and 

pTRE-Tight_GR-EGFP (top right). The corresponding fragmentation pattern is 

shown for the pTRE-Tight (bottom left) and pTRE-Tight_GR-EGFP (bottom 

right).                                    

pTRE-Tight pTRE-Tight_GR-EGFP 
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4.2.9 Integrity of pGEM-TEasy_Hygromycin 

construct 

To amplify the hygromycin resistance gene for future experiments, the linear 

marker was inserted in the pGEM-TEasy vector system. To check the successful 

integration of the hygromycin gene into the pGEM-TEasy vector, I performed a 

custom digest using the NotI restriction enzyme. This showed for purified plasmids 

of clone2 and clone3, two DNA fragments of 3000bp and 2000bp, whereas a 

control digest (which represents the NotI digest of original vector pGEM-TEasy) 

showed only one band of 3000bp (Fig 4.15). 

A virtual NotI custom digest of the pGEM-TEasy_Hygromycin DNA sequence 

performed by NEBcutter V2.0 (New England BioLabs Inc.) revealed two DNA 

fragments of 2981bp and 2124bp (Fig 4.16 right) while the virtual digest of pGEM-

TEasy only resulted in one fragment of 2881bp (Fig 4.16 left). Hygromycin 

sequence was confirmed by sequencing of the pGEM-TEasy_Hygromycin vector 

(Fig 87-92 in Appendix section). 

 

 

 

 

 

 

 

 

 

 

 



Results 

82  

2124bp fragment 

2881bp fragment/ 
2981bp fragment 

  1500bp 

  2000bp 

10000bp 

  8000bp 

  4000bp 

  6000bp 

  3000bp 

  2500bp 

  5000bp 
1

k
b

 M
a
rk

e
r 

c
lo

n
e

1
 

c
lo

n
e

2
 

 c
o

n
tr

o
l 

 c
lo

n
e

3
 

Figure 4.15 NotI digest of the pGEM-TEasy_Hygromycin plasmid. The 

control lane shows the NotI digest of the pGEM-TEasy plasmid while clones1, 2 

and 3 show the NotI digest of plasmid DNA purified from E.coli transformed with 

the pGEM-TEasy_Hygromycin ligation. 

# Ends  Coordinates   Length (bp) 

1   NotI-NotI   78-43  2881 

2   NotI-NotI   44-77  34 

# Ends  Coordinates   Length (bp) 

1   NotI-NotI   2168-43  2981 

2   NotI-NotI   44-2167  2124 

Figure 4.16 Virtual NotI digest of the pGEM-TEasy and pGEM-

TEasy_Hygromycin plasmid. Map of the NotI restriction sides of pGEM-TEasy 

(top left) and pGEM-TEasy_Hygromycin (top right). The corresponding 

fragmentation pattern is shown for the pGEM-TEasy (bottom left) and pGEM-

TEasy_Hygromycin (bottom right).                                    
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4.2.10 Stable B13 cells constitutively producing 

EGFP-GR 

To establish stable B13 cell clones constitutively expressing EGFP-GR, cells were 

transiently transfected with the pEGFP-GR plasmid carrying the EGFP-GR 

sequence under a CMV promoter (for constitutive expression) and the neomycin 

resistance gene for selection (see Fig 7 in Appendix section for plasmid map). 

Transfected cells were cultured for 2-3 weeks in media supplemented with 

0.8mg/ml G418 to select for neomycin resistant cells. Stable EGFP positive 

colonies selected by fluorescence microscopy (Figure 4.17 left) were further sub-

cloned by two rounds of the limiting dilution method (each round needed 4-6 

weeks of culture). I started with one cell per tissue culture well to promote a more 

stable and homogenous EGFP-GR expression. After 12 weeks from the initial 

transfection this resulted in 40 stable clones. Out of the 40 clones the B13 EGFP-

GR B3F6B7 clone was selected as it showed homogeneous EGFP expression 

when analysed by fluorescence microscope (Figure 4.17 right). EGFP 

fluorescence indicated the presence of EGFP but it did not tell us if the full length 

EGFP-GR fusion or a truncated GR fusion protein is present which may not act 

and interact in a similar way to the natural, full length variant. To test full length 

expression of the EGFP-GR we isolated nuclear protein extracts of B13 EGFP-GR 

B3F6B7 cells treated 1hr with 1µM Dex. Western blots of nuclear protein extracts 

were probed for EGFP-GR using an -GFP antibody. Three independent protein 

extractions and -GFP western blots were performed. As shown in Figure 4.18, 

one prominent band between 100 and 150kDa was detected which corresponds to 

the predicted size of the EGFP-GR fusion of 112kDa (87kDa GR and 25kDa 

EGFP). Apart from the 112kDa band, no other significant bands of lower or higher 

molecular weights were observed.  
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Figure 4.17 Homogeneous EGFP-GR expression after limiting dilution 

cloning in B13 EGFP-GR cells. B13 cells were stably transfected with EGFP-

GR construct. After 14 days of selection EGFP positive colonies were picked 

(left). Colonies were treated by limiting dilution method starting with one cell per 

tissue culture well. This resulted in stable B13 EGFP-GR cell colonies showing 

more homogenous EGFP fluorescence (right). 
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Figure 4.18 Full length EGFP-GR detected in the nuclear extract of stable 

B13 EGFP-GR cells. Rat pancreatic B13 cells were stable transfected with the 

expression vector encoding for EGFP-GR. The nuclear protein fraction derived 

from the 1µMDex treated (1hr) clonal selected cells was analysed for EGFP-GR 

by western blot probed with an -GFP antibody. 
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4.2.11 Double stable B13 Tet-on cells inducible for 

production of EGFP-GR 

Depending on the nature of the overexpressed protein, the protein itself (or indeed 

an elevated level of the protein) may have toxic effects in the cell (Andresen et al., 

2004). This potential toxicity could be problematic in terms of establishing stable 

cells since selection of the cells is based on the toxic effect of an antibiotic on cells 

which do not express the antibiotic resistance gene. To avoid this potential 

problem, we established double stable B13 cell inducible for the expression of 

EGFP-GR. A sequence coding for the Tet-on activator protein (together with the 

neomycin resistance gene) was stably integrated into B13 cells. Stable cells were 

selected using media supplemented with 0.8mg/ml G418.  B13 Tet-on stable cells 

were co-transfected with the EGFP-GR sequence under the TRE-Tight promoter 

for inducible EGFP-GR expression and the hygromycin resistance gene for 

selection (see Fig 14 in Appendix section for plasmid map). Transfected cells were 

cultured in media supplemented with 0.4mg/ml G418 and 0.4mg/ml Hygromycin-B 

to select for neomycin and hygromycin resistant cells. Double stable EGFP 

positive colonies were detected by fluorescence microscopy and further sub-

cloned by one round of limiting dilution method starting from one cell per tissue 

culture well to promote stable homogenous EGFP-GR expression. This resulted in 

the B13 Tet-on EGFP-GR G6A2 clone which showed high EGFP expression when 

analysed with the fluorescence microscope. EGFP fluorescence shows the 

presence of EGFP but is no indication of full length EGFP-GR. To test full length 

expression of EGFP-GR, we analysed nuclear protein extracts of 1µM Dex-treated 

(1hr) B13 Tet-on EGFP-GR cells induced 48hr with 1µg/ml Doxycyclin (+Dox) or 

without (-Dox) by probing western blots for GFP.  Due to limited time protein 

extraction and GFP western blots were performed just once. As shown in Fig 4.19 

one prominent band between 100 and 150kDa was detected in the presence and 

absence of inducer Dox. The molecular weight of the band corresponds to the 

predicted size of the EGFP-GR fusion of 112kDa (87kDa GR and 25kDa EGFP). 

Surprisingly protein samples of uninduced stable cells (-Dox) showed a similar 

intensity of the EGFP-GR band compared to induced sample (+Dox). Apart from 

the 112kDa band some other much weaker bands of lower molecular weight were 

observed in the induced sample (+Dox) with a band between the 25 and 37kDa 
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being the strongest. Except for a very faint band at around 75kDa no other bands 

were noted in the –Dox sample.  

 

 

 

Figure 4.19 Full length EGFP-GR detected in nuclear extract of double 

stable B13 Tet-on EGFP-GR cells. Rat pancreatic B13 cells were stable 

transfected with two expression vectors encoding for the Tet-on activator and 

for EGFP-GR. The nuclear protein fraction derived from the 1µM Dex treated 

(1hr) clonal selected cells induced 48hr for EGFP-GR expression with 1µg/ml 

Dox (+Dox) or not (-Dox) were analysed for EGFP-GR by western blot probed 

with an -GFP antibody. 
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4.2.12 Double stable B13 Tet-on cells inducible for 

producing GR-EGFP 

Adding a tag like EGFP to the N-terminus of a protein could lead to interference 

with protein function due to steric hindrance of the N-terminal protein domains 

(Andresen et al., 2004). To minimise potential loss of protein function caused by 

tagging the GR at the N-terminus, we created double stable B13 cells inducible for 

expression of EGFP fused to the C-terminus of the GR.  B13 Tet-on stable cells 

were co-transfected with the GR-EGFP sequence under the TRE-Tight promoter 

for inducible GR-EGFP expression plus a short sequence coding for the 

hygromycin resistance gene for selection (see Fig 15 in Appendix section for 

plasmid map). Transfected cells were cultured in media supplemented with 

0.4mg/ml G418 and 0.4mg/ml Hygromycin-B to select for neomycin and 

hygromycin resistant cells respectively. This resulted in the double stable B13 Tet-

on GR-EGFP A2 clone which showed moderate levels of EGFP expression when 

analysed by fluorescence microscopy. Since EGFP fluorescence indicates the 

presence of EGFP (but is not proof of full length GR-EGFP fusion), we tested 

nuclear protein extracts of 1µM Dex treated (1hr) B13 Tet-on GR-EGFP cells 

induced 48hr with 1µg/ml Dox (+Dox) or without (-Dox) by western blotting for 

GFP. The protein extraction and GFP western blots were performed twice. As 

shown in Fig 4.20 one prominent band between 100 and 150kDa was detected in 

the presence of inducer Dox which corresponds to the predicted size of the GR-

EGFP fusion of 112kDa. Apart from the 112kDa band some other weaker bands of 

lower molecular weight were observed with the band between the 50 and 75kDa 

being the strongest. Protein samples of uninduced stable cells (-Dox) showed a 

similar band pattern but the intensity of all the bands was much weaker when 

compared with the induced sample (+Dox) band pattern (Fig 4.20).    
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Figure 4.20 Full length GR-EGFP detection in nuclear extract of double 

stable B13 Tet-on GR-EGFP cells. Rat pancreatic B13 cells were stable 

transfected with two expression vectors encoding for the Tet-on activator and 

for GR-EGFP. The nuclear protein fraction derived from the 1µM Dex treated 

clonal selected cells induced for GR-EGFP expression with 1µg/ml Dox (+Dox) 

or not (-Dox) were analysed for GR-EGFP by western blot probed with an -

GFP antibody. 
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4.2.13 EGFP-GR versus endogenous GR protein level 

in stable B13 EGFP-GR cells 

Cells expressing EGFP-tagged GR could be useful in determining the interacting 

partners of the GR by purification strategies for well established tags such as 

EGFP. Since the endogenous GR and interacting partners are present in the cell 

in a defined ratio, the amount of tagged GR is critical in terms of saturation of the 

tagged GR with interacting partners in order to purify detectable amounts of 

protein.         

To analyse the protein level of EGFP-GR and endogenous GR, we probed 

western blots of B13 EGFP-GR B3F6B7 nuclear extracts with an -GFP antibody 

(Fig 4.21 left lane) and an -GR antibody specific for the N-terminus of GR (Fig 

4.21 right lane) respectively. In both lanes a band between 100 and 150kDa was 

observed which matched the predicted size of the EGFP-GR fusion protein 

(113kDa). An additional prominent band was seen in the -GR probed samples 

(Fig 4.21 right lane) just below the 100kDa marker corresponding to the full length 

endogenous GR (87kDa). In terms of the intensity of the endogenous GR band in 

the -GR probed samples, (Fig 4.21 right lane) the band is more intense than the 

band corresponding to the EGFP-GR. This experiment was repeated twice. 
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Figure 4.21 EGFP-GR and GR protein levels in nuclear extracts of stable 

B13 EGFP-GR cells. The nuclear protein fraction derived from the Dex treated 

stable B13 EGFP-GR clonal selected cells was analysed by western blot for 

EGFP-GR by probing with -GFP antibody (left lane) or -GR  antibody to 

detect endogenous GR (right lane). 
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4.2.14 EGFP-GR versus endogenous GR protein level 

in induced double stable B13 Tet-on EGFP-GR 

cells 

To compare the level of expression of the EGFP-GR and endogenous GR in 

double stable B13 Tet-on EGFP-GR cells, cells induced for EGFP-GR expression 

for 48hr with 1µg/ml Dox (+Dox) or without (-Dox) were treated for 1hr with 1µM 

Dex to achieve accumulation of the receptor in the nucleus.  Western blots of 

nuclear protein were probed with -GFP antibody to detect EGFP fusion protein 

(Fig 4.22 left lanes). To detect endogenous GR, blots were stripped and re-probed 

with -GR antibody specific for the N-terminus of the GR (Fig 4.22 right lanes). In 

all lanes a strong band between 100 and 150kDa was observed similar to the 

predicted size of the EGFP-GR fusion protein (112kDa). In addition, a prominent 

band just below the 100kDa marker corresponding to the full length endogenous 

GR of 87kDa predicted size was seen in the -GR probed samples (Fig 4.22 right 

lanes). Surprisingly no difference in intensity of the EGFP-GR band was seen 

between induced (+Dox) and uninduced samples (-Dox). In the uninduced sample 

(-Dox) the protein band corresponding to the endogenous GR appeared slightly 

stronger than the EGFP-GR band. In contrast, in the induced (+Dox) sample the 

EGFP-GR band appeared more intense as the band for the endogenous GR.      

Apart from the predicted molecular weight of 87kDa for the GR and 112kDa for the 

EGFP-GR a few other bands of lower molecular weight were detected. The 

appearance of protein bands of lower molecular weight than the predicted protein 

could either be a sign of detection of non-specific proteins by the antibody or, 

alternatively, of a truncated protein. Truncated proteins could be the result of 

protein degradation by proteases. An alternative explanation is that the lower 

molecular weight bands could be an indicator of alternative translation initiation 

mechanisms based on the conversion of RNA into amino acid sequence of 

proteins which has been recently demonstrated for eukaryotes (Touriol et al., 

2003). Since one specific EGFP-GR target band was detected for nuclear extracts 

of stable B13 EGFP-GR cells probed for -GFP and two specific EGFP-GR and 

GR target bands appeared in extracts probed with -GR antibody (Fig 4.21) non-
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specific protein detection can be excluded for both antibodies (Fig 4.21). This 

western blot experiment was performed once. 

 

 

Figure 4.22 EGFP-GR and endogenous GR protein expression in nuclear 

extracts of induced double stable B13 Tet-on EGFP-GR cells. The nuclear 

protein fraction derived from Dex treated stable B13 Tet-on EGFP-GR clonal 

selected cells induced for EGFP-GR expression (+Dox) or not (-Dox) were 

analysed by western blot for EGFP-GR by probing with -GFP antibody (left 

lanes) or -GR  antibody to detect endogenous GR (right lanes). 
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4.2.15 GR-EGFP versus endogenous GR expression in 

induced double stable B13 Tet-on GR-EGFP 

cells 

We analysed the level of endogenous GR and GR-EGFP proteins in double stable 

B13 Tet-on GR-EGFP cells by western blotting techniques. Nuclear extracts of 

double stable cells either induced 48hr (+Dox) or uninduced (-Dox) with 1µg/ml 

Doxycyclin and 1µM Dex-treated for 1hr were separated by SDS PAGE and 

transferred to a PVDF membrane. Western blots were probed with an -GFP 

antibody to detect the GR-EGFP fusion protein (Fig 4.23 left lanes).  Blots were 

then stripped and reprobed with an -GR antibody specific for the N-terminus of 

GR to detect endogenous GR (Fig 4.23 right lanes). All lanes showed an intense 

band between 100 and 150kDa which matched the predicted size of the GR-EGFP 

fusion protein (112kDa).  In the -GR probed samples (Fig 4.23 right lanes) a 

strong band just below the 100kDa marker was noted (in addition to the GR-EGFP 

band) which correlates with the size of the full length endogenous GR (87kDa). In 

terms of the intensity, the GR-EGFP band appeared much stronger in the Dox-

treated induced samples compared to the uninduced samples. In contrast, the 

protein band corresponding to the endogenous GR showed a similar intensity in 

samples of induced vs. uninduced cells. When comparing the intensity of the GR-

EGFP band versus the endogenous GR band it was noted that both band 

intensities appeared equal for induced samples (right lanes +Dox) but the intensity 

of the GR-EGFP band was much weaker in the uninduced sample (right lanes –

Dox). As before (Fig 4.20), additional protein bands of lower molecular weight 

were found in both nuclear extracts of double stable B13 Tet-on GR-EGFP cells 

induced or uninduced (Fig 4.23) and the intensity of smaller protein bands 

increased with induction of cells.  This was consistent with the increasing intensity 

of the target GR-EGFP protein when probed for GFP. Target protein GR-EGFP 

was also detected in induced and uninduced samples by probing with an -GR 

antibody specific for the N-terminus of GR but no lower molecular weight protein 

bands were observed. These results suggest the presence of a GR receptor 

truncated at the N-terminus since the antibody recognising GR at the N-terminus 

could not bind and detect the truncated protein even though it was clearly 
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detectable by an antibody recognising EGFP fused to the C-terminus of the 

protein. This experiment was performed once. 
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Figure 4.23  GR-EGFP and endogenous GR protein expression in nuclear 

extracts of induced double stable B13 Tet-on GR-EGFP cells. The nuclear 

protein fraction derived from the 1µM Dex treated stable B13 GR-EGFP clonal 

selected cells induced for GR-EGFP expression with 1µg/ml Dox (+Dox) or not 

(-Dox) were analysed by western blot for GR-EGFP by probing with -GFP 

antibody (left lanes) or -GR antibody to detect endogenous GR (right lanes). 

 

endogenous GR 
GR-EGFP 

-Dox +Dox 

GFP blot  

-Dox +Dox 

GR-N blot  

250kDa 

150kDa 

100kDa 

  75kDa 

  50kDa 

  37kDa 

  25kDa 



Results 

96 

4.2.16 Detection of truncated GR in stable B13 EGFP-

GR cells 

To confirm the results of N-terminal truncated GR, I analysed the presence of the 

truncated GR protein. Western blots of nuclear extract derived from 1µM Dex-

treated (1hr) stable B13 EGFP-GR cells were probed with: an -GFP antibody, an 

-GR antibody specific for the N-terminus and an -GR antibody specific for the 

C-terminus. As seen in Figure 4.24 additional lower molecular weight protein 

bands were located below the endogenous GR band in the sample probed with 

the -GR antibody specific for the C-terminus. In contrast, these bands were 

absent in the sample probed with -GFP antibody and -GR antibody specific for 

the N-terminus. The experiment was performed twice. 
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Figure 4.24 Detection of truncated GR in nuclear extracts of stable B13 

EGFP-GR cells. Nuclear protein fraction derived from the 1µM Dex treated 

stable B13 EGFP-GR cells was analysed for EGFP-GR and GR by western blot 

probed with -GFP antibody, an antibody specific to the N-terminus of GR and 

an -GR C-terminal specific antibody respectively. 
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4.2.17 Detection of truncated GR-EGFP in double 

stable B13 Tet-on GR-EGFP cells 

Probing western blots of nuclear extracts derived from double stable B13 Tet-on 

GR-EGFP cells with an -GFP antibody revealed protein bands of lower molecular 

weight than the target protein GR-EGFP (see section 4.2.15). These were thought 

to be N-terminal truncated GR-EGFP versions.  To confirm these results, western 

blots were probed with an -GR antibody specific for the C-terminus. As this 

antibody allows detection of endogenous GR as well as detection of the fusion 

protein GR-EGFP, all proteins present in the blot could correspond to either the full 

length or alternatively, truncated forms of the protein (Fig 4.25). Proteins found at 

similar molecular weight in the -GR-C blot (Fig 4.25 right lane) as well as in the 

-GFP blot (Fig 4.25 left lane) indicate the presence of the full length GR-EGFP 

and truncated fusion protein. This experiment was performed twice. 
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Figure 4.25 Detection of truncated GR-EGFP in nuclear extracts of double 

stable B13 Tet-on GR-EGFP cells. Nuclear protein fraction derived from 1µM 

Dex treated double stable B13 Tet-on GR-EGFP cells induced for GR-EGFP 

expression with 1µg/ml Dox (+Dox) were analysed for GR-EGFP and GR by 

western blot probed with -GFP antibody, an antibody specific to the N-

terminus of GR and an -GR C-terminal specific antibody respectively.  
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4.3 Discussion 

The main focus of chapter 4 was to establish stable B13 cell lines expressing 

EGFP-tagged GR. Therefore I planned to derive rGR DNA sequence from rat 

cDNA, to integrate the rGR into eukaryotic expression vectors and finally use the 

expression vectors to generate stable B13 cell lines expressing N- or C-terminal 

EGFP fusions of the GR. I was able to synthesise full length rGR and successfully 

integrated the rGR sequence into eukaryotic expression vectors driving 

constitutive or inducible expression of N- or C-terminal fusions with the EGFP 

sequence. Stable B13 cells constitutively expressing EGFP-tagged GR or double 

stable B13 cells inducible for the expression of EGFP-tagged GR were created by 

using the established expression vectors. 

B13 pancreatic cell conversion to hepatocytes can be induced by the addition of 

glucocorticoid to the culture medium (Shen et al., 2000). Most of the signalling 

steps involve the interaction of the GR with specific DNA sequences, so called 

glucocorticoid response elements (GRE) as well as the interaction with other 

proteins. There are various techniques available to determine the interaction of a 

protein with DNA and other proteins. Most of the techniques rely on the purification 

of the protein and the bound interacting partners in their native state by using 

antibodies. I recently developed a purification strategy to reveal both DNA and 

protein interaction partners based on a combination of ultra filtration, gel filtration 

and native electrophoresis respectively (patent DE102007037065.4). Easy 

detection of the complex of the GR bound to the interacting partners is essential 

for this purification strategy. To do so, I successfully created DNA constructs 

encoding the GR fused to a readily detectable protein (EGFP) or peptide 

sequences (tags). For creating the DNA coding for the GR, cloning techniques 

were used. Cloning a gene involves, in the first step, the extraction of RNA. During 

my study I extracted RNA from different rat tissues. Degradation of extracted 

RNAs was excluded by showing intact 28s and 18S RNA (Fig 4.1). For 

amplification of the rGR sequence the RNA molecules were translated into DNA 

molecules so called cDNA libraries. To amplify the rGR sequence for cloning, 

tissue specific cDNA libraries were used as a template in combination with two GR 

gene specific primers. Amplification of the rGR DNA sequence was successfully 

performed from rat brain cDNA (Fig 4.2) but failed for all other cDNA libraries. One 
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reason for the failure of the other cDNA libraries could be the fact that the GR 

gene contains multiple non coding 1st exons and tissue specific use of 1st exon has 

been shown for different species (Turner et al., 2006). Therefore the sequence of 

the GR-5 Primer (flanking the Start codon) might have matched the 1st exon used 

in the brain tissue but failed to match the 1st exons used in all the other tissues. 

In order to establish B13 cells stably expressing tagged GR for purification of GR-

interacting partners, I produced GR fused to EGFP which allow easy detection of 

the tagged GR. This also had the advantage of allowing the GR cellular 

localisation to be followed in real time. I established both C- and N-terminal EGFP 

fusion constructs of the GR by integration the full length rGR sequence up- and 

downstream of the EGFP sequence in the pCDNA3.1_EGFP (Fig 4.5 and 4.6)  

and the  pEGFP-C1 (Fig 4.3 and 4.4) plasmids respectively which drive 

constitutive transgene expression under the CMV promoter. In order to exclude 

potential toxic effects caused by the constitutive expression of the EGFP-tagged 

GR, I created inducible pTRE-Tight expression vectors with EGFP-GR (Fig 4.11 

and 4.12) or GR-EGFP (Fig 4.13 and 4.14).  Intact sequence of the constructs 

encoding for the EGFP fusion of the GR were verified by DNA sequencing (Fig 20-

34 and Fig 55-71 in Appendix section). In all cases sequencing revealed A-G 

substitution at position 230 when compared with the published GR sequence Gen-

Bank accession no. AY066016.2. Nevertheless, the A-G substitution was found to 

be a natural variation in the receptor sequence since other published rGR 

sequences (M14053.1/ 1987, Y12264.1/ 1997, AF455050.1/ 2002) confirmed the 

A-G substitution at position 230 (Fig 97 in Appendix section) which results in the 

Q-R amino acid substitution at position 77 in the protein sequence (Fig 98 in 

Appendix section). In the rGR the poly-glutamine region starting at amino acid 75 

was found to be highly variable in inbred rat strains as well as in wild rat (Heeley et 

al., 1998). Taken together, all this data confirmed successful creation of DNA 

expression vectors coding for the rGR sequence fused to the EGFP sequence. 

EGFP-tagged GR protein expression in the B13 cell culture model is crucial in 

order to perform easy purification of the GR and endogenous interacting partners. 

Endogenous interacting partners have limited copy numbers in each cell. 

Therefore maximum saturation of the tagged receptor with endogenous interacting 

proteins, based on optimal protein ratios, is important for purification. To achieve 
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optimal ratios between tagged GR and interacting partners a moderate expression 

of tagged GR in each cell is essential. Therefore I stably expressed the individual 

expression vectors into B13 cells since stable integration is known to result in 

moderate overexpression levels (Xia et al., 2006). The main goal in stable cells is 

to achieve expression of full length protein as truncation of EGFP could influence 

fluorescence or truncation of GR might alter the function and interaction of the 

receptor.  

Full length EGFP-GR was found to be expressed in stable B13 EGFP-GR cells 

(Fig 4.18) with no significant sign of a truncated protein. The protein level of 

EGFP-GR in stable B13 EGFP-GR cells was slightly lower than that of 

endogenous GR (Fig 4.21) which might be an advantage since the lower level of 

EGFP-GR protein could show much higher saturation with interacting partners 

compared to higher expression of fusion proteins as the copy numbers of 

endogenous interacting proteins may be limited in each cell. The remaining 

question was if this lower level of fusion protein might be sufficient to permit 

detectable amounts of fusion protein and interacting partners to be purified and 

visualised by colloidal coomassie stain. Colloidal coomassie staining is easy to 

perform and has low interference with the main tool for protein identification the 

mass spectrometry analysis.       

B13 Tet-on EGFP-GR cells (either induced or uninduced for the production of 

EGFP-GR) showed high level expression of the full length EGFP-GR (Fig 4.19). 

Similar levels of EGFP-GR protein in both induced and uninduced cells indicate 

the lack of induction of the Tet-on promoter. This observation may be related to 

either destruction of the Tet-on promoter or to integration of the EGFP-GR 

fragment in a highly transcribed DNA area downstream of a constitutive promoter 

which will be dominant over the Tet-on promoter. Nevertheless, in culture some 

uninduced cells were found that showed low EGFP fluorescence. This observation 

suggests a heterogeneous stable cell population. This might result from the fact 

that two steps of limited dilution cloning were not sufficient to establish a 

homogeneous stable cell population. In order to establish a more stable cell clone 

additional selection rounds have to be carried out.  To achieve a much better level 

of induction of EGFP-GR each selection round should focus on low fusion protein 
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level in uninduced cells but high cellular EGFP-GR level in induced cells. Apart 

from the full length EGFP-GR detected in cells treated with or without Dox, 

significant amounts of truncated protein versions were detected in the Dox-treated 

sample (Fig 4.19). This truncated protein could be either related to intracellular 

protein degradation via the proteasome in live cells or to protein degradation 

induced during the protein extraction procedure due to inefficient inhibition of 

proteolytic enzymes present in the cell lysate. In the future to test whether or not 

EGFP-GR protein degradation is based on proteasome activity, induced double 

stable B13 Tet-on EGFP-GR cells could be treated with proteasomal inhibitors 

prior to protein extraction. To eliminate the influence of proteolytic enzymes 

following cell lysis, the amount of protease inhibitor used for protein extraction 

could be doubled for future experiments in combination with a more rapid 

extraction procedure and carrying the procedure out in a cold environment. In 

induced B13 Tet-on EGFP-GR cells the EGFP-GR protein level was significantly 

higher than the endogenous GR level while uninduced cells showed a lower 

EGFP-GR protein level compared to the endogenous GR protein (Fig 4.22). This 

higher level of fusion protein in induced cells might be an advantage for purifying 

sufficient amounts of tagged receptor and therefore could be used to analyse post 

translational modification of the EGFP-GR. However, due to limited amounts of 

endogenous interacting protein in each cell, purification of detectable amounts of 

interacting partners of the GR might not be sufficient.    

