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Abstract 

Wilms’ tumour is a paediatric nephroblastoma which affects 1: 10,000 live births, and is the 

most common form of solid tumour in children under 5 years of age. Approximately 10-20% 

of cases have a mutated wt1 gene.  

Wilms’ tumour suppressor protein (WT1) is a transcription factor which has a proline and 

glutamine rich N-terminus and four contiguous zinc fingers of the Cys2His2 type in the C-

terminus. WT1 is important in kidney, gonad, and heart development and is associated with 

Wilms’ tumour and other diseases such as WAGR (Wilms’ tumour, Anirida, Genitourinary, 

and mental Retardation), DDS (Denys-Drash syndrome), AML (acute myeloid leukaemia), 

and Frasier syndrome. 

WT1 has four functional domains (suppression, activation, self-association, and zinc finger 

domain) and as a result of alternative splicing, can form 24 potential isoforms. The WT1 

protein has both tumour suppressor and oncogenic properties and its functional role has been 

further complicated by reports that WT1 function is plasmid, vector and/or cell line specific. 

Understanding the structure and function of WT1 will help us in elucidating its role in 

Wilms’ tumour and other related diseases. This project consisted of two parts.  

First we investigated the N-terminus of WT1 to determine the minimal region required for 

self association. This included a four step process: 1) Clone truncations of the WT1 N-

terminal region using the Invitrogen Gateway cloning system 2) Express the constructs in 

E.coli cell lines 3) Batch purify the protein with GST sepharose beads 4) Conduct pull down 

experiments to test for self association. 

All the N-terminus WT1 constructs contained an N-terminal 3c protease cleavage site linked 

to a GST tag. The constructs 68-180 a.a., 2-135 a.a., and 2-180 a.a. were successfully 

expressed in the BL21 (DE3) Star pLysS cell line. The constructs were batch purified and 

pull down experiments were conducted. 

The second part of this project was to design a functional assay to determine the DNA 

binding fractional activity of the WT1 zinc finger domain variants used by Fagerlund (2009). 

This also included a four step process 1) Purify the zinc finger domain variants 2) Conduct 

electrophoretic mobility shift assay to determine protein: DNA interaction 3) Design a 
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functional assay using the zinc finger domain variants which created a shift 4) Apply the 

functional assay to Fagerlund’s samples to determine the DNA binding fractional activity. 

Full length WT1 and variants of the WT1 zinc finger domain were successfully purified. 

Only Min-zf (minimal zinc finger motif) created a shift and was selected to design the 

functional assay. The EMSA results for Fagerlund’s samples did not create a shift suggesting 

that the protein was inactive. This meant that the fractional activity of Fagerlund’s samples 

could not be determined. However, the fractional activity of Min-zf was estimated to be 

approximately 25%. Using this estimation and our experience with this complex protein, we 

suggest that Fagerlund’s (2009) samples were not 100% active. 
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Chapter 1 

Literature review 

1.1  Introduction 

The wt1 gene encodes the transcription factor Wilms’ tumour suppressor protein (WT1) 

which contains both DNA binding and dimerisation domains (Haber et al., 1991; 

Nurmemmedov et al., 2006; reviewed by Scholz and Kirschner, 2005). WT1 is important in 

the normal development of the kidney and heart (Kreiberg et al., 1993) and is involved in the 

paediatric nephroblastoma Wilms’ tumour (WT) and other rare diseases such as WAGR 

(Wilms’ tumour, aniridia, genitourinary, and  mental retardation ), Frasier syndrome, and 

DDS (Denys-Drash Syndrome) (reviewed by Little and Wells, 1997). WT1 has four 

functional domains (reviewed by Discenza, 2004): self association domain (Reddy et al., 

1995b), suppression domain (Wang et al., 1993a), an activation domain (Madden et al., 

1993), and a zinc finger domain (Haber et al., 1991). WT1 is a complex molecule which has 

been demonstrated to have both tumour suppressor (Wang et al., 1993a; Maheswaran et al., 

1998) and oncogenic properties (Mayo et al., 1999; Hartkamp et al., 2010). The complexity 

of WT1 function is further compounded by conflicting in vitro and in vivo studies which 

show that the functional role of WT1 can be plasmid, vector (Reddy et al., 1995a), or cell 

specific (Niksic et al., 2004). Determining WT1 structure and functional domains will 

increase our understanding of this complex protein and assist in treating Wilms’ tumour and 

other diseases. 

 

1.2  The wt1 gene and gene products 

1.2.1  The wt1 gene 

The wt1 gene encodes a transcription factor, Wilms’ tumour suppressor protein (WT1), which 

has a proline and glutamine rich N-terminus and four contiguous zinc fingers of the Cys2His2 

type in the C-terminus (Haber et al., 1991). The human wt1 gene is located at chromosome 
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locus 11p13 (chromosome 2 for mouse), and was identified during deletion analysis of 

patients with WAGR (Call et al., 1990).  

The human and mouse chromosome portion which contains wt1 spans approximately 50 kb 

of genomic DNA, and comprises ten exons which encode approximately 3 kb of mRNA 

(Figure 1.1) (Haber et al., 1991 and Buckler et al., 1991). The size of the WT1 protein can 

range from 36-56 kDa depending on splice events and translational initiation site (Morris et 

al., 1991; Bruening et al., 1996; and Scharnhorst et al., 1999). The last four exons (7 to 10) 

each encode a zinc finger (Bruening et al., 1996). Human and mouse share an 81% sequence 

identity of wt1 cDNA, 91% identity of predicted encoding protein, and 95% identity within 

the zinc finger domains (Buckler et al. 1991). This makes mouse a good model to study 

WT1. In this project, the wt1 gene template was sourced from mouse kidney. The wt1 gene 

contained exon 5 but not the sequence encoding the KTS insert (i.e. (+) 17 a.a., (-) KTS). 

 

Figure 1.1: Schematic of the wt1 gene with alternative start sites and splice variants. The boxes indicate exons, 

the horizontal lines introns. The in-frame initiation sites are shown in exon 1, with the major initiation site 

marked with (*). In red are the major splice variants: exon 5 (resulting in the insertion of 17 a.a.) and the end of 

exon 9 (resulting in the insertion of lysine, threonine, and serine [KTS]). An RNA editing event occurs at 

nucleotide 839 changing the leucine at 280 to a proline. 

1.2.2  Expression profile of the wt1 gene 

WT1 is important in development and the earliest expression occurs in the embryonic 

urogenital ridge during the urogenital system development (Pritchard-Jones et al., 1990). The 

urogenital ridge is important in the development of the kidney and the genital system. The 

mesoderm is one of the three germ layers in early embryo. Mesothelium is the mesoderm 

lining organs in the embryonic thoracic and abdominal cavities: the heart, lung, gut, and 

kidney. WT1 is important in the mesothelial to epithelial transition (MET) (reviewed by 

Brown and Malik, 2001; Scholz and Kirschner, 2005). Armstrong et al. (1992) performed in 

situ hybridisation in developing mice to identify spatial and temporal distribution of the wt1 



 Chapter 1: Literature review  

4 

 

gene during early development. WT1 was found to mediate MET within the coelomic cavity, 

and WT1 was expressed in mesothelial cells that lined the peritoneal, pleural, and pericardial 

cavities and their contents (e.g. lung, heart, liver, gut, and spleen). WT1 was also expressed in 

epithelial cells of the gonads which were of mesodermal origin, as well as distinct regions of 

the brain and spinal cord. RNA-PCR detected weak expression of wt1 in the eye and tongue. 

The wt1 gene is also expressed in the sex chords of the genital, as well as in the mesenchyme 

(loosely packed mesodermal embryonic tissue from which connective tissue, skeletal, and the 

circulatory and lymphatic system develop) compartments of the developing male and female 

gonads. In adults they are restricted to the Sertoli cells of the testis and the epithelial and 

granulose cells of the ovary. The wt1 gene is expressed in the uterus (embryonic and adult), 

the oviduct, and endometrium of the female (Pritchard-Jones et al., 1990; Armstrong et al., 

1992). Northern analysis of human embryonic tissue showed that WT1 is expressed in foetal 

kidney, spleen, testis, and ovary. There was also weak expression in certain parts of the brain 

and spinal cord (Pritchard-Jones et al., 1990). 

 

1.2.3  Alternative splicing 

There are two major splice alternatives, first described by Haber et al. (1991) (Figure 1.1).  

Inclusion of exon 5 results in the insertion of 17 a.a. between the N-terminus and the zinc 

finger domain.  

Use of an alternative splice site at the end of exon 9 results in the insertion of three amino 

acids [lysine, threonine, and serine (KTS)] between the 3
rd

 and 4
th
 zinc fingers 

 

1.2.4  Other splice alternatives 

Three translational initiation sites have been identified in exon 1. The major initiator AUG 

results in a protein 52 kDa [(-) 17a.a, (-) KTS] or 54 kDa [(+) 17 a.a., (+) KTS] in size 

(Morris et al., 1991). Upstream of the major initiator is an in-frame CUG initiation site which 

results in a protein 60-62 kDa in size (Bruening et al., 1996). Downstream of the major 

initiator is an in-frame AUG initiation site which results in a protein 36-38 kDa in size 
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(Scharnhorst et al., 1999). An RNA editing event occurs at nucleotide 839 (L280P) in human 

testis and adult rat kidney (Sharma et al., 1994) (Figure 1.1). 

These alternative splicing events show that there are at least 24 potential isoforms for the 

WT1 protein. The presence and distribution of WT1 during early development, plus its 

potential to form different isoforms, and undergo post translational modifications may 

account for WT1’s plethora of roles and its ability to function in a vector, plasmid, and/or cell 

specific context (reviewed by Morrison et al., 2008). 

 

1.3  Role of wt1 in normal kidney development 

Kreidberg et al. (1993) showed that wt1 knockout mice failed to develop kidney and gonads. 

The mice died between 13 to 15 days of gestation due to heart defects. Understanding the 

normal expression profile of wt1 gene will give an appreciation of what happens when there 

is an error or mutation in the wt1 gene. 

The nephron is the functional unit of the kidney. There are five stages of nephron formation: 

induction, condensation, epithelialisation, tubulogenesis, and maturation (Figure 1.2). The 

mesenchyme is invaded by the uteric bud inducing differentiation (induction). The loose 

mesenchyme condenses forming aggregates (condensation) where they undergo 

mesenchymal to epithelial transformation forming renal vesicles (epithelialization). Renal 

vesicles form comma- and S-shaped bodies (tubulogenesis) and become mature nephrons 

(maturation) (reviewed by Rivera and Haber, 2005).  

 

Figure 1.2: Stages of nephron formation. The five stages of nephron formation: A-induction; B-condensation; 

C-epithelialization; D-tubulogenesis; and E-Maturation. Figure adapted from Rivera and Haber, 2005. 
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In humans, after 18 weeks gestation all the developing phases of kidney are present from 

blast cells (in the periphery) to mature nephrons (in the centre). In situ hybridisation of 18 

week gestation human kidney showed that wt1 mRNA transcripts are expressed during 

nephron development (Pritchard-Jones et al., 1990).  WT1 is strongly expressed in the renal 

corpuscle (consist of the glomerulus and Bowman’s capsule) but levels decrease as the 

kidney matures except for levels in the podocyte cells (where filtering of the blood occurs) 

(Pritchard-Jones et al., 1991). There is no expression of wt1 in the proximal and distal 

tubules, loop of Henle, or the derivatives of the ureteric buds (collecting duct and ureter) 

(reviewed by Brown and Malik, 2002). 

 

1.4  Role of WT1 in diseases 

 

1.4.1  Wilms’ tumour 

First described in 1899 by Max Wilms in a young patient, Wilms’ tumour (WT) is a 

paediatric cancer of embryonic origin which affects 1:10,000 live births (Huff, 1998). WT is 

the most common solid form of tumour in children under 5 years of age. Approximately 10-

20% of cases have a mutated wt1 gene (Huff, 1998) and over 50% of cases have decreased 

expression of wild-type WT1 (Pritchard-Jones et al., 1990). 

Wilms’ tumour arises when condensed metanephric blastema cells of the developing kidney 

fail to properly differentiate (reviewed by Rivera and Haber, 2005; Scholz and Kirschner, 

2005). Persistence of these cells in an undifferentiated state forms nephrogenic rests. The 

majority of these rests become dormant or regressing rests and only a small portion become 

hyperplastic rests. Both hyperplastic and dormant rests can undergo genetic or epigenetic 

alterations leading to neoplastic rests. Proliferation of neoplastic rests leads either to a benign 

tumour or malignant tumour (Figure 1.3) (reviewed by Brown and Malik, 2001; Dome and 

Coppes, 2002). 
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Figure 1.3: Pathways to the development of Wilms’ tumour. Figure adapted from Brown and Malik, 2001.  

 

The majority of cases of WT affect only one kidney but some cases affect both kidneys 

and/or multiple sites in the kidney (reviewed by Little and Wells, 1997; Rivera and Haber, 

2005). Approximately 85% of cases can be treated with surgery and/or chemotherapy with 

some cases requiring radiotherapy (Green, 1997). Understanding WT1 structure and 

functions will enable enhancement of treatment for the 15% which are non-responsive to 

current therapy regimes. 

 

1.4.2 WAGR (Wilms’ tumour, anirida, genitourinary abnormalities, 

and mental retardation) 

Analysis of patients with WAGR (Wilms’ tumour, aniridia, genitourinary abnormalities, and 

mental retardation) showed that some had a deletion of chromosome 11p13, which contains 

the wt1 and pax6 gene (Call et al., 1990). Hemizygous deletion of the pax6 gene results in 

aniridia (absence of the iris), and hemizygous deletion of the wt1 gene is responsible for the 

genitourinary malformations and predisposition to WT (Baird et al., 1992; Brown et al., 

1992). 
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1.4.3  DDS (Denys-Drash Syndrome) 

DDS (Denys-Drash Syndrome) is characterised by XY pseudo-hermaphrodism, early-onset 

renal failure, and a predisposition to WT (Baird et al., 1992). Pelletier et al. (1991) showed 

that there is a mis-sense mutation at zinc finer 3 (Arg394Tyr) which is sufficient to abrogate 

DNA binding ability in DDS patients. The DDS variant forms dimers with wild type WT1 

rendering the wild type ineffective in suppressing transcription and altering the subnuclear 

localisation of the wild type protein. DDS mutants produce a dominant negative effect 

resulting in more severe symptoms compared to WAGR where the wt1 gene is deleted. 

 

1.4.4  Frasier syndrome 

Frasier syndrome is a rare disorder with male psuedohermaphrodititism (XY karyotype, 

female external genitalia, and streaked gonads), glomerulopathy, and development of 

genitourinary tumours. There is an intronic mutation which affects the alternative splicing of 

the KTS isoforms, leading to a reduced (+) KTS: (-) KTS ratio (Klamt et al., 1998). (+) KTS 

and (-) KTS have overlapping but not identical functions (Kreidberg et al., 1993). 

 

1.4.5  AML (Acute myeloid leukaemia) 

The effect of wt1 mutation in acute myeloid leukaemia (AML) was first observed in WAGR 

patients. 20% of AML/ALL (acute lymphoid leukaemia) patients had mutations in the wt1 

gene (reviewed by Little 1999). The wt1 gene is expressed in early haematopoietic progenitor 

cells and is over expressed in leukaemias of the myeloid lineage (reviewed by Owen et al., 

2010). Studies of leukaemic cell lines suggest that wild type WT1 is oncogenic (Ito et al., 

2006). WT1 has been used as an indicator of poor prognosis and drug resistance (Menssen et 

al., 2002). Real time quantitative reverse transcriptase PCR analysis of normal and AML 

bone marrow cells showed that the (+) 17 a.a. isoform is over expressed in AML and levels 

are even higher at relapse than on initial diagnosis (Gu et al., 2010). 
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1.5  17 a.a. and KTS isoforms 

The four main isoforms of WT1 result from alternative splicing of exon 5 and the end of exon 

9 (insertion of 17 a.a. and KTS, respectively) (Haber et al., 1991). The KTS insertion affects 

the DNA binding affinity of the zinc fingers while the 17 a.a. does not affect DNA binding 

ability (reviewed by Morrison et al., 2008). The (+) KTS insert is present in all vertebrates 

containing true jaws while the 17 a.a. insert is only present in mammals (Kent et al., 1995). 

 

1.5.1  KTS isoform 

In Frasier syndrome, an intronic mutation results in the loss of the KTS insertion leading to 

an alteration of the (+) KTS: (-) KTS ratio. The KTS insertion affects the DNA binding 

ability of the zinc fingers (Nurmemmedov et al., 2006 and Nurmemmedov et al., 2009). 