Full length GR-EGFP was expressed in B13 Tet-on GR-EGFP cells.  Much higher 

levels of GR-EGFP protein was found in induced cells compared to uninduced 

cells.  This data indicates some degree of induction (Fig 4.20). Apart from the full 

length GR-EGFP, truncated protein was observed in both induced and uninduced 

cells. We noted induction levels of all truncated proteins were similar to the one of 

full length GR-EGFP. This might indicate that both, full length protein and 

truncated protein, are expressed from the same genetic origin and the truncated 

protein might be based on real expression of shorter protein molecules rather than 

protein degradation. Since truncation at the C-terminus would eliminate the EGFP 

tag (and therefore avoid detection of the protein by GFP-specific antibodies) our 

results indicate N-terminal truncation of the GR rather than EGFP truncation as the 

truncated proteins are clearly detectable with a GFP-specific antibody. These N-
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terminal truncated GRs were confirmed by showing that an antibody specific for 

the N-terminus of the GR could not detect any of the truncated versions while an 

antibody specific for the C-terminus of the GR did show the truncated GR-EGFP 

versions (Fig 4.25). The presence of N-terminal truncated GR fragments either 

endogenous or EGFP-GR derived were also confirmed in stable B13 EGFP-GR 

cells (Fig 4.24) with the 82 kDa fragment being the most prominent protein. Similar 

truncated protein versions were described for the hGR (Lu and Cidlowski, 2005). 

The truncation of the receptor might be due to the mechanism of alternative 

translation initiation which has been demonstrated for eukaryotes (Touriol et al., 

2003) and is believed to be the mechanism causing the N-terminal human GR 

isoforms (Lu and Cidlowski, 2005). Our data suggest a similar mechanism may be 

in operation for the rGR.  Apart from the truncated protein, the endogenous GR 

protein level was found to be similar to the GR-EGFP protein level in induced B13 

Tet-on GR-EGFP cells. In non-induced cells the tagged GR-EGFP level was much 

lower than the endogenous GR level (Fig 4.23). The fact that (i) the double stable 

B13 Tet-on GR-EGFP cell line expressed the fusion protein at much lower levels 

than the endogenous GR when uninduced and (ii) the level of fusion protein was 

similar to endogenous GR when induced makes this stable cell line a promising 

candidate for purifying interacting partners since the fusion protein level could 

potentially be adjusted to optimise the ratio of bound endogenous interactors.   
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Chapter 5: Functional characterisation of B13 cells 

stably expressing EGFP-tagged GR 

5.1 Introduction 

5.1.1 Functionality of the EGFP-tagged GR 

In chapter 4 I generated stable and double stable B13 cell lines expressing EGFP-

tagged GR. The presence of full length EGFP-GR protein was shown for stable 

B13 EGFP-GR cell line and double stable B13 Tet-on EGFP-GR cell line while full 

length GR-EGFP protein was expressed in double stable B13 Tet-on GR-EGFP 

cell line. The full-length expression of the EGFP-tagged GR is the first sign of 

successful establishment of stable or double stable B13 cells. Unfortunately full 

length expression is not proof of functionality of the EGFP fused GR. Tagging the 

GR results in addition of amino acids to the protein. In the case of EGFP-tag 

25kDa (nearly one third of the GR size of 87kDa) is added to the receptor. These 

additional amino acids could interfere with the folding, action and interaction of the 

receptor (Andresen et al., 2004). Intact GR function is crucial in stable and double 

stable cells in terms of using these cells for identifying GR interacting partners 

important in the transdifferentiation of pancreatic cells to hepatocyte-like cells.  

5.1.2 Aims 

The aims of chapter 5 were to: 

1. Show functionality of the tagged receptor based on the glucocorticoid-mediated 

translocation of the EGFP-tagged GR from the cytoplasm into the nucleus of the 

cell, a well known action of the endogenous GR (Htun et al., 1996; Picard and 

Yamamoto, 1987). 

2. Analyse stable and double stable pancreatic B13 cells for their ability to convert 

to hepatocyte-like cells, as pancreas to liver cell conversion is the basis of all the 

following GR interaction studies. 
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5.2 Results 

5.2.1 Cellular translocation of EGFP-GR in stable 

B13 EGFP-GR cells 

To test the EGFP-GR translocation, we extracted cytosolic and nuclear proteins 

from B13 cells stably expressing EGFP-GR (or EGFP as control) treated for 2hr 

with and without the glucocorticoid Dex (1µM). Western blots of the protein 

extracts were probed for EGFP-GR using an -GFP specific antibody. This 

experiment was performed three times. As seen in Figure 5.1, the band below 

150kDa corresponding to the EGFP-GR was found to be much stronger in the 

cytosolic fraction in the absence of the glucocorticoid while this band appeared 

much stronger in the nuclear fraction of Dex-treated cells. In contrast, the EGFP 

band in control cells was found predominantly in the cytosolic fraction in the 

absence or presence of Dex. Stripping and reprobing of the blots for GAPDH a 

cytosolic enzyme and -Lamin B1 a protein of the inner nuclear envelope 

confirmed equal loading of cytosolic and nuclear extracts respectively.  
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Figure 5.1  Glucocorticoid dependent translocation of EGFP-GR in stable 

B13 EGFP-GR cells. B13 cells were stably transfected with either the EGFP-GR 

or EGFP constructs. In order to test the utility of the construct cells stably 

expressing EGFP as a control or EGFP fused at the N-terminus of the GR were 

cultured for two days in medium with stripped foetal bovine serum to reduce any 

non-specific GR translocation. Finally cells were cultured in the presence or 

absence of 1µM Dex for 2hr. Cytosolic and nuclear fractions were separated by 

SDS PAGE and transferred to PVDF membrane. Membranes were probed with 

-GFP as well as -GAPDH and -Lamin B1 antibodies as cytosolic and nuclear 

loading controls respectively. 
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5.2.2 Cellular translocation of EGFP-GR in double 

stable B13 Tet-on EGFP-GR cells 

Translocation of EGFP-GR in the inducible B13 Tet-on cell line was analysed 

using cytosolic and nuclear protein extracts from double stable B13 Tet-on EGFP-

GR cells. Double stable cells were either treated without or with 1µg/ml Dox for 

48hr (to induce expression of EGFP-GR) and then cultured for 2hr in the absence 

or presence of the glucocorticoid Dexamethasone (1µM). Western blots of the 

protein extracts were probed for EGFP-GR using an -GFP specific antibody. As 

seen in Figure 5.2 the band below 150kDa corresponding to the EGFP-GR was 

found to be much stronger in the cytosolic fraction in the absence of Dex in cells 

treated without (uninduced) or with Dox (induced). The strong intensity of this band 

shifted from the cytosolic to the nuclear fraction in the uninduced Dex treated cells. 

Nevertheless this shift of intensity was weaker in induced double stable cells 

treated with Dex. Stripping and reprobing of the blots with -GAPDH and -Lamin 

B1 was carried out to confirm equal loading of cytosolic and nuclear extracts 

respectively. Unfortunately some degree of nuclear loading signal appeared in the 

cytosolic fractions of uninduced (no Dox treatment) Dex treated samples. The 

nuclear loading control of Dox-induced Dex-treated samples showed a weaker 

signal compared to the non-treated Dex sample (Fig 5.2). The western blot data 

were confirmed in two independent experiments. 

To confirm the translocation data based on western blot analysis, we tracked 

EGFP-GR translocation by following the fluorescence in real time. B13 Tet-on 

EGFP-GR cells were cultured in medium supplemented with 1µg/ml Dox for 

induction of EGFP-GR expression and stripped FBS (instead of normal FBS in 

order to avoid translocation of the receptor caused by traces of glucocorticoid 

present in the FBS). To monitor cellular EGFP-GR localisation, cells were induced 

with 1µg/ml Dox (in the absence of any glucocorticoid) for 48hr, medium was 

replaced by PBS and then fluorescent images of live cells were taken every 30 

seconds following addition of 1µM Dex. In the absence of Dex, EGFP fluorescence 

appeared mainly in the cell area close to the cell membrane while a defined area 

in the middle of the cell was found to have weak or no EGFP fluorescence (Fig 

5.3A). After 3 minutes post Dex-treatment, EGFP fluorescence appeared 
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ubiquitously all over the cell area (Fig 5.3B) and after 10 minutes, cell areas close 

to the cell membrane had lost EGFP fluorescence and the nuclear related area in 

the middle of the cell showed bright green fluorescence (Fig 5.3C). This live image 

translocation experiment was repeated three times. 

 

 

Figure 5.2 Glucocorticoid dependent translocation of EGFP-GR in double 

stable B13 Tet-on EGFP-GR cells. B13 cells were stably transfected with the 

EGFP-GR construct under control of the Tet-responsive promotor. In order to test 

the utility of the construct cells induced for EGFP-GR expression with 1µg/ml Dox 

for 48hr (+Dox) or not (-Dox) were cultured for two days in medium with stripped 

foetal bovine serum to reduce any non-specific GR translocation. Finally cells 

were cultured in the presence or absence of 1µM Dex for 2hr. Cytosolic and 

nuclear fractions were separated by SDS PAGE and transferred to PVDF 

membrane. Membranes were probed with -GFP as well as -GAPDH and -

Lamin B1 antibodies as cytosolic and nuclear loading controls respectively. 
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Tet-on EGFP-GR clone G6A2 

Figure 5.3  Live imaging of 

glucocorticoid dependent 

translocation of EGFP-GR in 

double stable B13 Tet-on EGFP-GR 

cells. I stably transfected rat 

pancreatic B13 cells with the EGFP-

GR construct under control of the Tet-

responsive promotor. In order to test 

the utility of the construct, stable cells 

were Dox induced for EGFP-GR 

expression followed by two days 

culture in medium with stripped foetal 

bovine serum to reduce any non-

specific GR translocation. The 

medium was then replaced with 

phosphate buffered saline followed by 

addition of Dex (1µM Dex). Images 

were taken at 37°C A) before Dex 

addition, B) 3min past Dex addition 

and C) 10min after Dex addition. 
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5.2.3 Cellular translocation of GR-EGFP in double 

stable B13 Tet-on GR-EGFP cells 

Analysis of GR-EGFP translocation in inducible B13 Tet-on cells was carried out 

by western blotting of cytosolic and nuclear protein extracts from stable B13 Tet-

on GR-EGFP cells treated for 48hr with or without 1µg/ml Dox and cultured for 2hr 

in the presence or absence of the glucocorticoid Dex (1µM). To detect the EGFP 

fusion protein, western blots of protein extracts were probed for GR-EGFP using 

an -GFP-specific antibody. As seen in Figure 5.4 in induced cells the band below 

150kDa (corresponding to the GR-EGFP) was found to be strong in the cytosolic 

fraction in the absence of Dex. The strong intensity of this band shifted from the 

cytosolic to the nuclear fraction for induced cells when treated with Dex. Even if 

the band intensities for the uninduced cells were found to be much weaker 

compared to the induced samples, a similar shift of band intensity from cytosolic to 

nuclear fraction was observed. Stripping and reprobing of the blots with -GAPDH 

and -Lamin B1 confirmed equal loading of cytosolic and nuclear extracts 

respectively. This western blot experiment was performed twice.  

To confirm the translocation data (revealed by western blot analysis) we tracked 

GR-EGFP translocation by following the fluorescence in real time. B13 Tet-on GR-

EGFP cells were induced for GR-EGFP expression in medium supplemented with 

1µg/ml Dox and stripped FBS. After 48hr of induction medium was replaced by 

PBS and fluorescent pictures of live cells were taken in the absence of any 

glucocorticoid and every 30 seconds after addition of 1µM Dex to monitor cellular 

GR-EGFP localisation. In the absence of Dex, EGFP fluorescence appeared 

mainly in cell areas close to the cell membrane while a defined area in the middle 

of the cell was found to have weak or no EGFP fluorescence (Fig 5.5A). After 3 

minutes of Dex treatment, EGFP fluorescence appeared ubiquitously all over the 

cell area (Fig 5.5B) and after 10 minutes cell areas close to the cell membrane had 

lost EGFP fluorescence and the nuclear area in the middle of the cell showed 

bright green fluorescence (Fig 5.5C). The live image data were confirmed in two 

independent experiments. 

Taken together, the above results provide evidence that EGFP fusion to the GR 

does not alter the function of the receptor in stable and double stable B13 cells (at 
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least in terms of translocation in response to the ligand) since normal cytosolic-

nuclear translocation was observed for all EGFP fusions of the GR. 

 

 

Figure 5.4 Glucocorticoid dependent translocation of GR-EGFP in double 

stable B13 Tet-on GR-EGFP cells. I stably transfected cells with the GR-EGFP 

construct under control of the Tet-responsive promotor. In order to test the utility 

of the construct cells induced for GR-EGFP (+Dox) or not (-Dox) were cultured for 

two days in medium with stripped foetal bovine serum to reduce any non-specific 

GR translocation. Finally cells were cultured in the presence or absence of 1µM 

Dex for 2hr. Cytosolic and nuclear fractions were separated by SDS PAGE and 

transferred to PVDF membrane. Membranes were probed with -GFP as well as 

-GAPDH and -Lamin B1 antibodies as cytosolic and nuclear loading controls 

respectively. 

 

 

GAPDH 

GR-EGFP  

Lamin B1 

-Dex  

Cyt Nuc 

+Dex  

Cyt Nuc 

-Dox  
-Dex  

Cyt Nuc 

+Dex  

Cyt Nuc 

+Dox  

Tet-on GR-EGFP clone A2 

Glucocorticoid Receptor  Tag 

 AF1  DBD   LBD   EGFP 



Results 

113 

 

Tet-on GR-EGFP clone A2 

Figure 5.5 Live imaging of 

glucocorticoid dependent 

translocation of GR-EGFP in 

double stable B13 Tet-on GR-EGFP 

cells. I stably transfected rat 

pancreatic B13 cells with the GR-

EGFP construct under control of the 

Tet-responsive promotor. In order to 

test the utility of the construct, stable 

cells were Dox induced for GR-EGFP 

expression followed by two days 

culture in medium with stripped foetal 

bovine serum to reduce any non-

specific GR translocation. The 

medium was then replaced with 

phosphate buffered saline followed by  

Dex addition up to a final 

concentration of 1µM Dex. Images 

were taken at 37°C A) before Dex 

addition, B) 3min past Dex addition 

and C) 10min after Dex addition. 
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5.2.4 Glucocorticoid sensitivity of stable B13 EGFP-

GR cells 

Initiation of pancreatic to hepatic conversion of B13 cells is a GR-dependent 

phenomenon (Shen et al., 2000). Intact GR function is crucial in stable and double 

stable cells in terms of using these cells for identifying the GR interacting partners 

important in the transdifferentiation process. To test whether manipulated B13 

cells were still able to convert to hepatocyte-like cells, we treated stable B13 

EGFP-GR cells or normal (unmanipulated) B13 cells, with  1nM or 1µM Dex. 

Surprisingly all stable B13 EGFP-GR cells died within 4 days in the presence of 

1µM Dex (Fig 5.6 bottom right) while control B13 cells were still viable (Fig 5.6 

bottom left). When cultured in the presence of 1nM Dex, stable B13 EGFP-GR 

appeared viable after 4 days of culture similar to control B13 cells cultured at the 

same Dex concentration (Fig 5.6 top panel). Additionally 1nM Dex treated stable 

B13 EGFP-GR cells showed green fluorescence in discrete areas of the cells 

which was not seen in the control cells. The results were confirmed in three 

independent experiments. 

Since complete conversion of pancreatic cells to hepatocyte-like cells is normally 

achieved by long term Dex treatment (Shen et al., 2000), stable B13 EGFP-GR 

cells and control cells were cultured for up to 14 days with Dex (1µM or 1nM).   In 

agreement with previous publications, (Burke et al., 2006; Kurash et al., 2004; 

Shen et al., 2000), control B13 cells cultured in the presence of 1µM Dex 

appeared as colonies of large flattened cells with prominent cell nuclei (Fig 5.7 

bottom left panel) while no cells remained (or indeed cell fragments of dead cells 

were seen) in the stable B13 EGFP-GR cell sample cultured under the same 

conditions (Fig 5.7 bottom right panel). In contrast stable B13 EGFP-GR cells 

cultured in the presence of lower Dex concentrations (1nM Dex) showed low cell 

density and a flattened enlarged cell morphology with prominent green fluorescent 

cell nuclei (Fig 5.7 top right). Interestingly, unmodified control B13 cells cultured at 

low Dex concentration (1nM Dex) showed normal small B13 cell morphology (Fig 

5.7 top left) in combination with high cell density.  These data suggest that in cells 

expressing the EGFP-GR, 1nM Dex may be sufficient to induce conversion of 

hepatocyte-like cells, albeit at a morphological level. 
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The appearance of flattened enlarged cells with prominent nuclei is the first 

evidence of the appearance of hepatocyte-like cell morphology.  In order to further 

prove the hepatocyte-like status of the cells, we needed to test whether the cells 

expressed a hepatocyte-specific protein pattern. To analyse the expression of 

hepatocyte-specific protein markers in the cells we employed indirect 

immunofluorescence techniques by using four different hepatocyte markers 

(albumin, transferrin, Cyp2e1, UDP-glucuronoyltransferase). Cells were 

counterstained with DAPI to locate cell nuclei. In addition, endogenous EGFP 

fluorescence was used to visualise EGFP-GR-positive cells. Albumin is a serum 

protein synthesised and secreted by hepatocytes whose function is to act as a 

carrier molecule and also to maintain colloid oncotic pressure. As shown in Figure 

5.8A (top) hepatocyte-like cells derived from stable B13 EGFP-GR cells following 

treatment with 1nM Dex showed green nuclei (indicating activation of the GR) and 

co-expression of albumin (red).  In contrast, control pancreatic B13 cells showed 

non-specific albumin staining after 1nM Dex treatment (Fig 5.8A bottom). The 

second marker we looked at was transferrin. Transferrin is a protein synthesised 

and secreted by hepatocytes and is involved in iron transport. Hepatocytes-like 

cells with green nuclei expressed transferrin (red) while control cells did not (Fig 

5.8B).  I tested whether Cyp2e1, a Phase I P450 detoxification enzyme was 

expressed following Dex treatment. B13 cells stably expressing EGFP-GR and 

treated with 1nM Dex showed green nuclei and Cyp2e1 (red) while control cells 

were negative for EGFP and Cyp2e1 (Fig 5.9A). As well as the Phase I 

detoxification enzyme Cyp2e1, we also immunostained for the Phase II enzyme 

UDP-glucuronoyltransferase (UGT).  UGT was expressed in Dex-treated EGFP-

GR cells (red) but not in control cells (Fig 5.9B). This immunofluorescence 

experiment was performed once. 
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Figure 5.6 Glucocorticoid sensitivity of B13 cells stably expressing EGFP-

GR. In order to test the cellular response of stable cells regarding glucocorticoid 

treatment, B13 cells stably expressing EGFP-GR or unmanipulated B13 cells as 

control were cultured in medium supplemented with 1nM or 1µM Dex. Images 

were taken after 4 days of culture. 
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Figure 5.7 Stable B13 EGFP-GR cells show enlarged hepatocyte-like cell 

morphology in cultures at low glucocorticoid concentrations. We next 

questioned whether long term glucocorticoid treatment of stable B13 EGFP-GR 

cells would change cell morphology to liver like cell type as it is known for B13 

cells. Cells stably expressing EGFP-GR or unmanipulated B13 cells as control 

were cultured in medium supplemented with 1nM or 1µM Dex. Images were 

taken after 14 days of culture. 
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Figure 5.8 Transdifferentiated stable B13 EGFP-GR cells express the 

hepatocyte markers albumin and transferrin. To determine the glucocorticoid 

sensitivity of the B13 EGFP-GR cell line, cells stably expressing EGFP-GR (as 

well as untransfected B13 cells as a control) were cultured in the presence of 

1nM Dex. After 14 days of treatment cells were fixed and probed for hepatocyte-

specific proteins albumin (A) and transferrin (B). Hepatocyte-specific markers are 

shown in red, the DAPI stained cell nucleus in blue and fluorescence of EGFP-

GR is shown in green. 
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Figure 5.9  Transdifferentiated stable B13 EGFP-GR cells express the 

hepatocyte markers Cyp2e1 and UGT. To determine the glucocorticoid 

sensitivity of the B13 EGFP-GR cell line, cells stably expressing EGFP-GR (as 

well as untransfected B13 cells as a control) were cultured in the presence of 

1nM Dex. After 14 days of treatment cells were probed for hepatocyte-specific 

proteins Cyp2e1 (A) and UGT (B). Hepatocyte-specific markers are shown in red, 

the DAPI stained cell nucleus in blue and fluorescence of EGFP-GR is shown in 

green. 
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5.2.5 Glucocorticoid sensitivity of double stable 

B13 Tet-on EGFP-GR cells 

To determine the glucocorticoid sensitivity of B13 Tet-on EGFP-GR cells the cells 

were either induced for 48hr with 1µg/ml Dox for EGFP-GR expression (+Dox) or 

left untreated (uninduced (-Dox)) and then treated with 1nM or 1µM Dex. As 

previously, most of the induced (+Dox) B13 Tet-on EGFP-GR cells died within 4 

days in the presence of 1µM Dex (Fig 5.10 bottom right) while some of the un-

induced (-Dox) B13 Tet-on EGFP-GR cells were still viable and showed enlarged 

cell morphology (Fig 5.10 bottom left). When cultured in the presence of 1nM Dex, 

stable cells (both treated with and without 1µg/ml Dox) were found to be viable 

after 4 days of culture (Fig 5.10 top). Interestingly, induced cells showed a slightly 

enlarged cell shape (Fig 5.10 top right) compared to the uninduced samples which 

showed a typical B13 cell morphology (small and rounded morphology) (Fig 5.10 

top left). Similar flat enlarged cell morphology was seen in the uninduced cells 

cultured with 1µM Dex (Fig 5.10 bottom left). It was noted that induced stable cells 

cultured at the lower Dex concentration (1nM) showed bright green fluorescence in 

the nuclear region (Fig 5.10 top right) whereas faint fluorescence was observed in 

the uninduced stable cells (Fig 5.10 top left). Since complete conversion of 

pancreatic cells to hepatocyte-like cells is normally achieved by long-term Dex 

treatment (Burke et al., 2006; Kurash et al., 2004; Shen et al., 2000), stable B13 

Tet-on EGFP-GR cells (both induced or uninduced) were cultured for up to 10 

days with either 1nM or 1µM Dex. Uninduced  cells cultured in the presence of 

1µM Dex appeared as very few cell colonies of flat enlarged hepatocyte-like cells 

with prominent nuclei (Fig 5.11 bottom left) while no cells or fragments of dead 

cells were seen in the induced (+Dox) cell sample cultured under the same 

conditions (Fig 5.11 bottom right). In contrast, induced double stable cells cultured 

in the presence of a much lower Dex concentration of 1nM showed a low cell 

density in combination with some enlarged hepatocyte-like cell morphologies (Fig 

5.11 top right). Additionally some of these hepatocyte-like cells showed multiple 

green fluorescent nuclei typical of normal hepatocytes (Fig 5.11 top right). 

Surprisingly uninduced cells cultured at the same low 1nM Dex concentration 

show similar hepatocyte-like cell morphology with most of them showing green 

nuclei albeit at much lower intensity (Fig 5.11 top left). 
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The appearance of binucleate, flattened and enlarged cells provides the first 

morphological evidence of conversion from pancreatic cells to hepatocyte-like 

cells. To further prove the hepatocyte-like status of the cells I tested the presence 

of unique hepatocyte-specific enzymes and proteins. To detect hepatocyte-specific 

protein markers in the cells derived from B13 Tet-on EGFP-GR cells, I again used 

immunofluorescence detection techniques. B13 Tet-on EGFP-GR cells were 

treated with and without 1µg/ml Dox and unmanipulated B13 cells were treated for 

10 days with 1nM Dex and then fixed and stained for the four different hepatocyte 

markers (albumin, transferrin, Cyp2e1 and UGT).  Cells were also counterstained 

with DAPI to locate cell nuclei. EGFP fluorescence was used to visualise EGFP-

GR positive cells. As shown in Figure 5.12 (top and middle panel) most of the 

flattened enlarged cells derived from double stable cells were found to be positive 

for albumin in induced (Dox-treated, top panel) and uninduced samples (no Dox 

treatment, middle panel) while normal B13 control cells showed much less intense 

albumin staining (bottom panel). Cell nuclei as detected by DAPI staining in the 

overlay panel of Figure 5.12 were found to be EGFP positive in both induced and 

uninduced double stable cells (Fig 5.12 top and middle) while control B13 cells 

were found to be negative for EGFP (Fig 5.12 bottom). Surprisingly the EGFP 

intensity was found to be stronger in albumin-negative cells treated without Dox 

(middle panel). In contrast, albumin expressing cells of induced samples showed 

faint EGFP fluorescence (top left) while no EGFP was detectable in uninduced 

albumin positive cells (middle left). Transferrin was expressed in enlarged 

hepatocyte-like cells derived from induced double stable cells (Fig 5.13 top) 

whereas uninduced and control cells did not show expression of transferrin (Fig 

5.13 middle and bottom). Similar to the albumin sample, nuclear EGFP was found 

to be  stronger in the uninduced sample than in induced sample and was absent in 

control cells (Fig 5.13 middle and bottom left). Cyp2e1 was found to be present in 

enlarged hepatocyte-like cells of double stable cells treated with and without Dox 

but not in control B13 cells (Fig 5.14). None of the Cyp2e1-positive cells were 

found to be positive for nuclear EGFP fluorescence. Surprisingly a few Cyp2e1-

negative cells in both double stable cell samples showed nuclear EGFP. Staining 

for phase II detoxification enzyme UGT was found to be positive in enlarged 

hepatocyte-like cells derived from induced double stable B13 samples (Fig 5.15 
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top) while uninduced double stable cells and control cells which did not show 

enlarged cell morphology were found to be negative for UGT (Fig 5.15 middle and 

bottom). Some of the UGT positive cells of induced double stable cells showed 

faint nuclear EGFP (Fig 5.15 top left). In contrast all cells in uninduced double 

stable cell sample showed bright nuclear EGFP fluorescence (Fig 5.15 middle left) 

while no EGFP was seen in the control sample (Fig 5.15 bottom left). As this 

double stable cell clone was established close to the end of the project this 

experiment was performed once. 
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Figure 5.10  Glucocorticoid sensitivity of B13 Tet-on cells stably expressing 

EGFP-GR. We were interested to confirm the cellular effects of low glucocorticoid 

concentration treatment in cells stably expressing EGFP-GR. B13 Tet-on cells 

stably transfected with the EGFP-GR construct under control of the Tet-

responsive promotor were induced for EGFP-GR expression with 1µg/ml Dox 

(+Dox) or not (-Dox) and then cultured in the presence of 1nM or 1µM Dex. 

Images were taken after 4 days of culture. 
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Figure 5.11 Double stable B13 Tet-on EGFP-GR cells show enlarged 

hepatocyte-like cell morphology in long term cultures treated with 1nM 

glucocorticoid. We were interested to confirm hepatocyte-like cell morphology of 

EGFP-GR expressing B13 cells in the presence of 1nM glucocorticoid. B13 Tet-

on cells stably transfected with the EGFP-GR construct under control of the Tet-

responsive promotor were induced for EGFP-GR expression with 1µg/ml Dox 

(+Dox) or not (-Dox) and cultured in the presence of 1nM or 1µM Dex. Images 

were taken after 10 days of culture. 
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Figure 5.12 Transdifferentiated double stable B13 Tet-on EGFP-GR cells 

express albumin. Stable B13 Tet-on EGFP-GR cells induced for EGFP-GR 

expression (+Dox) or not (-Dox) as well as untransfected B13 cells as a control 

were treated for 10 days with 1nM Dex. To prove hepatocyte-like status of 

enlarged cell types cells were fixed and stained for hepatocyte marker. The 

hepatocyte marker albumin is shown in red, the DAPI stained cell nucleus in blue 

and fluorescence of EGFP-GR is shown in green. 
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Figure 5.13 Transdifferentiated induced double stable B13 Tet-on EGFP-GR 

cells are positive for the hepatocyte marker transferrin. Stable B13 Tet-on 

EGFP-GR cells induced for EGFP-GR expression (+Dox) or not (-Dox) as well as 

untransfected B13 cells as a control were treated for 10 days with 1nM Dex. To 

prove hepatocyte-like status of enlarged cells, cells were fixed and stained for 

hepatocyte marker. The hepatocyte marker transferrin is shown in red, the DAPI 

stained cell nucleus in blue and fluorescence of EGFP-GR is shown in green. 

 

 

T
e

t-
o

n
 E

G
F

P
-G

R
 +

D
o

x
 

 1
0

 d
a

y
s

 1
n

M
 D

e
x
 

C
o

n
tr

o
l 

Transferrin/ EGFP 

 

 

Transferrin/ DAPI 

 

 

T
e

t-
o

n
 E

G
F

P
-G

R
 -

D
o

x
 



Results 

127  

Figure 5.14 Transdifferentiated double stable B13 Tet-on EGFP-GR cells 

expressed the  hepatocyte marker Cyp2e1. Stable B13 Tet-on EGFP-GR cells 

induced for EGFP-GR expression (+Dox) or not (-Dox) as well as untransfected 

B13 cells as a control were treated for 10 days with 1nM Dex. To prove 

hepatocyte-like status of enlarged cells, cells were fixed and stained for 

hepatocyte marker. The hepatocyte marker Cyp2e1 is shown in red, the DAPI 

stained cell nucleus in blue and fluorescence of EGFP-GR is shown in green. 
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Figure 5.15 Transdifferentiated induced double stable B13 Tet-on EGFP-GR 

cells expressed the hepatocyte marker UGT. Stable B13 Tet-on EGFP-GR 

cells induced for EGFP-GR expression (+Dox) or not (-Dox) as well as 

untransfected B13 cells as a control were treated for 10 days with 1nM Dex. To 

prove hepatocyte-like status of enlarged cells, cells were fixed and stained for 

hepatocyte marker. The hepatocyte marker UGT is shown in red, the DAPI 

stained cell nucleus in blue and fluorescence of EGFP-GR is shown in green. 
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5.2.6 Glucocorticoid sensitivity of double stable 

B13 Tet-on GR-EGFP cells 

To analyse the glucocorticoid sensitivity of B13 Tet-on GR-EGFP cells, double 

stable cells either induced (+Dox) or left uninduced (-Dox) for GR-EGFP 

expression were treated with 1nM or 1µM Dex. Consistent with the previous 

results from stable and double stable EGFP-GR cells, all of the induced (1µg/ml 

Dox) B13 Tet-on GR-EGFP cells died within 4 days in the presence of 1µM Dex 

while uninduced (-Dox) B13 Tet-on GR-EGFP cells were still viable. When B13 

Tet-on GR-EGFP cells were cultured for up to 14 days with 1M Dex, uninduced 

cells showed enlarged hepatocyte-like cell morphology with no or faint EGFP in 

the nucleus (Fig 5.16 bottom left) while induced double stable cell samples 

showed green fluorescent cell fragments of dead cells (Fig 5.16 bottom right). In 

contrast, culture of induced cells at 1nM Dex for 14 days showed viable cells with 

a few flattened enlarged hepatocyte-like cells with prominent nuclei (Fig 5.16 top 

right) and surrounded by cells showing normal B13 cell morphology. Nuclear 

EGFP fluorescence appeared in both cell types. Normal B13 cell morphology was 

observed in uninduced cells cultured under similar conditions (Fig 5.16 top left) 

with no nuclear EGFP fluorescence. Hepatocyte-like cells in the 1nM Dex cultures 

of induced cells appeared less frequently compared to cultures of stable EGFP-

GR and induced double stable EGFP-GR cells. This experiment was repeated 

twice. 

Taken together, the expression of EGFP-tagged GR resulted in massive cell death 

in stable and double stable cells when treated with the published glucocorticoid 

concentration of 1µM Dex (Burke et al., 2006; Kurash et al., 2004; Shen et al., 

2000). In contrast, hepatocyte-like cell morphology in combination with expression 

of hepatocyte-specific markers appeared in stable and double stable cells treated 

with much a lower (1nM) glucocorticoid concentration compared to control B13 

cells.  
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Figure 5.16 Glucocorticoid sensitivity of double stable B13 Tet-on GR-EGFP 

cells. In order to confirm the glucocorticoid sensitivity of cells expressing EGFP-

tagged GR B13 Tet-on cells stably transfected with the GR-EGFP construct 

under control of the Tet-responsive promotor were induced for GR-EGFP 

expression (+Dox) or not (-Dox) and cultured in the presence of 1nM or 1µM Dex. 

Images were taken after 14 days of culture. 
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5.3 Discussion 

In the present chapter single and double stable B13 cells were tested for the 

subcellular localisation of the EGFP-tagged GR as well as for their ability to 

convert to hepatocyte-like cells. In this chapter I provide evidence of the 

functionality of the tagged receptor as EGFP-tagged GR translocates into the 

nucleus in a ligand-dependent manor. Furthermore, I could show that B13 cells 

expressing EGFP-tagged GR converted to hepatocyte-like cells when treated with 

1nM Dex but died when treated with the standard Dex concentration (1µM). 

The single and double stable cell lines generated were tested for the ability to 

convert from pancreatic cells to hepatocyte-like cells. The functionality of the 

EGFP-tagged GR had to be proven since tagging proteins has the potential to 

disrupt the protein function in the living cell (Andresen et al., 2004). Therefore, I 

tested the functionality of the EGFP-tagged GR in terms of the glucocorticoid 

dependent subcellular localisation of the fused protein. The translocation of the 

tagged GR into the nucleus is ligand-dependent. I showed the functionality of the 

tagged receptor in stable B13 EGFP-GR, double stable B13 Tet-on EGFP-GR and 

B13 Tet-on GR-EGFP cells (Fig 5.1-5.5). The fact that complete translocation of 

either EGFP-GR or GR-EGFP is achieved within 10min after induction (Fig 5.3 

and 5.5), (similar to the translocation rate found in other studies)(Htun et al., 1996; 

Picard and Yamamoto, 1987), suggests that the EGFP tag did not influence GR 

function significantly in our cell culture model.   

To use the stable and double stable B13 cells for purification and identification of 

interactors that might be involved in the cell conversion, we need to demonstrate 

pancreas to liver conversion for the stable cell lines. Surprisingly, stable and 

double stable pancreatic B13 cell clones which express higher levels of either 

EGFP-GR or GR-EGFP died when treated with the standard 1µM glucocorticoid 

concentration (Fig 5.6-5.7 bottom right, Fig. 5.10-5.11 bottom right, Fig 5.16 

bottom right). In contrast, similar treatment of control B13 cells (Fig 5.6-5.7 bottom 

left) or uninduced double stable B13 Tet-on cells (which expresses lower levels of 

the EGFP-tagged GR) resulted in viable cells and showed conversion from 

pancreatic cells to the hepatocyte-like cell type based on morphological changes 

(Fig 5.7 bottom left, Fig 5.11 bottom left, Fig 5.16 bottom left) as described (Shen 
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et al., 2000). This result suggests a direct correlation between the amounts of 

EGFP-tagged GR and cell death at higher Dex concentrations. A direct correlation 

of GR overexpression and apoptosis was shown in recent studies since 

overexpression of GR in thymocytes or T-cells resulted in increased sensitivity to 

glucocorticoid-induced apoptosis (Helmberg et al., 1995; Pazirandeh et al., 2002; 

Reichardt et al., 2000). Death of Dex-treated cell clones is problematic since this 

treatment is the basis for pancreas to liver transdifferentiation (Shen et al., 2000). 

Therefore I tested the effect of lower Dex concentrations in terms of viability of 

stable or double stable B13 cells expressing higher levels of EGFP-tagged GR. 

Interestingly, cells expressing a higher level of EGFP-tagged GR survived short 

term 1nM Dex treatment (Fig 5.6 top right, Fig 5.10 top right) and showed 

conversion to enlarged, flattened cells after 10-14 days Dex treatment (Fig 5.7 top 

right, Fig 5.11 top right, Fig 5.16 top right) while normal B13 cells (Fig 5.7 top left) 

or cells expressing low levels of GR-EGFP (Fig 5.16 top left) did not show such a 

cell-type conversion. One explanation for the lack of effect could be that the 

expression of EGFP-tagged GR will increase the amount of functional GR in the 

cell which could destroy the fine tuning of GR signalling when activated by the 

addition of glucocorticoid. Lowering the glucocorticoid concentration might reduce 

the number of activated GRs due to limited Dex molecule numbers that can bind 

and activate the GR and therefore compensate the higher amount of functional 

GR. Intriguingly, the uninduced B13 Tet-on EGFP-GR cells (which should show a 

lower level of EGFP-GR) converted to enlarged hepatocyte-like cells when treated 

with low 1nM Dex concentration (Fig 5.11 top left) similar to the induced cells (Fig 

5.11 top right). This result is slightly different to all the other results but it might be 

explained by the loss of induction in combination with a high background level of 

EGFP-GR that was found to be present in uninduced double stable B13 Tet-on 

EGFP-GR cells by western blot analysis (Fig 5.2). The presence of some uniduced 

B13 Tet-on EGFP-GR cells that survive the 1µM treatment and show enlarged 

hepatocyte-like morphology (Fig 5.11 bottom left) suggests a certain amount of 

cells with little or no EGFP-GR expression. This is probably due to a 

heterogeneous cell population in the double stable B13 Tet-on EGFP-GR G6A2 

cell clone. To establish a more homogeneous cell clone which might show a more 

robust induction level of EGFP-GR, additional rounds of dilution cloning with the 
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focus on selection of low EGFP-GR level in uninduced cells but higher EGFP-GR 

level in induced cells should be performed.      

Following treatment of B13 cells expressing EGFP-tagged GR with 1nM Dex, the 

cells change shape, enlarge and some cells exhibit multiple nuclei. These features 

are typical of hepatocytes. To further analyse the hepatic status of the cells, the 

presence of hepatocyte-specific marker proteins was investigated by 

immunofluorescence detection. Liver-specific proteins such as albumin and 

transferrin as well as enzymes of the detoxification system (Cyp2e1 and UGT) 

were found to be present in stable or double stable B13 EGFP-GR cells treated 

with 1nM Dex. These proteins were absent in unmanipulated control B13 cells 

which showed no conversion to a hepatic phenotype despite similar treatment (Fig 

5.8-5.9 and Fig 5.12-5.15). This data from two independent established stable or 

double stable B13 cell lines confirm the hepatocyte phenotype of the cells. Taken 

together, the data suggests that additional expression of GR in pancreatic cells 

influences the cellular sensitivity towards glucocorticoid treatment resulting in the 

induction of cell death at higher Dex concentrations (1M) or induction of pancreas 

to liver conversion at lower Dex concentrations (1nM). Nevertheless the data also 

show some differences between the single stable and double stable cell lines. 

Most of the enlarged stable B13 EGFP-GR cells positive for hepatocyte markers 

showed EGFP in the nuclear region whereas the enlarged hepatocyte marker 

positive double stable B13 Tet-on EGFP-GR cells showed faint or no EGFP in the 

nucleus. Some double stable cells with strong EGFP signal in the nucleus showed 

no liver markers. Additionally some of the uninduced double stable cells showed 

enlarged cells that were positive for liver markers (Fig 5.12 and 5.14). The 

inconsistency in the double stable samples (both induced or uninduced) could be 

further evidence of the heterogeneous nature of the cell population of B13 Tet-on 

EGFP-GR G6A2 cell clone. To establish a more homogenous cell population 

further selection has to be performed as described above. The more 

homogeneous cell clone could be used to finally confirm the glucocorticoid 

sensitivity. Ideally pancreas to liver conversion at low Dex treatment should show 

hepatocyte-like morphology in combination with hepatocyte markers in induced 

cells while uninduced cells should not show any changes. In addition to the 

presence of hepatocyte markers the absence of pancreatic markers like amylase 
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has to be shown to provide evidence of loss of pancreatic cell fate. A summary of 

the transdifferentiation properties of stable and double stable B13 cell lines is 

provided in Table 5.1. However for analysing interactors of the GR (which might be 

involved in cell conversion) both stable and double stable cell clones appear to be 

suitable since these cell clones are able to convert to hepatocyte-like cells. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5.1 Summary of cell conversion experiments of different stable and 

double stable B13 cell lines expressing EGFP-tagged GR.  

 
Cell line

induction

1 nM Dex + - + - + - + - + - + -

1 µM Dex - + - + - + - + - + - +

viability + + + - + + + - + + + -

flat enlarged cells - + + + + + - + +

multiple nuclei - + + + + + - + +

Albumin - + + +

not 

tested +

not 

tested

not 

tested

not 

tested

Transferrin - + + -

not 

tested +

not 

tested

not 

tested

not 

tested

Cyp2e1 - + + +

not 

tested +

not 

tested

not 

tested

not 

tested

UGT - + + -

not 

tested +

not 

tested

not 

tested

not 

tested

Control (B13) B13 EGFP-GR B13 Tet-on GR-EGFP

off (-Dox) on (+Dox) off (-Dox) on (+Dox)

B13 Tet-on EGFP-GR
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Chapter 6: Purification and detection of interacting 

partners of the glucocorticoid receptor in B13 cells 

6.1 Introduction 

6.1.1 Receptor purification and GFP-Nanotrap 

system 

The switch from pancreatic cells to hepatocyte-like cells is the result of a dramatic 

change in the gene expression pattern of the pancreatic cells. Changes in gene 

expression are mediated through signalling cascades which are initiated by signal 

molecules. These signal molecules can activate one or more other signal 

molecules and finally the signalling ends in modulation of the expression of one or 

more genes including induction and repression of target genes. Most of the 

activation is mediated through direct interaction of the signal molecules. Receptor 

proteins are one type of signalling molecules and the GR is one of the best known 

receptors. The GR is believed to play a key role in pancreas to liver conversion 

since blocking of the receptor with RU486 was shown to prevent 

transdifferentiation (Shen et al., 2000). Signalling of the GR is initiated by 

activation of the GR by glucocorticoid ligands. One result of GR signalling is the 

induction of the master switch gene C/EBPß after 8hr of glucocorticoid treatment 

(Kurash et al., 2004). Less is currently known about the early signalling steps of 

the activated GR. To identify the proteins interacting with the activated GR that 

might be involved in the transdifferentiation, co-purification of the activated 

receptor and interacting proteins needs to be performed. Purification of 

endogenous receptors is still a challenging task due to the limited availability of 

specific antibodies and high costs. Therefore functional EGFP-tagged GR stably 

expressed in B13 cells offers a simple and cost effective purification method due 

to recent development of the GFP-Nanotrap system (Rothbauer et al., 2008). The 

GFP-Nanotrap procedure has been used for purification of GFP fusion protein and 

detection of protein interaction partners (Boulon et al., 2010; Gunaratne et al., 

2011; Trinkle-Mulcahy et al., 2008; Vermeulen et al., 2010). The GFP-Nanotrap 

system is a GFP-specific purification system based on a recombinant 13kDa 

single chain llama antibody conjugated to an agarose matrix (Rothbauer et al., 

2008) which recently became commercially available through Chromotek GmbH.     
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6.1.2 GFP-Nanotrap system and elution 

The GFP-Nanotrap system can be used to purify EGFP-tagged GR from cell 

lysates. The system is based on single chain GFP-specific antibody immobilised 

on agarose beads (Rothbauer et al., 2008). The immobilised antibodies 

specifically bind to the tagged receptor via the EGFP-tag; nevertheless non-

specific binding of proteins to the Agarose beads cannot be excluded. Low pH 

buffers such as glycine buffer are routinely used to denature the protein 

conformation of proteins (including the single chain antibody or the EGFP-GR) 

which leads to the release of the tagged receptor from the beads. These 

conditions are very likely to destroy the complex of tagged receptor and 

interactors. In the case of low purification power of the GFP-Nanotrap further 

purification steps might be necessary which need rearrangement of the receptor 

complex. Rearrangement of the activated receptor complex would need to mimic 

the cellular environment that mediated complex formation in vivo. This is 

potentially difficult to replicate in vitro. In addition, non-specific proteins bound to 

the agarose beads may also be denatured and released by the glycine elution as 

well. The non-specific proteins could therefore be identified as false positives since 

they also co-purify with the receptor. To avoid the false positive results (and inhibit 

disruption of the native receptor-interactor complex), more gentle and specific 

elution methods have to be used. The most specific and gentle elution method is 

the elution with a competitor. Competitors are molecules that compete for the 

binding sites of the GFP-specific antibody with the EGFP-tagged GR and therefore 

replace the tagged receptor. In theory therefore EGFP itself might function as a 

potent competitor that can replace and elute the bound EGFP-GR. 
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6.1.3 EGFP-GR purification by a combination of gel 

filtration and native gel electrophoresis 

The GFP-Nanotrap technology became commercially available in 2010. However, 

prior to this and at the start of the project in 2007, I used a different purification 

strategy for the EGFP-tagged receptor complex. This strategy took advantage of a 

two step separation system based on a patent (DE102007037065.2) developed by 

myself in another lab. The idea behind this strategy is that in the first separation 

step, proteins are separated by their size in a gel filtration step and protein 

fractions containing the EGFP-tagged receptor can be identified by EGFP 

fluorescence. In the second step proteins from EGFP-positive fractions were 

separated in a native gel electrophoresis system by their size to native charge 

ratio. Finally fluorescent bands are excised from the native gel and proteins 

present in the gel slice are separated by SDS-PAGE. The identity of single protein 

bands are then revealed by mass spectrometry analysis. 

6.1.4 Cytosolic nuclear protein extraction 

To purify proteins and protein complexes which are present in an intact cell, the 

proteins have to be extracted from the cell under conditions that maintain the 

native interaction network of the proteins. Since the activated EGFP-tagged GR is 

mainly located in the nucleus, separation of cytosolic and nuclear proteins would 

serve as a first separation step. For extraction of cytosolic proteins, glucocorticoid 

activated cells were incubated in a low salt buffer to break the cell wall by osmotic 

fluid intake followed by passing cells through a low diameter needle to apply extra 

shear forces. In contrast, cell nuclei were separated by centrifugation and cytosolic 

protein extract present in the supernatant was adjusted to physiologic salt 

concentration to maintain physiologic protein interactions. Nuclear proteins were 

extracted by incubation of cell nuclei in a high salt buffer to allow osmotic nuclear 

fluid flow into the buffer. Nuclear protein extract was separated from depleted 

nuclei by centrifugation. An equal final volume of cytosolic and nuclear extract was 

achieved by adjustment of the nuclear extract with physiological buffer to provide a 

physiological environment for protein complexes. To analyse the EGFP-tagged 

GR content each extract was measured for EGFP fluorescence intensity. A 

detailed description of the Methods is described in section 2.12. 
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6.1.5 Endogenous GR interaction and Co-IP  

Proteins identified that co-purify with the EGFP-tagged GR might be potential 

interacting partners of the endogenous GR. Nevertheless, fusing a tag to a target 

protein might change the conformation and function of the protein (Andresen et al., 

2004). This modification could result in interaction with proteins that normally do 

not interact with the untagged target protein or even no interaction at all. To 

distinguish between native interactors and artificial interactors caused by the 

addition of the EGFP tag to the GR, interaction has to be confirmed ideally with the 

endogenous GR in the unmodified cell system of the B13 cells. One of the most 

widely used techniques to prove direct interaction between two proteins is co-

immunoprecipitation (co-IP). In the first step of the co-IP technique, the protein of 

interest present in the cell lysate is bound by a specific antibody. In the second 

step, the antibody-protein complex is immobilised onto beads so that in the 

following washing steps the antibody bound protein can be separated from 

unbound protein by centrifugation. The bound protein can be released from the 

antibody by incubation at higher temperature or by the addition of a denaturing 

reagent. Finally molecules co-purified with the protein of interest can be detected 

by western blotting.  

IP techniques are well characterised and relatively quick to perform. Unfortunately 

specific antibodies are expensive so that this technique is often used on a small-

scale (pg-ng quantities). Since the amount of purified and co-purified protein is 

below the detection limit of most protein staining methods, low amounts of protein 

are most commonly detected by enzyme or radioactive labelled antibodies in 

immunoblotting techniques. For immunoblotting it is essential to know which 

protein was co-purified with the target protein to choose the right protein-specific 

antibody for detection. For efficient IP a specific antibody needs to be found for 

binding and pulling down of the native target protein as well as a suitable antibody 

to bind the denatured co-purified protein for western blot detection. Furthermore 

suitable controls need to be performed to confirm success of the pull down and to 

exclude non-specific pull down and co-purification. 
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6.1.6 Aims 

The aims of the present chapter were to: 

1. Extract cytosolic and nuclear proteins from B13 cells expressing EGFP-tagged 

GR. 

2. Purify EGFP-tagged GR from nuclear extracts. 

3. Identify proteins that were co purified with the EGFP-tagged GR. 

4. Produce and test recombinant EGFP as a competitor for the elution of the 

EGFP-tagged GR from the GFP-Nanotrap system. 

5. Test an alternative method for purifying the EGFP-tagged GR. 

6.2 Results 

6.2.1 Large scale cytosolic / nuclear protein 

extracts from stable B13 cells constitutively 

producing EGFP-GR 

In each cell the potential interacting partner might be present in limited copy 

number. Therefore multiple EGFP-tagged GR molecules could co-purify just one 

molecule of interacting partner. Additionally, protein staining methods like colloidal 

coomassie (which are important for visualisation of the protein spot for mass 

spectrometry analysis and identification of the co-purified interacting partner) have 

a detection limit of 1ng/protein band (Candiano et al., 2004). Therefore higher 

amounts of EGFP-tagged GR have to be purified to co-purify detectable amounts 

of interacting partner. Since the amounts of EGFP-GR will increase with the 

amounts of nuclear cell extract large scale semi-confluent B13 EGFP-GR B3F6B7 

cells (30 x 175cm2 flasks) were grown. Cells were incubated for 48hr with 1nM 

Dex to activate and increase the amount of tagged receptor in the cell since 

stronger nuclear EGFP fluorescence intensity was observed in cells stimulated for 

48hr rather than 1hr or 24hr stimulation with 1nM Dex. Data from the first large 

scale protein extraction from stable cells showed much stronger EGFP 

fluorescence intensity in the nuclear extract compared with cytosolic extract (Fig 

6.1). Unfortunately this extraction was lacking a negative control to evaluate the 

auto fluorescence of EGFP free cell extracts (untransfected B13 cells) which 

makes it hard to normalize the data to background fluorescence of the extracts. 
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Therefore a second extraction was performed with comparable amounts of stable 

B13 EGFP-GR cells or control B13 cells which have not been manipulated by 

transfection. As seen in Figure 6.2 nuclear extracts of stable B13 EGFP-GR cells 

showed an EGFP fluorescence intensity of 9404 which is more than two-fold 

higher than the EGFP intensity of 3560 measured for the cytosolic extract. When 

comparing this data with the background intensities of control extracts (which 

should lack any EGFP) it became evident that the EGFP intensity of cytosolic 

extract from stable cells was slightly higher (3560) than that of corresponding 

cytosolic control (2738). In contrast, the fluorescence intensity of the nuclear 

extract from stable cells was more than ten-fold higher (9404) compared to the 

intensity in control nuclear extract (802). Overall, the absolute EGFP fluorescence 

results of cytosolic and nuclear extracts from the first to the second extraction from 

stable B13 cells differ by 26% (2817 vs. 3560) for the cytosolic and 133% (4037 

vs. 9404) for the nuclear extracts. This difference may be due to differences in cell 

seeding which influence the cell density in the tissue culture flask in each 

experiment as a higher total cell number correlates to higher EGFP-GR content in 

the extract. Additionally slight day to day variability in the performance of the large 

scale extraction (time to harvest 30 x 175cm2, time to pull 130ml extract through a 

0.45mm needle) might influence the extraction efficiency and yield. 
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Figure 6.1  Nuclear extracts from stable B13 EGFP-GR cells show EGFP 

enrichment. B13 cells stably expressing EGFP-GR were incubated 48hr with  

1nM Dex to activate and increase the amount of tagged receptor in the cells. 

Activated stable cells were lysed in low salt buffer to extract cytosolic protein. 

Nuclear proteins were extracted from cell nuclei by high salt buffer. In order to 

compare EGFP content of both extracts nuclear extract was adjusted with buffer 

up to the final volume of cytosolic extract. EGFP fluorescence intensity of 300µl 

extract was measured in a 96 well plate by fluorescence reader as an indicator of 

EGFP-GR content of each fraction. 
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Figure 6.2 Nuclear extracts from stable B13 EGFP-GR cells show higher 

EGFP intensity than control nuclear extract. We wished to compare cytosolic-

nuclear extracts of stable B13 EGFP-GR and control cells. B13 cells stably 

expressing EGFP-GR or unmanipulated B13 cells as control were incubated 48hr 

with 1nM Dex to activate and translocate endogenous GR as well as tagged GR 

into the nucleus. Activated cells were lysed in low salt buffer to extract cytosolic 

protein while nuclear proteins were extracted from cell nuclei by high salt buffer. 

In order to compare EGFP content of both extracts nuclear extract was adjusted 

with buffer up to the final volume of cytosolic extract. EGFP fluorescence intensity 

of 300µl extract was measured in a 96 well plate by fluorescence reader as an 

indicator of EGFP-GR content of each fraction. 
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6.2.2 Large scale cytosolic / nuclear protein 

extracts from double stable B13 Tet-on cells 

inducible for GR-EGFP production 

Due to steric hindrance of the EGFP fused to the N-terminus of the GR, co-

purification and detection of interacting partners might be limited. Therefore 

another extraction was performed on double stable B13 Tet-on GR-EGFP cells. 