Nurmemmedov et al. (2006) demonstrated by eletrophoretic mobility shift assay (EMSA) 

that the (-) KTS isoform with hexa-histidine tag binds DNA with higher affinity compared to 

(+) KTS. Surface plasma resonance (SPR) measurements show that (+) KTS mildly retards 

the binding affinity, mainly by affecting the “on rate”, suggesting that the (+) KTS insert 

hinders target recognition by disrupting the 4
th
 zinc finger’s ability to position itself in the 

correct orientation for binding (Nurmemmedov et al., 2009). Larsson et al., (1995) 

transfected COS7 cells with different isoforms of WT1 (containing or lacking KTS) and used 

confocal microscopy to visualise distribution of the WT1 isoforms. The (+) KTS isoform was 

found to have a speckled distribution while (-) KTS has nuclear distribution. Both (+) KTS 

and (-) KTS isoforms can shuttle between the nucleus and cytoplasm and both have been 

demonstrated to associate with ribonucleoprotein particles and actively translating polysomes 

(Niksic et al., 2004). Both isoforms have been shown to bind DNA and RNA 

(Nurmemmedov et al., 2009 and Nurmemmedov et al., 2010). SPR also showed that the (+) 

KTS isoform binds to a putative RNA target (ACT34) with higher affinity than the (-) KTS 

isoform. The interaction between the (+) KTS insert and zinc finger 1 domain regulates 

interaction of WT1 with ACT34 (Nurmemmedov et al., 2010). 
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1.5.2 The 17 a.a. isoform 

The 17 a.a. insertion (MAAGSSSSVKWTEGQSN) contains a potential protein kinase C 

phosphorylation site (SVK) (Reddy et al., 1995b). This isoform is only present in mammals 

and the functional role of the 17 a.a. has not been elucidated. Insertion of the 17 a.a. has not 

been demonstrated to affect the DNA binding ability of WT1, or development and fertility 

(reviewed by Discenza, 2004; Morrison et al., 2008). In bone marrow samples of AML 

patients this isoform is over expressed, especially in samples from relapse patients (Gu et al., 

2010). 

 

 

1.6  WT1 isoform distribution 

Haber et al., (1991) performed RNase protection assays on 20-week developing kidney and 

found that the most abundant isoform contained both 17 a.a and KTS insertion (+/+), and the 

least abundant isoform lacked both inserts (-/-). They quantitated the ratio of the splice 

variants WT1 (+/+), WT1 (+/-), WT1 (-/+), and WT1 (-/-) to be 8.3: 2.5: 3.8: 1. This results 

in a (+) 17 a.a.: (-17) a.a. ratio of 2.25: 1 and (+) KTS: (-) KTS ratio of 3.5: 1. This ratio of 

the four isoforms is maintained and does not vary temporally or spatially throughout normal 

kidney development (Kent et al., 1995). 

This is contradicted by others (Haber et al., 1990; Renshaw et al., 1997) who showed that the 

(+) KTS: (-) KTS ratio is in the range of 1.1-1.5: 1. but does not vary during development nor 

is there any interspecies difference. 

Size exclusion chromatography and western blotting showed that all four WT1 isoforms were 

expressed equally in foetal kidney but in the human adult kidney, the isoforms containing the 

17 a.a. insert increased by two fold (Iben and Royer-Pokora, 1999). Renshaw et al. (1997) 

reported that (-) 17 a.a. is most abundant in foetal kidney and (+) 17 a.a. is most abundant in 

adult kidney. The level of transcripts containing the exon 5 differed depending on tissues, 

developmental stages and species. The splicing of KTS remains constant. 

The variability in the WT1 distribution results only adds to the complexity and challenges in 

delineating WT1 structure and function. 



 Chapter 1: Literature review  

11 

 

1.7  RNA binding 

Subnuclear localisation studies of WT1 found that the (+) KTS isoform preferentially co-

localises with “speckled” bodies within the nucleus. This distribution is abolished when 

nuclear RNA is degraded. These findings, along with evidence that WT1 co-

immunoprecipitated with splicosomal proteins suggest that WT1 binds RNA (Larsson et al., 

1995 and Caricasole et al., 1996). 3D structural comparison of WT1 with U1A (small nuclear 

ribonucleoprotein) showed that the N-terminus of WT1 contains an RNA recognition motif 

(Kennedy et al., 1996). SPR studies show that the zinc fingers of WT1 can bind ACT34 (a 

putative RNA target). All the zinc fingers are required for a stable interaction with ACT34 

and the (+) KTS isoform binds with greater affinity compared to the (-) KTS isoform 

(Nurmemmedov et al., 2010). 

Niksic et al. (2004) demonstrated that WT1 shuttles between the nucleus and the cytoplasm. 

M15 cells (mouse derived mesonephros that express WT1) were fused with HeLa cells (non-

expressing WT1) to produce a heterokaryon. Immunofluorescence microscopy showed that 

HeLa cell nuclei contained WT1. This suggests that WT1 in M15 nuclei shuttled into the 

cytoplasm and into the HeLa cell nuclei. Western blot quantitation of cytoplasmic WT1 

ranges from 10 to 50% depending on the cell type. In the same study, WT1 was found to 

associate with ribonucleoprotein particles (RNPs) and functionally active polysomes. WT1 

seems to control expression at the both transcription and translation level. 

 

 

1.8  WT1 functional domains 

Four functional domains have been defined within WT1: Self association, suppression, 

activation, and a zinc finger domain. The N-terminus contains three functional domains 

comprising the regulatory [suppression (84-180 a.a.) and activation (180-250 a.a.)] domains, 

and the self-association domain (1-180 a.a.) which overlaps with the suppression domain. 

The C-terminus contains the zinc finger binding domain (Figure 1.4) (reviewed by Discenza, 

2004; Morrison et al., 2008). 
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Figure 1.4: Schematic of WT1 functional domains. Self association (1-180 a.a.), suppression (84-180 a.a.), 

activation (180-250 a.a.), and zinc finger domains (350-449). 

 

1.8.1  Self association domain 

Reddy et al. (1995b) investigated WT1’s transactivational ability of an EGR3tkCAT reporter 

gene which contains three EGR-1/WT1 consensus binding sites upstream of the transcription 

start site. They found that incubation of full length WT1 with either the 1-182 a.a. or 1-256 

a.a. truncations resulted in a dose-dependent inhibition of full length’s ability to transactivate 

the reporter gene. EMSA results showed that 1-256 a.a. did not bind the consensus sequence 

(and hence 1-182 probably does not). To elucidate the self association domain, they 

conducted pull down experiments by immobilizing full length and 1-183 a.a. to GST 

sepharose beads and attempted to pull down (
35

S) methionine labelled full length WT1 and 1-

182 a.a. The 1-182 a.a. was able to pull down both full length WT1 and 1-183 a.a. truncation. 

This was confirmed by yeast two hybrid experiments. The 1-180 a.a. was fused to the DNA 

binding domain of bacterial Lex A protein and full length WT1 was fused to B42 acidic 

activation domain as “prey”. The plasmids were transfected with yeast strain EGY48 which 

contains Lex Aop-Lac Z reporter gene. The 1-180 a.a. truncation was able to self associate 

with full length. 

To refine the self association region, Moffet et al. (1995) conducted in vitro and in vivo 

studies to assess dimerisation by WT1 domains. Western blots showed that full length WT1 

was able to form dimers but constructs lacking residues 1-127 could not form dimers with 

full length. This suggests that the self association region is between 1-127 a.a. 

Conflicting evidence by Holmes et al. (1997) suggest that there are two self association 

domains in the N-terminus. The authors used a yeast two hybrid system and protein binding 
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assays to investigate self association of full length WT1with deletion constructs. In the yeast 

two hybrid system, deletion constructs were fused to bacterial Lex A DNA binding domain 

and the “prey” was the full length WT1 fused to the VP16 activation domain. The plasmids 

were transfected into the yeast strain L40 which contains a LacZ reporter. In the protein 

binding assay, full length WT1 and 1-183 a.a. were immobilized on GST-sepharose beads 

and used to pull down 
35

S labelled truncations. Their results show that only “global deletions” 

(Δ 8-180 a.a. and Δ 8-253 a.a.[ Δ is the deleted regions]) can prevent WT1 self association. 

Single “regional” deletions (Δ 45, Δ 1-45, Δ 35-157, Δ 158-179, Δ 37-179, and Δ 183-253 

a.a.) failed to prevent self associations. Holmes et al. (1997) suggests that there are two N-

terminal self association domains between 1-45 a.a. and 157-253 a.a. 

Other yeast two hybrid experiments which show conflicting evidence include murine studies 

by Moffet et al. 1995. Constructs 1-135 a.a. and 1-160 a.a. were fused at the C-terminus of 

Gal4 DNA binding domain, and the “prey” full length was fused to the C-terminus of Gal4 

DNA activation domain. The plasmids were transfected into yeast strain Y190 with a LacZ 

reporter under Gal4 regulation. The 1-160 a.a. construct was able to form homodimers with 

full length but not the 1-135 a.a. construct. This suggests that the C-terminus extreme for 

homodimerisation resides between 135-160 a.a. residues (Moffet et al., 1995).  

When assessing yeast two hybrid results with negative results on self association, caution 

must be taken when truncations are involved. The truncated protein may bind to itself but 

may not have been able to elicit a response hence a negative result. This may have been the 

case with the 1-135 a.a. truncation. The truncated protein may have bound to itself and not to 

full length WT1 hence a negative result. The authors did not investigate whether 1-135 a.a. 

construct bound to itself. One of the constructs created and used in this project is the 1-135 

a.a. truncation. 

 

1.8.2  Suppression domain 

Platelet derived growth factor A chain (pdgf-a) is over expressed in Wilms’ tumour and other 

tumour cell lines (Gessler et al., 1992 and Wang et al., 1992). Wang et al. (1992) created a 

WT1-CMV vector and co-transfected it into NIH3T3 (fibroblast cells that do not express 

WT1) or HEK293 (human embryonic kidney cells which express WT1) cells with a reporter 

comprising the pdgf-a promoter and a CAT (chloramphenicol acetyltransferase) gene fusion. 
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Full length WT1 was able to repress transcription from the pdgf-a promoter. A truncation 

which contained only the zinc finger domain of WT1 failed to repress activity suggesting that 

the N-terminal domain is required for suppressing activity of WT1. EMSA data using
 32

P-

labelled oligonucleotides showed that EGR-1 and WT1 have two overlapping GC rich 

binding site upstream (Wang et al., 1992) and a TCC binding site downstream of the 

transcription start site, respectively (Wang et al., 1993b). 

Wang et al. (1993a) co-transfected CMV promoter:wt1 fusions containing full length as well 

as truncated constructs (Δ 1-84, Δ 1-179, and zinc finger only domain) with different pdgf-a 

promoter constructs containing CAT reporter genes. Full length WT1 was able to suppress 

transcriptional activity of pdgf-a gene only when two WT1 binding sites (5’ and 3’ of the 

transcription start site) were present in the construct. The presence of only one binding site 

either 5’ or 3’ of the transcription start site led to an activation of transcription. The construct 

Δ 1-84 produced similar results to those for full length. The construct Δ 1-179 increased 

activation of transcription regardless of how many binding sites were available or where they 

were positioned. These results suggest that the suppression domain lies between 84-180 a.a. 

Madden et al. (1993) suggest that the suppression is between 70-180 a.a. and that WT1 

suppression is not cell type specific. McKay et al. (1999) fused different truncations of WT1 

(71-101, 71-137, 99-180, and 120-180 a.a.) to the DNA binding domain of GAL4 under 

CMV promoter control. The WT1 truncations contained a juxtaposed “activator” domain 

(defined as 180-250 a.a.) and their ability to suppress transcription of a CAT reporter gene 

was measured. Constructs 99-180 and 120-180 a.a. fused to the activator domain had similar 

CAT activity compared to the activator domain alone. Constructs 71-101 and 71-137 a.a. 

fused to the activator domain both suppressed the relative CAT activity. The minimal 

truncation for suppression (71-101 a.a.) also suppressed a heterologous activation domain of 

the SP1 protein when they were juxtaposed and transfected. The WT1 suppression domain 

inhibits the transcription enhancement by the activator domain. This suppression was not cell 

specific as NIH3T3, HEK293, and HFF (human foreskin fibroblast) all had similar results. 

 

1.8.3  Activation domain 

Wang et al. (1993a) determined the activation domain to reside between 180-294 a.a. They 

co-transfected full length WT1, Δ 1-179 a.a., and zinc finger domain only with different pdgf-
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a chain promoter variants containing different numbers of WT1 binding sites. The relative 

CAT activity showed that the Δ 1-179 a.a. activated transcription where the full length WT1 

suppressed it. Madden et al. (1993) fused truncated WT1 to the DNA binding domain of 

GAL4 and transfected them into either HEK293 or NIH3T3 fibroblasts. They determined the 

activation domain to be 180-250 a.a. as well as being cell type specific (also reviewed by 

Morrison et al., 2008). 

 

1.8.4  Zinc finger domain 

The wt1 gene encodes four contiguous zinc fingers of the Cys2His2 type (Haber et al., 1990 

and Niksic et al., 2004). The last four exons (exons 7 to 10) each encode a zinc finger. One of 

the most common alternative splice variants is at the end of exon 9 which results in the 

insertion of a tri-peptide-KTS (Haber et al., 1991; reviewed by Discenza, 2004; Morrison et 

al., 2008). 

Nurmemmedov et al. (2006) analysed the secondary structure of refolded WT1 zinc fingers 

using circular dichroism (CD) and found that the zinc finger domain has the characteristic 

ββα secondary structures. Using (+) KTS and (-) KTS zinc finger domains with hexa-

histidine fusion tag, they showed by EMSA that the (-) KTS isoform bound DNA with higher 

affinity compared to the (+) KTS isoform. 

 Nurmemmedov et al. (2009) investigated the DNA binding kinetics of the WT1 zinc fingers. 

The DNA binding sequences were determined by a bacterial-1-hybrid system. This technique 

requires a “bait” (in this case the zinc finger domain) to be fused to the α-subunit of RNA 

polymerase. The “prey” is a library of potential DNA binding sequences in a vector with 

reporter genes HIS3 and URA3. Upon binding of the “bait” to the “prey”, the RNA 

polymerase is recruited to activate transcription of the reporter gene. 

Nurmemmedov et al. (2009) designed six constructs with variable numbers of the zinc finger 

(ZF) domains with/without the KTS insert (all the KTS insert were between the 3
rd

 and 4
th

 

zinc finger domains): ZF14+ (contains zinc fingers 1 to 4 and KTS insert), ZF14- (contain 

zinc fingers 1 to 4 but no KTS insert), ZF13 (contain zinc fingers 1 to 3 but no KTS insert), 

ZF23 (contain zinc finger 2 and 3 but no KTS insert), ZF24+ (contain zinc fingers 2 to 4 and 
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KTS insert), and ZF24- (contain zinc fingers 2 to 4 but no KTS insert). The DNA binding 

affinities of the constructs were measured using surface plasma resonance (SPR). 

The zinc finger 1 domain had variable effect on the overall DNA binding depending on the 

presence/absence of KTS insert. The minimal region required for DNA binding was ZF23. 

Although effective, the formation of the ZF23-DNA complex was unstable which suggest 

that zinc finger 4 plays an important role in stabilisation of the complex.  

The insertion of the KTS tri-peptide did not affect the DNA binding affinity of the ZF14+ 

construct compared to the ZF14- construct. Deleting the zinc finger 1 domain had no 

significant effect on the overall DNA binding ability of the constructs without the KTS insert 

(ZF24-). However, insertion of the KTS tri-peptide (ZF24+) mildly reduces the DNA binding 

affinity of the construct. The kon for ZF24+ was reduced by a factor of five compared to 

ZF24- with no significant differences between the koff. This suggests that when the KTS 

insert is present, the zinc finger 1 domain affects target specificity and stability of the protein-

DNA interaction. This also suggests that the reduction in ZF24+ kon (compared to ZF24- kon) 

may be due to the KTS insertion disrupting the zinc finger 4 from its binding frame. This 

conclusion is similar to NMR relaxation studies by Laity et al. (2000). They suggest that the 

abrogation of zinc finger 4’s ability to associate with its binding site in the major groove 

results from the KTS insertion increasing the flexibility of the linker between the 3
rd

 and 4
th

 

zinc fingers. 

Nurmemmedov et al. (2010) investigated the binding abilities of the zinc finger domains to a 

putative RNA target, ACT34. Five constructs were designed and their binding affinities were 

determined using SPR: ZF14-, ZF14+, ZF24-, ZF24+, and ZF13 (description of the 

constructs is same as above).  

SPR results for ZF14- and ZF14+ show that the KTS insert increases the construct’s affinity 

for wild type ACT34 by approximately 50 fold. SPR results for ZF24- and ZF24+ show that 

there is interplay between the KTS insert and the presence/absence of the zinc finger 

1domain. The binding affinities of ZF24- vs. ZD24+ to ACT34 are similar. However 

comparison of the binding affinities of non-KTS insert, ZF24- vs. ZF14-, show that deletion 

of the zinc finger 1 domain reduces ZF24- binding affinity to ACT34 by 8 fold. Comparison 

of the binding affinities of ZF24+ vs. ZF14+, shows that deletion of the zinc finger 1 domain 

coupled with the KTS insertion, increases ZF24+ binding affinity to ACT34 by 23 fold. 
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Nurmemmedov et al., (2009) showed that the zinc finger 1 domain influences specific DNA 

target recognition and stable WT1-DNA complexes. Similarly, Nurmemmedov et al., (2010) 

suggest that the zinc finger 1 domain provides a side chain interaction which is utilised in the 

formation and stabilisation of WT1-ACT34 complexes. 