GR-EGFP expression can be induced by treatment with 1µg/ml Dox. In order to 

achieve nuclear translocation of the GR or GR-EGFP, B13 Tet-on GR-EGFP cells 

induced for GR-EGFP expression by 48hr treatment with 1µg/ml Dox (+Dox) or 

control cells (uninduced, no Dox treatment) were treated with 1µM Dex for 1hr 

prior to protein extraction. The nuclear extract of induced double stable GR-EGFP 

cells showed more than twice the EGFP intensity (5922) than the extract of 

uninduced cells (2593) (Fig 6.3). The uninduced cells served as a control due to 

low GR-EGFP expression (see 4.2.12). In contrast, the EGFP intensity of the 

cytosolic extract from induced double stable GR-EGFP cells (5408) was found to 

be just marginally higher than that of uninduced control double stable GR-EGFP 

cells (4867). 
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Figure 6.3 Nuclear extracts from induced double stable B13 Tet-on GR-

EGFP cells show higher EGFP intensity than nuclear extract of uninduced 

double stable cells. Double stable B13 Tet-on GR-EGFP cells induced for GR-

EGFP expression (+Dox) or not (-Dox) were incubated 1hr with 1µM Dex to 

activate and translocate the GR and tagged GR into the nucleus. Cytosolic 

protein fraction was achieved by low salt buffer extraction of the cells while the 

nuclear extract was derived by high salt buffer extraction of cell nuclei.  In order to 

compare EGFP content of both extracts nuclear extract was adjusted with buffer 

up to the final volume of cytosolic extract. EGFP fluorescence intensity of 300µl 

extract was measured in a 96 well plate by fluorescence reader as an indicator of 

GR-EGFP content of each fraction. 
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6.2.3 Purification of EGFP-GR from nuclear extracts 

of stable B13 cells constitutively expressing 

EGFP-GR 

After successful separation of the nuclear extract from stable and double stable 

cells, the next task was to further purify the enriched EGFP-tagged GR nuclear 

fraction for identifying novel interactors of the receptor. Therefore in order to 

achieve this, nuclear extract was diluted and filtered through an Amicon Ultra-15 

Centrifugal Filter Unit (Millipore) to change the buffer conditions to physiological 

salt conditions (150mM NaCl) and to concentrate the diluted nuclear extract to a 

volume of 10ml for incubation with a small volume (100µl) of GFP-Nanotrap 

beads. During incubation with the GFP-Nanotrap (which contained GFP-specific 

single chain antibodies immobilised onto agarose beads), the GFP-specific 

antibodies should bind protein complexes containing the EGFP-tagged GR. The 

first large scale nuclear extract was derived from 30 x 175cm2 flasks containing 

semi-confluent stable B13 EGFP-GR cells incubated with GFP-Nanotrap beads 

overnight. GFP-Nanotrap binding of the EGFP-GR was monitored before and after 

incubation by measuring EGFP fluorescence intensity of the supernatant following 

bead separation by centrifugation. A dramatic loss of EGFP intensity in the 

supernatant was noted after 14hr incubation with the beads (Fig 6.4A). To confirm 

this result, western blot analysis was performed using nuclear extracts pre- and 

post-incubation as well as with protein from the eluted fraction derived from acidic 

glycine incubation of the beads after binding and washing. Consistent with the 

fluorescence data, EGFP-GR loss was seen in the supernatant after Nanotrap 

incubation (after Nanotrap lane in Fig 6.4B) compared to the supernatant before 

binding (before Nanotrap lane in Fig 6.4B). Additionally the western blotting data 

provides evidence that bound EGFP-GR can be released from the Nanotrap 

beads by acidic glycine elution (glycine elution lane in Fig 6.4B).  The data showed 

efficient binding for overnight incubation but due to the lack of control nuclear 

lysate no statement can be made in terms of background fluorescence of the 

extracts. Therefore the second nuclear extract from stable cells and control 

nuclear extract from un-manipulated B13 cells were incubated for up to 2hr with 

GFP-Nanotrap. Binding of EGFP-GR to the beads was monitored each hour. The 

beads were spun down by centrifugation and the supernatant was measured for 
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EGFP fluorescence intensity. After one hour of Nanotrap incubation, the stable cell 

nuclear extract had lost more than 90% of EGFP fluorescence intensity while the 

nuclear extract of control cells only showed a loss of less than 10% of the initial 

fluorescence intensity measured pre-binding (Fig 6.5A). More prolonged 

incubation for up to 2hr did not show any significant drop in fluorescence intensity 

for both stable nuclear extracts and control extracts (Fig 6.5A). Fluorescence data 

for Nanotrap binding were confirmed by western blot analysis. I analysed nuclear 

extracts pre- and post-incubation as well as glycine elution of the beads after 

binding and washing. Consistent with the fluorescence data and previous results 

(Fig 6.4), EGFP-GR loss in the supernatant after Nanotrap incubation was seen 

(after Nanotrap lane Fig 6.5B). Additionally this western blot data together with the 

previous results (Fig 6.4B) provide evidence that bound EGFP-GR can be 

released from the Nanotrap beads by glycine elution (glycine elution lane in Fig 

6.5B). 
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Glucocorticoid Receptor  Tag 
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A 

Figure 6.4 Efficient binding of EGFP-GR by GFP-Nanotrap in stable B13 

EGFP-GR nuclear extracts. We were interested to purify EGFP-GR from high 

EGFP fluorescent nuclear extract derived from stable B13 cells constitutively 

expressing EGFP-GR. The extract was incubated with GFP-specific GFP-

Nanotrap beads for 14hr. The binding efficiency was determined by A) 

measurement of EGFP intensity in the supernatant before (0hr) and after (14hr) 

Nanotrap incubation or B) western blot analysis of supernatant before and after 

Nanotrap incubation as well as analysis of the eluate after release of the bound 

EGFP-GR from the Nanotrap by low pH glycine incubation (Glycine Eluate). 
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Figure 6.5 Rapid and efficient binding of EGFP-GR by GFP-Nanotrap in 

stable B13 EGFP-GR nuclear extracts. Since the first Nanotrap binding study 

was lacking a control I compared Nanotrap binding in nuclear extracts (derived 

from stable B13 EGFP-GR cells) and normal B13 cells (as control). Extracts were 

incubated with GFP-Nanotrap beads and the binding efficiency was checked by 

A) measurement of supernatant EGFP intensity at the indicated time points or B) 

western blot analysis of the supernatant before and after Nanotrap incubation as 

well as analysis of the eluate after release of the bound EGFP-GR from the 

Nanotrap by low pH glycine incubation (Glycine Eluate). 

 

EGFP-GR clone B3F6B7 

Glucocorticoid Receptor  Tag 

  EGFP  AF1  DBD   LBD 

0

20

40

60

80

100

120

0hr 0hr

6.3%7.6%

1113

89.8%91.1%

433

1hr 2hr2hr1hr

EGFP-GRCon(B13)

120ml nuc extracts concentrated 

to 10ml incubated 2hr with GFP-Nanotrap

1356439 17807482

  
  
  
E

G
F

P
 i
n
te

n
s
it
y
 i
n
 %

 EGFP

A 

before 

Nanotrap 

after 

Nanotrap 

Glycine 

Eluate 

EGFP-GR 

B 



Results 

149 

6.2.4 Purification of GR-EGFP from nuclear extracts 

of double stable B13 cells inducible for GR-

EGFP 

Since the EGFP tag at the N-terminus of the receptor could also interfere with 

some interaction or function of the receptor, double stable B13 cells were 

established inducible for GR with EGFP fused to the C-terminus of the receptor. 

Large scale nuclear extracts were derived from 30 x 175cm2 flasks with semi-

confluent stable B13 Tet-on GR-EGFP cells induced with 1µg/ml Dox for 48hr for 

expression of GR-EGFP (+Dox) or not (-Dox) as a control. Prior to extraction cells 

were treated with 1µM Dex for 1hr for activation and translocation of the receptor 

into the nucleus. Each nuclear extract was incubated with GFP-Nanotrap beads 

for 2hr.  Binding of the GR-EGFP to the GFP-Nanotrap was analysed each hour 

by measuring the EGFP fluorescence intensity of the supernatant after 

centrifugation. Similar to previous results, EGFP fluorescence intensity was 

reduced to approximately 70% after 1hr incubation for induced and un-induced 

samples (Fig 6.6A). Nevertheless the total EGFP fluorescence intensity before 

binding in the induced sample was more than twice that of the uninduced sample. 

This resulted in a much higher loss of total EGFP fluorescence intensity in the 

induced sample. Longer incubation for an additional hour showed a marginal 

reduction of EGFP fluorescence in both induced and un-induced samples. To 

confirm this result, western blotting analysis was performed using nuclear extracts 

pre- and post-incubation as well as for the eluted fraction derived by glycine 

elution of the beads after binding and washing. Consistent with the fluorescence 

data, the GR-EGFP loss was seen in the supernatant after Nanotrap incubation 

(after Nanotrap lane in Figure 6.6B) compared to supernatant before binding 

(before Nanotrap lane in Figure 6.6B). The GR-EGFP was found to be present in 

the supernatant when Nanotrap beads were incubated in low pH glycine buffer 

(glycine elution lane Figure 6.6B) indicating elution of bound GR-EGFP from the 

Nanotrap beads. 



Results 

150  

Figure 6.6 Efficient binding of GR-EGFP by GFP-Nanotrap in double stable 

B13 Tet-on GR-EGFP nuclear extracts. I was interested to analyse whether or 

not position of the EGFP tag would influence the efficiency of Nanotrap binding. 

Therefore nuclear extracts derived from double stable B13 Tet-on GR-EGFP cells 

induced for GR-EGFP expression (+Dox) or not (-Dox) were incubated with GFP-

specific GFP-Nanotrap beads. The binding efficiency was checked by A) 

measurement of EGFP intensity in the supernatant at the indicated time points or 

B) western blot analysis of the supernatant before and after Nanotrap incubation 

as well as analysis of the eluate after release of the bound GR-EGFP from the 

Nanotrap by low pH glycine incubation (Glycine Eluate). 
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6.2.5 Analysis of proteins co-purified with the 

EGFP-GR 

Release of the EGFP-tagged receptor from the GFP-Nanotrap beads by acidic 

glycine elution suggests purification of the tagged receptor. We wished to analyse 

the proteins that may have co-purified with the EGFP-tagged GR. These proteins 

might represent potential interactors of the GR. Therefore, the glycine eluate was 

incubated with reducing denaturing SDS sample buffer in order to disrupt all the 

proteins present in the native receptor complex. Next, the proteins present in the 

sample were separated on a large polyacrylamide 3-20% gradient gel followed by 

colloidal coomassie staining to visualise protein bands. Identity of single protein 

bands was analysed by mass spectrometry. The protein pattern of proteins co-

purified with EGFP-GR from the first nuclear extract of stable B13 EGFP-GR cells 

is shown in Figure 6.7A. Three selected protein bands (arrows) were cut out from 

the gel. Mass spectrometry analysis of the protein bands resulted in a distinct 

peptide pattern for each band (Fig 6.7B) and database searches revealed identity 

of the proteins as EGFP-GR, Nucleolin and heat shock protein 70 (hsp70) 

respectively. 

Unfortunately the first extraction was lacking a control to show non-specific binding 

to the GFP-Nanotrap. Non-specific binding of proteins by the GFP-Nanotrap could 

result in purification and detection of proteins which are not involved in 

endogenous GR interaction (false positive interactors). Therefore proteins co-

purified from the second nuclear extract derived from stable B13 EGFP-GR cells 

as well as from un-manipulated B13 cells lacking any EGFP were analysed. The 

stable B13 EGFP-GR sample showed a defined protein pattern while no protein 

bands were observed in the control sample except for a 10kDa protein.  The 

10kDa protein was seen in both control and EGFP-GR samples at similar intensity 

(Fig 6.8). So far no mass spectrometry analyses have been performed from this 

gel. 
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Figure 6.7  Nucleolin and Hsp70 co-purify with the EGFP-GR. After 

successfull purification of the native EGFP-GR receptor I wished to analyse 

proteins that co-purified with the tagged receptor. EGFP-GR was purified by 

GFP-Nanotrap under native conditions from stable B13 EGFP-GR nuclear 

extracts. Proteins bound by the GFP-Nanotrap were released by glycine low pH 

buffer. Proteins present in the glycine eluate were separated on a large XL SDS-

PAGE. (A) Protein pattern was visualised by colloidal coomassie stain. (B) 

Identities of three distinct protein spots (arrows) were analysed by mass 

spectrometry analysis. 
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Figure 6.8 Low non-specific protein background following GFP-Nanotrap 

purification of EGFP-GR. Since the first EGFP-GR purification was lacking a 

control we wished to analyse non-specific binding of proteins to the GFP-

Nanotrap in order to eliminate false positive interactors. To do so GFP-Nanotrap 

was incubated with nuclear extracts derived from stable B13 EGFP-GR or un- 

manipulated B13 cells as a control. Proteins bound by the GFP-Nanotrap were 

released by glycine low pH elution followed by separation on a large SDS PAGE. 

Protein pattern was visualised by colloidal coomassie staining. 
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6.2.6 Analysis of proteins co-purified with the GR-

EGFP 

The protein pattern of co-purified proteins from nuclear extract of induced and un-

induced double stable B13 Tet-on GR-EGFP cells is shown in Figure 6.9. Most of 

the strong protein bands in the induced sample were found to be faint in the un-

induced sample except for two very strong bands between 25 and 37kDa 

molecular weight bands which were completely absent in the uninduced sample (-

Dox). Selected protein bands (arrows) were cut out from the gel. Mass 

spectrometry analysis of each protein band resulted in a distinct peptide pattern 

(Table 6.1). Database matches of the peptide pattern of the proteins revealed 

identities as Dynein 1, BRG1, BAF170, Med23, multiple GR-EGFP forms, GR, 

Tubulin-, Elongation factor 1, GAPDH and histone H1.2 respectively (Table 6.1). 
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Figure 6.9 Detection of proteins that co-purify with the GR-EGFP. GR-EGFP 

bound by GFP-Nanotrap under native conditions from nuclear extracts derived 

from double stable B13 Tet-on GR-EGFP cells induced for GR-EGFP expression 

(+Dox) or not (-Dox) were incubated with GFP-Nanotrap to bind the GR-EGFP. 

After washing procedures GR-EGFP was released by glycine low pH elution. 

Proteins present in the glycine eluate were separated on a large XL SDS-PAGE. 

Protein pattern was visualised by colloidal coomassie stain. Distinct protein spots 

were picked (arrows) and analysed by mass spectrometry. 
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Protein

Protein 

score Identified peptide

Ion 

score

Dynein 1 199 SFEWLSQMR 6

QYASYEFVQR 1

BRG1 136 GPTPFNQNQLHQLR 12

GLQSYYAVAHAVTER 1

BAF170 244 SKTPEIYLAYR 14

AGGSLCHILAAAYK 18

YYEAADTVTQFDNVR 87

Med23 137 YVLEQPYSR 26

SPGPFPNCDWR 12

LHHEFLQQSLR 15

GR-GFP 600 SQELFDEIR 72

HMLFVSSELQR 71

AVEGQHNYLCAGR 80

CQGSGEDSLTSLGALNFPGR 134

QSSGNLLCFAPDLIINEQR 114

GR-GFP 604 SQELFDEIR 73

HMLFVSSELQR 75

AVEGQHNYLCAGR 69

CQGSGEDSLTSLGALNFPGR 144

QSSGNLLCFAPDLIINEQR 136

GR 92 SQELFDEIR 58

GR-GFP 125 SQELFDEIR 41

AVEGQHNYLCAGR 12

QSSGNLLCFAPDLIINEQR 30

Tubulin  178 AVFVDLEPTVIDEVR 73

NLDIERPTYTNLNR 10

Elongation factor 1- 128 IGGIGTVPVGR 19

YYVTIIDAPGHR 59

GAPDH 299 VGVNGFGR 20

VPTPNVSVVDLTCR 62

LVINGKPITIFQER 64

LISWYDNEYGYSNR 75

Histone H1.2 350 ASGPPVSELITK 76

KASGPPVSELITK 90

ALAAAGYDVEKNNSR 126

Histone H1.2 266 KASGPPVSELITK 82

ALAAAGYDVEKNNSR 115

Table 6.1 Mass spectrometry results of nine proteins that co-purify with 

the GR-EGFP. Selected protein spots from large scale GR-EGFP purification 

performed with nuclear extracts as indicated in Figure 6.9 were excised from 

the gel. After destaining and tryptic digest peptides of each protein spot were 

analysed by MALDI TOF/TOF mass spectrometer. Database searches of 

detected peptide sequences revealed identities of the proteins. 
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6.2.7 Confirmation of GR interactors by co-IP in 

control B13 cells 

In order to confirm the interactors found for the EGFP-tagged GR, nuclear extracts 

of normal B13 cells were tested for interaction by co-IP. Nuclear extract for co-IP 

was derived from semi-confluent B13 cells (2 x 175cm2 flasks) treated for 1hr with 

1µM Dex for activation and nuclear translocation of the GR. To pull down the 

native GR complex from nuclear extract, co-IP was performed with a GR-specific 

antibody raised in rabbit (Fig 6.10 1A) or mouse (Fig 6.10 1B). A non-specific 

species related normal IgG antibody was used as a control. Successful pull down 

of the GR was confirmed by western blotting analysis of the co-IP probed with GR 

specific antibody. As seen in the input lane (Fig 6.10 1A and 1B) a strong band 

appeared in the GR-specific IP while just a faint band was seen in the non-specific 

control IP. Co-purification of potential interactors with the GR was confirmed by 

probing the IP western blots with antibodies raised against BRG1, SMRC2 (also 

known as BAF170), DRIP130 and histone H1.2. For -DRIP130 (Fig 6.10 1B) a 

strong band appeared in the GR IP compared to the control IP. A faint signal was 

noted for -BRG1 (Fig 6.10 1A), -SMRC2 (Fig 6.10 1B) and -Histone H1.2 (Fig 

6.10 1B) in the GR IP while no signal was observed in the control IP. Since some 

of the co-IP signals appeared very faint, the potential interacting partners were 

further confirmed by reverse co-IP assays by pulling down the potential interacting 

partner followed by detection of co-purified GR by western blotting. As seen in the 

input lane of Figure 6.10 2A-C effective pull down of potential interacting partners 

was confirmed by western blot analysis for -BRG1 (2A), -BAF170 (2B) and -

DRIP130 (2C) antibodies. Surprisingly -Histone H1.2 pull down showed a strong 

band in both control and H1.2-specific IP (Fig 6.10 2D input lane) which might be 

the result of interference of the light chain (25kDa) of the -H1.2 antibody used for 

the pull down of the histone H1.2 protein (21kDa) and western blot detection.  

Co-purification of GR with the individual interactors was confirmed by a stronger 

band in the interactor specific pull down sample compared to the non-specific 

control IP for -BRG1, -BAF170/ SMRC2, -DRIP130/Med23 and -Histone 

H1.2 (Fig 6.10 2A-D). 

The co-IP experiments were performed at least twice. 
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Figure 6.10 Four proteins were confirmed to co-purify with endogenous GR 

in normal B13 cells. The nuclear fraction of un-manipulated rat pancreatic B13 

cells was split and incubated with species-specific antibody control (Con-IP) or 

antibodies specific for 1) GR or 2) potential interactors in order to pull down the 

protein of interest. Each pull down assay was analysed for successful pull down 

of target protein by western blot (input lane). After stripping the blots 1) GR IP 

blots were analysed for the presence of interactors BRG1 (1A), SMRC2, 

DRIP130 and histone H1.2 (1B) or 2) blots of potential interactor IP BRG1 (2A), 

SMRC2/BAF170 (2B), DRIP130 (2C) and histone H1.2 (2D) were analysed for 

the presence of GR. 
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6.2.8 Cloning of the EGFP in bacterial expression 

vector pET-23a(+) 

During the initial work with the GFP-Nanotrap system it was not clear how specific 

the binding of the system is and whether or not glycine based elution will release 

non-specific bound protein due to the unspecific nature of this elution method. In 

order to explore experimental approaches that will allow more specific elution of 

the EGFP-tagged GR from the GFP-Nanotrap system I focussed on using EGFP 

as a competitor. A wide spectrum of recombinant proteins is commercially 

available including the GFP. Unfortunately recombinant proteins are expensive, for 

example at current costs recombinant GFP can be purchased at a rate of 

approximately 1µg/pound from vector labs (www.vectorlabs.com). For competitor 

studies I would need a few mg to test different EGFP concentration for optimal 

elution from the GFP-Nanotrap.  Due to the high cost I therefore decided to 

produce EGFP myself. Proteins like EGFP can be synthesised in bacterial strains. 

Therefore an expression vector containing the DNA coding sequence of the 

protein of interest has to be transferred into the bacterial cell. In order to create a 

suitable bacterial expression vector containing the DNA sequence of EGFP, the 

NdeI/XhoI EGFP fragment (refer to section 2.4) was inserted into the NdeI/XhoI 

sites of bacterial expression vector pET-23a(+) upstream a short sequence coding 

for a His6 tag  (see plasmid map Figure 6 in Appendix section). To check the 

successful integration of the EGFP gene into the pET-23a(+) vector, a custom 

digest using the XbaI restriction enzyme was performed. The digest showed for 

purified plasmid of clone2 a DNA fragment of 4500bp, whereas a control digest 

(which represents the XbaI digest of the original vector pET-23a(+)) showed a 

single band at 3500bp (Fig 6.11). No band was observed for the digest of 

transformed bacterial clone1 (Fig 6.11) which suggests that no plasmid DNA is 

present in this sample. This could be either due to inefficient transformation of 

plasmid into the bacterial host cell or poor plasmid preparation. 

A virtual XbaI custom digest of the pET-23_EGFP-His6 DNA sequence performed 

with NEBcutter V2.0 (New England BioLabs Inc.) revealed one DNA fragment of 

4321bp (Fig 6.12) while the digest of the original pET-23a(+) vector resulted in one 

fragment of 3666bp (Fig 6.12). For a plasmid map of pET-23a(+) and pET-

23_EGFP-His6 see Appendix section Figure 6 and Figure 19 respectively.  

http://www.vectorlabs.com/
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Sequencing of the pET-23_EGFP-His6 vector confirmed complete EGFP-His6 DNA 

sequence (see Appendix section Fig 93-96). 
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Figure 6.11 XbaI digest of the plasmid DNA purified from bacteria 

transformed with the pET-23_EGFP-His6 ligation product. The control lane 

shows the XbaI digest of the pET-23a(+) plasmid while clones1 and 2 show the 

XbaI digest of plasmid DNA purified from E.coli transformed with the pET-

23_EGFP-His6 ligation. 

 

# Ends  Coordinates   Length (bp) 

1   XbaI-XbaI   3387-3386  3666 

# Ends  Coordinates   Length (bp) 

1   XbaI-XbaI   3387-3386  4321 

Figure 6.12 Virtual XbaI digest of the pET-23a(+) and pET-23_EGFP-His6 

plasmid. Map of the XbaI restriction sides of pET-23a(+) (top left) and pET-

23_EGFP-His6 (top right). The corresponding fragmentation pattern is shown for 

the pET-23a(+) (bottom left) and pET-23_EGFP-His6 (bottom right).                                    

pET-23a(+) pET-23_EGFP-His6 
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6.2.9 EGFP-His6 expression in E.coli 

For production of recombinant EGFP protein, the bacterial expression vector 

carrying the EGFP sequence had to be transferred into a bacterial expression 

strain. For recombinant protein production, high expression levels of the protein 

are essential. The expression level of recombinant protein can vary depending on 

parameters such as the expression vector, bacterial expression strain, 

concentration of inducer for expression (isopropyl-ß-D-thiogalactopyranoside 

(IPTG)) and the time of induction. To first test a potentially useful bacterial host 

strain for EGFP-His6 production, plasmid pET-23_EGFP-His6 was transferred into 

two different bacterial expression strains (E. coli BL21(DE3), E. coli BL21(DE3) 

pLysS) by transformation. Both strains were induced for recombinant protein 

production by addition of IPTG (0.5mM final concentration). Induced strains were 

tested at different time points post induction for EGFP-His6 production by western 

blot analyses using a GFP-specific antibody. As shown in Figure 6.13A a band 

with slightly increasing intensity was observed for the EGFP-His6 from 1hr to 3hr 

post induction for the transformed E. coli expression strain BL21(DE3) pLysS. The 

band was completely absent in uninduced cells or 10min post induction. 

Interestingly, the transformed E. coli expression strain BL21(DE3) showed a faint 

EGFP-His6 band in uninduced cells and in cells induced for the short period of 

10min. The intensity of the band increased dramatically after 1hr with a maximum 

occurring between 2 and 3hr post induction (Fig 6.13A).      

In order to achieve higher levels of protein production different colonies derived 

from the pET-23_EGFP-His6 transformation of the BL21(DE3) expression strain 

were tested at different growth conditions. Cells were induced with increasing 

IPTG concentrations (0mM, 0.1mM, 0.5mM, 1mM, 1.5mM) for 3hr at 37°C or with 

a defined concentration of 1mM IPTG at a lower culture temperature of 30°C to 

slow down the protein synthesis rate. The fine balance of protein synthesis rate 

and the rate of protein folding is crucial in terms of high yields of properly folded 

and active protein since high protein synthesis can lead to aggregates of misfolded 

inactive protein known as inclusion bodies (Baneyx and Mujacic, 2004). Misfolded 

EGFP molecules might not be detectable by fluorescence based techniques as 

fluorescence of EGFP is based on a defined conformation of the protein (Ormo et 

al., 1996). Cell suspensions as well as the supernatant of lysed cells and the 
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resuspended pellet containing cell debris were analysed for the level of EGFP-His6 

using EGFP fluorescence as an indicator. No significant increase in EGFP 

intensity was noted for clones 1, 2 or 3 with increasing IPTG concentration or low 

temperature culture conditions (Fig 6.13B). In contrast to the previous clones, 

clone4 showed an increase in EGFP fluorescence for the supernatant and the 

pellet of induced cells compared to uninduced cells (Fig 6.13B). The striking EGFP 

fluorescence in the supernatant indicates a high level of fluorescent EGFP 

molecules in their native conformation while moderate EGFP fluorescence in the 

pellet might indicates the presence of aggregates (inclusion bodies) containing 

high amounts of misfolded EGFP molecules that have lost most of their 

fluorescent properties. The fluorescence intensity maximum in the supernatant 

and pellet was observed for cells induced with 0.5mM IPTG. Lower and higher 

concentrations of IPTG showed reduced EGFP fluorescence intensities for both 

supernatant and pellet (Fig 6.13B). Low temperature culture conditions of 30°C at 

a similar IPTG concentration of 1mM showed decreasing EGFP fluorescence 

intensities when compared with culture at the normal 37°C temperature (Fig 

6.13B). 
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Figure 6.13 Clone B4 of pET-23_EGFP-His6 transformed E.coli strain 

BL21(DE3) shows the highest EGFP expression. E.coli strain BL21(DE3) 

pLysS and BL21(DE3) were transformed with expression vector pET-23_EGFP-

His6. To test EGFP-His6 synthesis each transformed strain was induced for 

EGFP-His6 expression with IPTG. A) At indicated time points cells of each strain 

were analysed for the presence of EGFP-His6 by western blot using a GFP 

specific antibody. B) To analyse and optimise different clones of the pET-

23_EGFP-His6 transformed E.coli strain BL21(DE3) cells of each clone were 

grown at the indicated conditions. After 3hr of incubation cell suspension as well 

as supernatant (Lysate) and resuspended pellet (Pellet) were analysed for 

presence of EGFP-His6 by measuring EGFP fluorescence.  
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6.2.10 Purification of EGFP-His6 expressed in E.coli 

The optimised culture conditions (37°C, 0.5mM IPTG) described under 6.2.9 were 

used to grow cloneB4 of transformed E. coli expression strain BL21(DE3) in a 

large scale 10 litre culture. Increased EGFP fluorescence intensity in the 

resuspended pellet of cell debris after cell lysis indicated the presence of 

misfolded EGFP-His6 aggregates (see 6.2.9). The aggregates are known as 

inclusion bodies and contain high amounts of misfolded protein (Baneyx and 

Mujacic, 2004). Nevertheless, inclusion bodies can be dissolved by strong 

denaturants such as 8M urea buffer and renaturation of correctly folded protein 

can be achieved by slow removal of the denaturant by dilution or dialysis. To 

dissolve the EGFP-His6 inclusion bodies, pellets of cell debris after cell lysis were 

dissolved in 20mM sodium bicarbonate, pH 9.0 and 8M urea until the suspension 

of cell debris became a clear green-yellow solution. Refolding of the dissolved 

EGFP-His6 was performed by dialysis of the dissolved EGFP-His6 solution in 

binding buffer (20mM Na2HPO4 pH 7.5, 500mM NaCl, 50mM imidazole). SDS 

Page analysis of the refolded protein solution revealed the 25kDa EGFP-His6 

protein and a number of other proteins (Fig 6.14B load lane). To separate the 

EGFP-His6 from the contaminating proteins, the protein mixture was loaded onto a 

commercially available chelating column (His-column). The progress of the 

purification was monitored at 280nm absorption (Fig 6.14A). After loading (Fig 

6.14A load section), washing of the column resulted in a steady decrease of the 

280nm absorption which suggests loss of free protein (unbound) in the column 

(Fig 6.14A wash section). Finally, bound protein was eluted from the column by 

applying an imidazole gradient and eluted protein was monitored at 280nm 

absorption (Fig 6.14A elution section). Collected fractions of the 280nm peak were 

analysed by SDS-PAGE and revealed a very strong band at 25kDa and a number 

of much weaker bands at higher or lower molecular weight compared to the 

loading lane (which represents the protein pattern of the starting material) (Fig 

6.14B). This enrichment of the 25kDa band in the eluted fractions corresponds to 

the size of EGFP-His6 and indicates a potentially high degree of purity for EGFP-

His6 in the first purification step. As EGFP-His6 has a defined molecular weight of 

25kDa faint protein bands of higher or lower molecular weight are not EGFP-His6 

and therefore termed as impurities. However, the amount of remaining impurities 
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was not acceptable for a purified recombinant protein. In order to overcome the 

problem of impurities, the eluted fractions were pooled; concentrated using a 3 

kDa cut off Amicon Ultra-15 Centrifugal Filter Unit and applied to a high resolution 

gel filtration column to separate the remaining proteins by their size. As seen in the 

280nm absorption plot of the gel filtration run (Fig 6.15A) a very strong 280nm 

peak was observed at around 16ml flow volume which should correspond to the 

EGFP-His6 size. Much weaker 280nm absorption peaks were noted below and 

above this flow volume which should correspond to the high and low molecular 

weight impurities. Fractions of the highest 280nm absorption peak were collected 

(red striped area in Figure 6.15A). Pooled fractions were analysed by SDS-PAGE 

and revealed complete loss of all high molecular impurities and reduction of some 

low molecular impurities in the sample that underwent His purification and gel 

filtration (Fig 6.15B His purification + gel filtration lane) compared to the start 

sample that resulted from the His purification only (Fig 6.15B His purification lane). 