 

 

1.9  WT1 gene targets 

WT1 is a transcription factor which can act as a tumour suppressor (reviewed by Reddy and 

Licht, 1996; Morrison et al., 2008) or as an oncogene (Mayo et al., 1999; Sugiyama, 2001). 

Some of the WT1 gene targets include the pdgf-a (Gessler et al., 1992; Wang et al., 1992), 

bcl-2 (Mayo et al., 1999), and E-cadherin (Hosono et al., 2000). 

The platelet derived growth factor A chain (pdgf-a) gene is over expressed in Wilms tumour 

and other tumour cell lines (Gessler et al., 1992 and Wang et al., 1992). The promoter of the 

pdgf-a gene has two overlapping GC rich WT1 binding sequences upstream and a TCC motif 

binding site downstream of the transcription start site, respectively (Wang et al., 1992 and 

Wang et al., 1993). Deletion constructs of the pdgf-a promoter have been used to study the 

functional domains of WT1. Wang et al. (1993a) found that if a minimal pdgf-a promoter 

contains WT1 binding sites only at the 5’ or 3’ of the transcription start site WT1 will 

activate transcription of the pdgf-a gene. However, if a binding site is present at both 5’ and 

3’ of the transcription start site, this leads to transcriptional suppression. 

E-cadherin is calcium dependent cell adhesion protein that is important in epithelial 

differentiation and neoplastic transformation (Birchmeier et al., 1995).The E-cadherin gene 

is likely to be an in vivo bona fide target of WT1 (Nurmemmedov et al., 2009). The E-

cadherin gene is consistently up regulated in a number of normal and Ras-transformed 

NIH3T3 cell lines stably expressing WT1, as well as in NIH3T3 cells transiently transfected 

with WT1. WT1 binds to a GC rich region in the E-cadherin promoter, and results in 

activation of the promoter (Hosono et al., 2000). The mutant WTAR (lacks zinc finger 3) is a 

dominant negative allele which suppresses WT1 binding to the Egr-1 GC rich consensus 

sequence (Reddy et al., 1995b). Transfection of WTAR into NIH3T3 cells with E-cadherin 

promoter reduced the promoter activity. These results suggest that the E-cadherin gene is a 
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downstream target gene of WT1 with links to cell differentiation and growth control (Hosono 

et al., 2000). 

B-cell lymphoma 2 (Bcl-2) protein is encoded by the Bcl-2 gene (a proto-oncogene) and is a 

member of the Bcl-2 family of apoptosis regulator proteins. Bcl-2 protein inhibits apoptosis 

and is involved in tumour resistance to conventional cancer treatment. This protein has the 

ability to regulate mitochondrial permeability and thus the release of factors which induce 

apoptosis (reviewed by Green and Reed, 1998; Thornberry and Lazebnik, 1998). Mayo et al. 

(1999) performed western blots on primary Wilms’ tumour specimen to determine WT1 

levels. Interestingly, in specimens where WT1 was abundant, there were high levels of bcl-2. 

EMSA and transfection results showed that the bcl-2 proto-oncogene has a high affinity WT1 

binding site in its promoter and that bcl-2 is positively regulated by WT1. Also demonstrated 

in this study was WT1’s ability to rescue cells from apoptosis inducing chemicals which 

normally would have killed them. This suggest that WT1 oncogenic and tumour 

chemoresistant ability may be associated with the over expression of bcl-2 gene. 

 

 

1.10  WT1 protein interactions 

WT1 is able to form homodimers (Reddy et al., 1995b; Moffet et al., 1995) as well as interact 

with other proteins. Some of the proteins include the molecular chaperone Hsp70 

(Maheswaran et al., 1998), Ciao 1 (Johnstone et al., 1999), and the serine protease 

HtrA2/Omi (Hartkamp et al., 2010). 

HtrA2/Omi is a serine protease that is proapoptotic and is mainly found in the mitochondria 

(Reviewed by Vande Walle et al., 2008). Incubation of WT1 with HtrA2, as well as co-

transfection assay of WT1 and HtrA2 in HeLa cells (human epithelial carcinoma cell line), 

demonstrated that HtrA2 cleaves WT1 in multiple sites both in vitro and in vivo. HtrA2 

knockout mouse embryonic fibroblasts show an up-regulation of WT1. Similar to Mayo et al. 

(1999), WT1 rescued cells from apoptosis induced cytotoxic drugs. This chemoresistance 

trait was abolished in the presence of HtrA2. This shows that HtrA2-dependent WT1 

cleavage is important in chemotherapeutic treatments (Hartkamp et al., 2010). 
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The molecular chaperone Hsp 70 (heat shock protein 70) is up regulated in response to heat 

and toxic chemicals. The roles of Hsp70 are diverse and include, but are not restricted to, 

mediating folding or degradation of proteins, oligomeric assembly, transport of molecules 

across cellular membranes, and synthesis of protein (Johnson and Craig, 1997; Bukau and 

Horwich, 1998). 

Maheswaran et al. (1998) investigated whether WT1 and Hsp70 physically associated. Lysate 

from rat kidney (embryonic day 13) and Wilms’ tumour specimens were immunoprecipitated 

with anti-WT1 antibodies, then immunoblotted with anti-Hsp70 antibody. They found that 

endogenous WT1 and Hsp70 physically associated. Immunofluorescence of U2OS cells to 

study subnuclear location of the proteins showed that WT1 and Hsp70 showed the same 

pattern of localisation. The extreme N-terminus of WT1 (6-180 a.a.) is required for Hsp70 

co-immuprecipitation. Removal of this extreme region results in a loss of WT1 tumour 

suppressor function. Substitution of the N-terminus with a heterologous Hsp70 binding 

domain (DNAJ) restores WT1 function. 

WT1 has been shown to have chemo-resistant properties (Mayo et al. 1999; Hartkamp et al., 

2010). Efferth et al. (2001) showed that a subset of chemo-resistant patients lacked Hsp70 

expression. Understanding the relationship of WT1 and Hsp70 will increase our ability to 

determine therapy regimes. 

 

 

1.11  WT1 functions as a monomer and dimer 

Wang et al. (1993b) showed that WT1 will suppress pdgf-a promoter transcription if two 

WT1 binding sites, 5’ and 3’ to the transcription start site, are present. However, if the 

binding site is only present 5’ or 3’ relative to transcription start site, WT1 will activate 

transcription of the pdgf-a promoter. Iben and Royer-Pokora (1999) showed that WT1 is 

mostly present as a dimer in adult and Wilms’ tumour specimens, but in foetal kidney it is 

mostly in monomer form. These data along with the fact that WT1 can form dimers (Reddy et 

al., 1995b; Engerlet et al., 1995; Holmes et al., 1997) suggests that WT1 activates 

transcription as a monomer and suppresses transcription as a dimer. The extreme N-terminus 

of WT1 contains the self association domain (Reddy et al., 1995; Engerlet et al., 1995; 
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Holmes et al., 1997) as well as the required region to co-immunoprecipitate WT1 with Hsp70 

(Maheswaran et al., 1998). Determining if there is an overlap between the WT1 self-

association domain and the Hsp70 region was the inspiration for this project. 

 

 

1.12  Fractional activity of (+/-) KTS isoforms 

Fagerlund (2009) used EMSA to investigate the binding affinities of the (+) KTS and (-) KTS 

zinc finger isoforms with a variety of gene promoters including wt1, pdgf-a, and bcl-2. One 

factor which was not investigated during this investigation was the fractional activity of the 

zinc finger isoforms. The fractional activity is the proportion of the protein which is actually 

functional. Designing an assay to determine the fractional activity of the (+) KTS and (-) 

KTS was the second part of this project. 

 

 

1.13  Aims 

There are two aims: 

1) Determine the minimal region required for WT1 self association. 

2) Design a functional assay to measure the fractional activity of (+) KTS and (-) KTS 

protein samples used in Fagerlund’s experiments. 
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Chapter 2 

Materials and Methods 

 

2.1  Chemicals 

 

All chemicals used were of analytical grade and purchased, unless otherwise stated, 

from the Department of Biochemistry Store, University of Otago. All solutions, unless 

otherwise stated, were made with MilliQ water. All (%) calculations refer to weight 

per volume (w/v) or volume per volume (v/v). 

 

 1kb DNA ladder purchased from Invitrogen Corporation, Carlsbard, CA,USA. 

 Acrylamide/Bis 30% solution (Arcylamide) purchased from Bio-Rad 

Laboratories, Hercules CA, USA. 

 Ammonium persulfate (APS) purchased from Bio-Rad Laboratories, Hercules 

CA, USA. 

 Agarose purchased from Gibco BRL, Life Technologies, USA. 

 Ampicillin purchased from Roche, Mannheim, Germany. 

 β-mercaptoethanol (BME) purchased from Sigma-Aldrich Incorporated, St 

Louis MO, USA. 

 Bacto-agar purchased from Scientific Supplies Ltd., Auckland, NZ. 

 Bacto-tryptone/bacto-peptone purchased from Merck, Darmstadt, Germany. 

 Bicine purchased from Sigma-Aldrich Incorporated, St. Louis MO, USA. 

 Bromophenol blue purchased from Peking Chemical Works, Peking, China. 

 Chloramphenicol purchased from Sigma-Aldrich, USA. 

 Complete Mini (EDTA-free) Protease Inhibitor Cocktail purchased from 

Roche Diagnostic GmbH, Germany. 

 Coomassie brilliant blue R-250 purchased from BDH Chemicals Limited, UK. 

 Deoxynucleoside triphosphates set, dNTPs purchased from Roche Diagnostics 

GmbH, Germany. 

 1,4-Dithiothreitol (DTT) purchased from Roche Diagnostics GmbH, Germany. 
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 Ethidium bromide (EtBr) purchased from Bio-Rad Laboratories, Hercules CA, 

USA. 

 Glutathione Sepharose 4B purchased from Amersham Biosciences, USA. 

 HEPES from BDH Laboratory Supplies, Poole, England. 

 Isopropyl-β-D-thiogalactopyranoside (IPTG) purchased from Quantum 

Scientific, a subsidiary of Global Science and Technology Limited, New 

Zealand. 

 Kaleidoscope Prestained Standards purchased from Bio-Rad Laboratories, 

Hercules CA, USA. 

 Kanamycin purchased from Roche Diagnostic GmbH, Germany. 

 Luminol (3-Aminophthalhydrazide) purchased from Sigma-Aldrich 

Incorporated, St. Louis MO, USA. 

 Milk powder purchased from Anchor, New Zealand. 

 p-Courmaric acid purchased from Sigma-Aldrich Incorporated, USA. 

 Phenylmethylsulfonyl fluoride (PMSF) purchased from Sigma-Aldrich 

Incorporated, St. Louis MO, USA. 

 Poly (dI.dC) purchased from Sigma-Aldrich Incorporated, USA. 

 SDS-PAGE Low Range Molecular Weight standard purchased from Bio-Rad 

Laboratories, California, USA. 

 TEMED (N,N,N,N-Tetramethylethylenediamine) purchased from BDH 

Chemicals Ltd., UK. 

 Tris purchased from Applichem, Darmstadt, Germany. 

 Triton ×100 (t-Octylphenoxypolyethoxyethanol) purchased from Sigma-

Aldrich Incorporated, St. Louis MO, USA. 

 Tween-20 (Polyoxythylene-sorbitan monolautrate) purchased from Sigma-

Aldrich Incorporated, St. Louis MO, USA. 

 Yeast extract purchased from Merck, Darnstadt, Germany. 
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2.2  Consumables and kits 

 

 Prepacked 1 mL HiTrap chelating column (GE Healthcare). 

 3M Whatman paper. 

 Prepacked 5 mL HiTrap SP HP column (GE Healthcare). 

 BioMax XAR Film purchased from Eastman Kodak Company, USA. 

 Millex syringe driven filter units (0.45um) purchased from Millipore 

Corporation. 

 Nitrocellulose membrane (0.45um) purchased from BioRad Laboratories, 

USA. 

 Protease Inhibitor Cocktail (broad spectrum inhibitor of serine and cysteine 

proteases) purchased from Roche. 

 Qiaprep Spin Miniprep kit purchased from Qiagen GmbH, Germany. 

 Qiaquick PCR Purification kit purchased from Qiagen GmbH, Germany. 

 

 

2.3  Specialty equipment 

 

 Bio-Rad Gel Doc system with Quantity 1 software to visualise DNA-EtBr 

under UV light. 

 AKTAPrime from Amersham Biosciences for chromatography. 

 Beckman Coulter (2005), model Avanti J-20 XP, for centrifugation of large 

scale recombinant protein expression. 

 Biometra TProfessional BasicThermocycler for PCR 

 Criterion Blotter system (Bio-Rad) for western blotting 

 EMSA 14 cm × 16 cm glass plate using the Joey gel caster system from Owl 

(model number JG2-2) for casting native gels 

 Fuji imager LAS 3000 (version 2.2) to visualise both western blot and 

fluorescent labelled EMSA.  

 Mini-Sub cell gel tank (Bio-Rad) to set agarose gels 
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 Nucleic Acid DNA-50 feature of the NanoDrop ND-1000 spectrophotometer 

(v3.1.2, NanoDrop Technologies Incorporated, USA). 

 Protean III minigel system (Bio-Rad) to cast SDS-PAGE gels 

 SDS-PAGE Imagescanner from Amersham with LabScan 5.0 software to 

visualise Coomassie stained gels and scan BioMax XAR films. 

 Sonifier Cell Disruptor from Branson Sonic Power Co. 

 

 

2.4  Enzymes 

 

 Expand High Fidelity Enzyme mix, Pwo DNA polymerase, and their 

respective buffers were obtained from Roche Diagnostic GmbH, Germany. 

 

 Pfu DNA polymerase and respective buffer from Stratagene
®
. 

 

 T4 DNA polynucleotide kinase (PNK) and buffer was obtained from Roche 

Diagnostic GmbH, Germany. 

 

 T4 DNA ligase and buffer was obtained from Roche Diagnostic GmbH, 

Germany. 

 

 Gateway LR clonase enzyme mix and buffer were obtained from Invitrogen 

Corporation, USA. 

 

 Proteinase K was obtained from Invitrogen Corporation, USA. 

 

 RNaseA purchased from Roche, Mannheim, Germany. 

 

 3c protease with a Glutathione-S-transferase (GST) tag was present in lab 

stock, prepared by Peter Mabbitt. 
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2.4.1  Restriction enzymes 

 

 Xho1, Cla1, Xba1 and Buffer H (10×) were obtained from Roche Diagnostic 

GmbH, Germany. 

 

 Xmn1 and Buffer 2 (10×) were obtained from New England BioLabs 

Incorporated, USA 

 

 

2.5  Antibodies 

 

 F6-WT1: sc-7385 lot#BO205 

 

Mouse monoclonal antibody raised against a domain in the first 1-180 amino acid of 

the N-terminal domain of WT1 of human origin, purchased from Santa Cruz 

Biotechnology 

 

 Goat anti-mouse: #170-6516 

 

Horse radish peroxidise (HRP) conjugated secondary antibody, purchased from Bio-

Rad Laboratories, USA.  
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2.6  Primers 

 

All primers (except where indicated) were designed during the course of this project. 

All primers were put through the Amplify 3 (version 3.1) for Mac operating systems 

to test for primer dimers. Primers were obtained as cartridge purified preparations 

from Invitrogen/Gibco. The primers were then reconstituted in TE buffer to 100 µM 

and stored at -20°C according to the manufacturer’s recommendations.  

 

 

2.6.1  Primers for Gateway cloning system 

 

Table 1a: PCR primers for Invitrogen Gateway cloning system 

 

Name Sequence (5’ to 3’) Comment 
 

GF68 

 

 

GR68 

 
 

*1WT1-

NtermGW-For 

 

GR135 

 

CTGGAAGTTCTGTTCCAGGGGCCCccccactccttcatcaaacag 

 

 

ggtatcCTCGAGTTAgtcctcgtgtttg 

 
 

CTGGAAGTTCTGTTCCAGGGGCCCggttccgacgtgcgggacctg 

 

 

ggtatcCTCGAGTTAgctgggcaggtagggcgcattggg 

 

Fwd primer for 

68-180 construct 

 

Rev primer for 

68-180 construct 
 

Fwd primer for 

2-135 construct 

 

Rev primer for 2-

135construct 

 

 

Uppercase and underlined is the sequence for 3c protease cleavage site. 

Uppercase and italicized is the Xho1 site. 

Uppercase and bold is the STOP. 
*1 Primer kindly donated by Dr. Robert Fagerlund. 
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2.6.2  Site directed mutagenesis primers 
 

Table 1b: PCR primers for site directed mutagenesis. 

 

Name Sequence (5’ to 3’) Comment 
 

$1SDF135 

 
$1SDR135 

 
!2SDF160 

 
!2SDR160 

 

ctacctgcccagctaActggagagcc 

 

ggctctccagTcagctgggcaggtag 

 

cccagctatTgAcacacgccctcgcatcac 

 

gtgatgcgagggcgtgtgTcAatagctggg 

 

Fwd primer for 2-135 construct 

 

Rev primer for 2-135 construct 

 

Fwd primer for 2-160 construct 

 

Rev primer for 2-160 construct 

 

 
$1 This results in a CA nucleotide mutation which will convert the 135th a.a. from a Cys to STOP. 
!2 This results in two nucleotide mutations, GT and CA, which will convert the 160th a.a. from a 

Gly to STOP. 

The codons selected were based on Kazusa Codon Usage Database, E.coli K12. 

 

 

 

2.6.3  Sequencing primers 

 

Table 1c: Primers for sequencing of plasmids. 

 

Name Sequence (5’ to 3’) Comment 
 

*1pENTR-For 

 
*1pENTR-Rev 

 
*1T7 Terminator 

 

tgcgtttctacaaactcttcc 

 

catcagagattttgagacacg 

 

gctagttattgctcagcgg 

 

 

Sequencing primer for pENTR11 

constructs 

Sequencing primer for pENTR11 

constructs 

Sequencing primer for pDEST15 

constructs 
 

 
*1 All primers were kindly donated by Dr. Robert Fagerlund. 
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2.6.4  EMSA oligonucleotides 

 

Table 1d: Single stranded (ssDNA) and double stranded (dsDNA) oligonucleotides 

used in EMSA. The oligonucleotides were prepared according to Fagerlund (2009). 

 

Name Sequence (5’ to 3’) Comment 
 

Single stranded 

 
*1FLO-oWT1optimal 

 

 

 

oWT1optimal-for-32 

 

 

 

 
 

*1oWT1optimal-rev 

 

 

 

 

Double stranded 

 

oWT1optimal 

 

 
 

*1PO1A 

 
 

 

agcgaattccgaGCGTGGGAGTGTatctgcagaac 

 

 

 

gagcgaattccgaGCGTGGGAGTGTatctgcagaa 

 

 

 

 
 

gttctgcagatACACGCGCACGCtcggaattcgct 

 

 

 

 

 

 

agcgaattccgaGCGTGGGAGTGTatctgcagaac 

 

 
 

gattggaGCGGGGGCGGGGtatctgc 

 
 

 

Fwd primer for WT1 optimal 

binding site incorporated 

with 5’ fluorescent label 

 

Fwd primer for WT1 optimal 

binding site with 5’ 

overhanging guanine for 

direct incorporation of 32P-α-

dCTP 
 

Rev primer for WT1 optimal 

binding site with 5’ 

overhanging guanine to 

attach 32P-α-dCTP 

 

 

 

Top strand of hybridised 

dsDNA molecule for optimal 

WT1 binding site 
 

Top strand of hybridised 

dsDNA molecule for 1st site 

of PDGF, single site 

 

 

Uppercase indicate the binding sites for WT1 zinc fingers. 
*1 Oligonucleotides kindly donated by Dr. Robert Fagerlund. 
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2.7  Plasmids 

Table 2: Plasmids used in this project. 

Plasmid Comment Antibiotic 

resistance 

 
¥1

 pRc/CMV-WT1 

 
®2

 pENTR11 

 
®2

 pDEST15 

 

 

pGMW001 

 

 

 

pGMW002 

 

 

 

pGMW003 

 

 

 

pGMW101  

 

pGMW102 

 

pGMW103 

 
#3

 pDEST15NWT1N 

 

 

 
*4

 pET32a-zfWT1 

(321-443)(-KTS) 

 
*4

 pET32a-zfWT1 

(321-443)(+KTS) 

 
⌂5

pET32a-WT1 (+/-) 

 

3c 

 

Contains mouse WT1 (+17aa, -KTS) 

 

Recombination  cloning vector 

 

T7 promoter based expression with N-terminal 

GST tag 

 

Contains PCR product (N-terminal WT1 28-

180 a.a. and 3c protease cleavage site) cloned 

into pENTR11 

 

Contains  PCR product (N-terminal WT1 68-

180 a.a. and 3c protease cleavage site) cloned 

into pENTR11 

 

Contains PCR product (N-terminal WT1 2-135 

a.a. and 3c cleavage site) cloned into pENTR11 

 

 

Recombination of pGW001 with pDEST15 

 

Recombination of pGW002 with pDEST15 

 

Recombination of pGW003 with pDEST15 

 

N-terminal WT1 (1-180) with N-terminal GST 

tag connected by linker containing 3c protease 

cleavage site 

 

Zinc finger WT1 (-KTS) with N-terminal Trx 

tag 

 

Zinc finger WT1 (+KTS) with N-terminal Trx 

tag 

 

Full length WT1 (+/-) with N-terminal Trx 

 

3c protease fused to GST tag 

 

Amp 

 

Kan 

 

Amp 

 

 

Kan 

 

 

 

Kan 

 

 

 

Kan 

 

 

 

Amp 

 

Amp 

 

Amp 

 

Amp 

 

 

 

Amp 

 

 

Amp 

 

 

Amp 

 

Amp 
 

¥1 Donated by Prof. Eccles of the Pathology Department. Template for Gateway Cloning System PCR. 
®2 Part of Invitrogen Gateway cloning products. 
#3 Constructed by Ollie Wright. Also used as template for Site Directed Mutagenesis PCR. 
*4 Donated by Dr. Robert Fagerlund 
⌂5

 Constructed by Ooi Poh Ling 
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2.8  Cell lines 

 

Table 3: Escherichia coli strains used in this study 

 

E.coli strain (Genotype) Comment Antibiotic 

resistance  

Source 

BL21 (DE3) 

E. coli B F– ompT 

hsdSB(rB–, mB–) gal dcm 

(DE3)  

Is deficient in lon and ompT proteases 

for increased stability of recombinant 

protein. Used for expression of 3c 

protease. 

None Novagen 

BL21 (DE3) Star 

E. coli B F - ompT hsdS B 

(r B - m B - ) gal dcm 

rne131 (DE3) 

Has mutated RnasE leading to 

improved mRNA stability. Used for 

expression of recombinant protein. 

None Invitrogen 

BL21 (DE2) Star pLysS 

E. coli B F– ompT 

hsdSB(rB–, mB–) gal dcm 

rne131 (DE3) pLysS 

(CamR)  

 

Has mutated RnasE for improved 

mRNA stability, as well as producing 

T7 lysozyme allowing for tight control 

of expression. Used for expression of 

recombinant protein and prevent 

“leaky”expression. 

 

Cam Invitrogen 

DB3.1 

E. coli B F– gyrA462 

endA1 Δ(sr1-recA) mcrB 

mrr hsdS20(rB–, mB–) 

supE44 ara-14 galK2 

lacY1 proA2 rpsL20(SmR) 

xyl-5 λ– leu mtl1  

 

Contains a mutated DNA gyrase that 

is resistant to ccdB. Used for 

propagation of plasmids that encodes 

the DH5α ccdB lethal gene. 

None Invitrogen 

DH5α 

E. coli B F– 80lacZΔM15 

Δ(lacZYA-argF) U169 

recA1 endA1 hsdR17 (rK–

, mK+) phoA supE44 λ– 

thi-1 gyrA96 relA1  

Contains endonuclease mutations 

which increase stability of DNA. Used 

for general cloning of plasmids. 

None Promega 

Rosetta 2 (DE3) 

E. coli B F
-
 ompT 

hsdSB(rB
-
 mB

-
) gal dcm 

pRARE2 (Cam
R
) 

Encodes tRNA genes for seven rare 

codons. Used for the expression of 

recombinant protein. 

Cam Novagen 

 

Cam = Chloramphenicol 
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2.9  Buffers 

 

All buffers, unless otherwise stated, were prepared according to Bollag and Edelstein 

(1996) and/or Maniatis et al. (1982). 

 

2.9.1  Agarose (DNA) buffers 

 

6 × DNA loading mix 

0.25% (w/v) bromothenol blue, 30% (v/v) glycerol, 2 mM sodium azide. 

 

TAE (Tris-Acetate-EDTA) 

40 mM Tris, 1% (v/v) glacial acetic acid, 0.1 mM EDTA. 

 

TAE-Ethidium Bromide staining buffer 

0.5 µg/mL ethidium bromide in TAE buffer. 

 

2.9.2 Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) buffers 

 

5 × loading buffer 

60 mM Tris pH 6.8, 25% (v/v) glycerol, 2% (w/v) SDS, 1% (w/v) 

bromophenol blue, 5% (w/v) BME. 

 

4 × resolving buffer 

1.5 M Tris, 0.4% (w/v) SDS, pH 8.8. 

 

4 × stacking buffer 

0.5 M Tris, 0.4% (w/v) SDS, pH 6.8. 

 

10 × SDS running buffer 

14.4% glycine, 1% (w/v) SDS, 3% (w/v) Tris, pH 8.8. 
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Coomassie brilliant blue protein stain 

25% (v/v) propan-2-ol, 10% (v/v) acetic acid, 0.05% (w/v) Coomassie brilliant 

blue R-250. 

 

Destain for Coomassie blue 

5% (v/v) propan-2-ol, 7% (v/v) acetic acid, 4% (v/v) glycerol. 

 

2.9.3  Western Blot buffers 

 

Transfer buffer 

20 mM Tris, 150 mM glycine, 20% (v/v) methanol, 0.05% (w/v) SDS. 

 

TBS-T buffer 

50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1% (v/v) Tween20. 

 

ECL A (250mL) 

1.5 M Tris-HCl (pH 8.8), 0.03% (v/v) H2O2. 

 

ECL B (250mL) 

1.5 M Tris-HCl (pH8.8), 0.09 g/mL p-Coumaric acid (in DMSO), 0.11 g/mL 

Luminol (freshly made with DMSO). 

 

Blocking buffer 

5 % (w/v) milk powder in TBS-T buffer filtered through 3M Whatman paper. 

 

2.9.4  GST-Batch purification buffer 

 

PBS (Phosphate buffer saline) as recommended by the manufacturer. 

140 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8 mM KH2PO4, pH 7.3. 
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2.9.5 Immobilised metal affinity chromatography (IMAC) 

buffers 

 

Prepared according to Fagerlund (2009) 

 

HEPES wash buffer (HWB) 

20 mM HEPES-NaOH (pH 7.5), 0.5 M NaCl, 12% (v/v) glycerol, 5 mM β-

mercaptoethnol, 0.1 mM ZnCl2. 

 

HEPES elution buffer (HEB) 

20 mM HEPES-NaOH (pH 7.5), 0.5 M NaCl, 12% (v/v) glycerol, 5 mM β-

mercaptoethnol, 0.1 mM ZnCl2, 0.5 M imidazole. 

 

2.9.6  Cation exchange chromatography (IEX) buffers 

 

Prepared according to Fagerlund (2009) 

 

IEX-A (Wash buffer) 

20 mM Bicine-NaOH (pH 9.0), 0.5 M NaF, 12% (v/v) glycerol, 0.5 mM DTT, 

0.1 mM ZnCl2. 

 

IEX-B (Elution buffer) 

20 mM Bicine-NaOH (pH 9.0), 0.5 M NaF, 12% (v/v) glycerol, 0.5 mM DTT, 

0.1 mM ZnCl2, 0.5 M NaCl. 

 

2.9.7  Electrophoretic mobility shift assay (EMSA) buffers 

 

Prepared according to Fagerlund (2009) 

 

NPB (No protein buffer) 

20 mM HEPES-NaOH (pH 7.5), 0.5 M NaCl, 12% (v/v) glycerol, 0.5 mM 

DTT, 0.1 mM ZnCl2. 
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1.25 × DNA binding buffer 

22.5 mM HEPES-NaOH (pH7.5), 0.11 mM ZnCl2, 13.5% (v/v) glycerol, 6.25 

mM MgCl2, 0.56 mM DTT, 0.03% (v/v) Triton X-100, 62.5 mM KCl, 1.25 

mg/mL BSA, 0.125 mg/mL poly d(I-C). 

 

10 × TBE (Tris-Boric-EDTA) buffer 

0.9 M Tris, 0.02 M EDTA, 0.9 M boric acid, pH 8.3. 

 

 

2.10   Gels 

 

All gels, unless otherwise stated, were prepared according to Bollag and Edelstein 

(1996) and/or Maniatis et al. (1982). 

 

2.10.1  0.8% Agarose gel 

 

0.2 g agarose medium was dissolved in 25 mL 1 × TAE and heated in 

microwave then poured into Mini-Sub cell gel tank (Bio-Rad) and allowed to 

set. The gels were run in 1 × TAE buffer. 

 

2.10.2 Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) gels 

 

 SDS-PAGE gels were cast in a Protean III minigel system (Bio-Rad). The gels 

 were run in 1 × SDS buffer. 

 

5% Stacking gel (5 mL) 

0.83 mL of 30% Acrylamide, 1.25 mL 4 × stacking buffer, 25µL of 10% APS, 

8 µL TEMED (added last), made up to 5 mL with MilliQ. 

 

12% or 15% Resolving gel (10 mL) 
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4 mL (12%) or 5 mL (15%) of 30% acrylamide, 2.5 mL 4 × resolving buffer, 

120 µL of 10% APS, 10 µL TEMED (added last), made up to 10 mL with 

MilliQ. 

 

2.10.3  6% Native PAGE gel (35 mL) 

 

Prepared according to Fagerlund (2009) 

 

7 mL of 30% acrylamide, 1.25 mL 10 × TBE, 250 µL 10% APS, 35 µL 

TEMED, and  made up to 35 mL with MilliQ was prepared  and set in a 14 cm 

× 16 cm glass plate using the Joey gel caster system from Owl (model number 

JG2-2). The gel was run with 0.5 × TBE buffer.  

 

 

2.11   Media 

 

All media were prepared according to Fagerlund (2009) and/or Maniatis et al. (1982). 

 

LB 

1% (w/v) Peptone from casein, 0.5% (w/v) Bacto-yeast extract, 1% (w/v) 

NaCl. 

 

SOB 

2% (w/v) Bacto-tryptone, 0.5% (w/v) Bacto-yeast extract, 0.06% (w/v) NaCl, 

0.05% (w/v) KCl, 10 mM MgCl2. 

 

TB 

10 M Pipes, 15 mM CaCl2, 250 mM KCl, 55 mM MnCl2. 
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2.12   Bacteriological Plates 

 

All plates were prepared according to Fagerlund (2009) and/or Maniatis et al. (1982). 

 

LB 

1% (w/v) peptone from casein, 0.5% (w/v) Bacto-yeast extract, 1% (w/v) 

NaCl and, 1.5% (w/v) Bacteriological agar.  

 

 

2.13   Media supplements 

 

All gels, unless otherwise stated, were prepared according to Fagerlund (2009) and/or 

Maniatis et al. (1982). 

 

IPTG: Used with BL21 (DE3) derived E.coli strains to induce expression from 

plasmids with T7 polymerase promoter; expression of T7 polymerase was 

induced from lac promoter, which is IPTG responsive. 1 M stock was added to 

media to obtain a final concentration 0.5 mM. 

 

Ampicillin: Used to select for plasmids with ampicillin resistance. 

100 mg/mL stock was added to media to obtain final concentration 50 µg/mL.  

 

Chloramphenicol: Used to select for plasmids with chloramphenicol 

resistance. A stock of 34 mg/mL was added to media to obtain a final 

concentration 17 µg/mL. 

 

Kanamycin: Used to select for plasmids with kanamycin resistance. 

100mg/mL stock was added to media to obtain final concentration 50 µg/mL. 
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2.14   Polymerase chain reaction (PCR) 

 

PCR was carried out using either Expand high fidelity enzyme mix for Gateway 

cloning system (Invitrogen), or Pfu DNA polymerase and Pwo polymerase for Site 

directed mutagenesis (Stratagene). All the reaction buffers and thermocycler settings 

were prepared and/or adjusted according to the manufacturers’ recommendations. 

 

2.14.1   Gateway cloning system (Invitrogen):  

Pfu, Pwo, and Expand high fidelity PCR system 

 

Reaction stocks A and B (Table 4a and 4b, respectively) were mixed and overlaid 

with sterile parafilm oil immediately prior to thermocycling (Table 4c). Samples were 

run on agarose gel (Section 2.21), followed by PCR product purification (Section 

2.15) and ligation into pENTR11 plasmid (Section 2.20.1). 