His-purification experiment was repeated three times while the gel filtration 

purification was performed once. 
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Figure 6.14 Affinity chromatography purification of EGFP-His6 using a His-

Trap column. EGFP-His6 was produced in clone B4 cells of pET-23_ EGFP-His6 

transformed E.coli strain BL21(DE3). After cell lysis inclusion bodies containing 

EGFP-His6 were dissolved and refolded. A) Protein mixture containing EGFP-

His6 was applied to a HP His-Trap column (Binding). Unbound protein was 

removed from the column by rinsing the column with buffer (Wash). Finally an 

imidazole gradient was applied to the column in order to elute bound protein 

(Elution) and eluate was collected in 1ml fractions. Progress of purification was 

monitored by 280nm absorption. B) Proteins from protein mixture before 

purification (Load) as well as from collected fraction 1-13 were separated by 

SDS-PAGE and visualized by coomassie stain. 
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Figure 6.15 Second step purification of His-purified EGFP-His6 by high 

resolution gel filtration. In order to remove residual protein impurities present in 

His purified EGFP-His6, His purified protein was applied on to a high resolution 

gel filtration column. A) Buffer was run through the column and flow through was 

measured for protein by 280nm absorbtion. The flow through of the main protein 

peak was collected (red lined area). B) Proteins from first step His purification of 

EGFP-His6 (His purification) as well as proteins from collected fraction (His 

purification gel filtration) were separated by SDS-PAGE and visualized by 

coomassie stain. 
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6.2.11 EGFP-GR purification with GFP-Nanotrap by 

EGFP-His6 elution 

Purified recombinant EGFP-His6 could act as a potential competitor for the elution 

of the EGFP-GR from the GFP-Nanotrap system. To elute the receptor complex 

from the GFP-Nanotrap system, nuclear extracts of glucocorticoid stimulated B13 

EGFP-GR cells (5 x 175cm2 flasks) were prepared (as described in section 2.12) 

and then incubated with the GFP-Nanotrap for 2hr in order to bind the tagged 

receptor to the GFP-Nanotrap matrix. During the 2hr incubation, the EGFP 

fluorescence of the extract dropped to 10% of the fluorescence intensity measured 

prior to Nanotrap incubation (Fig 6.16A). The loss of EGFP fluorescence in the 

supernatant indicates binding of the tagged receptor by the Nanotrap matrix. To 

test the optimal recombinant EGFP-His6 concentration necessary to effectively 

compete and release the bound EGFP-GR, equal amounts of EGFP-GR bound 

Nanotrap beads were incubated with different concentrations (0µg/µl, 0.1µg/µl, 

0.5µg/µl, 1µg/µl, 1.5µg/µl, 2µg/µl, 2.5µg/µl, 3µg/µl and 3.5µg/µl) of EGFP-His6 

overnight. The supernatant from each reaction was tested by western blotting for 

the presence of EGFP-GR. This elution experiment was performed once. As seen 

in Figure 6.16B (top lane) increasing concentrations of EGFP-His6 resulted in 

increasing band intensity for the EGFP-GR in the supernatant with a maximum at 

a concentration of 1µg/µl. Surprisingly, further increasing the EGFP-His6 

concentration did not increase the intensity of EGFP-GR band. To analyse the 

efficiency of EGFP-His6 elution, the Nanotrap beads post EGFP-His6 elution were 

tested for any residual bound EGFP-GR by acidic glycine elution. Interestingly all 

samples showed a strong band of comparable intensity for EGFP-GR following 

western blotting analysis (Fig 6.16B bottom lane) suggesting inefficient EGFP-His6 

elution since most of the tagged GR remains bound to the GFP-Nanotrap matrix. 

The elution experiment was performed once. 
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Figure 6.16 EGFP-GR is poorly released from GFP-Nanotrap by the 

competitor EGFP-His6. Nuclear extract derived from stable B13 cells 

constitutively expressing EGFP-GR was incubated with GFP specific GFP-

Nanotrap beads. A) Binding efficiency was checked by measurement of 

supernatant EGFP intensity before (0hr) and after the indicated time of Nanotrap 

incubation. B) Nanotrap beads loaded with EGFP-GR were split and each portion 

of beads was incubated with purified EGFP-His6 at indicated concentration 

overnight. Supernatant was checked for released EGFP-GR by western blot (top 

blot). After EGFP-His6 elution beads were incubated with low pH glycine buffer 

and supernatant was analysed for the presence of EGFP-GR by western blot 

(bottom blot). 
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6.2.12 Native EGFP-GR complex purification by gel 

filtration from nuclear extracts of B13 Tet-on 

EGFP-GR cells 

In the case of the EGFP-tagged GR native complex, separation using the gel 

filtration / native electrophoresis technique was to be used to determine the 

interacting partners of the EGFP-tagged GR. However, during the progress of the 

project the GFP-Nanotrap technique became commercially available and therefore 

the gel filtration / native electrophoresis purification became the second choice for 

purification. Nevertheless, this technique was used to confirm its ability to separate 

a fluorescent receptor complex from a crude mixture of biomolecules present in 

cellular extracts. In order to separate the native assembly of EGFP-GR and the 

interacting proteins from nuclear cell extract derived from the B13 Tet-on EGFP-

GR cells, the protein mixture was applied to a gel filtration column to fractionate 

the proteins by their molecular weight. The gel filtration profile from the run is 

shown in Figure 6.17. The volume of buffer flow through the column is shown on 

the X-axis while the intensities of absorbance at 280nm (and of EGFP 

fluorescence) are displayed on the Y-axis. The black line profile shows increasing 

intensity of 280nm absorption in the range of 60-250ml of buffer flow which 

indicate proteins washed off the column. In gel filtration larger proteins or protein 

complexes are washed off first and smaller proteins are washed off last. The 

protein flow through was measured for EGFP fluorescence which is shown in the 

green line profile in Figure 6.17. A moderate increase of EGFP fluorescence 

intensity was noted from 125-150ml of buffer flow followed by a steep peak of 

fluorescence between 150 and 160ml of flow. Since EGFP fluorescence indicates 

the presence of a protein or a protein complex containing the EGFP tag, fractions 

of both EGFP areas were collected for further analysis as shown by the blue and 

grey areas in the profile (Fig 6.17). This gel filtration experiment was repeated four 

times with B13 EGFP-GR nuclear extracts. 
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Figure 6.17 First step gel filtration purification of EGFP-GR from nuclear 

extracts derived from induced double stable B13 Tet-on EGFP-GR cells. In 

order to test gel filtration for EGFP-GR purification, nuclear extracts of induced 

double stable B13 Tet-on EGFP-GR cells was run on a Sephacryl S-400HR gel 

filtration matrix in a XK100/16 column. The flow through was collected in 1ml 

fractions. Separated protein in the flow through was recorded by 280nm 

absorption (black line) and measured for EGFP fluorescence (green line). EGFP 

positive fractions were collected (blue and grey area) and pooled for further 

separation. 
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6.2.13 Purification of EGFP-GR complex from EGFP 

positive gel filtration fractions by native gel 

electrophoresis 

Single step gel filtration purification may not be sufficiently powerful to completely 

separate a single protein or protein complex from a high content protein mixture 

such as a nuclear cell extract. Therefore samples collected from gel filtration were 

further separated by a second purification method (in this case native gel 

electrophoreses) which separates proteins by their native charge to protein size 

ratio. Both EGFP-positive fractions of the gel filtration run were concentrated using 

a 3 kDa cut off Amicon Ultra-15 Centrifugal Filter Unit and applied and separated 

on a native agarose gel. To locate EGFP-containing proteins or protein complexes 

an EGFP scan of the gel was performed on a phosphoimager. A defined EGFP 

area was detected for gel filtration fraction 1 (125-150ml) in the gel as seen in 

Figure 6.18. Surprisingly a very faint signal was found in similar region for gel 

filtration fraction 2 (150-160ml) which represents the very high EGFP peak. The 

EGFP gel area of gel filtration fraction one appeared as two distinct areas very 

close to each other. Both areas were cut out from the gel (Fig 6.18 middle) and 

proteins present in each sample were denatured with sample buffer, separated on 

an SDS PAGE and visualised using a colloidal coomassie stain. As seen in Figure 

6.18 (right lanes) no striking differences in the SDS-PAGE protein pattern was 

observed for both areas indicating that both areas belong together and represent 

one native complex. Comparison of the protein pattern with the pattern of 

Nanotrap purification of EGFP-GR and GR-EGFP revealed some matches with 

prominent protein bands (in terms of molecular weight) with EGFP-GR, Nucleolin, 

GR and hsp70. 

Multiple native electrophoresis runs have been performed to optimise the run 

conditions. The final optimised native electrophoresis was performed once. 
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Figure 6.18 Second step purification of EGFP-positive gel filtration fractions 

by native electrophoresis. I wished to separate EGFP-GR from EGFP positive 

fractions from the gel filtration run. EGFP-positive fraction 1 and 2 were run on a 

native agarose gel. In gel location of EGFP-GR was performed by scanning the 

gel on a phosphoimager for EGFP fluorescence (left picture). EGFP positive gel 

areas were excised (middle picture) and native protein complexes were disrupted 

by incubation with reducing sample buffer. Proteins present in the mixture were 

separated on a SDS-PAGE and visualised by colloidal coomassie staining (right 

picture). 
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6.3 Discussion 

In chapter 6 I focussed on purification of the EGFP-tagged GR to determine co-

purified interacting partners. Therefore I planned to use nuclear protein extracts 

from B13 cells to purify the EGFP-tagged GR and to determine co-purified 

interactors. To optimise elution of the GFP-Nanotrap purification system (low pH 

glycine buffer) I planned to produce and test recombinant EGFP for its ability to 

elute EGFP-tagged GR from the GFP-Nanotrap system. Finally an alternative 

method for purification of EGFP-tagged GR was tested. In summary I was able to 

extract nuclear protein fractions from single and double stable B13 cells that were 

highly enriched in EGFP-tagged GR. Successful purification of the EGFP-tagged 

GR from the nuclear extract revealed 11 potential interacting partners, 7 of which 

are already published and 4 are completely novel. For optimisation of GFP-

Nanotrap elution I produced and purified 20mg of recombinant EGFP but EGFP 

failed to elute EGFP-tagged GR efficiently. An alternative purification method 

(compared to GFP-Nanotrap) was performed successfully as EGFP fluorescence 

was tracked during both purification steps (gel filtration and native gel 

electrophoresis) and protein pattern of co-purified proteins matched some proteins 

co-purified with the GFP-Nanotrap system.  

Purification and analysis of the EGFP-tagged GR receptor complex could help to 

determine the interacting partner(s) of the GR and therefore help elucidate which 

factors might play an important role in the conversion from one cell phenotype to 

another.  Therefore a purification protocol was established by using cytosolic 

nuclear cell component separation as the first approach and an affinity purification 

step based on GFP-Nanotrap technology as the second approach. A gentle 

cellular extraction technique was used to separate cytosolic and nuclear molecules 

from glucocorticoid-activated B13 cells expressing either EGFP-GR or GR-EGFP. 

The extraction resulted in nuclear cell fractions highly enriched in EGFP-tagged 

GR (Fig 6.1-6.3). In the following second purification step efficient binding of the 

EGFP-tagged GR by the GFP-Nanotrap system was achieved within 1hr (Fig 6.5A 

and 6.6A) followed by washing steps and effective elution with low pH buffer (Fig 

6.5B and 6.6B). Binding of non-specific protein by the GFP-Nanotrap was found to 

be remarkably low as shown by purification of protein extracts from unmanipulated 

B13 cells which lack any EGFP (Fig 6.8). The SDS-PAGE pattern of proteins co-
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purified either with EGFP-GR or GR-EGFP showed similarities (Fig 6.7-6.9).  

These results indicate the formation of similar protein complexes with the tagged 

GR that are not influenced by the presence of the EGFP tag at the N- or C-

terminal location. From the first EGFP-GR purification three prominent protein 

spots were analysed by mass spectrometry (Fig 6.7) and identified as the EGFP-

GR protein itself, Nucleolin and heat shock protein 70 (HSP70). Nucleolin the 

major component of the nucleolus is involved in transcription as well as chromatin 

remodelling (Mongelard and Bouvet, 2007) and was previously shown to interact 

with the GR (Chen et al., 2011; Schulz et al., 2001) while hsp70 (another well 

known interactor of the GR) plays a role in glucocorticoid binding of the GR (Tai et 

al., 1992).  This initial purification experiment confirmed the suitability of the 

purification strategy by detecting two already known interactors of the GR. More 

substantial mass spectrometry analyses of proteins co-purified with the GR-EGFP 

(Fig 6.9, Table 6.1) detected multiple GR-EGFP versions and include proteins 

such as Dynein 1, BRG1, BAF170, Med23, Tubulin-, Elongation factor 1-, 

GAPDH and histone H1.2. Multiple GR-EGFPs of slightly different molecular 

weights confirmed the truncated tagged receptor versions found by western blot 

analysis (section 4.2.17) and is further evidence for the existence of a translational 

mechanism leading to N-terminal truncated GR (Lu and Cidlowski, 2005). Since 

we assume that all receptor fragments were bound and purified by the GFP-

Nanotrap system, it remains unclear if all the GR-EGFP versions are present in 

one complex or if different protein complexes with different functions are formed. A 

more gentle elution from the GFP-Nanotrap (which does not disrupt the complex 

integrity) would permit additional separation. This approach may be useful in 

demonstrating the presence of multiple GR-EGFP protein complexes. High 

resolution gel filtration (which can separate protein complexes of different 

molecular weight) or native electrophoresis (which can separate protein 

complexes of similar molecular weight but different native charge) could then be 

used for further separation. Separated multiple GR-EGFP complexes could be 

finally analysed for their different protein composition by mass spectrometry. 

Nevertheless the efficient purification of detectable amounts of the truncated 

receptor versions in the current separation system might offer the option to 

determine post-translational modification (including phosphorylation of each GR-
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EGFP fragment).  Modifications such as phosphorylation might influence the 

function of the receptor fragments. Apart from the truncated receptor most of the 

proteins found in the receptor complex are already known interactors of the GR, 

therefore we assume that the established purification protocol is suitable for 

revealing novel protein interactions. For example interactions of the GR with the 

motor protein Dynein 1 (Davies et al., 2002) and microtubule component -Tubulin 

(Harrell et al., 2004) are thought to play a role in cytosolic nuclear translocation of 

the receptor. Additionally the BRG1 protein, as well as the BAF170 protein, are 

components of SWI/SNF remodelling complex and both proteins are already 

known to directly interact with the GR (Fryer and Archer, 1998). Some proteins of 

the mediator complex have been shown to interact with the GR (Hittelman et al., 

1999) and are thought to have a gene selective regulatory role on the GR (Chen et 

al., 2006). I have now provided evidence for the first time that the mediator 

complex protein Med23 (also known as DRIP130/ Sur2) may interact with the GR. 

Other potential novel interactors might be elongation factor 1-, GAPDH and 

histone H1.2 since no proof of interaction could be found in the literature. How 

each of these proteins might interact with the GR is discussed in detail below. In 

general many more potential interactors could be identified as there are far more 

protein spots to analyse which could not be done due to limited time and funding.  

Rapid and efficient binding in combination with low background makes the GFP-

Nanotrap system and the small chain antibody technology in general a promising 

tool for protein detection and purification. In particular, this technique could be 

used to understand the interacting network of a given protein in a given cell 

system by simple co-purification and mass spectrometry analysis. However, this 

system is based on tagged proteins and adding amino acids to the protein 

sequence of choice to establish a tag has the potential to alter protein structure, 

function and interaction. Therefore this technique provides a good overview of 

potential interactors but evidence for direct interaction of endogenous un-

manipulated receptor or protein needs to be confirmed by other techniques like 

fluorescence resonance energy transfer, biacore or co-immunoprecipitation. 

Analysis of endogenous GR interaction in normal B13 cells by co-IP was 

performed to show that interactions found for the EGFP-tagged GR are not 
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artificial interactions caused by the EGFP tag. In the unmodified B13 cell system I 

was able to confirm the already published GR interaction with BRG1 and BAF170 

as well as the novel interaction with histone H1.2 and Med23. Novel interaction 

with the Med23 protein might influence the transcriptional activity of the GR as in 

recent studies overexpression of Med23/Sur2 was shown to modulate GR 

transactivation (Chen and Simons, 2003). Interestingly Med23 interaction and 

modulation of transactivation was also shown for C/EBPß (Mo et al., 2004) the key 

transcription factor essential for the conversion from a pancreatic to hepatic cell 

fate (Shen et al., 2000). Additionally GR interaction with Med23 might be 

responsible for tissue or cell specific activation of genes as Med23 was found to 

be essential for expression of early growth response factor 1 in mouse ES cells, 

but is more dispensable for expression of the same gene in more differentiated 

cells (Balamotis et al., 2009). Since Med23 is a component of the mediator 

complex which, in association with RNA-polymerase II, initiate expression of target 

genes, this might be a potential candidate for initiation of cell conversion. To test 

whether or not Med23 has a direct influence in the cell conversion step, Med23 

knockout experiments should be performed in the B13 cell culture model.  

The novel interaction of the GR and the linker histoneH1.2 (H1.2) may be cell type 

or glucocorticoid dependent since a previous interaction study of a tandem-tagged 

human H1.2 construct (Flag-HA-H1.2) in HeLa-S cells did not reveal the GR as an 

interacting partner (Kim et al., 2008). However, in one experiment the pull down of 

Flag-tagged nucleolin from HeLa cells revealed GR and H1.2 but H1.2 was not the 

focus of the study therefore GR-H1.2 interaction was not confirmed (Chen et al., 

2011). Interestingly H1.2 was found to transmit apoptotic signals from the nucleus 

to the cytoplasm in response to severe DNA damage (Konishi et al., 2003; 

Okamura et al., 2008) which might link the novel H1.2-GR interaction to the 

massive cell death seen in 1µM Dex-treated stable and double stable B13 cells. It 

should be noted that increased glucocorticoid-induced apoptosis was observed by 

other groups for T-cells and thymocytes overexpressing GR (Helmberg et al., 

1995; Pazirandeh et al., 2002; Reichardt et al., 2000) but the molecular 

mechanism of apoptosis initiation by the GR remained elusive. Supportive data for 

H1.2 being involved in apoptosis is found in Figure 4.50. High level of histone H1.2 

protein co-purified from induced B13 Tet-on GR-EGFP cells (Fig 6.9) correlate 
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with the massive cell death of induced cells at higher glucocorticoid concentration 

(Fig 5.16 bottom right). In contrast histone H1.2 was not co-purified from 

uninduced cells (Fig 6.9) which survive the presence of high glucocorticoid 

concentration (Fig 5.16 bottom left). The very prominent histone H1.2 protein band 

was observed in all the purifications of the EGFP-tagged GR from stable B13 

EGFP-GR cells (Fig 6.7A and 6.8) and from double stable B13 Tet-on GR-EGFP 

cells (Fig 6.9). Further experiments should be carried out to confirm the correlation 

of strong histone H1.2 interaction with EGFP-tagged GR in both induced double 

stable B13 cell lines expressing higher level of EGFP-GR or GR-EGFP. In 

contrast, this interaction should be much weaker in uninduced double stable cells. 

The experiment could be carried out by co-IP pulling down similar amounts of 

EGFP-tagged GR from induced or uninduced double stable cells and might result 

in significant differences in the amount of co-purified H1.2. Currently it remains 

elusive how H1.2 redistributes from the nucleus to the cytoplasm in order to 

mediate apoptosis. Since the GR is known to translocate between the cytoplasm 

and nucleus the GR interaction might shuttle the H1.2 from the nucleus to the 

mitochondria in the cytoplasm. Supportive data come from studies showing GR 

translocation to the mitochondria in correlation with GC induced apoptosis (Kfir-

Erenfeld et al., 2008; Sionov et al., 2006). To provide evidence for this theory, 

analysis of EGFP-tagged GR accumulation in or on mitochondria after treatment 

with 1µM Dex (1hr-48hr) in stable or double stable cells could be performed by 

fluorescence microscopy. Even if there is proof of H1.2-mediated apoptosis, the 

reason of the induction of apoptosis in stable B13 cells remains unclear. Normally 

DNA damage due to irradiation or chemical compounds is used to induce 

apoptosis. These have not been used in our experiments. However, there is 

evidence that induction of apoptosis could be initiated by interaction with other 

proteins. For example H1.2 related histone H1 was shown to interact with the DNA 

fragmentation factor (DFF) 40 and interaction stimulated the nuclease activity of 

DFF40 (Liu et al., 1999). Similar mechanisms might exist for H1.2. To analyse the 

potential mechanism of apoptosis induction based on H1.2 protein interaction, a 

tagged histone H1.2 version could be stably integrated in the stable or double 

stable B13 cells to follow the subcellular localisation of H1.2 and to allow easy co-

purification and identification of the interactors of H1.2. Rather than DNA damage 
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(which was recently found to mediate apoptosis via H1.2) the presence of extra 

amounts of signalling molecules like the activated tagged GR could destroy the 

fine tuning of some signalling pathways which could induce histone H1.2-mediated 

apoptosis. Supportive data comes from studies showing increased apoptosis in 

thymocytes overexpressing the GR  (Pazirandeh et al., 2002; Reichardt et al., 

2000).  

However, the H1.2 interaction might also be one of the key missing pieces to draw 

the full picture of GR movement from the inactive state in the cytoplasm to the final 

binding of activated GR to DNA response elements in the nucleus. Translocation 

of the activated GR from the cytosol into the nucleus is thought to be mediated by 

movement along microtubule by dynein-tubulin- interaction (Chen et al., 2011; 

Davies et al., 2002; Harrell et al., 2004). In the nucleus, some GR-specific DNA 

target sequences are normally not accessible due to the condensed structure of 

DNA. There is evidence that access to DNA elements in the primary nucleosomal 

structure is supported by interaction of the GR with components of the SWI/SNF 

nucleosomal remodelling complex (Fryer and Archer, 1998) but access of the GR 

to the higher chromatin structures which are stabilised by linker histones like 

histone H1 (Allan et al., 1980) is currently unknown. The novel H1.2 interaction 

found in this study suggests that the activated GR can access and modify the 

higher DNA structures through the histone H1.2-GR interaction since recent 

studies implicate an important role of linker histone protein-protein interaction 

(McBryant et al., 2010). Interaction with the H1.2 might also influence the 

transcriptional activity of the GR directly because it was shown that H1.2 

overexpression resulted in increased expression levels of proteins like GAPDH, c-

myc and cyclophilin (Brown et al., 1996) and more interestingly overexpression of 

H1.2 leads to increased glucocorticoid induced expression from the mouse 

mammary tumour virus (MMTV) promoter (Gunjan and Brown, 1999).  

Furthermore, it was shown that overexpression of another linker histone variant, 

the histone H1, delays cell cycle progression (this has not been seen for H1.2) 

(Brown et al., 1996). However, inhibition of proliferation is seen in the 

transdifferentiation of pancreatic B13 cells to hepatocytes. The level of histone H1 

might therefore play a role in cell conversion by inhibiting proliferation. 

Experimentally B13 cells pre- and post-induction of transdifferentiation could be 
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analysed to determine histone H1 and histone H1.2 protein level and the influence 

in arrest of cell cycle.  

The interaction of histone H1 and nucleolin was shown to induce chromatin 

decondensation in vivo (Erard et al., 1990; Erard et al., 1988). Other studies 

suggest that nucleolin could play a role in chromatin accessibility (Gaume et al., 

2011). In our study we confirmed the well published GR interaction with nucleolin 

(Chen et al., 2011; Schulz et al., 2001) which might guide the nucleolin mediated 

decondensation to GR-specific DNA regions leading to substantial changes in the 

gene expression pattern seen in pancreas to liver conversion. This hypothesis is 

supported by observations showing that nucleolin dramatically increases the 

remodelling efficiency of chromatin remodelers like the SWI/SNF (Angelov et al., 

2006) which we and others have shown to interact with the GR. Nucleolin was also 

demonstrated to bind to and stabilise mRNA in the cytoplasm and nuclear 

translocation of nucleolin was shown to reduce mRNA stability and protein level in 

the cell (Lee et al., 2010; Zaidi and Malter, 1995). This might link the GR-nucleolin 

interaction and nuclear localisation to destabilisation of mRNA and reduced protein 

level of target genes. In other studies silencing of nucleolin resulted in cell growth 

arrest as well as abnormally large and multiple nuclei (Ugrinova et al., 2007). 

Interestingly multiple nuclei are also known to appear in transdifferentiated 

hepatocyte-like cells induced from B13 cells (Tosh et al., 2002) as well as 

inhibition of cell division (Kurash et al., 2004). The binucleate nature of the 

transdifferentiated cells is reminiscent of normal hepatocytes. To analyse whether 

or not multiple nuclei formation and inhibition of proliferation in the 

transdifferentiation of pancreatic B13 cells correlates with reduced nucleolin 

protein level the protein levels could be analysed pre- and post-initiation of cell 

conversion. Glucocorticoid treatment is known to lead to phosphorylation of 

nucleolin (Suzuki et al., 1992) and nucleolin phosphorylation is enhanced in 

regenerating liver after partial hepatectomy (Ballal et al., 1975). The finding that 

glucocorticoid stimulation of rat cells as well as partial hepatectomy in rat 

increased the transcription level of rDNA genes (Derenzini et al., 1995) might link 

GR-nucleolin interaction to liver regeneration or transdifferentiation.  
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Unfortunately we were not able to confirm endogenous GR interaction with the 

Dynein 1, GAPDH, elongation factor 1 and Tubulin-. This was mainly a time 

issue as co-IP studies were performed in the last few months of the experimental 

phase of this PhD study. Additionally it might be due to the lack of suitable 

antibodies or, in the case of Tubulin- it is possible that the microtubules have to 

be stabilised prior to analysis. This could be achieved by the addition of paclitaxel 

and GTP treatment (Harrell et al., 2004).  