 

Table 4a: Reaction stock A 

 

Reagent Volume (µL) Final concentration 

Deoxynucleotide mix 

(10 mM of each dNTP) 

Forward primer (20 µM) 

Reverse primer (20 µM) 

pRc/CMV-WT1 (120 ng/µL) 

Sterile MQ 

0.4 

 

0.4 

0.4 

1.2 

3.6 

200 µM of each dNTP 

 

0.4 µM 

0.4 µM 

25 ng 

Final volume of 6 µL 

 

 

Table 4b: Reaction stock B 

 

Reagent Volume (µL) Final concentration 

Q solution (5 M Betaine) 
*1

10 × Buffer for Expand High 

fidelity with 15 mM MgCl2 

Expand high fidelity enzyme 

mix (100 U/ µL) 

Sterile MQ 

4.0 

2.0 

 

0.2 

 

7.8 

1M 

1 × buffer (1.5 mM MgCl2) 

 

1 U/reaction 

 

Final volume of 14 µL 
 
*1 Reactions requiring different concentrations of MgCl2 are used, 10 × Buffer for Expand High 

Fidelity (-MgCl2) and a stock 25 mM MgCl2 were used. 
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Table 4c: Thermocycler settings for Gateway cloning system PCR 

 

Step Temperature (°C) Time (min:s) Go to Step Loops Comments 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

 

94.0 

94.0 

45.0-65.0 

68.0 or 72.0 

68.0 

94.0 

45.0-68.0 

68.0 or 72.0 

68.0 

4.0 

 

2:00 

0:15 

0:30 

0:45-8:00 

7:00 

0:15 

0:30 

0:45-8:00 

7:00 

Pause 

 

- 

- 

- 

- 

2 

- 

- 

6 

- 

- 

 

- 

- 

- 

- 

9 

- 

- 

14-19 

- 

- 

 

Denaturation 

Denaturation 

Annealing 

Elongation 

10 cycles 

Denaturation 

Annealing 

15-20 cycles 

Elongation 

Pause 

 

 

2.14.2 Site directed mutagenesis (Stratagene): Pfu and Pwo DNA polymerase 

 

The following reagents (Table 5a) were mixed and overlaid with sterile parafilm oil 

immediately prior to thermocycling (Table 5b). Samples were run on agarose gel 

(Section 2.21) and the PCR products were used to transform DH5α (Section 2.23). 

Plasmids of selected colonies were purified (Section 2.17) and sent for sequencing 

(Section 2.19). 

 

Table 5a: Reaction mixture for site directed mutagenesis PCR 

 

Reagent Final concentration 

 

Q solution (5 M Betaine) 

Deoxynucleotide mix (10 mM of each dNTP 

pDEST15NWT1N 

Fwd primer 

Rev primer 
*1

10 × reaction buffer with 20 mM MgSO4 
#2

 Pfu DNA polymerase (2.5 U/µL) 

Sterile MQ 
©3

Dpn I (10 U/µL) 

 

 

1M 

200 µM of each dNTP 

0-50 ng 

125 ng 

125 ng 

1 × 

0.05 U/µL 

Final volume 50 µL 

0.2 U/µL 

 
*1 Reactions requiring different concentrations of MgSO4 used 10 × reaction buffer without MgSO4 

and a stock of 25 mM MgSO4. 
#2 Pwo DNA polymerase (5 U/µL) was used initially. 
©3 Dpn I was added to the reaction after thermocycling and incubated at 37°C for 1 hour before 

transformation into DH5α. 
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Table 5b: Thermocycler setting for Site directed mutagenesis PCR 

 

Step Temperature (°C) Time (min:s) Go to Step Loops Comments 

 

1 

2 

3 

4 

 

5 

 

95 

95 

52-55 

68 

 

4 

 

0:30 

0:30 

1:00 

14:00 

 

Pause 

 

- 

- 

- 

2 

 

- 

 

- 

- 

- 

15 

 

- 

 

Denaturation 

Denaturation 

Annealing 

Elongation (16 

cycles) 

Pause 

 

 

 

2.15   PCR purification 

 

Appropriate PCR samples were pooled and purified using Qiaquick PCR purification 

kit from Qiagen, according to the manufacturer’s recommendation. Final elution was 

carried with 50 µL of Buffer EB (10 mM Tris-HCl, pH 8.5) and the amplification 

product concentrations were measured determined using Nucleic Acid DNA-50 

feature of the NanoDrop ND-1000 spectrophotometer. 

 

 

 

2.16   Ethanol precipitation of DNA 

 

This procedure was modified from Bollag and Edelstein (1996). 10 % (v/v) of 3 M 

NaCH3COO and 300% (v/v) of chilled 100% ethanol were added to the DNA 

containing solution. The mixture was buried in dry ice and incubated for 1 hour. To 

pellet the precipitated DNA, the mixture was spun down in a 4°C chilled centrifuge at 

13,000 g for 30 min and the supernatant removed. This was followed by a further 1 

min spin to remove residual supernatant. The pellet was resuspended in 200 µL of 

chilled 70% ethanol, vortexed and spun down in a 4°C chilled centrifuge at 13,000 g 

for 30 min. The supernatant was removed and the tube left to air dry overnight. The 

pellet was resuspended with 10 mM Tris-HCl pH 7.5 and stored at either 4°C (for use 

within three days) or -80°C (for use after more than three days). 
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2.17   Plasmid purification 

 

Plasmids were used to transform (Section 2.23) DH5α or DB 3.1 (for plasmids with 

ccdB lethal gene). Cultures of 3 to 5 mL (Section 2.24) containing appropriate 

antibiotic(s) were grown overnight and plasmids purified using the Qiaprep miniprep 

kit according to the manufacturer’s recommendation. Final elution was made with 50 

µL of elution buffer (EB) supplied with the kit, and the concentration of the plasmid 

was determined using the Nucleic Acid DNA-50 feature of  the NanoDrop ND-1000 

spectrophotometer.  The plasmids were either stored at 4°C (for use within three days) 

or -80°C (for use after more than three days). 

 

 

2.18   Restriction digest 

 

To test for the correct orientation of insert into the plasmid, pENTR11-WT1 

constructs were digested with Xba1 and Nhe1 in SuRE/Cut buffer A, and pDEST15-

WT1 constructs were digested with Xho1 and Bgl II in SuRE/Cut buffer H, both 

according to manufacturer’s recommendation. The digested plasmids were separated 

on agarose gel (Section 2.21) with a non-digested plasmid as control. No more than 

10% (v/v) of total restriction enzymes were used for each reaction. 

 

 

2.19   Sequencing protocol 

 

Purified plasmids with a final concentration of 320 ng and 3.2 pmol of appropriate 

primer (Section 2.6.3) per 15 µL of reaction was sent to the Massey Genome Service, 

which uses the AB13730 DNA Analyser from Applied Biosciences and the dGTP 

BigDye Terminator v3.1 additive (which has been optimised for sequencing through 

GT- and G-rich templates). 
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2.20  Gateway cloning system (Invitrogen) 

 

This procedure was adapted from the manufacturers’ (Invitrogen) recommendation 

and Fagerlund (2009). 

 

2.20.1  Ligation of WT1 PCR product into pENTR11 vector 

Purified PCR products (Section 2.15) and pENTR11 vector plasmids were separately 

digested overnight with Xho1 restriction enzyme at 37°C, according to the 

manufacturer’s recommendation. The Xho1 digested pENTR11 vector was ethanol 

precipitated (Section 2.16), and then digested with Xmn1 restriction enzyme, 

according to the manufacturer’s recommendation. The Xho1 digested PCR products 

were treated with T4 polynucleotide kinase to phosphorylate the blunt ends, according 

to the manufacturer’s recommendation. The treated pENTR11 and PCR products 

were mixed with an approximate molar ratio of 3:1 (DNA insert: vector). The mixture 

was incubated at 22°C for 4 hr or overnight with T4 DNA ligase, then used to 

transform DH5α (Section 2.23). The cells were grown in LB plates treated with 

kanamycin. Selected colonies were picked; plasmid purified (Section 2.17) and sent 

for sequencing (Section 2.19). Plasmids with the correct sequences were either used 

for the Gateway recombination step or stored at either 4°C (for use within three days) 

or -80°C (for use after more than three days). 

 

2.20.2  Recombination of pENTR11-WT1 vector with pDEST15 

 

An approximate 1:1 molar ratio of pENTR11-WT1 constructs (Section 2.20.1) and 

pDEST15 were recombined using LR clonase. The reactions were incubated in 22°C 

for 4 hr or overnight. The reactions were stopped by incubation with proteinase K 

according to manufacturer’s recommendation, then used to transform DH5α (Section 

2.23) before growing it in LB plates treated with ampicillin. Colonies were picked, 

purified (Section 2.17) and stored at 4°C (for use within three days) or -80°C (for use 

after more than three days). 
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2.21   Agarose gel electrophoresis 

 

All agarose gel electrophoresis procedures were conducted according to Bollag and 

Edelstein (1996) and/or Fagerlund (2009). 5 µL of PCR product or plasmid DNA 

sample was mixed with 1 µL of 6 × DNA loading mix (Section 2.9.1). The mixture 

was then loaded into agarose gel (Section 2.10.1) and run in 1 × TAE buffer (Section 

2.9.1) at 80 V for 40 min. The gel was incubated in TAE-Ethidium Bromide staining 

buffer (Section 2.9.1) for 20 min, and visualised under UV light using Gel Doc for 

ethidium bromide fluorescence. 

 

 

2.22   Competent cells 

 

Competent E.coli cells were prepared using the Inoue method (Inoue et al., 1990) 

 

 

2.23  Transformation of E.coli cell lines 

 

All E.coli transformation procedures were conducted according to Maniatis et al. 

(1982) and/or Fagerlund (2009). E.coli competent cells (100 µL) were thawed slowly 

on ice and mixed gently with approximately 10 ng plasmid DNA. The mixture was 

incubated on ice for 30 min, heat shocked at 42°C for 45 s, and chilled on ice again 

for 2 min. LB medium (1 mL) was added, and the mixture incubated at 37°C for 45 

min. The mixture was then spun in microcentrifuge at 13,000 g for 1 min, and the 

supernatant removed leaving 100 µL of media.  The cell pellet was resuspended, 

plated on agar plate with appropriate the antibiotic(s) and incubated overnight at 

37°C. 
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2.24  Starter culture of selected colonies 

 

Selected colonies were picked from agar plates and grown in 5 mL of LB in growth 

tubes with the appropriate antibiotic(s) overnight at 37°C, according to Fagerlund 

(2009). The overnight cultures were either used to inoculate media for recombinant 

protein expression (Section 2.20), or to generate plasmid stock (Section 2.17). 

 

 

2.25  Glycerol stocks 

 

Glycerol stocks were made from an equal volume (v/v) of starter culture (Section 

2.24) and 100% sterile glycerol, according to Fagerlund (2009). The mixture was snap 

frozen and stored at -80°C. 

 

 

2.26  Recombinant protein expression 

 

2.26.1  Trial expressions 

 

This procedure was modified from Wright (2007) and Fagerlund (2009). LB medium 

(100 mL in a 500 mL baffled Erlenmeyer flask) with appropriate antibiotic(s), was 

inoculated with 1% (v/v) of appropriate starter culture (Section 2.24), and incubated at 

37°C on shaker at 200 rpm until an OD600 of 0.4-0.6 was reached. The culture was left 

at room temperature for approximately 10 min and a 1 mL pre-induction sample was 

taken before adding IPTG (final concentration 0.5 mM). Aliquots of 25 mL of culture 

were put into different 125 mL baffled Erlenmeyer flask and incubated at different 

temperatures (18°C, 22°C, 28°C or 37°C) on shakers at 200 rpm. Post-induction 

samples (1 mL) were taken at different times (3, 6 and 18 hr). Cells were harvested by 

spinning in microcentrifuge at 13,000 g for 1 min, and the supernatant removed. The 

cells were stored at -20°C. Cell pellets were lysed by sonication (Section 2.27) and 

run on SDS-PAGE (Section 2.30) to determine the expression levels. 



 Chapter 2: Materials and Methods  

45 

 

2.26.2  Large Scale Expression 

 

LB media (400 mL in 2 L baffled Erlenmeyer flask) with appropriate antibiotic(s), 

was inoculated with 1% (v/v) of appropriate starter culture and treated under optimal 

condition identified in Section 2.26.1. The culture was separated into two 200 mL 

samples and spun at 13,000 g in the Beckman for 20 min at 4°C. The supernatant was 

removed and the cell pellet stored at -20°C. Cell pellets were lysed by sonication 

(Section 2.27) and run on SDS-PAGE. 

 

 

2.27  Lysis by sonication 

 

This procedure was modified from Wright (2007) and Fagerlund (2009). Cells were 

resuspended with appropriate buffer containing protease inhibitors PMSF (final 

concentration 1 mM) or Protease Inhibitor Cocktail (1 tablet per 10 mL), in a volume 

so that a 1/50 dilution will produce an OD600 value of 1.0. The cells were lysed three 

times for 30 s with a 30 s interval using the Sonifier Cell Disruptor, with the output 

control set at 4 and duty-cycle set at 40%. The OD600 was taken after the third round 

of sonication, and sonication was continued until a 1/50 dilution produced an OD600 

value of 0.1. A sample was taken as “whole cell” before being spun at 10,000 g for 20 

min at 4°C in Beckman. The supernatant was taken as “soluble” sample and pellet as 

“insoluble”. The samples were analysed by SDS-PAGE (Section 2.30) and western 

blots (Section 2.31). 
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2.28  GST batch purification 

 

GST-batch purification of recombinant GST-tagged WT1 proteins was carried out 

according to the manufacturer’s recommendation. Glutathione resin (75% sepharose 

slurry) was equilibrated in PBS buffer and incubated on rotating wheel at 4°C with 

syringe filtered “soluble” sample for 30 min. The mixture was then spun at 500 g to 

remove the “unbound” protein and washed three times. The “bound” recombinant 

protein was either eluted with 20 mM reduced glutathione, or cleaved with 3c 

protease bound to GST (Section 2.29). The samples were analysed by both SDS-

PAGE (Section 2.30) and western blot (Section 2.31). 

 

 

2.29  Cleavage by 3c protease 

 

This procedure was modified from Wright (2007) and Fagerlund (2009). Pelleted cells 

expressing 3c protease were lysed by sonication (Section 2.28) and the “soluble” 

sample was syringe filtered then bound to glutathione sepharose beads (Section 2.28). 

The 3c-sepharose and WT1-sepharose bound mixtures were incubated with 5 mM 

DTT at 4°C overnight using a rotating wheel. The mixture was then spun at 500 g in 

chilled centrifuge for 5 min, and the supernatant was taken as “cleaved”. Samples 

were analysed by SDS-PAGE (Section 2.30) and western blot (Section 2.31). 

 

 

2.30 Sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE) 

 

All SDS-PAGE procedures were conducted according to Bollag and Edelstein (1996) 

and/or Fagerlund (2009). 8 µL sample of protein was mixed with 2 µL of 5 × SDS 

loading buffer (Section 2.9.2) in a microcentrifuge tube, and incubated at 95°C for 5 

min. Samples were then loaded on to SDS-PAGE gel (Section 2.10.2) and ran for 15 

min at 100 V, or until the protein samples became “stacked”. The voltage was then 
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switched to 200 V and ran for 35 min or until the dye front reached the bottom of the 

gel plate. The gel was placed in Coomassie brilliant blue protein stain (Section 2.9.2), 

heated in the microwave for 39 s on high, and then placed on the rocker for 20 min. 

The gel was then rinsed with water, placed in destain buffer (Section 2.9.2), heated in 

the microwave for 39 s on high, then placed on rocker for 20 min or until desired level 

of staining was achieved. The gel was visualised under a light box and scanned using 

the Imagescanner. 

 

 

2.31  Mass Spectrometry 

 

Samples were prepared, loaded and run as on SDS-PAGE (Section 2.30). Selected 

bands were excised, digest in-gel with trypsin and analysed by MALDI-TOF mass 

spectrometry by the Centre for Protein Research at the University of Otago. Protein 

fragments were then identified by Mascot and SEQUEST search engines. 

 

 

2.32  Western Blot 

 

All western blot procedures were conducted according to Bollag and Edelstein (1996) 

and/or Fagerlund (2009). Samples were prepared, loaded and run as on SDS-PAGE 

(Section 2.30), but instead of staining, the gels were electrotransfered to nitrocellulose 

membrane using the Criterion blotter system. The electrotransfer was performed in 

stirring chilled transfer buffer (Section 2.9.3) at 100 V for 30 min/cassette in 4°C 

room. After transfer, the gels were stained with Coomassie brilliant blue protein stain 

(Section 2.9.2), to confirm that the protein was transferred from gel to the 

nitrocellulose membrane. 

The nitrocellulose membranes were blocked with blocking buffer (Section 2.9.3) for 1 

hr on the rotating wheel at room temperature. The blocking solution was then 

removed, and the nitrocellulose membrane was washed with TBS-T buffer (Section 

2.9.3) for 15 min, 5 min and 5 min. After washing, the nitrocellulose membrane was 

incubated in a 1:1,000 dilution of primary antibody (F6-WT1: sc 7385) in TBS-T 
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buffer for 1 hour at room temperature, followed by a further three washes. The 

nitrocellulose membrane was then incubated with a 1:10,000 dilution of secondary 

antibody (Goat anti-mouse) in TBST-T buffer for 1 hour at room temperature, 

followed by another three washes. The nitrocellulose membrane was then incubated in 

a 1:1 mixture of ECL A and B for 60 s and the images were detected with the image 

reader LAS 3000 (version 2.2), with the detection settings on chemiluminescence. 

 

 

2.33  Chromatography 

 

All chromatography procedures were conducted according to the manufacturers’ 

recommendation and Fagerlund (2009). 