Confirmation of interactors of EGFP-tagged GR in the normal B13 cells by co-IP of 

the endogenous GR provides evidence that GFP-Nanotrap purification of EGFP-

tagged protein from cellular extracts as a suitable technique to detect endogenous 

interacting partners.  

Compared to the low pH elution method used for the interaction studies elution of 

EGFP-GR from the GFP-Nanotrap system by the EGFP competitor is a very 

gentle and specific form of elution. Competitive elution of the intact complex with 

EGFP has the advantage that will allow further purification steps of the eluate to 

be performed while low pH elution will destroy the protein complex structure so 

rearrangement of the complex might be difficult. In order to establish a potent 

competitor I successfully overexpressed (Fig 6.13) and purified recombinant 

EGFP-His6 from E.coli (Fig 6.14 and 6.15). The recombinant EGFP-His6 showed 

some degree of elution of GFP-Nanotrap bound EGFP-GR protein. At a 

concentration of 1.5µg/µl of EGFP-His6 the optimum of EGFP-GR elution was 

reached and further increasing the competitor concentration (up to 3.5µg/µl) did 

not alter the elution efficiency (Fig 6.15B). Since most of the EGFP-GR remains 

bound to the GFP-Nanotrap (Fig 6.15B) high concentrations of EGFP-His6 seems 

not to be a potent competitor of EGFP-tagged GR and other more efficient 

competitors have to be established. Nevertheless, this gentle elution step based 

on competition was planned in order to apply an additional purification step in the 

case of poor results by single step GFP-Nanotrap purification. Since single step 

GFP-Nanotrap purification was shown to have very low background and excellent 

purity (Fig 6.9) a second purification step was deemed to be unnecessary.   

In the case of the EGFP-tagged GR native complex, separation using the gel 

filtration / native electrophoresis technique was to be used to determine the 
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interacting partners of the EGFP-tagged GR. However, during the progress of the 

project the GFP-Nanotrap technique became commercially available and therefore 

the gel filtration / native electrophoresis purification became the second choice for 

purification. Nevertheless, this technique was used to confirm its ability to separate 

a fluorescent receptor complex from a crude mixture of biomolecules present in 

cellular extracts. During this part of the project, I showed that it is possible to track 

the fluorescent receptor complex during the whole purification process of gel 

filtration (Fig 6.16) and native electrophoresis (Fig 6.17). We assumed that the 

relative high EGFP peak collected for fraction 2 during gel filtration contains mainly 

EGFP receptor fragments of degraded fusion protein since this was shown in 

previous experiments and the presence of degraded protein was detected in 

protein extracts by western blotting (Fig 4.22). Nevertheless, the presence of fewer 

protein bands seen after separation and disruption of the final purification product 

from EGFP peak 1 (Fig 6.17) indicate a good degree of purity for the method. The 

fact that the size of some of the protein bands match the size of proteins like 

EGFP-GR, nucleolin, GR and hsp70 (which were purified and identified in the 

GFP-Nanotrap purification) is a first indication of successful separation of the 

native receptor complex. As this is just a preliminary experiment, complete 

confirmation of protein band identity would need to be performed by mass 

spectrometry analysis. Since this purification technique contains two steps which 

are relatively labour intensive compared to the simple and quick single step GFP-

Nanotrap purification the GFP-Nanotrap purification is the preferred choice for 

interaction studies.  
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Chapter 7: General discussion, summary and 

conclusions 

The liver performs a multitude of functions and failure of the liver leads to life-

threatening complications. These complications can end in the death of the 

individual if no appropriate treatment is applied. Liver transplantation is the only 

established treatment for liver failure but organ shortage limits this treatment. BAL 

devices which contain cells that perform some or ideally all liver functions have the 

potential to support patients until a donor liver becomes available or until the liver 

regenerates. Since none of the currently developed BAL systems showed 

significant clinical benefit for the patient this thesis focussed on optimisation of the 

BAL system by considering transdifferentiation or reprogramming of pancreatic 

cells into hepatocyte-like cells as a potential cell source along with biodegradable 

materials (PLGA) as a scaffold for cell culture. 

The motivation of this work was driven by mainly two scientific questions: 1.) is the 

biodegradable material PLGA a suitable cell culture substratum for BAL systems?  

For optimization of the pancreas to liver transdifferentiation and to understand the 

cellular mechanisms involved in driving the pancreas to liver conversion the 

second question was: 2.) what are the early interaction partners of the activated 

GR?  

In this thesis I have demonstrated that biodegradable PLGA material is suitable for 

the culture of either primary rat hepatocytes or pancreatic B13 cells. Additionally I 

have shown normal proliferation and formation of cell line specific cell colonies for  

long term cultures of B13 cells on PLGA. The first indicators of B13 cell conversion 

on PLGA membrane are morphological changes of B13 cells to a flattened 

enlarged cell type in combination with reduced proliferative activity. Nevertheless 

these morphological indicators of cell conversion need to be confirmed by more 

detailed analysis of the phenotype of these cells by showing the presence of 

hepatocyte-specific markers (albumin, transferrin, Cyp2e1, UGT) and the loss of 

pancreatic markers (-amylase, synaptophysin, neurofilament). As well as 

demonstrating the presence of hepatocyte-specific proteins and enzymes it is also 

important to show functionality of the hepatocyte-like cells. Hepatocyte-specific 
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function such as albumin secretion, bioconjugation of xenobiotics as well as 

ammonia removal and urea production (e.g. 15NH4Cl into 15N-urea) needs to be 

confirmed for transdifferentiated B13 cells cultured on PLGA.     

Apart from the positive cell culture results of PLGA, some drawbacks of the 

biodegradable material were discovered as the PLGA membrane tended to curl 

when incubated for cell culture (37°C). This curling resulted in heterogeneous cell 

distribution over the PLGA surface during cell seeding. There is some evidence 

that different temperatures during PLGA synthesis and cell culture might influence 

the curling. In the future similar temperatures should be used for PLGA membrane 

synthesis, preparation and incubation with cells. As optimal growth conditions for 

most eukaryotic cells are between 35-38°C all membrane synthesis and 

preparation steps should be carried out at this temperature to minimise the curling 

effect. Additionally a specially designed 6 well bioreactor could be used which 

should force the PLGA membrane in an even surface. This 6 well bioreactor was 

designed and manufactured during these studies.  

For identification of the early interacting partners of the GR I have created B13 cell 

lines stably expressing C- or N-terminal EGFP fusion constructs of the GR.  The 

EGFP-tagged GR appeared to be functional based on glucocorticoid dependent 

nuclear translocation of the receptor. The translocation was not influenced by the 

N- or C-terminal location of the tag. Surprisingly expression of the tagged GR 

resulted in increased glucocorticoid sensitivity, since all cell lines expressing 

tagged GR died within 48hr following 1µM Dex treatment. This is the normal Dex 

concentration used to convert control B13 cells to hepatocyte-like cells. This effect 

appeared for all the stable cell lines created expressing N- or C-terminal EGFP 

fusion of the GR. However, the cells could be induced to undergo 

transdifferentiation (without exhibiting cell death) by lowering the glucocorticoid 

concentration to 1nM Dex. At this Dex concentration cells expressing EGFP-

tagged GR showed pancreas to liver conversion to a higher extent than in control 

B13 cells. As nuclear EGFP fluorescence was found to be faint or absent in the 

hepatocyte-like cells, it might be worth analysing whether or not EGFP-tagged GR 

or endogenous GR is downregulated in transdifferentiated cells. This could be 

done by western blot analysis of EGFP-tagged GR and endogenous GR pre and 
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post transdifferentiation. In this experiment the focus should be on equal protein 

loading as a quantitative statement of the amount of each receptor needs to be 

performed. In general more extensive experiments on all cell lines need to be 

performed to confirm the findings described here. Despite the glucocorticoid 

sensitivity issue, there is evidence of pancreas to liver cell conversion for B13 cells 

stably expressing EGFP-tagged GR. Therefore these cell lines are suitable for 

purification of the EGFP-tagged GR and analysis of the interacting partners.  

In this study I developed an optimised extraction protocol to extract cytosolic and 

nuclear proteins from B13 cells. I further developed an affinity based rapid single 

step purification protocol for nuclear extracts by using the GFP-Nanotrap system. 

This purification protocol showed low non-specific binding and excellent 

purification results for the EGFP-tagged GR from nuclear extracts derived from 

EGFP-GR or GR-EGFP expressing B13 cells. Most of the success of the 

purification is related to the single chain antibody technology of the GFP-Nanotrap 

system. Single chain antibodies contain one single amino acid sequence of 13kDa 

that is very specific for the target protein. In contrast, normal antibodies contain 

two light chains (25kDa) and two heavy chains (50kDa) but most of the antibody 

protein account for structure and immunological function rather than target binding. 

Additional amino acids have the potential to form additional non-specific binding to 

other proteins. Nevertheless in this study proteins were co-purified with the EGFP-

tagged receptor which might be potential interactors. Initial analysis of a few of the 

co-purified proteins revealed Nucleolin, hsp70, Dynein 1, BRG1, BAF170, Med23, 

GR, Tubulin-, Elongation factor 1, GAPDH and Histone H1.2. As the proteins 

Nucleolin, hsp70, Dynein 1, BRG1, BAF170, GR and Tubulin-are known 

interactors of the GR, single step GFP-Nanotrap purification might be a suitable 

tool for identification of interacting partners of the EGFP-tagged GR. The potential 

interactors BRG1, BAF170, Med23 and histone H1.2 were confirmed by co-IP 

experiments in the unmanipulated B13 cell line. The proteins Med23 and histone 

H1.2 are therefore probable novel interactors of the GR. Future experiments 

should further explore the role of these novel interactors. The Med23 interaction 

might play a role in tissue or cell specific activation of genes while histone H1.2 

interaction might play a role in modulating chromatin structure. Nevertheless 
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histone H1.2 might also play a role in the cell death of the stable and double stable 

cells post induction and 1µM Dex treatment. Apart from the identified proteins 

multiple GR-EGFP versions of slightly smaller molecular weight than the full length 

GR-EGFP were identified in purifications from nuclear extract derived from double 

stable B13 Tet-on cells expressing GR-EGFP. The presence of those shorter 

versions was also detected in western blot analysis and is believed to be N-

terminal truncated versions of the GR-EGFP. This data provide evidence that the 

mechanism of alternative translation initiation (demonstrated for eukaryotes) 

(Touriol et al., 2003) believed to be the mechanism causing the N-terminal human 

GR isoforms (Lu and Cidlowski, 2005) exist in the rat B13 cell model. As all the 

identified potential interactors are derived from just a few protein spots from the 

purification there is a huge potential for further identification of novel interactors. 

Unfortunately these could not be performed during my thesis due to limited time.  

Lastly, I have shown in this thesis that recombinant EGFP is not suitable as a 

competitor to elute EGFP-tagged GR from the GFP-Nanotrap system. Apart from 

the GFP-Nanotrap system I provided some initial evidence that a purification 

method employing gel filtration and native electrophoresis purifies at least some 

proteins similar to that purified with the GFP-Nanotrap (based on molecular 

weight). However, the identity of purified and co-purified proteins still needs to be 

confirmed by mass spectrometry.    
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pEGFP-C1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 pEGFP-C1 plasmid map. Plasmid map is from Invitrogen. 
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pCDNA3.1(+) 

 

 

 

Figure 2 pCDNA3.1(+) plasmid map. Plasmid map is from Invitrogen. 
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pTet-On Advanced 

 

 

 

 

 

 

 

 

Figure 3 pTet-On Advanced plasmid map. Plasmid map is from Invitrogen. 

. 



Appendix 

220 

pTRE-Tight 

 

 

 

 

 

 

Figure 4 pTRE-Tight plasmid map. Plasmid map is from Invitrogen. 
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pGEM-TEasy 

 

 

 

 

 

 

Figure 5 pGEM-TEasy plasmid map. Plasmid map is from Promega. 
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pET-23a(+) 

 

 

 

 

 

Figure 6 pET-23a(+) plasmid map. Plasmid map was modified from Invitrogen. 
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pEGFP-GR 

 

 

 

 

 

 

 

 

Figure 7 pEGFP-GR plasmid map. Plasmid map was created by using 

PlasMapper 2.0 program (Dong et al., 2004). 

. 

pEGFP-GR 

7102bp 
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pCDNA3.1(+)_EGFP 

 

 

 

 

 

 

 

 

Figure 8 pCDNA3.1(+)_EGFP plasmid map. Plasmid map was created by 

using PlasMapper 2.0 program (Dong et al., 2004). 
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pCDNA3.1(+)_EGFP 

6173bp 
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pCDNA3.1(+)_GR-EGFP 

 

 

 

 

 

 

 

 

 

Figure 9 pCDNA3.1(+)_GR-EGFP plasmid map. Plasmid map was created by 

using PlasMapper 2.0 program (Dong et al., 2004). 
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pCDNA3.1(+)_GR-EGFP 

8497bp 
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pCDNA3.1(+)_Flag/Cys4(N) 

 

 

 

 

 

 

 

 

 

Figure 10 pCDNA3.1(+)_Flag/Cys4(N) plasmid map. Plasmid map was 

created by using PlasMapper 2.0 program (Dong et al., 2004). 
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pCDNA3.1(+)_Flag/Cys4(N) 

5557bp 
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pCDNA3.1(+)_Flag/Cys4-GR 

 

 

 

 

 

 

 

 

Figure 11 pCDNA3.1(+)_Flag/Cys4-GR plasmid map. Plasmid map was 

created by using PlasMapper 2.0 program (Dong et al., 2004). 

. 

pCDNA3.1(+)_Flag/Cys4-GR 

7941bp 
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Figure 12 pTRE-Tight_EGFP(N) plasmid map. Plasmid map was created by 

using PlasMapper 2.0 program (Dong et al., 2004). 

. 

pTRE-Tight_EGFP(N) 

3325bp 
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Figure 13 pTRE-Tight_EGFP(C) plasmid map. Plasmid map was created by 

using PlasMapper 2.0 program (Dong et al., 2004). 

. 

pTRE-Tight_EGFP(C) 

3355bp 
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pTRE-Tight_EGFP-GR  

 

 

 

 

 

 

 

 

 

Figure 14 pTRE-Tight_EGFP-GR plasmid map. Plasmid map was created by 

using PlasMapper 2.0 program (Dong et al., 2004). 

. 

pTRE-Tight_EGFP-GR 

5712bp 
 



Appendix 

231 

pTRE-Tight_GR-EGFP 

 

 

 

 

 

 

 

 

 

Figure 15 pTRE-Tight_GR-EGFP plasmid map. Plasmid map was created by 

using PlasMapper 2.0 program (Dong et al., 2004). 

. 

pTRE-Tight_GR-EGFP 

5696bp 
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Figure 16 pTRE-Tight_Flag/Cys4-GR plasmid map. Plasmid map was created 

by using PlasMapper 2.0 program (Dong et al., 2004). 

. 

pTRE-Tight_Flag/Cys4-GR 

5050bp 
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Figure 17 pTRE-Tight_GR-Flag/Cys4 plasmid map. Plasmid map was created 

by using PlasMapper 2.0 program (Dong et al., 2004). 

. 

pTRE-Tight_GR-Flag/Cys4 

4994bp 
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Figure 18 pGEM-TEasy_Hygromycin plasmid map. Plasmid map was created 

by using PlasMapper 2.0 program (Dong et al., 2004). 

pGEM-TEasy_Hygromycin 

5105bp 
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Figure 19 pET-23_EGFP-His6 plasmid map. Plasmid map was created by 

using PlasMapper 2.0 program (Dong et al., 2004). 

pET23_EGFP-His6 

4321bp 
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Sequencing results primer 1 

 

Figure 20 Sequencing results pEGFP-GR primer 1. Plasmid pEGFP-GR and 

primer 1 were sent to and analysed by Sigma Genosys. Chromatogram of 

sequencing results is displayed. 
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Figure 21 Sequencing results pEGFP-GR primer 2. Plasmid pEGFP-GR and 

primer 2 were sent to and analysed by Sigma Genosys. Chromatogram of 

sequencing results is displayed. 
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Figure 22 Sequencing results pEGFP-GR primer 3. Plasmid pEGFP-GR and 

primer 3 were sent to and analysed by Sigma Genosys. Chromatogram of 

sequencing results is displayed. 
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Figure 23 Sequencing results pEGFP-GR primer 4. Plasmid pEGFP-GR and 

primer 4 were sent to and analysed by Sigma Genosys. Chromatogram of 

sequencing results is displayed. 
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Merged sequence (pEGFP-GR) 

 

AGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA

GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACC

ACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCC

GCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCG

CACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTG

GTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGT

ACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAA

GATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGC

GACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACG

AGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCT

GTACAAGTCCGGACTCAGATCTCGAGCTCAAGCTTCGAATTCTGCAGTCGACGGTACCGCAATGGACTCC

AAAGAATCCTTAGCTCCCCCTGGTAGAGACGAAGTCCCTGGCAGTTTGCTTGGCCAGGGGAGGGGGAGCG

TAATGGACTTTTATAAAAGCCTGAGGGGAGGAGCTACAGTCAAGGTTTCTGCATCTTCGCCCTCAGTGGC

TGCTGCTTCTCAGGCAGATTCCAAGCAGCAGAGGATTCTCCTTGATTTCTCGAAAGGCTCCACAAGCAAT

GTGCAGCAGCGACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCCAG

ACTTATCCAAAGCCGTTTCACTGTCCATGGGGCTGTATATGGGAGAGACAGAAACAAAAGTGATGGGGAA

TGACTTGGGCTACCCACAGCAGGGCCAACTTGGCCTTTCCTCTGGGGAAACAGACTTTCGGCTTCTGGAA

GAAAGCATTGCAAACCTCAATAGGTCGACCAGCGTTCCAGAGAACCCCAAGAGTTCAACGTCTGCAACTG

GGTGTGCTACCCCGACAGAGAAGGAGTTTCCCAAAACTCACTCGGATGCATCTTCAGAACAGCAAAATCG

AAAAAGCCAGACCGGCACCAACGGAGGCAGTGTGAAATTGTATCCCACAGACCAAAGCACCTTTGACCTC

TTGAAGGATTTGGAGTTTTCCGCTGGGTCCCCAGGTAAAGACACAAACGAGAGTCCCTGGAGATCAGACC

TGTTGATAGATGAAAACTTGCTTTCTCCTTTGGCGGGAGAAGATGATCCATTCCTTCTCGAAGGGGACAC

GAATGAGGATTGTAAGCCTCTTATTTTACCGGACACTAAACCTAAAATTAAGGATACTGGAGATACAATC

TTATCAAGTCCCAGCAGTGTGGCACTGCCCCAAGTGAAAACAGAAAAAGATGATTTCATTGAACTTTGCA

CCCCCGGGGTAATTAAGCAAGAGAAACTGGGCCCAGTTTATTGTCAGGCAAGCTTTTCTGGGACAAATAT

AATTGGTAATAAAATGTCTGCCATTTCTGTTCATGGTGTGAGTACCTCTGGAGGACAGATGTACCACTAT

GACATGAATACAGCATCCCTTTCTCAGCAGCAGGATCAGAAGCCTGTTTTTAATGTCATTCCACCAATTC

CTGTTGGTTCTGAAAACTGGAATAGGTGCCAAGGCTCCGGAGAGGACAGCCTGACTTCCTTGGGGGCTCT

GAACTTCCCAGGCCGGTCAGTGTTTTCTAATGGGTACTCAAGCCCTGGAATGAGACCAGATGTAAGCTCT

CCTCCATCCAGCTCGTCAGCAGCCACGGGACCACCTCCCAAGCTCTGCCTGGTGTGCTCCGATGAAGCTT

CAGGATGTCATTACGGGGTGCTGACATGTGGAAGCTGCAAAGTATTCTTTAAAAGAGCAGTGGAAGGACA

GCACAATTACCTTTGTGCTGGAAGAAACGATTGCATCATTGATAAAATTCGAAGGAAAAACTGCCCAGCA

TGCCGCTATCGGAAATGTCTTCAGGCTGGAATGAACCTTGAAGCTCGAAAAACAAAGAAAAAAATCAAAG

GGATTCAGCAAGCCACTGCAGGAGTCTCACAAGACACTTCGGAAAATCCTAACAAAACAATAGTTCCTGC

AGCATTACCACAGCTCACCCCTACCTTGGTGTCACTGCTGGAGGTGATTGAACCCGAGGTGTTGTATGCA

GGATATGATAGCTCTGTTCCAGATTCAGCATGGAGAATTATGACCACACTCAACATGTTAGGTGGGCGTC

AAGTGATTGCAGCAGTGAAATGGGCAAAGGCGATACCAGGCTTCAGAAACTTACACCTGGATGACCAAAT

GACCCTGCTACAGTACTCATGGATGTTTCTCATGGCATTTGCCCTGGGTTGGAGATCATACAGACAATCA

AGTGGAAACCTGCTCTGCTTTGCTCCTGATCTGATTATTAATGAGCAGAGAATGTCTCTACCCTGCATGT

ATGACCAATGTAAACACATGCTGTTTGTCTCCTCTGAATTACAAAGATTGCAGGTATCCTATGAAGAGTA

TCTCTGTATGAAAACCTTACTGCTTCTCTCCTCAGTTCCTAAGGAAGGTCTGAAGAGCCAAGAGTTATTT

GATGAGATTCGAATGACTTATATCAAAGAGCTAGGAAAAGCCATCGTCAAAAGGGAAGGGAACTCCAGTC

AGAACTGGCAACGGTTTTACCAACTGACAAAGCTTCTGGACTCCATGCATGAGGTGGTTGAGAATCTCCT

TACCTACTGCTTCCAGACATTTTTGGATAAGACCATGAGTATTGAATTCCCAGAGATGTTAGCTGAAATC

ATCACTAATCAGATACCAAAATATTCAAATGGAAATATCAAAAAGCTTCTGTTTCATCAAAAATGACTGG

ATCCACCGGATCTAGA 

Primer 1  Primer 3  EGFP sequence 

Primer 2  Primer 4  GR sequence 

 

Figure 24 Merged sequencing results of pEGFP-GR. Sequences of primer 1-4 

sequencing results were merged to obtain the complete sequence. Sequence 

coding for EGFP and GR are highlighted in light and dark grey respectively. 
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Figure 25 Alignment of pEGFP-GR sequencing results of GR and published 

AY066016.2 GR DNA sequence. In order to check the accuracy of the cloned 

GR, the sequencing results were aligned with the published AY066016.2 GR 

DNA sequence by using Multalin version 5.4.1 (Corpet, 1988). 
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Figure 26 Alignment of GR amino acid sequence of pEGFP-GR and 

published AY066016.2. To check the accuracy of the cloned GR amino acid 

sequence, the GR sequence derived by sequencing was translated into amino 

acid sequence and aligned with the published AY066016.2 GR amino acid 

sequence using Multialin interface (Corpet, 1988). 
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Sequencing pCDNA3.1(+)_GR-EGFP 

Sequencing results primer 1 

 

Figure 27 Sequencing results pCDNA3.1_GR-EGFP primer 1. Plasmid 

pCDNA3.1_GR-EGFP and primer 1 were sent to and analysed by Eurofins MWG. 

Chromatogram of sequencing results is displayed. 
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Figure 28 Sequencing results pCDNA3.1_GR-EGFP primer 2. Plasmid 

pCDNA3.1_GR-EGFP and primer 2 were sent to and analysed by Eurofins MWG. 

Chromatogram of sequencing results is displayed. 
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Figure 29 Sequencing results pCDNA3.1_GR-EGFP primer 3. Plasmid 

pCDNA3.1_GR-EGFP and primer 3 were sent to and analysed by Eurofins MWG. 

Chromatogram of sequencing results is displayed. 
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Figure 30 Sequencing results pCDNA3.1_GR-EGFP primer 4. Plasmid 

pCDNA3.1_GR-EGFP and primer 4 were sent to and analysed by Eurofins MWG. 

Chromatogram of sequencing results is displayed. 
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Figure 31 Sequencing results pCDNA3.1_GR-EGFP primer 5. Plasmid 

pCDNA3.1_GR-EGFP and primer 5 were sent to and analysed by Eurofins MWG. 