 

2.33.1  Immobilised metal affinity chromatography (IMAC) 

 

A prepacked 1 mL HisTrap chelating column was used initially to purify proteins 

with thioredoxin tags. The column was charged with ZnCl2 and washed at 1 mL/min 

with 10 column volumes of HWB (Section 2.9.5) both prior and following sample 

loading. The sample was loaded at 0.5 mL/min over 5 column volumes. The protein 

was eluted with a linear gradient to 100% of elution buffer, HEB (Section 2.9.5), over 

10 column volumes at 0.5 mL/min. Fractions were collected in 1 mL volumes and 

samples run on SDS-PAGE gel (Section 2.30). Any deviations from the above are 

reported. Fractions for full length WT1 were not pooled, but were separated into 

aliquots and stored at -80°C. Fractions containing the zinc finger truncations were 

pooled and cleaved with 3c protease (Section 2.29). The only change was that HWB 

was used instead of PBS. The 3c cleaved zinc finger truncations of WT1 were pooled 

and purified further by cation exchange chromatography (Section 2.33.2). 

 

2.33.2  Cation exchange chromatography (IEX) 

 

A prepacked 5 mL HiTrap SP HP column was used for cation exchange 

chromatography of 3c cleaved zinc finger protein. The column was washed at 2.5 

mL/min with 10 column volumes of IEX-A (Section 2.9.6) before and after loading of 
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sample. The sample was loaded at 1 mL/min for 2 column volumes. The protein was 

eluted with a linear gradient to 100% of elution buffer, IEX-B (Section 2.9.6), over 5 

column volumes at 2.5 mL/min. Fractions were collected in 2.5 mL volumes and 

samples run on SDS-PAGE gel (Section 2.30). Fractions were separated into aliquots 

and stored at -80°C. Any deviations from the above are reported. 

 

 

2.34  Electrophoretic mobility shift assay 

 

All EMSA procedures were conducted according to the manufacturers’ 

recommendation and Fagerlund (2009). 

 

2.34.1  Single strand annealing for EMSA 

 

The following mixture (Table 6a), with a final concentration of 45 µM dsDNA, was 

incubated at 95°C for 5 min in a heat block, then switched off to slowly cool for 1hr. 

 

Table 6a: Reaction mixture for single stranded annealing. 

 

Reagent Volume (µL) 

 

Forward oligonucleotide (100 µM) 

Reverse oligonucleotide (100 µM) 

Buffer H 

 

9.0 

9.0 

2.0 

Total volume: 20 µL 

 

 

 

2.34.2  Radiolabelling of probes for EMSA 

 

The following reagents were mixed (Table 6b) and incubated at 37°C for 30 min, 

ethanol precipitated (Section 2.16), then resuspended in 20 µL of 10 mM Tris-HCl, 

pH 7.5 and stored at -20°C. 
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Table 6b: Reaction mixture for radiolabelling of dsDNA oligonucleotides. 

 

Reagent Volume (µL) 

 

DNA (0.625 pmol/µL) 

Buffer H 

10 × BSA 

α
32

P dCTP 3.33 µM 

Klenow (2 U/µL) 

Sterile MQ 

 

1.00 

1.00 

1.00 

0.75 

0.50 

5.75  

Total volume:10 µL 

 

 

 

2.34.3  EMSA Assay conditions 

 

The following reagents were mixed (Table 6c) and incubated at 25
o
C for the stated 

times. NPB (Section 2.9.7) was used to dilute all of the protein samples as well as 

being used as the control for no protein condition. EB buffer (10 mM Tris pH 7.5) 

was used to dilute all labelled probes as well as an assay control for no DNA 

condition. 

 

Table 6c: EMSA reaction protocol 

 

Reagent Volume (µL) 

 

1.25 × DNA binding buffer 

NPB/Protein sample 

10 mM Tris pH 7.5 

 

8.0 

1.0 

0.5 

 

Sub total 

 

Incubate at 25°C for 15 minutes 

 

Labelled probe 

 

9.5 

 

 

 

0.5 

 

Final volume 

 

Incubate at 25°C for 20 minutes 

 

10.0 
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2.34.4  EMSA electrophoresis 

 

Native PAGE gels (Section 2.10.3) were used for EMSA and electrophoresis was 

performed with the Emperor penguin water cooled dual gel electrophoresis system 

from Owl (model number P9DS). Gels were pre-run at 200 V for 90 minutes at 4°C 

with ice-chilled water. The samples were then loaded and run at 200 V for 60 min. 

 

2.34.5  EMSA detection 

 

The gels with fluorescent-labelled probes were detected using LAS 3000 (version 2.2) 

image reader from Fujifilm. The detection setting was SYBR Green (excitation at 460 

nm EPI and emission filter Y515). The bands on the gels were then quantified 

(Section 2.34.6) 

 

The gels with radioactive labelled probes were first blotted onto 3M Whatman paper 

and dried under vacuum with heating for 90 min. The dried gels were exposed to X-

ray film in sealed cassette for 1-7 days, depending on how active the radioactive 

probes were. The films were scanned with the Imagescanner and quantified (Section 

2.34.6) 

 

2.34.6  EMSA quantification: Densitometry 

 

Densitometry for the “time course” (Section 4.33) was performed using a Molecular 

Imager GS-800 calibrated densitometer with Quantity 1 quantitation software from 

BioRad (courtesy Liggins Institute, University of Auckland). The intensity was 

measured and data analysed using Microsoft Office Excel 2007. 

 

Densitometry for the fractional activity (Section 4.3.6) assay was performed using the 

ImageQuant TL (version 2005) software. The background was removed using either 

the “rubber band” or “rolling ball” method. The area and volume were of each band 

was measured and the data analysed using Microsoft Office Excel 2007.  
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As a reference for measuring the intensity of each band, the position where we expect 

the “bound” band to be for the NPB lane was used as the reference band. This was 

always a blank. All the band intensities were standardised by subtraction of this 

reference band. 

The following equation was used to calculate the intensity of each band. 

 

Va = volume of band of interest Aa = area of band of interest  I= intensity 

Vr = volume of reference band Ar = area of reference band 

 

I = Va –Vr (Aa/Ar) 
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Chapter 3 

N-terminus of WT1 

3.1  Introduction 

Wang et al., (1993b) showed that WT1 requires two binding sites on the pdgf-a gene, 5’ and 

3’ of the transcription start site, for suppression of the transcriptional activity. WT1 has been 

demonstrated to form homodimers (Reddy et al., 1995b; Moffet et al., 1995) and is the 

dominant form in adult kidney whereas in 14 week old foetal kidney, the monomeric form 

predominates (Iben and Royer-Pokora, 1999). This suggests that WT1 dimerises to suppress 

transcriptional activity of growth factors. 

Reddy et al., (1995) demonstrated using in vitro (pull downs) and in vivo (co-transfections in 

CV-1 cell-line) studies that the first 1-182 a.a. residues are required for self association. 

Transfection assay by Moffet et al., (1995) refined the region to 1-127 a.a. 

However, yeast-two-hybrid work done by Engerlet et al., 1995 and Moffet et al., (1995) 

provide contradicting evidence. Engerlet et al., showed that a truncation with the in-frame 

deletion of 147-188 a.a. did not self associate with full length WT1 suggesting that the 147-

188 a.a. is required for self association. Moffet et al., showed that the truncations 1-160 a.a. 

could self associate with full length WT1 but not 1-135 a.a. This suggests that the self 

association region is between 135-160 a.a. Both of these results contradict the refined 1-127 

a.a. region (Moffet et al., 1995) and may be a consequence of the yeast two-hybrid design 

itself. The yeast two-hybrid system requires two interacting proteins to bring the Gal4 DNA 

binding and DNA binding site portions into close proximity to become functional. However, 

this creates a flaw when investigating self association of the same protein if the truncated 

form of the protein alters the self association binding affinity. This may lead to a bias where 

the truncated form binds to itself and not to the full length, resulting in a non-functional Gal4 

hybrid. 

 In this study we set out to determine the minimal region required for WT1 self association.  
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Five WT1 truncated constructs were designed: 2-180 a.a. (consensus self association domain-

provided by Ollie Wright), 2-160 a.a. (for which Moffet et al., 1995 demonstrated self 

association using yeast two hybrid), 2-135 a.a. (for which Moffet et al., 1995 demonstrated 

no self association), 28-180 a.a. (glycine repeat deleted), and 68-180 a.a. (deletion of both the 

glycine repeat and proline repeat regions). The amino acid sequences of the constructs are 

indicated below, with the deleted regions marked through. 

 

2-180 (Consensus for self association domain) 

2 GSDVRDLNALLPAVSSLGGGGGGCGLPVSGARQWAPVLDFAPPGASAYGSLGGPAPPPA 

61 PPPPPPPPHSFIKQEPSWGGAEPHEEQCLSAFTLHFSGQFTGTAGACRYGPFGPPPPSQA 

121 SSGQARMFPNAPYLPSCLESQPTIRNQGYSTVTFDGAPSYGHTPSHHAAQFPNHSFKHED 

 

2-160 (Moffet et al., 1995: Yeast two hybrid: Positive result for self association) 

2 GSDVRDLNALLPAVSSLGGGGGGCGLPVSGARQWAPVLDFAPPGASAYGSLGGPAPPPA 

61 PPPPPPPPHSFIKQEPSWGGAEPHEEQCLSAFTLHFSGQFTGTAGACRYGPFGPPPPSQA 

121 SSGQARMFPNAPYLPSCLESQPTIRNQGYSTVTFDGAPSYGHTPSHHAAQFPNHSFKHED 

 

2-135 (Moffet et al., 1995: Yeast two hybrid: Negative result for self association) 

2 GSDVRDLNALLPAVSSLGGGGGGCGLPVSGARQWAPVLDFAPPGASAYGSLGGPAPPPA 

61 PPPPPPPPHSFIKQEPSWGGAEPHEEQCLSAFTLHFSGQFTGTAGACRYGPFGPPPPSQA 

121 SSGQARMFPNAPYLPSCLESQPTIRNQGYSTVTFDGAPSYGHTPSHHAAQFPNHSFKHED 

 

28-180 (Glycine repeat deleted) 

2 GSDVRDLNALLPAVSSLGGGGGGCGLPVSGARQWAPVLDFAPPGASAYGSLGGPAPPPA 

61 PPPPPPPPHSFIKQEPSWGGAEPHEEQCLSAFTLHFSGQFTGTAGACRYGPFGPPPPSQA 

121 SSGQARMFPNAPYLPSCLESQPTIRNQGYSTVTFDGAPSYGHTPSHHAAQFPNHSFKHED 

 

68-180 (Glycine repeat and proline repeat deleted) 

2 GSDVRDLNALLPAVSSLGGGGGGCGLPVSGARQWAPVLDFAPPGASAYGSLGGPAPPPA 

61 PPPPPPPPHSFIKQEPSWGGAEPHEEQCLSAFTLHFSGQFTGTAGACRYGPFGPPPPSQA 

121 SSGQARMFPNAPYLPSCLESQPTIRNQGYSTVTFDGAPSYGHTPSHHAAQFPNHSFKHED 
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3.2  DNA manipulation 

Two approaches were used: 

Site directed mutagenesis: 

Using the 2-180 construct as template, a STOP codon was introduced into position 136 (for 

2-135 a.a. construct) and 161 (for 2-160 a.a. construct). The 136
th
 amino acid is cysteine and 

is encoded by the codon UGC. Forward and reverse primers were designed to change this 

cysteine codon to a stop codon (UGA). The 161
st
 amino acid is histidine and is encoded by 

the codon CAC. Forward and reverse primers were designed to change this histidine codon to 

a stop codon (UAA).This approach would be faster and more convenient. However, this 

failed to produce any signal and after troubleshooting temperature, MgCl2 concentrations, 

buffer concentrations, and incubation time (data not shown) this approach was no longer 

pursued. 

Gateway Invitrogen: 

This uses Invitrogen cloning suite where the gene of interest is cloned into an entry vector 

where it can be recombined with a variety of destination vectors containing different tags. 

The schematic in Figure 3.1 shows the WT1 PCR products of interest consisted of a blunt 5’ 

end containing a 3c protease cleavage site, and a sticky 3’ end which contained an Xho1 

cleavage site. The PCR product was ligated into the entry vector (pENTR11) using T4 DNA 

ligase, then used to transform DH5α and subsequently grown in kanamycin plates. Plasmids 

which did not ligate contained the ccdB gene (which is lethal in DH5α) and did not grow. 

Colonies of plasmids which successfully ligated were picked and purified as entry clones 

(pGMW00#). The entry plasmid were recombined with the recombination vector (pDEST15) 

using LR clonase, then used to transform DH5α, and subsequently grown in ampicillin plates. 

Entry plasmids which did not recombine with pDEST15 did not grow in the ampicillin plates 

(entry plasmid only has kanamycin resistance), and pDEST15 vectors which did not 

recombine with entry plasmids contained the DH5α ccdB lethal gene, hence did not grow. 

Colonies of plasmids which successfully recombined were picked and purified as destination 

clones (pGMW10#). 
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Figure 3.1: Schematic of the Invitrogen Gateway cloning system. PCR product with a blunt 5’ end containing a 

3c  protease cleavage site and a “sticky” 3’ end containing an Xho1 cleavage site, is incorporated into pENTR11 

vector (which has been digested with Xmn1and Xho1) using a T4 DNA ligase. The plasmids were used to 

transform DH5α and then grown in LB-kanamycin plates. The plasmids were purified as entry clones 

(pENTR11-WT1). The entry plasmids were recombined with pDEST15 using LR clonase, then used to 

transform DH5α, and grown in LB-ampicillin plates. The plasmids were purified as destination clones 

(pDEST15-WT1). 
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The final product will have a GST tag linked to a 3c protease cleavage site on the N-terminus 

of the WT1 truncation (Figure 3.2). 

 

Figure 3.2: Schematic of WT1-GST fusion construct. The construct consist of a GST tag connected with a 

linker to a 3c protease cleavage site which is fused to the N-terminus of the WT1 truncation. 

Only constructs 68-180 and 2-135 were successfully cloned. Construct 2-180 was prepared 

by Ollie Wright. 

 

3.2.1  PCR (Polymerase chain reaction) 

Primers were designed for constructs 68-180 and 2-135 (Section 2.6.1). Both forward primers 

contained a 3c protease cleavage site at the 5’ end and both reverse primers contained an 

Xho1 site and a STOP codon which were separated by seven or eight bases. The primers 

were put through the predictive Amplify 3 (version 3.14 for MacOS X) to test for primer 

dimers. The resulting PCR product will have a blunt 5’ end and a “sticky” 3’ end. 

The plasmid pRC/CMV-WT1 was used as the template, and the Expand high fidelity enzyme 

mix was used as the polymerase (Section 2.14.1). Q solution (containing 5 M betaine and 

used at a final concentration of 1 M) was required for successful amplification of both 

constructs. The construct 2-135 required 2 mM MgCl2 whereas the construct 68-180 required 

only the MgCl2 in the buffer mix (1.5 mM). 

Figure 3.3 shows PCR products for both the 68-180 (Panel A) and 2-135 (Panel B) over a 

range of temperatures (50.2-55.4
o
C). Both constructs show PCR products at all temperatures. 

The expected sizes for 68-180 a.a. and 2-135 a.a. are 360 bp and 423 bp, respectively (red 

arrow). The blue arrow shows the parental plasmid. Two negative controls; no DNA 

polymerase (-Pol) and no DNA template (-DNA) are also shown. 
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The PCR products for both constructs were pooled and purified (Section 2.15) ready to be 

ligated to pENTRll (Section 2.20.1). 

A. 

 

B. 

 

Figure 3.3: PCR products for N-terminal constructs. Agarose gel showing PCR products for N-terminal WT1 

68-180 a.a. (A) and 2-135 a.a. (B) over the temperatures indicated, as well as two negative controls (no 

polymerase and no DNA). The plasmid pRc/CMV-WT1 was used as the template and the reaction was catalysed 

by the Expand DNA polymerase. The expected sizes for the 60-180 a.a. and 2-135 a.a. amplifications are 360bp 

and 423bp, respectively, and are indicated by the red arrow. The blue arrow shows the parental plasmid. The 2-

135 a.a. PCR amplification had additional Mg 2+ (2 mM), while the 68-180 had only the Mg 2+ in the 10× buffer 

(1.5 mM). Both amplifications required Q solution (final concentration 1M betaine). 
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3.2.2  Entry clones 

The pENTR11 plasmids were digested overnight with Xho1, ethanol precipitated, then 

digested with Xmn1 (Section 2.20.1). The purified PCR products (Section 3.2.1) were 

digested overnight with Xho1 then treated with T4 polynucleotide kinase to phosphorylate 

the blunt ends. The PCR products and pENTR11 were mixed 3:1 molar ratio (insert: vector), 

incubated with T4 DNA ligase, and the product was used to transform DH5α cells. Plasmids 

from selected colonies were purified (Section 2.20.1). The resulting entry constructs contain 

the sequence for N-terminal WT1 68-180 a.a. (pGMW002) or 2-135 a.a. (pGMW003) with 

an N-terminus 3c protease cleavage site.  