Chromatogram of sequencing results is displayed. 
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Merged sequence (pCDNA3.1(+)_GR-EGFP) 

 

GGTACCGCAATGGACTCCAAAGAATCCTTAGCTCCCCCTGGTAGAGACGAAGTCCCTGGCAGTTTGCTTG

GCCAGGGGAGGGGGAGCGTAATGGACTTTTATAAAAGCCTGAGGGGAGGAGCTACAGTCAAGGTTTCTGC

ATCTTCGCCCTCAGTGGCTGCTGCTTCTCAGGCAGATTCCAAGCAGCAGAGGATTCTCCTTGATTTCTCG

AAAGGCTCCACAAGCAATGTGCAGCAGCGACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGC

AGCAGCAGCAGCAGCCAGACTTATCCAAAGCCGTTTCACTGTCCATGGGGCTGTATATGGGAGAGACAGA

AACAAAAGTGATGGGGAATGACTTGGGCTACCCACAGCAGGGCCAACTTGGCCTTTCCTCTGGGGAAACA

GACTTTCGGCTTCTGGAAGAAAGCATTGCAAACCTCAATAGGTCGACCAGCGTTCCAGAGAACCCCAAGA

GTTCAACGTCTGCAACTGGGTGTGCTACCCCGACAGAGAAGGAGTTTCCCAAAACTCACTCGGATGCATC

TTCAGAACAGCAAAATCGAAAAAGCCAGACCGGCACCAACGGAGGCAGTGTGAAATTGTATCCCACAGAC

CAAAGCACCTTTGACCTCTTGAAGGATTTGGAGTTTTCCGCTGGGTCCCCAGGTAAAGACACAAACGAGA

GTCCCTGGAGATCAGACCTGTTGATAGATGAAAACTTGCTTTCTCCTTTGGCGGGAGAAGATGATCCATT

CCTTCTCGAAGGGGACACGAATGAGGATTGTAAGCCTCTTATTTTACCGGACACTAAACCTAAAATTAAG

GATACTGGAGATACAATCTTATCAAGTCCCAGCAGTGTGGCACTGCCCCAAGTGAAAACAGAAAAAGATG

ATTTCATTGAACTTTGCACCCCCGGGGTAATTAAGCAAGAGAAACTGGGCCCAGTTTATTGTCAGGCAAG

CTTTTCTGGGACAAATATAATTGGTAATAAAATGTCTGCCATTTCTGTTCATGGTGTGAGTACCTCTGGA

GGACAGATGTACCACTATGACATGAATACAGCATCCCTTTCTCAGCAGCAGGATCAGAAGCCTGTTTTTA

ATGTCATTCCACCAATTCCTGTTGGTTCTGAAAACTGGAATAGGTGCCAAGGCTCCGGAGAGGACAGCCT

GACTTCCTTGGGGGCTCTGAACTTCCCAGGCCGGTCAGTGTTTTCTAATGGGTACTCAAGCCCTGGAATG

AGACCAGATGTAAGCTCTCCTCCATCCAGCTCGTCAGCAGCCACGGGACCACCTCCCAAGCTCTGCCTGG

TGTGCTCCGATGAAGCTTCAGGATGTCATTACGGGGTGCTGACATGTGGAAGCTGCAAAGTATTCTTTAA

AAGAGCAGTGGAAGGACAGCACAATTACCTTTGTGCTGGAAGAAACGATTGCATCATTGATAAAATTCGA

AGGAAAAACTGCCCAGCATGCCGCTATCGGAAATGTCTTCAGGCTGGAATGAACCTTGAAGCTCGAAAAA

CAAAGAAAAAAATCAAAGGGATTCAGCAAGCCACTGCAGGAGTCTCACAAGACACTTCGGAAAATCCTAA

CAAAACAATAGTTCCTGCAGCATTACCACAGCTCACCCCTACCTTGGTGTCACTGCTGGAGGTGATTGAA

CCCGAGGTGTTGTATGCAGGATATGATAGCTCTGTTCCAGATTCAGCATGGAGAATTATGACCACACTCA

ACATGTTAGGTGGGCGTCAAGTGATTGCAGCAGTGAAATGGGCAAAGGCGATACCAGGCTTCAGAAACTT

ACACCTGGATGACCAAATGACCCTGCTACAGTACTCATGGATGTTTCTCATGGCATTTGCCCTGGGTTGG

AGATCATACAGACAATCAAGTGGAAACCTGCTCTGCTTTGCTCCTGATCTGATTATTAATGAGCAGAGAA

TGTCTCTACCCTGCATGTATGACCAATGTAAACACATGCTGTTTGTCTCCTCTGAATTACAAAGATTGCA

GGTATCCTATGAAGAGTATCTCTGTATGAAAACCTTACTGCTTCTCTCCTCAGTTCCTAAGGAAGGTCTG

AAGAGCCAAGAGTTATTTGATGAGATTCGAATGACTTATATCAAAGAGCTAGGAAAAGCCATCGTCAAAA

GGGAAGGGAACTCCAGTCAGAACTGGCAACGGTTTTACCAACTGACAAAGCTTCTGGACTCCATGCATGA

GGTGGTTGAGAATCTCCTTACCTACTGCTTCCAGACATTTTTGGATAAGACCATGAGTATTGAATTCCCA

GAGATGTTAGCTGAAATCATCACTAATCAGATACCAAAATATTCAAATGGAAATATCAAAAAGCTTCTGT

TTCATCAAAAGGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCC

CATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGAT

GCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCC

TCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTT

CTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTAC

AAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACT

TCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCAT

GGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTG

CAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACT

ACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTT

CGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAGCGGCCGCTCGAGTCTAGAG

GGCCC 

Primer 1 Primer 3 Primer 5  GR sequence 

Primer 2 Primer 4    EGFP sequence 

 

Figure 32 Merged sequencing results of pCDNA3.1_GR-EGFP. Sequencing 

results for primers 1-5 were merged to obtain the complete sequence. Sequence 

coding for EGFP and GR are highlighted in light and dark grey respectively. 
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Figure 33 Alignment of pCDNA3.1_GR-EGFP sequencing results of GR and 

published AY066016.2 GR DNA sequence. In order to check the accuracy of 

the cloned GR, the sequencing results were aligned with the published 

AY066016.2 GR DNA sequence using Multialin interface (Corpet, 1988). 
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Figure 34 Alignment of GR amino acid sequence of pCDNA3.1_GR-EGFP 

and published AY066016.2. To check the accuracy of the cloned GR amino acid 

sequence, the GR sequence derived by sequencing was translated into amino 

acid sequence and aligned with the published AY066016.2 GR amino acid 

sequence  using Multialin interface (Corpet, 1988). 
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Figure 35 Sequencing results pCDNA3.1_Flag/Cys4(N) primer 1. Plasmid 

pCDNA3.1_Flag/Cys4(N) and primer 1 were sent to and analysed by Eurofins 

MWG. A chromatogram of sequencing results is displayed. 
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Sequence (pCDNA3.1_Flag/Cys4(N)) 

 

Alignment with Flag/Cys4 DNA sequence 

 

 

 

 

Alignment with Flag/Cys4 protein sequence 

 

 

 

 

 

 

GTTAAGCTTATGGATTACAAGGACGATGATGACAAGCACCGTTGGTGTTGCCCCGGGTGCTGCAAAAC

TTTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCG

GCCGCTCGAGTCTAGAGGGCCCTTCGAACAAAAACTCATCTCAGAAGAGGATCTGAATATGCATACCG

GTCATCATCACCATCACCATTGAGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAG

CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC

CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGG

GGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATG

GCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATT

AAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTC

CTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGG 

  Primer 1  Flag sequence  Cys4 sequence 

 

Figure 36 Sequencing results of pCDNA3.1_Flag/Cys4(N). Sequencing of 

primer 1. Sequence coding for Flag and Cys4 are highlighted in light grey and 

green respectively. 

Figure 37 Alignment of pCDNA3.1_Flag/Cys4(N) sequencing results of 

Flag/Cys4 and predicted Flag/Cys4 DNA sequence. In order to check the 

accuracy of the cloned Flag/Cys4, the DNA sequence derived by sequencing was 

aligned with the predicted Flag/Cys4 DNA sequence using Multialin interface. 

Figure 38 Alignment of Flag/Cys4 amino acid sequence of 

pCDNA3.1_Flag/Cys4(N) and Flag/Cys4. To check the accuracy of the cloned 

Flag/Cys4 amino acid sequence, theFlag/Cys4 sequence derived by sequencing 

was translated into amino acid sequence and aligned with the predicted 

Flag/Cys4 amino acid sequence using Multialin interface. 
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Figure 39 Sequencing results pCDNA3.1_Flag/Cys4-GR primer 1. Plasmid 

pCDNA3.1_Flag/Cys4-GR and primer 1 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Figure 40 Sequencing results pCDNA3.1_Flag/Cys4-GR primer 2. Plasmid 

pCDNA3_Flag/Cys4-GR and primer 2 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Figure 41 Sequencing results pCDNA3.1_Flag/Cys4-GR primer 3. Plasmid 

pCDNA3.1_Flag/Cys4-GR and primer 3 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Figure 42 Sequencing results pCDNA3.1_Flag/Cys4-GR primer 4. Plasmid 

pCDNA3.1_Flag/Cys4-GR and primer 4 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Figure 43 Sequencing results pCDNA3.1_Flag/Cys4-GR primer 5. Plasmid 

pCDNA3.1_Flag/Cys4-GR and primer 5 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Merged sequence (pCDNA3.1(+)_Flag/Cys4-GR) 

 

GTTAAGCTTATGGATTACAAGGACGATGATGACAAGCACCGTTGGTGTTGCCCCGGGTGCTGCAAAACTT

TTGGTACCGCAATGGACTCCAAAGAATCCTTAGCTCCCCCTGGTAGAGACGAAGTCCCTGGCAGTTTGCT

TGGCCAGGGGAGGGGGAGCGTAATGGACTTTTATAAAAGCCTGAGGGGAGGAGCTACAGTCAAGGTTTCT

GCATCTTCGCCCTCAGTGGCTGCTGCTTCTCAGGCAGATTCCAAGCAGCAGAGGATTCTCCTTGATTTCT

CGAAAGGCTCCACAAGCAATGTGCAGCAGCGACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCA

GCAGCAGCAGCAGCAGCCAGACTTATCCAAAGCCGTTTCACTGTCCATGGGGCTGTATATGGGAGAGACA

GAAACAAAAGTGATGGGGAATGACTTGGGCTACCCACAGCAGGGCCAACTTGGCCTTTCCTCTGGGGAAA

CAGACTTTCGGCTTCTGGAAGAAAGCATTGCAAACCTCAATAGGTCGACCAGCGTTCCAGAGAACCCCAA

GAGTTCAACGTCTGCAACTGGGTGTGCTACCCCGACAGAGAAGGAGTTTCCCAAAACTCACTCGGATGCA

TCTTCAGAACAGCAAAATCGAAAAAGCCAGACCGGCACCAACGGAGGCAGTGTGAAATTGTATCCCACAG

ACCAAAGCACCTTTGACCTCTTGAAGGATTTGGAGTTTTCCGCTGGGTCCCCAGGTAAAGACACAAACGA

GAGTCCCTGGAGATCAGACCTGTTGATAGATGAAAACTTGCTTTCTCCTTTGGCGGGAGAAGATGATCCA

TTCCTTCTCGAAGGGGACACGAATGAGGATTGTAAGCCTCTTATTTTACCGGACACTAAACCTAAAATTA

AGGATACTGGAGATACAATCTTATCAAGTCCCAGCAGTGTGGCACTGCCCCAAGTGAAAACAGAAAAAGA

TGATTTCATTGAACTTTGCACCCCCGGGGTAATTAAGCAAGAGAAACTGGGCCCAGTTTATTGTCAGGCA

AGCTTTTCTGGGACAAATATAATTGGTAATAAAATGTCTGCCATTTCTGTTCATGGTGTGAGTACCTCTG

GAGGACAGATGTACCACTATGACATGAATACAGCATCCCTTTCTCAGCAGCAGGATCAGAAGCCTGTTTT

TAATGTCATTCCACCAATTCCTGTTGGTTCTGAAAACTGGAATAGGTGCCAAGGCTCCGGAGAGGACAGC

CTGACTTCCTTGGGGGCTCTGAACTTCCCAGGCCGGTCAGTGTTTTCTAATGGGTACTCAAGCCCTGGAA

TGAGACCAGATGTAAGCTCTCCTCCATCCAGCTCGTCAGCAGCCACGGGACCACCTCCCAAGCTCTGCCT

GGTGTGCTCCGATGAAGCTTCAGGATGTCATTACGGGGTGCTGACATGTGGAAGCTGCAAAGTATTCTTT

AAAAGAGCAGTGGAAGGACAGCACAATTACCTTTGTGCTGGAAGAAACGATTGCATCATTGATAAAATTC

GAAGGAAAAACTGCCCAGCATGCCGCTATCGGAAATGTCTTCAGGCTGGAATGAACCTTGAAGCTCGAAA

AACAAAGAAAAAAATCAAAGGGATTCAGCAAGCCACTGCAGGAGTCTCACAAGACACTTCGGAAAATCCT

AACAAAACAATAGTTCCTGCAGCATTACCACAGCTCACCCCTACCTTGGTGTCACTGCTGGAGGTGATTG

AACCCGAGGTGTTGTATGCAGGATATGATAGCTCTGTTCCAGATTCAGCATGGAGAATTATGACCACACT

CAACATGTTAGGTGGGCGTCAAGTGATTGCAGCAGTGAAATGGGCAAAGGCGATACCAGGCTTCAGAAAC

TTACACCTGGATGACCAAATGACCCTGCTACAGTACTCATGGATGTTTCTCATGGCATTTGCCCTGGGTT

GGAGATCATACAGACAATCAAGTGGAAACCTGCTCTGCTTTGCTCCTGATCTGATTATTAATGAGCAGAG

AATGTCTCTACCCTGCATGTATGACCAATGTAAACACATGCTGTTTGTCTCCTCTGAATTACAAAGATTG

CAGGTATCCTATGAAGAGTATCTCTGTATGAAAACCTTACTGCTTCTCTCCTCAGTTCCTAAGGAAGGTC

TGAAGAGCCAAGAGTTATTTGATGAGATTCGAATGACTTATATCAAAGAGCTAGGAAAAGCCATCGTCAA

AAGGGAAGGGAACTCCAGTCAGAACTGGCAACGGTTTTACCAACTGACAAAGCTTCTGGACTCCATGCAT

GAGGTGGTTGAGAATCTCCTTACCTACTGCTTCCAGACATTTTTGGATAAGACCATGAGTATTGAATTCC

CAGAGATGTTAGCTGAAATCATCACTAATCAGATACCAAAATATTCAAATGGAAATATCAAAAAGCTTCT

GTTTCATCAAAAATGACTGGATCCACTAGTCCAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCG

GCCGCTCGAGTCTAGAGGGCCCTTCGAACAAAAACTCATCTCAGAAGAGGATCTGAATATGCATACCGGT

CATCATCACCATCACCATTGAGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCAT

CTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATA

AAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC

AGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGG

CGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGG

TGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTC

CCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGG 

Primer 1 Primer 3 Primer 5  Flag/Cys4 sequence 

Primer 2 Primer 4    GR sequence 

 

Figure 44 Merged sequencing results of pCDNA3.1_Flag/Cys4-GR. 

Sequencing results from primers 1-5 were merged to obtain the complete 

sequence. Sequence coding for Flag/Cys4 and GR are highlighted in light and 

dark grey respectively. 
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Alignment with AY066016.2 GR DNA sequence 

 

 

Figure 45 Alignment of pCDNA3.1_Flag/Cys4-GR sequencing results of GR 

and published AY066016.2 GR DNA sequence. In order to check the accuracy 

of the cloned GR, the GR sequence derived by sequencing was aligned with the 

published AY066016.2 GR DNA sequence using Multialin interface. 



Appendix 

270 

Alignment with AY066016.2 GR protein sequence 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 46 Alignment of GR amino acid sequence of pCDNA3.1_Flag/Cys4-

GR and published AY066016.2. To check the accuracy of the cloned GR amino 

acid sequence, theGR sequence derived by sequencing was translated into 

amino acid sequence and aligned with the published AY066016.2 GR amino acid 

sequence using Multialin interface. 
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Sequencing pTRE-Tight_EGFP(N) 

Sequencing results primer 1 
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Sequence (pTRE-Tight_EGFP(N)) 

 

TTTAGTGAACCGTCAGATCGCCTGGAGAATTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGG

GGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGC

GAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCT

GGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCA

GCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGAC

GGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGG

GCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGT

CTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGAC

GGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCG

ACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCT

GCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGATGAGCTGTACAAGTCCGGTACCCGGGGA

TCCTCTAGTCAGCTGACGCGTGCTAGCGCGGCCGCATCGATAAGCTTGTCGACGATATCTCTAGAGGATC

ATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCC 

Primer 1 EGFP sequence 

Figure 48 Merged sequencing results of pTRE-Tight_EGFP(N). Sequencing 

results for primer 1 is displayed to show the complete sequence. Sequence 

coding for EGFP is highlighted in light grey. 

Figure 47 Sequencing results pTRE-Tight_EGFP(N) primer 1. Plasmid pTRE-

Tight_EGFP(N) and primer 1 were sent to and analysed by Eurofins MWG. 

Chromatogram of sequencing results is displayed. 



Appendix 

273 

Alignment with pEGFP-C1 sequence 

 

 

 

 

 

Alignment with pEGFP-C1 protein sequence 

 

 

 

 

 

 

 

 

 

 

Figure 49 Alignment of pTRE-Tight_EGFP(N) sequencing results and 

pEGFP-C1 DNA sequence. In order to check the accuracy of the cloned EGFP, 

the EGFP sequence derived by sequencing was aligned with the EGFP 

sequence published in the pEGFP-C1 vector manual using Multialin interface. 

Figure 50 Alignment of EGFP amino acid sequence of pTRE-Tight_EGFP(N) 

and EGFP sequence from pEGFP-C1 vector manual. To check the accuracy of 

the cloned EGFP amino acid sequence, the EGFP sequence derived by 

sequencing was translated into amino acid sequence. The aminoacid sequence 

was aligned with the EGFP amino acid sequence published in the pEGFP-C1 

vector manual using Multialin interface. 
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Sequencing pTRE-Tight_EGFP(C) 

Sequencing results primer 1 
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Figure 51 Sequencing results pTRE-Tight_EGFP(C) primer 1. Plasmid pTRE-

Tight_EGFP(C) and primer 1 were sent to and analysed by Eurofins MWG. 

Chromatogram of sequencing results is displayed. 
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Sequence (pTRE-Tight_EGFP(C)) 

 

Alignment with pEGFP-C1 DNA sequence 

 

 

 

 

 

 

 

 

 

 

 

 

AGAATTCGAGCTCGGTACCCGGGGATCCTCTAGTCAGCTGACGCGTGCTAGCGCGGCCGCATCGATAAGC

TTGTCGACCGTCAGATCGCCTGGAGAATTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGG

TGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGA

GGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGG

CCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGC

ACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGG

CAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGC

ATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCT

ATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGG

CAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGAC

AACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGC

TGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGATGAGCTGTACAAGTaaGGTACCGCTCTAGA

GGATCATAATCAGCCATACCACATTTGTAGAGGTTT 

Primer 1 EGFP Sequence 

 Figure 52 Merged sequencing results of pTRE-Tight_EGFP(C). Sequencing 

results for primer 1 is displayed to show the complete sequence. Sequence 

coding for EGFP is highlighted in light grey. 

Figure 53 Alignment of pTRE-Tight_EGFP(C) sequencing results of EGFP 

and pEGFP-C1 DNA sequence. In order to check the accuracy of the cloned 

EGFP, the EGFP sequence derived by sequencing was aligned with the EGFP 

sequence published in the pEGFP-C1 vector manual using Multialin interface. 
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Alignment with pEGFP-C1 protein sequence 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 54 Alignment of EGFP amino acid sequence of pTRE-Tight_EGFP(C) 

and EGFP sequence from pEGFP-C1 vector manual. To check the accuracy of 

the cloned EGFP amino acid sequence, the EGFP sequence derived by 

sequencing was translated into amino acid sequence and aligned with the EGFP 

amino acid sequence published in the pEGFP-C1 vector manual using Multialin 

interface. 
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Sequencing pTRE-Tight_EGFP-GR 

Sequencing results primer 1 
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Figure 55 Sequencing results pTRE-Tight_EGFP-GR primer 1. Plasmid 

pTRE-Tight_EGFP-GR and primer 1 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 2 
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Figure 56 Sequencing results pTRE-Tight_EGFP-GR primer 2. Plasmid 

pTRE-Tight_EGFP-GR and primer 2 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 3 

 

 

 

 

 

 

 

Figure 57 Sequencing results pTRE-Tight_EGFP-GR primer 3. Plasmid 

pTRE-Tight_EGFP-GR and primer 3 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 4 

Figure 58 Sequencing results pTRE-Tight_EGFP-GR primer 4. Plasmid 

pTRE-Tight_EGFP-GR and primer 4 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 5 
 

Figure 59 Sequencing results pTRE-Tight_EGFP-GR primer 5. Plasmid 

pTRE-Tight_EGFP-GR and primer 5 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 6 

 

Figure 60 Sequencing results pTRE-Tight_EGFP-GR primer 6. Plasmid 

pTRE-Tight_EGFP-GR and primer 6 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Merged sequence (pTRE-Tight_EGFP-GR) 

 

AGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAATTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTT

CACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGC

GAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCG

TGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACAT

GAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAG

GACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGC

TGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCA

CAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATC

GAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGC

TGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACAT

GGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGATGAGCTGTACAAGTCCGGTACC

GCAATGGACTCCAAAGAATCCTTAGCTCCCCCTGGTAGAGACGAAGTCCCTGGCAGTTTGCTTGGCCAGG

GGAGGGGGAGCGTAATGGACTTTTATAAAAGCCTGAGGGGAGGAGCTACAGTCAAGGTTTCTGCATCTTC

GCCCTCAGTGGCTGCTGCTTCTCAGGCAGATTCCAAGCAGCAGAGGATTCTCCTTGATTTCTCGAAAGGC

TCCACAAGCAATGTGCAGCAGCGACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGC

AGCAGCAGCCAGACTTATCCAAAGCCGTTTCACTGTCCATGGGGCTGTATATGGGAGAGACAGAAACAAA

AGTGATGGGGAATGACTTGGGCTACCCACAGCAGGGCCAACTTGGCCTTTCCTCTGGGGAAACAGACTTT

CGGCTTCTGGAAGAAAGCATTGCAAACCTCAATAGGTCGACCAGCGTTCCAGAGAACCCCAAGAGTTCAA

CGTCTGCAACTGGGTGTGCTACCCCGACAGAGAAGGAGTTTCCCAAAACTCACTCGGATGCATCTTCAGA

ACAGCAAAATCGAAAAAGCCAGACCGGCACCAACGGAGGCAGTGTGAAATTGTATCCCACAGACCAAAGC

ACCTTTGACCTCTTGAAGGATTTGGAGTTTTCCGCTGGGTCCCCAGGTAAAGACACAAACGAGAGTCCCT

GGAGATCAGACCTGTTGATAGATGAAAACTTGCTTTCTCCTTTGGCGGGAGAAGATGATCCATTCCTTCT

CGAAGGGGACACGAATGAGGATTGTAAGCCTCTTATTTTACCGGACACTAAACCTAAAATTAAGGATACT

GGAGATACAATCTTATCAAGTCCCAGCAGTGTGGCACTGCCCCAAGTGAAAACAGAAAAAGATGATTTCA

TTGAACTTTGCACCCCCGGGGTAATTAAGCAAGAGAAACTGGGCCCAGTTTATTGTCAGGCAAGCTTTTC

TGGGACAAATATAATTGGTAATAAAATGTCTGCCATTTCTGTTCATGGTGTGAGTACCTCTGGAGGACAG

ATGTACCACTATGACATGAATACAGCATCCCTTTCTCAGCAGCAGGATCAGAAGCCTGTTTTTAATGTCA

TTCCACCAATTCCTGTTGGTTCTGAAAACTGGAATAGGTGCCAAGGCTCCGGAGAGGACAGCCTGACTTC

CTTGGGGGCTCTGAACTTCCCAGGCCGGTCAGTGTTTTCTAATGGGTACTCAAGCCCTGGAATGAGACCA

GATGTAAGCTCTCCTCCATCCAGCTCGTCAGCAGCCACGGGACCACCTCCCAAGCTCTGCCTGGTGTGCT

CCGATGAAGCTTCAGGATGTCATTACGGGGTGCTGACATGTGGAAGCTGCAAAGTATTCTTTAAAAGAGC

AGTGGAAGGACAGCACAATTACCTTTGTGCTGGAAGAAACGATTGCATCATTGATAAAATTCGAAGGAAA

AACTGCCCAGCATGCCGCTATCGGAAATGTCTTCAGGCTGGAATGAACCTTGAAGCTCGAAAAACAAAGA

AAAAAATCAAAGGGATTCAGCAAGCCACTGCAGGAGTCTCACAAGACACTTCGGAAAATCCTAACAAAAC

AATAGTTCCTGCAGCATTACCACAGCTCACCCCTACCTTGGTGTCACTGCTGGAGGTGATTGAACCCGAG

GTGTTGTATGCAGGATATGATAGCTCTGTTCCAGATTCAGCATGGAGAATTATGACCACACTCAACATGT

TAGGTGGGCGTCAAGTGATTGCAGCAGTGAAATGGGCAAAGGCGATACCAGGCTTCAGAAACTTACACCT

GGATGACCAAATGACCCTGCTACAGTACTCATGGATGTTTCTCATGGCATTTGCCCTGGGTTGGAGATCA

TACAGACAATCAAGTGGAAACCTGCTCTGCTTTGCTCCTGATCTGATTATTAATGAGCAGAGAATGTCTC

TACCCTGCATGTATGACCAATGTAAACACATGCTGTTTGTCTCCTCTGAATTACAAAGATTGCAGGTATC

CTATGAAGAGTATCTCTGTATGAAAACCTTACTGCTTCTCTCCTCAGTTCCTAAGGAAGGTCTGAAGAGC

CAAGAGTTATTTGATGAGATTCGAATGACTTATATCAAAGAGCTAGGAAAAGCCATCGTCAAAAGGGAAG

GGAACTCCAGTCAGAACTGGCAACGGTTTTACCAACTGACAAAGCTTCTGGACTCCATGCATGAGGTGGT

TGAGAATCTCCTTACCTACTGCTTCCAGACATTTTTGGATAAGACCATGAGTATTGAATTCCCAGAGATG

TTAGCTGAAATCATCACTAATCAGATACCAAAATATTCAAATGGAAATATCAAAAAGCTTCTGTTTCATC

AAAAATGACTGGATCCTCTAGTCAGCTGACGCGTGCTAGCGC 

Primer 1  Primer 4  EGFP sequence 

Primer 2  Primer 5  GR sequence 

Primer 3  Primer 6 

 Figure 61 Merged sequencing results of pTRE-Tight_EGFP-GR. Sequencing 

results for primers 1-6 were merged to obtain the complete sequence. Sequence 

coding for EGFP and GR are highlighted in light and dark grey respectively. 
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Alignment with AY066016.2 GR DNA sequence 

 

 

Figure 62 Alignment of pTRE-Tight_EGFP-GR sequencing results of GR and 

AY066016.2 GR DNA sequence. In order to check the accuracy of the cloned 

GR, the GR sequence derived by sequencing was aligned with the published 

AY066016.2 GR DNA sequence using Multialin interface. 
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Alignment with AY066016.2 GR protein sequence 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 63 Alignment of GR amino acid sequence of pTRE-Tight_EGFP-GR 

and published AY066016.2 sequence. To check the accuracy of the cloned GR 

amino acid sequence, the GR sequence derived by sequencing was translated 

into amino acid sequence and aligned with the published AY066016.2 GR amino 

acid sequence using Multialin interface. 
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Sequencing pTRE-Tight_GR-EGFP 

Sequencing results primer 1 

 

Figure 64 Sequencing results pTRE-Tight_GR-EGFP primer 1. Plasmid 

pTRE-Tight_GR-EGFP and primer 1 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 2 
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Figure 65 Sequencing results pTRE-Tight_GR-EGFP primer 2. Plasmid 

pTRE-Tight_GR-EGFP and primer 2 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 3 
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Figure 66 Sequencing results pTRE-Tight_GR-EGFP primer 3. Plasmid 

pTRE-Tight_GR-EGFP and primer 3 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 4 
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Figure 67 Sequencing results pTRE-Tight_GR-EGFP primer 4. Plasmid 

pTRE-Tight_GR-EGFP and primer 4 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Figure 68 Sequencing results pTRE-Tight_GR-EGFP primer 5. Plasmid 

pTRE-Tight_GR-EGFP and primer 5 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Merged sequence (pTRE-Tight_GR-EGFP) 

 

AGAATTCGAGTCTCGGTACCGCAATGGACTCCAAAGAATCCTTAGCTCCCCCTGGTAGAGACGAAGTCCC

TGGCAGTTTGCTTGGCCAGGGGAGGGGGAGCGTAATGGACTTTTATAAAAGCCTGAGGGGAGGAGCTACA

GTCAAGGTTTCTGCATCTTCGCCCTCAGTGGCTGCTGCTTCTCAGGCAGATTCCAAGCAGCAGAGGATTC

TCCTTGATTTCTCGAAAGGCTCCACAAGCAATGTGCAGCAGCGACAGCAGCAGCAGCAGCAGCAGCAGCA

GCAGCAGCAGCAGCAGCAGCAGCAGCAGCCAGACTTATCCAAAGCCGTTTCACTGTCCATGGGGCTGTAT

ATGGGAGAGACAGAAACAAAAGTGATGGGGAATGACTTGGGCTACCCACAGCAGGGCCAACTTGGCCTTT

CCTCTGGGGAAACAGACTTTCGGCTTCTGGAAGAAAGCATTGCAAACCTCAATAGGTCGACCAGCGTTCC

AGAGAACCCCAAGAGTTCAACGTCTGCAACTGGGTGTGCTACCCCGACAGAGAAGGAGTTTCCCAAAACT

CACTCGGATGCATCTTCAGAACAGCAAAATCGAAAAAGCCAGACCGGCACCAACGGAGGCAGTGTGAAAT

TGTATCCCACAGACCAAAGCACCTTTGACCTCTTGAAGGATTTGGAGTTTTCCGCTGGGTCCCCAGGTAA

AGACACAAACGAGAGTCCCTGGAGATCAGACCTGTTGATAGATGAAAACTTGCTTTCTCCTTTGGCGGGA

GAAGATGATCCATTCCTTCTCGAAGGGGACACGAATGAGGATTGTAAGCCTCTTATTTTACCGGACACTA

AACCTAAAATTAAGGATACTGGAGATACAATCTTATCAAGTCCCAGCAGTGTGGCACTGCCCCAAGTGAA

AACAGAAAAAGATGATTTCATTGAACTTTGCACCCCCGGGGTAATTAAGCAAGAGAAACTGGGCCCAGTT

TATTGTCAGGCAAGCTTTTCTGGGACAAATATAATTGGTAATAAAATGTCTGCCATTTCTGTTCATGGTG

TGAGTACCTCTGGAGGACAGATGTACCACTATGACATGAATACAGCATCCCTTTCTCAGCAGCAGGATCA

GAAGCCTGTTTTTAATGTCATTCCACCAATTCCTGTTGGTTCTGAAAACTGGAATAGGTGCCAAGGCTCC

GGAGAGGACAGCCTGACTTCCTTGGGGGCTCTGAACTTCCCAGGCCGGTCAGTGTTTTCTAATGGGTACT

CAAGCCCTGGAATGAGACCAGATGTAAGCTCTCCTCCATCCAGCTCGTCAGCAGCCACGGGACCACCTCC

CAAGCTCTGCCTGGTGTGCTCCGATGAAGCTTCAGGATGTCATTACGGGGTGCTGACATGTGGAAGCTGC

AAAGTATTCTTTAAAAGAGCAGTGGAAGGACAGCACAATTACCTTTGTGCTGGAAGAAACGATTGCATCA

TTGATAAAATTCGAAGGAAAAACTGCCCAGCATGCCGCTATCGGAAATGTCTTCAGGCTGGAATGAACCT

TGAAGCTCGAAAAACAAAGAAAAAAATCAAAGGGATTCAGCAAGCCACTGCAGGAGTCTCACAAGACACT

TCGGAAAATCCTAACAAAACAATAGTTCCTGCAGCATTACCACAGCTCACCCCTACCTTGGTGTCACTGC

TGGAGGTGATTGAACCCGAGGTGTTGTATGCAGGATATGATAGCTCTGTTCCAGATTCAGCATGGAGAAT

TATGACCACACTCAACATGTTAGGTGGGCGTCAAGTGATTGCAGCAGTGAAATGGGCAAAGGCGATACCA

GGCTTCAGAAACTTACACCTGGATGACCAAATGACCCTGCTACAGTACTCATGGATGTTTCTCATGGCAT

TTGCCCTGGGTTGGAGATCATACAGACAATCAAGTGGAAACCTGCTCTGCTTTGCTCCTGATCTGATTAT

TAATGAGCAGAGAATGTCTCTACCCTGCATGTATGACCAATGTAAACACATGCTGTTTGTCTCCTCTGAA

TTACAAAGATTGCAGGTATCCTATGAAGAGTATCTCTGTATGAAAACCTTACTGCTTCTCTCCTCAGTTC

CTAAGGAAGGTCTGAAGAGCCAAGAGTTATTTGATGAGATTCGAATGACTTATATCAAAGAGCTAGGAAA

AGCCATCGTCAAAAGGGAAGGGAACTCCAGTCAGAACTGGCAACGGTTTTACCAACTGACAAAGCTTCTG

GACTCCATGCATGAGGTGGTTGAGAATCTCCTTACCTACTGCTTCCAGACATTTTTGGATAAGACCATGA

GTATTGAATTCCCAGAGATGTTAGCTGAAATCATCACTAATCAGATACCAAAATATTCAAATGGAAATAT

CAAAAAGCTTCTGTTTCATCAAAAGGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTC

ACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCG

AGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGT

GCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATG

AAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGG

ACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCT

GAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCAC

AACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCG

AGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCT

GCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATG

GTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAGCGGCC 

Primer 1 Primer 3  Primer 5  

Primer 2 Primer 4 GR sequence  EGFP sequence 

Figure 69 Merged sequencing results of pTRE-Tight_GR-EGFP. Squencing 

results for primers 1-5 were merged to obtain the complete sequence. Sequence 

coding for GR and EGFP are highlighted in dark and light grey respectively. 
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Alignment with AY066016.2 GR DNA sequence 

 

 

Figure 70 Allignment of pTRE-Tight_GR-EGFP sequencing results and 

AY066016.2 GR DNA sequence. In order to check the accuracy of the cloned 

GR, the GR sequence derived by sequencing was aligned with the published 

AY066016.2 GR DNA sequence using Multialin interface. 
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Alignment with AY066016.2 GR protein sequence 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 71 Alignment of GR amino acid sequence of pTRE-Tight_GR-EGFP 

and published AY066016.2 sequence. To check the accuracy of the cloned GR 

amino acid sequence, the GR sequence derived by sequencing was translated 

into amino acid sequence and aligned with the published AY066016.2 GR amino 

acid sequence using Multialin interface. 
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Sequencing pTRE-Tight_Flag/Cys4-GR 

Sequencing results primer 1 
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Figure 72 Sequencing results pTRE-Tight_Flag/Cys4-GR primer 1. Plasmid 

pTRE-Tight_Flag/Cys4-GR and primer 1 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 2 
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Figure 73 Sequencing results pTRE-Tight_Flag/Cys4-GR primer 2. Plasmid 

pTRE-Tight_Flag/Cys4-GR and primer 2 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 3 
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Figure 74 Sequencing results pTRE-Tight_Flag/Cys4-GR primer 3. Plasmid 

pTRE-Tight_Flag/Cys4-GR and primer 3 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 4 

 

 



Appendix 

308 

 

 

Figure 75 Sequencing results pTRE-Tight_Flag/Cys4-GR primer 4. Plasmid 

pTRE-Tight_Flag/Cys4-GR and primer 4 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Merged sequence (pTRE-Tight_Flag/Cys4-GR) 

 

 

ATCGCCTGGAGAATTCTATGGATTACAAGGACGATGATGACAAGCACCGTTGGTGTTGCCCCGGGTGCTG

CAAAACTTTTGGTACCGCAATGGACTCCAAAGAATCCTTAGCTCCCCCTGGTAGAGACGAAGTCCCTGGC

AGTTTGCTTGGCCAGGGGAGGGGGAGCGTAATGGACTTTTATAAAAGCCTGAGGGGAGGAGCTACAGTCA

AGGTTTCTGCATCTTCGCCCTCAGTGGCTGCTGCTTCTCAGGCAGATTCCAAGCAGCAGAGGATTCTCCT

TGATTTCTCGAAAGGCTCCACAAGCAATGTGCAGCAGCGACAGCAGCAGCAGCAGCAGCAGCAGCAGCAG

CAGCAGCAGCAGCAGCAGCAGCAGCCAGACTTATCCAAAGCCGTTTCACTGTCCATGGGGCTGTATATGG

GAGAGACAGAAACAAAAGTGATGGGGAATGACTTGGGCTACCCACAGCAGGGCCAACTTGGCCTTTCCTC

TGGGGAAACAGACTTTCGGCTTCTGGAAGAAAGCATTGCAAACCTCAATAGGTCGACCAGCGTTCCAGAG

AACCCCAAGAGTTCAACGTCTGCAACTGGGTGTGCTACCCCGACAGAGAAGGAGTTTCCCAAAACTCACT

CGGATGCATCTTCAGAACAGCAAAATCGAAAAAGCCAGACCGGCACCAACGGAGGCAGTGTGAAATTGTA

TCCCACAGACCAAAGCACCTTTGACCTCTTGAAGGATTTGGAGTTTTCCGCTGGGTCCCCAGGTAAAGAC

ACAAACGAGAGTCCCTGGAGATCAGACCTGTTGATAGATGAAAACTTGCTTTCTCCTTTGGCGGGAGAAG

ATGATCCATTCCTTCTCGAAGGGGACACGAATGAGGATTGTAAGCCTCTTATTTTACCGGACACTAAACC

TAAAATTAAGGATACTGGAGATACAATCTTATCAAGTCCCAGCAGTGTGGCACTGCCCCAAGTGAAAACA

GAAAAAGATGATTTCATTGAACTTTGCACCCCCGGGGTAATTAAGCAAGAGAAACTGGGCCCAGTTTATT

GTCAGGCAAGCTTTTCTGGGACAAATATAATTGGTAATAAAATGTCTGCCATTTCTGTTCATGGTGTGAG

TACCTCTGGAGGACAGATGTACCACTATGACATGAATACAGCATCCCTTTCTCAGCAGCAGGATCAGAAG

CCTGTTTTTAATGTCATTCCACCAATTCCTGTTGGTTCTGAAAACTGGAATAGGTGCCAAGGCTCCGGAG

AGGACAGCCTGACTTCCTTGGGGGCTCTGAACTTCCCAGGCCGGTCAGTGTTTTCTAATGGGTACTCAAG

CCCTGGAATGAGACCAGATGTAAGCTCTCCTCCATCCAGCTCGTCAGCAGCCACGGGACCACCTCCCAAG

CTCTGCCTGGTGTGCTCCGATGAAGCTTCAGGATGTCATTACGGGGTGCTGACATGTGGAAGCTGCAAAG

TATTCTTTAAAAGAGCAGTGGAAGGACAGCACAATTACCTTTGTGCTGGAAGAAACGATTGCATCATTGA

TAAAATTCGAAGGAAAAACTGCCCAGCATGCCGCTATCGGAAATGTCTTCAGGCTGGAATGAACCTTGAA

GCTCGAAAAACAAAGAAAAAAATCAAAGGGATTCAGCAAGCCACTGCAGGAGTCTCACAAGACACTTCGG

AAAATCCTAACAAAACAATAGTTCCTGCAGCATTACCACAGCTCACCCCTACCTTGGTGTCACTGCTGGA

GGTGATTGAACCCGAGGTGTTGTATGCAGGATATGATAGCTCTGTTCCAGATTCAGCATGGAGAATTATG

ACCACACTCAACATGTTAGGTGGGCGTCAAGTGATTGCAGCAGTGAAATGGGCAAAGGCGATACCAGGCT

TCAGAAACTTACACCTGGATGACCAAATGACCCTGCTACAGTACTCATGGATGTTTCTCATGGCATTTGC

CCTGGGTTGGAGATCATACAGACAATCAAGTGGAAACCTGCTCTGCTTTGCTCCTGATCTGATTATTAAT

GAGCAGAGAATGTCTCTACCCTGCATGTATGACCAATGTAAACACATGCTGTTTGTCTCCTCTGAATTAC

AAAGATTGCAGGTATCCTATGAAGAGTATCTCTGTATGAAAACCTTACTGCTTCTCTCCTCAGTTCCTAA

GGAAGGTCTGAAGAGCCAAGAGTTATTTGATGAGATTCGAATGACTTATATCAAAGAGCTAGGAAAAGCC

ATCGTCAAAAGGGAAGGGAACTCCAGTCAGAACTGGCAACGGTTTTACCAACTGACAAAGCTTCTGGACT

CCATGCATGAGGTGGTTGAGAATCTCCTTACCTACTGCTTCCAGACATTTTTGGATAAGACCATGAGTAT

TGAATTCCCAGAGATGTTAGCTGAAATCATCACTAATCAGATACCAAAATATTCAAATGGAAATATCAAA

AAGCTTCTGTTTCATCAAAAATGACTGGATCCTCTAGTCAGCTGACGCGTGCTAGCGCGGCCGCATCGAT

AAGCTTGTCGACGATATCTCTAGAGGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTT

AAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTT

ATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCAC

TGCCTCGAGCTTCCTCGCTCACTGACTCG 

Primer1 Primer3  Flag/Cys4 sequence  GR sequence 

Primer2 Primer4 

 
Figure 76 Merged sequencing results of pTRE-Tight_Flag/Cys4-GR. 

Sequencing results for primers 1-4 were merged to obtain the complete 

sequence. Sequence coding for Flag/Cys4 and GR are highlighted in light and 

dark grey respectively. 
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Alignment with AY066016.2 GR DNA sequence 

 

 

Figure 77 Allignment of pTRE-Tight_Flag/Cys4-GR sequencing results and 

AY066016.2 GR DNA sequence. In order to check the accuracy of the cloned 

GR, the GR sequence derived by sequencing was aligned with the published 

AY066016.2 GR DNA sequence using Multialin interface. 
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Alignment with AY066016.2 GR protein sequence 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 78 Alignment of GR amino acid sequence of pTRE-Tight_Flag/Cys4-

GR and published AY066016.2 sequence. To check the accuracy of the cloned 

GR amino acid sequence, the GR sequence derived by sequencing was 

translated into amino acid sequence and aligned with the published AY066016.2 

GR amino acid sequence using Multialin interface. 
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Sequencing pTRE-Tight_GR-Flag/Cys4 

Sequencing results primer 1 
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Figure 79 Sequencing results pTRE-Tight_GR-Flag/Cys4 primer 1. Plasmid 

pTRE-Tight_GR-Flag/Cys4 and primer 1 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 



Appendix 

314 

Sequencing results primer 2 
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Figure 80 Sequencing results pTRE-Tight_GR-Flag/Cys4 primer 2. Plasmid 

pTRE-Tight_GR-Flag/Cys4 and primer 2 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 3 
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Figure 81 Sequencing results pTRE-Tight_GR-Flag/Cys4 primer 3. Plasmid 

pTRE-Tight_GR-Flag/Cys4 and primer 3 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 4 
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Figure 82 Sequencing results pTRE-Tight_GR-Flag/Cys4 primer 4. Plasmid 

pTRE-Tight_GR-Flag/Cys4 and primer 4 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 5 
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Figure 83 Sequencing results pTRE-Tight_GR-Flag/Cys4 primer 5. Plasmid 

pTRE-Tight_GR-Flag/Cys4 and primer 5 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Merged sequence (pTRE-Tight_GR-Flag/Cys4) 

 

AATTCGAGCTCGGTACCGCAATGGACTCCAAAGAATCCTTAGCTCCCCCTGGTAGAGACGAAGTCCCTGG

CAGTTTGCTTGGCCAGGGGAGGGGGAGCGTAATGGACTTTTATAAAAGCCTGAGGGGAGGAGCTACAGTC

AAGGTTTCTGCATCTTCGCCCTCAGTGGCTGCTGCTTCTCAGGCAGATTCCAAGCAGCAGAGGATTCTCC

TTGATTTCTCGAAAGGCTCCACAAGCAATGTGCAGCAGCGACAGCAGCAGCAGCAGCAGCAGCAGCAGCA

GCAGCAGCAGCAGCAGCAGCAGCAGCCAGACTTATCCAAAGCCGTTTCACTGTCCATGGGGCTGTATATG

GGAGAGACAGAAACAAAAGTGATGGGGAATGACTTGGGCTACCCACAGCAGGGCCAACTTGGCCTTTCCT

CTGGGGAAACAGACTTTCGGCTTCTGGAAGAAAGCATTGCAAACCTCAATAGGTCGACCAGCGTTCCAGA

GAACCCCAAGAGTTCAACGTCTGCAACTGGGTGTGCTACCCCGACAGAGAAGGAGTTTCCCAAAACTCAC

TCGGATGCATCTTCAGAACAGCAAAATCGAAAAAGCCAGACCGGCACCAACGGAGGCAGTGTGAAATTGT

ATCCCACAGACCAAAGCACCTTTGACCTCTTGAAGGATTTGGAGTTTTCCGCTGGGTCCCCAGGTAAAGA

CACAAACGAGAGTCCCTGGAGATCAGACCTGTTGATAGATGAAAACTTGCTTTCTCCTTTGGCGGGAGAA

GATGATCCATTCCTTCTCGAAGGGGACACGAATGAGGATTGTAAGCCTCTTATTTTACCGGACACTAAAC

CTAAAATTAAGGATACTGGAGATACAATCTTATCAAGTCCCAGCAGTGTGGCACTGCCCCAAGTGAAAAC

AGAAAAAGATGATTTCATTGAACTTTGCACCCCCGGGGTAATTAAGCAAGAGAAACTGGGCCCAGTTTAT

TGTCAGGCAAGCTTTTCTGGGACAAATATAATTGGTAATAAAATGTCTGCCATTTCTGTTCATGGTGTGA

GTACCTCTGGAGGACAGATGTACCACTATGACATGAATACAGCATCCCTTTCTCAGCAGCAGGATCAGAA

GCCTGTTTTTAATGTCATTCCACCAATTCCTGTTGGTTCTGAAAACTGGAATAGGTGCCAAGGCTCCGGA

GAGGACAGCCTGACTTCCTTGGGGGCTCTGAACTTCCCAGGCCGGTCAGTGTTTTCTAATGGGTACTCAA

GCCCTGGAATGAGACCAGATGTAAGCTCTCCTCCATCCAGCTCGTCAGCAGCCACGGGACCACCTCCCAA

GCTCTGCCTGGTGTGCTCCGATGAAGCTTCAGGATGTCATTACGGGGTGCTGACATGTGGAAGCTGCAAA

GTATTCTTTAAAAGAGCAGTGGAAGGACAGCACAATTACCTTTGTGCTGGAAGAAACGATTGCATCATTG

ATAAAATTCGAAGGAAAAACTGCCCAGCATGCCGCTATCGGAAATGTCTTCAGGCTGGAATGAACCTTGA

AGCTCGAAAAACAAAGAAAAAAATCAAAGGGATTCAGCAAGCCACTGCAGGAGTCTCACAAGACACTTCG

GAAAATCCTAACAAAACAATAGTTCCTGCAGCATTACCACAGCTCACCCCTACCTTGGTGTCACTGCTGG

AGGTGATTGAACCCGAGGTGTTGTATGCAGGATATGATAGCTCTGTTCCAGATTCAGCATGGAGAATTAT

GACCACACTCAACATGTTAGGTGGGCGTCAAGTGATTGCAGCAGTGAAATGGGCAAAGGCGATACCAGGC

TTCAGAAACTTACACCTGGATGACCAAATGACCCTGCTACAGTACTCATGGATGTTTCTCATGGCATTTG

CCCTGGGTTGGAGATCATACAGACAATCAAGTGGAAACCTGCTCTGCTTTGCTCCTGATCTGATTATTAA

TGAGCAGAGAATGTCTCTACCCTGCATGTATGACCAATGTAAACACATGCTGTTTGTCTCCTCTGAATTA

CAAAGATTGCAGGTATCCTATGAAGAGTATCTCTGTATGAAAACCTTACTGCTTCTCTCCTCAGTTCCTA

AGGAAGGTCTGAAGAGCCAAGAGTTATTTGATGAGATTCGAATGACTTATATCAAAGAGCTAGGAAAAGC

CATCGTCAAAAGGGAAGGGAACTCCAGTCAGAACTGGCAACGGTTTTACCAACTGACAAAGCTTCTGGAC

TCCATGCATGAGGTGGTTGAGAATCTCCTTACCTACTGCTTCCAGACATTTTTGGATAAGACCATGAGTA

TTGAATTCCCAGAGATGTTAGCTGAAATCATCACTAATCAGATACCAAAATATTCAAATGGAAATATCAA

AAAGCTTCTGTTTCATCAAAAGGATCCAGATTACAAGGACGATGATGACAAGCACCGTTGGTGTTGCCCC

GGGTGCTGCAAAACTTTTTAGTCTAGAGGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGC

TTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTG

TTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTT

CACTGCCTCGAGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGC

TCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAA

GGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTG

ACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGC

GTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCC

TTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAG 

Primer1 Primer3 Primer5 GR sequence   

Primer2 Primer4   Flag/Cys4 sequence 

 
Figure 84 Merged sequencing results of pTRE-Tight_GR-Flag/Cys4. 

Sequencing results for primers 1-5 were merged to obtain the complete 

sequence. Sequence coding for GR and Flag/Cys4 are highlighted in dark and 

light grey respectively. 
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Alignment with AY066016.2 GR DNA sequence 

 

 

Figure 85 Alignment of pTRE-Tight_GR-Flag/Cys4 sequencing results and 

AY066016.2 GR DNA sequence. In order to check the accuracy of the cloned 

GR, the GR sequence derived by sequencing was aligned with the published 

AY066016.2 GR DNA sequence using Multialin interface. 
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Alignment with AY066016.2 GR protein sequence 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 86 Alignment of GR amino acid sequence of pTRE-Tight_GR-

Flag/Cys4 and published AY066016.2 sequence. To check the accuracy of the 

cloned GR amino acid sequence, the GR sequence derived by sequencing was 

translated into amino acid sequence and aligned with the published AY066016.2 

GR amino acid sequence using Multialin interface. 
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pGEM-TEasy_Hygromycin 

Sequencing results primer 1 
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Figure 87 Sequencing results pGEM-TEasy_Hygromycin primer 1. Plasmid 

pGEMTEasy_Hygromycin and primer 1 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Figure 88 Sequencing results pGEM-TEasy_Hygromycin primer 2. Plasmid 

pGEMTEasy_Hygromycin and primer 2 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Sequencing results primer 3 
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Figure 89 Sequencing results pGEM-TEasy_Hygromycin primer 3. Plasmid 

pGEMTEasy_Hygromycin and primer 3 were sent to and analysed by Eurofins 

MWG. Chromatogram of sequencing results is displayed. 
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Merged sequence (reverse) pGEM-TEasy_Hygromycin 

 

 

TGGCGGCCGCGGGAATTCGATTGGAACACAGCAGTGGAAGGGACTTCCCAGATATTTTAAAATTACCCTT

AGAAAGCGGTCTGTGAAAAACCCCTACCCAATTTCCTTTTTGTTAAGTGACCTAATTAACAGGAGGACAC

AGAGGGTGGATGGGCAGCCTATGATTGGAATGTCCTCTCAAGTAGAGGAGGTTAGGGTTTATGAGGACAC

AGAGGAGCTTCCTGGGGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATG

CAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCA

ATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTT

TTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATCCTCTAGAACTCTATTCCTTTGCC

CTCGGACGAGTGCTGGGGCGTCGGTTTCCACTATCGGCGAGTACTTCTACACAGCCATCGGTCCAGACGG

CCGCGCTTCTGCGGGCGATTTGTGTACGCCCGACAGTCCCGGCTCCGGATCGGACGATTGCGTCGCATCG

ACCCTGCGCCCAAGCTGCATCATCGAAATTGCCGTCAACCAAGCTCTGATAGAGTTGGTCAAGACCAATG

CGGAGCATATACGCCCGGAGCCGCGGCGATCCTGCAAGCTCCGGATGCCTCCGCTCGAAGTAGCGCGTCT

GCTGCTCCATACAAGCCAACCACGGCCTCCAGAAGAAGATGTTGGCGACCTCGTATTGGGAATCCCCGAA

CATCGCCTCGCTCCAGTCAATGACCGCTGTTATGCGGCCATTGTCCGTCAGGACATTGTTGGAGCCGAAA

TCCGCGTGCACGAGGTGCCGGACTTCGGGGCAGTCCTCGGCCCAAAGCATCAGCTCATCGAGAGCCTGCG

CGACGGACGCACTGACGGTGTCGTCCATCACAGTTTGCCAGTGATACACATGGGGATCAGCAATCGCGCA

TATGAAATCACGCCATGTAGTGTATTGACCGATTCCTTGCGGTCCGAATGGGCCGAACCCGCTCGTCTGG

CTAAGATCGGCCGCAGCGATCGCATCCATGGCCTCCGCGACCGGCTGCAGAACAGCGGGCAGTTCGGTTT

CAGGCAGGTCTTGCAACGTGACACCCTGTGCACGGCGGGAGATGCAATAGGTCAGGCTCTCGCTGAATTC

CCCAATGTCAAGCACTTCCGGAATCGGGAGCGCGGCCGATGCAAAGTGCCGATAAACATAACGATCTTTG

TAGAAACCATCGGCGCAGCTATTTACCCGCAGGACATATCCACGCCCTCCTACATCGAAGCTGAAAGCAC

GAGATTCTTCGCCCTCCGAGAGCTGCATCAGGTCGGAGACGCTGTCGAACTTTTCGATCAGAAACTTCTC

GACAGACGTCGCGGTGAGTTCAGGCTTTTTCATGGAAGCTTTTTGCAAAAGCCTAGGCCTCCAAAAAAGC

CTCCTCACTACTTCTGGAATAGCTCAGAGGCCGAGGCGGCCTCGGCCTCTGCATAAATAAAAAAAATTAG

TCAGCCATGGGGCGGAGAATGGGCGGAACTGGGCGGAGTTAGGGGCGGGATGGGCGGAGTTAGGGGCGGG

ACTATGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGGGACTTTC

CACACCTGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGGGACTT

TCCACACCCTAATTGACACACATTCCACAGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGA

GTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCCG

CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGC

GGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGCGAGCAAAAGGCCAGCAAAAG

GCCAGGAACCAATCACTAGTGAATTCGCGGCCGCCTGCAGGTCGACCATATGGAGAGCTCCCAACGCG 

Primer 1   SV40 polyA signal 

Primer 2   Hygromycin sequence 

Primer 3   SP6 promotor 

 Figure 90 Merged sequencing results of pGEM-TEasy_Hygromycin. 

Sequencing results for primers 1-3 were merged to obtain the complete 

sequence. Sequence coding for hph hygromycin resistance gene is highlighted in 

dark grey. 
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Figure 91 Alignment of pGEM-TEasy_Hygromycin sequencing results and 

K011193.3 hph DNA sequence. In order to check the accuracy of the cloned 

hygromycine resistance gene hph, the hph sequence derived by sequencing was 

aligned with the published K01193.1 hph DNA sequence using Multialin interface. 
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Alignment with K01193.1 hygromycin resistance gene hph protein 

sequence 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 92 Alignment of amino acid sequence of pGEM-TEasy_Hygromycin 

and published K01193.1 sequence. To check the accuracy of the cloned 

hygromycine resistance hph amino acid sequence, the hph sequence derived by 

sequencing was translated into amino acid sequence and aligned with the 

published K01193.1 hph amino acid sequence using Multialin interface. 
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Sequencing pET-23_EGFP-His6 

Sequencing results primer 1 
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Figure 93 Sequencing results pET-23_EGFP-His6 primer 1. Plasmid pET-

23_EGFP-His6 and primer 1 were sent to and analysed by Eurofins MWG. 

Chromatogram of sequencing results is displayed. 
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TTTTGTTTACTTTAAGAAGGAGATATACATATGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGG

GGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGC

GAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCT

GGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCA

GCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGAC

GGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGG

GCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGT

CTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGAC

GGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCG

ACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCT

GCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTCCGGACTCGAGCAC

CACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCG

CTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGG

AACTATATCCGGAT 

Primer1  EGFP sequence  His6 sequence 

 

Figure 94 Merged sequencing results of pET-23_EGFP-His6. Sequencing 

results for primer 1 is shown. Sequences coding for EGFP and His6 are 

highlighted in green and blue respectively. 
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Alignment with EGFP protein sequence 

 

 

 

 

 

 

 

 

Figure 95 Alignment of pET-23_EGFP-His6 sequencing results and EGFP 

DNA sequence. In order to check the accuracy of the cloned EGFP, the 

sequence derived by sequencing was aligned with the published EGFP DNA 

sequence from pEGFP-C1 vector using Multialin interface. 

Figure 96 Alignment of amino acid sequence of pET-23_EGFP-His6 and 

EGFP sequence. To check the accuracy of the cloned EGFP amino acid 

sequence, the EGFP sequence derived by sequencing was translated into amino 

acid sequence and aligned with the EGFP amino acid sequence from pEGFP-C1 

vector using Multialin interface. 
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Figure 97 Alignment of published GR sequences with sequencing results. In 

order to check the accuracy of the cloned GR, the sequencing results were 

aligned with the published GR DNA sequences (M14053.1, Y12264.1, 

AF455050.1, AY066016.2) using Multialin interface. 

. 
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Figure 98 Alignment of published GR protein sequences with sequencing 

results. In order to check the accuracy of the cloned GR, the translated 

sequencing results were aligned with the published GR protein sequences 

(M14053.1, Y12264.1, AF455050.1, AY066016.2)  using Multialin interface. 

. 
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Bioreactor design (6 well) 

 

 

Figure 99 6 well bioreactor design overview. The bioreactor was designed to 

consist of two separate parts 1. the frame plate and 2. the base plate (top 

picture). Both plates have to be connected to form the 6 well bioreactor (bottom 

picture). The material of choice can be put in between the two frames to form a 

unique surface area for testing cell culture conditions. The bioreactor design was 

performed using Google SketchUp 6 software.  

. 
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Figure 100 Dimensions of the 6 well bioreactor front and side view. The front 

of the two part bioreactor is shown in the top picture while the side view of the 

reactor is shown in the bottom picture. The bioreactor design was performed 

using Google SketchUp 6 software.  

. 
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Figure 101 Dimensions of the 6 well bioreactor top and bottom view. The top 

view of the two part bioreactor is shown in the top picture while the bottom view of 

the reactor is shown in the bottom picture. The bioreactor design was performed 

by using Google SketchUp 6 software.  

. 