Plasmids were digested with Xba1 and Nhe1 to test if the PCR products have been 

incorporated with the correct orientation into the entry vector.  Digestion of plasmids from 

both constructs yield two fragments. Figure 3.4 shows the fragments sizes after digestion of 

pGMW002 (786 bp and 1,820 bp- total 2,606bp) and pGMW003 (854 bp and 1,820 bp- total 

2,674 bp). The red arrow indicates the smaller fragments and the blue arrow indicates the 

larger fragments. In the “cut” lane of pGMW002 there are two blue arrows. This is to mark 

the larger digested fragment (1,820 bp) and undigested plasmid (2,606 bp). The yellow arrow 

indicates “nicked” plasmids, and the green arrow denotes supercoiled DNA. Both plasmids 

were sent for sequencing with dGTP BigDye terminator additive (Section 2.19). Both 

plasmids (pGMW002 and pGMW003) had the correct sequence. 

 

Figure 3.4: Double digest of entry clones. Agarose gel showing double digest (Xba1 and Nhe1) of pGMW002 

and pGMW003, to test if the PCR products for 68-180 a.a. and 2-135 a.a., respectively, have ligated into the 

pENTR11 vector with the correct orientation. Digestion of the plasmid with the correct orientation yields two 

fragments for both pGMW002 (786 bp and 1,820 bp- total 2,606bp) and pGMW003 (854 bp and 1,820 bp- total 

2,674 bp). The red arrows-smaller fragments; the blue arrows-larger fragments as well as undigested plasmids; 

the green arrow-supercoiled DNA, while the yellow arrow-“nicked” plasmids. 



 Chapter 3: N-terminus of WT1  

61 

 

3.2.3  Destination clones 

The constructs pGMW002 and pGMW003 were recombined separately with pDEST15 in a 

1:1 molar ratio using LR clonase. The plasmids were used to transform DH5α and selected 

colonies were picked and purified (Section 2.19).The resulting destination constructs (Figure 

3.1) contain the sequence for an N-terminal GST tag, 3c protease cleavage site, and N-

terminal WT1 68-180 a.a. (pGMW102) or 2-135 a.a. (pGMW103).  

Plasmids were digested with Xho1 or BglII to test for the correct orientation of the insert. 

Figure 3.5 shows the expected sizes for digestion of pGMW102 (1,207 bp and 4,649 bp-total 

5,919 bp) and pGMW103 (1,336 bp and 4,649 bp-total 5,985 bp). The red arrow indicates 

smaller fragments, blue arrow- larger fragments, and the green arrow-supercoiled DNA. Both 

plasmids were sent for sequencing with dGTP BigDye terminator additive (Section 2.19). 

Both plasmids (pGMW102 and pGMW103) had the correct sequence. 

 

 

Figure 3.5: Double digest of destination clones. Agarose gel showing double digest (Xho1 and Bgl II) of 

pGMW102 and pGMW103 to test if the entry vectors pGMW002 and pGMW003, respectively, have 

recombined in the correct orientation with the pDEST15 vector. Digestion of plasmid with the correct 

orientation yield two fragments for both pGMW102 (1,270 bp and 4,649 bp- total 5,919 bp) and pGMW103 

(1,336 bp and 4,649 bp- total size 5,985 bp). The red arrow indicates the smaller fragments; the blue arrow 

indicates the larger fragments; the green arrow indicates the undigested plasmids in supercoiled form. 

Ollie Wright constructed the pDEST15NWT1N plasmid for his BAppSc Hons. This plasmid 

construct contains the sequence for an N-terminal GST tag, 3c protease cleavage site, and N-

terminal WT1 2-180 a.a. Figure 3.6 shows the result after double digestion of 

pDEST15NWT1N with Xho1 and Pst1(two fragments with the expected sizes 1,408 bp and 
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4,582 bp - total 5,990 bp). The red arrow indicates smaller fragments; blue arrow-larger 

fragments; green arrow-supercoiled DNA; and yellow arrow-nicked DNA. Between the 

yellow and green arrows a faint band can be seen above the 5,090 bp ladder mark. This is 

linear DNA. 

 

 

Figure 3.6: Double digest of pDEST15NWT1N.Agarose gel showing double digest (Xho1 and Pst1) of 

pDEST15NWT1N to show correct orientation of N-terminal WT1 (2-180 a.a.) in the pDEST15 vector. 

Digestion of the plasmid with the correct orientation will yield two fragments with the expected sizes of 1,408 

bp and 4,582 bp (total 5,990 bp). The red arrow indicates the smaller fragment; the blue arrow shows the larger 

fragment; the green arrow show uncut plasmid in supercoiled form and the yellow arrow indicates “nicked” 

plasmid. Linear DNA is also present as a faint line between the supercoiled and “nicked” plasmid. 

 

 

3.3  Protein expression 

The pGMW102, pGMW103, and pDEST15NWT1N plasmids all code for fusion proteins 

that include an N-terminal GST tag, linked to a 3c protease cleavage site, and N-terminal 

WT1 (68-180, 2-135, and 2-180 a.a. respectively) (Figure 3.2). 
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The plasmids were transformed into the E.coli strains Rosetta 2 (DE3), BL21 (DE3) Star, 

and/or BL21 (DE3) Star pLysS. Cultures were inoculated and grown at 18°C, 22°C, 28°C, or 

37°C for 3, 6 or 18 hours (Section 2.26.1). The culture was spun down and lysed by 

sonication (Section 2.27). Samples were then separated by molecular weight using SDS-

PAGE (Section 2.30), then probed with the F6-WT1 primary antibody in Western blots 

(Section 2.32). 

 

3.3.1  N-terminal WT1 68-180 a.a. 

The plasmid pGMW102 encodes the N-terminal WT1 (68-180) fusion protein which has an 

expected size of 42.2 kDa. Figures 3.7 and 3.8 show the SDS-PAGE and Western blots, 

respectively, for the trial expression in Rosetta (DE3) 2 cell lines. 

In Figure 3.7, the N-terminal (68-180 a.a.) WT1 fusion protein appears to run as the top band 

of a doublet (red arrow) between the 31.0 and 45.0 kDa marker in the “whole cell” gel (panel 

A). This is consistent with the expected size of the fusion protein (42.2 kDa). This band is not 

obvious in the “soluble” gel (panel B), and the red arrow indicates where the fusion protein is 

expected. 

The anti-WT1 antibody F6-WT1 was used to detect the presence of WT1 in all of the western 

blots. F6-WT1 is a mouse monoclonal antibody raised against a domain 180 a.a. in length 

near the N-terminus of WT1 of human origin. In Figure 3.8, the “whole cell” blot (panel A) 

shows two species of bands indicated by the red (between 31.3 and 38.2 kDa) and blue 

(between 17.1 and 31.3 kDa) arrows. The red arrow indicates the N-terminal (68-180 a.a.) 

WT1 fusion protein and the multiple bands (including those indicated by the blue arrow) 

indicate degraded forms of the fusion protein. This degradation may be due to the fusion 

protein being translated in truncated forms; the fusion protein being folded in such a way that 

it is susceptible to cleavage by proteases; and/or non-specific binding by other proteins in the 

mixture. All the time points in the “whole cell” sample for the 22°C and 28°C condition 

expressed WT1 (Figure 3.8 panel A). The bands run at a lower molecular weight than the 

expected size of 42.2 kDa. The “soluble” gel does not show the presence of WT1. 
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A. 

 

 

B. 

 

Figure 3.7:  Trial expression of pGMW102 in Rosetta 2 (DE3) cell line. Cultures were grown at 22°C, 28°C, 

and 37°C over 3, 6, and 18 hours. 1 mL samples from each culture was pelleted; lysed by sonication (sample 

was taken as “whole cell”-Panel A), and clarified by centrifugation (sample was taken as “soluble”-Panel B). 

The expected size of the N-terminal (68-180 a.a.) WT1 fusion protein is 42.2 kDa (red arrow). LMWM indicates 

the low molecular weight marker. The masses are shown in kilo-Daltons.  
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A. 

 

B. 

 

Figure 3.8: Western blot of pGMW102 in Rosetta 2 (DE3) cell line. Samples were collected and treated as in 

Figure 3.7. The anti-WT1 primary antibody F6-WT1 was used to probe for the N-terminal (68-180 a.a.) WT1 

fusion protein. The expected size of the fusion protein is 42.2 kDa. The “whole cell” blot (panel A) show two 

main species of bands between the 38.2-31.3 kDa markers and 31.3-17.1 kDa markers (red and blue arrows 

respectively). The “soluble” gel (Panel B) shows only artefacts. The masses are shown in kilo-Daltons. 
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Figure 3.9 and 3.10 show the SDS-PAGE and Western blots, respectively, for the trial 

expression of pGMW102 in the BL21 (DE3) Star pLysS cell line. 

In Figure 3.9, the N-terminal (68-180 a.a.) WT1 fusion protein appears to run as the dark 

band between the 31.0 and 45.0 kDa marker in both “whole cell” (panel A) and “soluble” 

(panel B) gels (red arrow). This is consistent with the expected size of the N-terminal WT1 

fusion protein which is 42.2 kDa. 

The “whole cell” blot (panel A) in Figure 3.10 shows three different bands of interest 

indicated by the red (between 31.3 and 38.2 kDa), blue (between 17.1 and 31.3 kDa), and 

green (between 7.1 and 17.1 kDa) arrows. The bands all run at a lower molecular weight than 

the expected size of 42.2 kDa. Similar to Figure 3.8, the red arrow indicates the N-terminal 

(68-180 a.a.) WT1 fusion protein and the multiple bands (including those indicated by the 

blue and green arrows) indicate degraded forms of the fusion protein. This degradation may 

be due to the fusion protein being translated in truncated forms; the fusion protein being 

folded in such a way that it is susceptible to cleavage by proteases; and/or non-specific 

binding by other proteins in the mixture. All the time points for all the incubating 

temperatures expressed WT1. The pre-induction lane also shows the presence of the same 

bands and this may be due to over-flow from the other lanes. The “soluble” gel shows no 

fusion protein except for artefacts. 
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A. 

 

 

B. 

 

Figure 3.9:  Trial expression of pGMW102 in BL21 (DE3) Star pLysS cell line. Cultures were grown at 22°C, 

28°C, and 37°C over 3, 6, and 18 hours. 1 mL samples from each culture was pelleted; lysed by sonication 

(sample was taken as “whole cell”-Panel A), and clarified by centrifugation (sample was taken as “soluble”-

Panel B). The expected size of the N-terminal (68-180 a.a.) WT1 fusion protein is 42.2 kDa and is indicated by 

the red arrow between the 31 and 45 kDa marker bands. LMWM-low molecular weight marker; kDa-

kiloDaltons 
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A. 

 

 

B. 

 

Figure 3.10: Western blot of pGMW102 in BL21 (DE3) Star pLysS cell line. Samples were collected and 

treated as in Figure 3.9. The anti-WT1 primary antibody “F6-WT1” was used to probe for the N-terminal (68-

180 a.a.) WT1 fusion protein. The expected size of the fusion protein is 42.2 kDa. The “whole cell” blot (panel 

A) show three main species of bands between the 38.2-31.3 kDa markers, 31.3-17.1 kDa markers, and the 17.1-

7.1 kDa markers (red, blue and green arrows, respectively). The “soluble” gel (Panel B) shows only artefacts.  
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The SDS-PAGE and Western blot for the “whole cell” sample show that a form of the N-

terminal WT1 (68-180) fusion protein is present (panel A for Figures 3.8 and 3.10). It is 

worthy to note that for the trial expression in the BL21 (DE3) Star pLysS cell line, the 

western blot shows two similar bands present in the pre-induced lanes (Figure 3.10 panel A). 

These bands are not present in the Western blots for the Rosetta 2 (DE3) cell line expression 

trial (Figure 3.8 panel A). This may suggest leaky expression of the target protein; a remote 

chance of overflow from other lanes; and/or cross reactivity with the antibody. The mass 

spectrometry shows that no WT1 or GST tag is present in the “pre-induced” sample for the 

trial expression in BL21 (DE3) Star pLysS cell line (Figure 3.11 and 3.12).  In the “soluble” 

sample, the fusion protein was only detected in the SDS-PAGE for the BL21 (DE3) Star 

pLysS cell line but not in the western blot (panel B for Figures 3.9 and 3.10).  

To test that the band seen on the SDS-PAGE is actually the fusion protein, a culture was 

treated as above and grown at 22°C then run on SDS-PAGE gel (Figure 3.11). The dark band 

at 18 hours (red arrow) was selected and digested in-gel with trypsin and analysed by mass 

spectrometry. The yellow arrow is the control sample which is a pre-induced sample. 

Figure 3.12 is the Mascot search result after sequencing. The sequence shown is the predicted 

amino acid sequence for N-terminal WT1 (68-180) fusion protein. The Mascot search result 

had 55% sequence coverage. The matched peptides are in red; the underlined sequence is the 

WT1 sequence; the green text is the 3c protease cleavage site; the blue text is the linker 

sequence; and the text in italics is the GST tag.  In Figure 3.11, the selected band (red arrow) 

has a nominal mass of 41 kDa, and matched sequences for both WT1 and the GST tag. This 

result confirms the presence of WT1 and suggests that the F6-WT1 antibody recognises an 

antigen with in the 1-68 a.a. of the N-terminus. 

The condition selected for production of the N terminal (68-180 a.a.) WT1 fusion protein is 

to use pGMW102 to transform the BL21 (DE3) Star pLysS cell line and grow at 22°C for 18 

hours. The culture was grown at a larger scale (Section 2.26.2), batch purified with GST 

sepharose and either eluted with 20 mM reduced glutathione (Section 2.28) or cleaved with 

3c protease (Section 2.29) ready for pull down experiments. 
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Figure 3.11: SDS-PAGE gel for 68-180 a.a. to be analysed by mass spectrometry. pGMW102 was transformed 

into BL21 (DE3) Star pLysS, grown at 22°C over 3, 6, and 18 hours. The red arrow shows the selected band at 

18 hours. The yellow arrow indicates the “control” at pre-induction. Both bands were digested with trypsin in 

gel and then analysed by MALDI. 

Mascot Search Results 

Matched peptides shown in Bold Red 

 

     1 MSPILGYWKI KGLVQPTRLL LEYLEEKYEE HLYERDEGDK WRNKKFELGL  

    51 EFPNLPYYID GDVKLTQSMA IIRYIADKHN MLGGCPKERA EISMLEGAVL  

   101 DIRYGVSRIA YSKDFETLKV DFLSKLPEML KMFEDRLCHK TYLNGDHVTH  

   151 PDFMLYDALD VVLYMDPMCL DAFPKLVCFK KRIEAIPQID KYLKSSKYIA  

   201 WPLQGWQATF GGGDHPPKSD LVPRSNQTSL YKKAGFEGDR TLEVLFQPPH  

   251 SFIKQEPSWG GAEPHEEQCL SAFTLHFSGQ FTGTAGACRY GPFGPPPPSQ  

   301 ASSGQARMFP NAPYLPSCLE SQPTIRNQGY STVTFDGAPS YGHTPSHHAA  

   351 QFPNHSFKHE D 

 

Figure 3.12: Mascot search result after tryptic digest and MALDI. In bold red are the matches to the protein 

sequence of pGMW102. There were sequence matches in both the GST tag and WT1 portion. Underlined is the 

N-terminal WT1 sequence 68-180 a.a.; the 3c protease cleavage site (green); linker sequence (blue); and GST 

tag (Italics). 
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3.3.2  N-terminal WT1 2-135 a.a. 

The plasmid pGMW103 encodes the N-terminal WT1 (2-135 a.a.) fusion protein which has 

an expected size of 43.7 kDa. Figures 3.13 and 3.14 show the SDS-PAGE and Western blots, 

respectively, for the trial expression in Rosetta (DE3) 2 cell line.  

For the “whole cell” gel (Figure 3.13 panel A) the N-terminal (2-135 a.a.) WT1 fusion 

protein appears to run as the bottom band of a doublet (red arrow) between the 31.0 and 45.0 

kDa markers. This is consistent with the size expectation of the fusion protein which is 43.7 

kDa. This band is not obvious in the “soluble” gel (Figure 3.13 panel B) and the red arrow 

indicates where the fusion protein is expected. 

In Figure 3.14, the “whole cell” gel shows three different band species indicated by the red 

(between 31.3 and 38.2 kDa), blue (between 17.1 and 31.3 kDa), and green (between 7.1 and 

17.1 kDa)  arrows. These bands are similar to that seen in the “whole cell” blots of Figure 3.8 

and 3.10. The bands are smaller than the expected size of 43.7 kDa. This degradation may be 

due to the fusion protein being translated in truncated forms; the fusion protein being folded 

in such a way that it is susceptible to cleavage by proteases; and/or non-specific binding by 

other proteins in the mixture. The “soluble” gel shows a much cleaner gel compared to whole 

cell and only the band between the 31.3 and 38.2 kDa markers is present. The smears seen on 

both blots are due to artefacts of the transfer. 
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A. 

 

 

B. 

 

Figure 3.13:  Trial expression of pGMW103 in Rosetta 2 (DE3) cell line. Cultures were grown at 22°C, 28°C, 

and 37°C over 3, 6, and 18 hours. 1 mL samples from each culture was pelleted; lysed by sonication (sample 

was taken as “whole cell”), and clarified by centrifugation (sample was taken as “soluble”). The expected size of 

the N-terminal (2-135 a.a.) WT1 fusion protein is 43.7 kDa and is indicated by the red arrow between the 31 and 

45 kDa marker bands. LMWM indicates the low molecular weight marker in kilo-Daltons.  
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A. 

 

 

B. 

 

Figure 3.14: Western blot of pGMW103 in Rosetta 2 (DE3) cell line. Samples were collected and treated as in 

Figure 3.13. The anti-WT1 primary antibody “F6-WT1” was used to probe for the N-terminal (2-135 a.a.) WT1 

fusion protein. The expected size of the fusion protein is 43.7 kDa. The blot show three main species of bands 

(between 38.2 and 31.3 kDa; 31.3 and 17.1 kDa; and 17.1 and 7.1 kDa) indicated by the red, blue and green 

arrows, respectively. The red arrow indicates the N-terminal (2-135 a.a.) WT1 fusion protein. The molecular 

weights are in kilo-Daltons. 
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Figure 3.15 and 3.16 show the SDS-PAGE and Western blots, respectively, for the trial 

expression of pGMW103 in the BL21 (DE3) Star pLysS cell line at different temperatures 

over different time points.  

In Figure 3.15, the N-terminal (2-135 a.a.) WT1 fusion protein (expected size of 43.7 kDa) 

appears to run as the bottom band of a doublet (red arrow) between the 31.0 and 45.0 kDa 

markers in the “whole cell” gel and is consistent with the western blot (Figure 3.16 panel A). 

This band is not obvious in the “soluble” gel; however the presence of the fusion protein is 

confirmed in the western blot (Figure 3.16 panel B). The red arrow indicates where the fusion 

protein is expected. 

In Figure 3.16, similar to Figures 3.8, 3.10, and 3.14, the “whole cell” gel shows three 

different bands of interest indicated by the red (between 31.3 and 38.2 kDa), blue (between 

17.1 and 31.3 kDa), and green (between 7.1 and 17.1 kDa)  arrows. The red arrow indicates 

the N-terminal (2-135 a.a.) WT1 fusion protein and the multiple bands (including those 

indicated by the blue and green arrows) indicate degraded forms of the fusion protein. This 

degradation may be due to the fusion protein being translated in truncated forms; the fusion 

protein being folded in such a way that it is susceptible to cleavage by proteases; and/or non-

specific binding by other proteins in the mixture. The “pre-induced” sample also has bands 

present (similar to Figure 3.10 panel A) and this may be a result of leaky expression of the 

target protein; a remote chance of overflow from other lanes; and/or cross reactivity with the 

antibody. The “soluble” gel shows a much cleaner gel compared to whole cell and only the 

band between the 31.3 and 38.2 kDa marker is present. The smears seen on both blots are due 

to artefacts of the transfer. 

The condition selected for production of the N terminal (2-135 a.a.) WT1 fusion protein is to 

use pGMW103 to transform the BL21 (DE3) Star pLysS cell line and grow at 22°C for 18 

hours. The culture was grown at a larger scale (Section 2.26.2), batch purified with GST 

sepharose and either eluted (Section 2.28) or cleaved with 3c protease (Section 2.29) ready 

for pull down experiments. 
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A. 

 

 

B. 

 

Figure 3.15:  Trial expression of pGMW103 in BL21 (DE3) Star pLysS cell line. Cultures were grown at 22°C, 

28°C, and 37°C over 3, 6, and 18 hours. 1 mL samples from each culture was pelleted; lysed by sonication 

(sample was taken as “whole cell”), and clarified by centrifugation (sample was taken as “soluble”). The 

expected size of the N-terminal (2-135 a.a.) WT1 fusion protein is 43.7 (red arrow). LMWM indicates the low 

molecular weight marker in kilo-Daltons.  

. 
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A. 

 

 

B. 

 

Figure 3.16: Western blot of pGMW103 in BL21 (DE3) Star pLysS cell line. Samples were collected and 

treated as in Figure 3.15. The anti-WT1 primary antibody “F6-WT1” was used to probe for the N-terminal (2-

135 a.a.) WT1 fusion protein. The expected size of the fusion protein is 43.7 kDa (red arrow). The blot show 

three main species of bands (between 38.2 and 31.3 kDa; 31.3 and 17.1 kDa; and 17.1 and 7.1 kDa) indicated by 

the red, blue and green arrows, respectively. The “whole cell” gel (Panel A) shows the presence of all three 

bands, while the “soluble” gel (Panel B) shows only bands between 38.2 and 31.3 kDa). 
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3.3.3  N-terminal WT1 2-180 a.a. 

The plasmid pDEST15NWT1N encodes the N-terminal (68-180) fusion protein which has an 

expected size of 47.6 kDa. Work done by Wright (2007) suggested the optimal condition for 

expression was to use pDEST15NWT1N to transform Rosetta 2 (DE3) cell line and grow at 

18°C for 3 hours. In the course of this project, these conditions did not produce any 

significant amount of WT1 protein and a new trial expression was performed. 

Figures 3.17 and 3.18 show the SDS-PAGE and Western blots, respectively, for the trial 

expression in Rosetta (DE3) 2 and BL21 (DE3) Star cell line. The culture was grown at 18°C 

and treated as above (Section 3.3) but with an extra acetone precipitation step (as described 

by Maniatis et al., 1982). The samples were then resuspended in 10, 5, or 25 µL of buffer: 

[(a) 1:2 (b) 1 (c) 1:5] and loaded on gel. 

Figure 3.17 shows that for both BL21 (DE3) Star and Rosetta 2 (DE3) cell lines the fusion 

protein appears to run as the top band (red arrow) above the 45.0 kDa marker. In the Rosetta 

(DE3) 2 cell line (panel A), 6 hours incubation has a prominent dark band, while the BL21 

(DE3) Star cell line (panel B) has the highest expression at 18 hours. 

In Figure 3.18 both BL21 (DE3) Star and Rosetta 2 (DE3) cell lines show the presence of 

WT1. The N terminal (2-180 a.a.) WT1 fusion protein (red arrow) is located above the 40 

kDa marker, and is consistent with the expected size of 47.6 kDa. The multiple bands (blue 

arrow) are degraded forms of the fusion protein. In the Rosetta 2 (DE3) lanes, only the 18 

hours lane showed expression of WT1. The prominent band seen at 6 hours on the SDS-

PAGE (Figure 3.17) is not present in the blot. For the BL21 (DE3) Star lanes, expression is 

highest after 18 hours. There seems to be expression at the pre-induction lane, and this may 

be due to leaky expression. 
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A. 

 

B. 

 

Figure 3.17: Trial expression of pDEST15NWT1N in two separate cell lines. pDEST15NWT1N was 

transformed into Rosetta 2 (DE3) and BL21 (DE3) Star cell lines [panel A and B, respectively]. Cultures were 

inoculated and grown at 18°C over 3, 6, or 18 hours. Whole cell samples were pelleted and lysed, then 

concentrated by acetone precipitation. The samples were then resuspended in different dilution factors, (a) 1:2 

(b) 1 (c) 1:5, and loaded on gel. The expected size of the N-terminal (2-180 a.a.) WT1 protein is 47.6 kDa (red 

arrow). LMWM is the low molecular weight marker lane in kilo-Daltons. 
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Figure 3.18: Western blot of pDEST15NWT1N in two separate cell lines. pDEST15NWT1N was transformed 

into Rosetta 2 (DE3) and BL21 (DE3) Star cell lines. Samples were collected and treated as in Figure3.17. The 

anti-WT1 primary antibody “F6-WT1” was used to probe for the N-terminal (2-180 a.a.) WT1 fusion protein. 

The expected size of the fusion protein is 47.6 kDa (red arrow). The multiple bands (blue arrow) are truncations 

of the fusion protein. 

 

Figure 3.19 and 3.20 show the SDS-PAGE and Western blot, respectively, for the trial 

expression of pDEST15NWT1N in the BL21 (DE3) Star pLysS cell line. This cell line has a 

T4 lysozyme to control expression and prevent leaky expression, which seems to have 

occurred in the BL21 (DE3) Star cell line (Figure 3.18). The SDS-PAGE (Figure 3.19) does 

not show a convincing picture of the presence of WT1 and the expected size of the fusion 

protein (47.6 kDa) is indicated by the red arrow. The Western blot (Figure 3.20) confirms the 

presence of the N-terminal (2-180 a.a.) WT1 fusion protein after 6 and 18 hours. The red 

arrow indicates the fusion protein and the multiple bands (blue arrow) are the truncated forms 

of the fusion protein. What is also of importance is there was no requirement to precipitate 

the soluble sample to see a signal.  

The optimal condition selected for production of the N-terminal (2-180 a.a.) WT1 fusion 

protein is to use pDEST15NWT1N to transform the BL21 (DE3) Star pLysS cell line and 

then grow at 18°C for 18 hours. 
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A. 

 

 

B 

 

Figure 3.19: Trial expression of pDEST15NWT1N in BL21 (DE3) Star pLysS cell line. Culture was grown at 

18°C and samples were taken at 3,  6, or 18 hours. Cell pellets were lysed by sonication (sample was taken as 

whole cell “WC”) and clarified by centrifugation. The clarified lysate was soluble (sol), and the pellet was 

insoluble (Insol) sample. The expected size of the N-terminal (2-180 a.a.) WT1 fusion protein is 47.6 kDa (red 

arrow). LMWM indicate low molecular weight marker lane in kilo-Daltons. 
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Figure 3.20: Western blot of pDEST15NWT1N in BL21 (DE3) Star pLysS cell line. Samples were collected 

and treated as in Figure 3.19. The anti-WT1 primary antibody “F6-WT1” was used to probe for the N-terminal 

(2-180 a.a.) WT1 fusion protein. The expected size of the fusion protein is 47.6 kDa (red arrow). The multiple 

bands (blue arrow) are truncated forms of the fusion protein. 

 

 

3.4 GST batch purification and 3c protease 

cleavage 

Soluble protein was purified by GST batch purification and either eluted with 20 mM reduced 

glutathione (Section 2.28) or cleaved overnight with 3c protease (Section 2.29). 

Both N-terminal 68-180 and 2-135 a.a. WT1 fusion proteins did not bind well to GST 

sepharose beads. Steps taken to troubleshoot this problem included: preparation of fresh 

plasmids; use of fresh BL21 (DE3) Star pLysS competent cells for transformation; and fresh 

sepharose beads were used for all reactions (data not shown). This path was eventually 

abandoned. 

Figure 3.21 shows the SDS-PAGE gel of the 2-180 a.a. WT1 fusion protein after GST batch 

purification (Section 2.28) followed by 18 hours of 3c protease cleavage (Section 2.29). The 

arrows indicate the N-terminal WT1 (2-180 a.a.) fusion protein (expected size 47.5 kDa-blue 

arrow), GST-tag (expected size 29 kDa-yellow arrow) and the 2-180 a.a. WT1 protein 

(expected size 18.5 kDa-red arrow) after 18 hours cleavage with 3c protease. It is worthy to 
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note that for the 2-180 a.a. WT1 fusion protein (blue arrow), the band intensity for the flow 

through lane is more intense than the band intensity in the whole cell (WC) and soluble (Sol) 

lanes. Similarly, the band intensity for the pre-cleavage (Pre [Slurry]) and 18 hours post 

cleavage (18 H [Slurry]) lanes are more intense than the band intensity in the bound lane. 

Loading for all the lanes were equilibrated. The slurry for “Pre” and “18 H” also contain 3c 

protease bound to sepharose bead and may affect the binding dynamics of the 2-180 a.a. WT1 

fusion protein hence the difference in intensity. 

 

Figure 3.21: Cleavage of GST- N-terminal (2-180 a.a.) WT1by 3c protease. Cell pellets of N-terminal (2-180 

a.a.) WT1 were lysed by sonication (sample taken as whole cell “WC”) and clarified by centrifugation. The 

clarified supernatant (“Sol”) was bound to glutathione sepharose (“Bound”) before being washed of any 

unbound (“Flow Through”). This was then incubated with 3c protease bound to glutathione sepharose for 

cleavage. The “slurry” is the mixture of sepharose bead as well as the bound/cleaved protein; centrifugation of 

this mixture results in separating the cleaved, N-terminal (2-180 a.a.) WT1 (“S/N”). “Pre” is the sample 

immediately after mixture, and “18H” is after cleavage with 3c protease for 18 hours. 

 

The western blot (Figure 3.22) of the 18 hour sample shows WT1 protein is present. The 

expected size after 3c cleavage of the N terminal 2-180 a.a. WT1 fusion protein is 18.5 kDa. 

The lower band shown in Figure 3.22 (unfilled red arrow) is smaller than the expected size. 

The filled red arrow indicates what maybe an intact GST tag (expected size of GST tag is 29 

kDa) with truncated 2-180 .a.a WT1 (this allows detection by F6-WT1 antibody). This 

suggests that the 2-180 a.a. WT1 fusion protein (blue arrow) was cleaved within the WT1 

portion of the fusion protein by the 3c protease. 
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Taking into account the band intensities in the SDS-PAGE gel (Figure 3.21) and the result 

from the Western blot (Figure 3.22), it is likely that the experiment did not work well. 

 

Figure 3.22: Western blot of 3c protease cleavage of GST from 2-180 a.a. WT1. Samples were treated as in 

Figure 3.21. The expected size of the fusion protein is 47.6 kDa (blue arrow). The filled and unfilled red arrows 

indicate cleavage of the fusion protein. Molecular weights are in kilo-Daltons. 

 

Figure 3.23 shows the SDS-PAGE (panel A) and western blot (panel B) of the 2-180 a.a. 

GST batch purification followed by elution with 20 mM of reduced glutathione. The SDS-

PAGE does not show a convincing result of the WT1 fusion protein being eluted. The 

western blot shows that the WT1 fusion protein is present in “whole cell”, “soluble”, “flow 

through”, “bound”, and “elution 1”. The band is above the 40 kDa mark which is the 

expected size of the 2-180 a.a. fusion protein of 47.6 kDa (red arrow). There is some protein 

being eluted in elution 2 but not much. The “bound” and “elution 1” lanes show the presence 

of multimers. This is surprising on a reducing SDS-PAGE and cannot be passed over as non-

specific antibody cross reactivity since the “whole cell” lane is much clearer. This may be a 

result of the fusion protein aggregating after binding to GST-sepharose beads. The presence 

of bands in the elution lane is encouraging but since only faint bands are present in “whole 

cell” and “soluble” lanes, it suggests that the blot did not work well. 
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A. 

 

B. 

 

 

Figure 3.23: Western blot of N-terminal (2-180 a.a.) WT1 batch purification and elution. Cell pellets of N-

terminal (2-180 a.a.) WT1 were lysed by sonication (sample taken as whole cell) and clarified by centrifugation 

(sample taken as whole cell “WC”). Clarified lysate (soluble “sol”) were bound to glutathione sepharose 

(bound) and wash with PBS (the supernatant was taken as “flow through”), before being eluted with 20 mM 

reduced glutathione. The expected size of the fusion protein is 47.6 kDa and is indicated by the red arrows. 
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3.5  Pull-down assay 

Pull-down assays were designed for the 2-180, 2-135, and 68-180 a.a. constructs. Each 

construct was either used as “bait” (bound to GST-sepharose) or “prey” (eluted fusion protein 

or N-terminal WT1 protein cleaved with 3c protease). 

The constructs 2-135 and 68-180 did not purify well with GST-sepharose (Section 3.4). This 

made eluting and cleaving very difficult. Attempts were made at using either construct as 

“bait” or “prey” but no bands were present in the western blots (data not shown). This path 

was eventually abandoned. 

The 2-180 a.a. construct was used as “bait” to pull down full length WT1. The anti bodies 

“F6-WT1” and “Penta-His” were used to probe this pull down (Appendix B1 and B2). The 

experiments failed to produce any significant results and were eventually abandoned. 

 

 

3.6  Discussion 

WT1 requires two binding sites, 5’ and 3’ of the transcription start site of the pdgf-a promoter 

gene, for transcription suppression to occur (Wang et al. 1993a). WT1 has been demonstrated 

to dimerise (Reddy et al., 1995b; Moffet et al., 1995) and that the self association domain (1-

180 a.a.) and the suppression domain (84-180) over lap (Reddy et al. 1995 and McKay et al., 

1999). This suggests that WT1 suppresses transcription of growth factors as a homodimer but 

activates transcription as a monomer. 

In this project we set out to investigate the minimal region required for self association of the 

WT1 protein. Our plan was to use pull-down assays to determine WT1 self association. To 

conduct reliable and reproducible pull-down assays we required soluble “bait” and “prey”. 

We were not successful in producing sufficient “bait” and “prey” and the majority of this part 

of the project was spent on troubleshooting the solubility problem. 
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3.6.1  DNA manipulation 

Two approaches were attempted to produce new truncations of the N-terminal WT1 protein: 

site directed mutagenesis and Invitrogen’s Gateway cloning system. 

The site directed mutagenesis appeared to be the quicker approach as it required only a one 

step process: introduce the mutation to the existing plasmid. Using the pDEST15NWT1N (2-

180 a.a.) plasmid as the template, a stop codon was introduced either at position 136 or 161 

a.a. The Pwo and Pfu polymerase were used to generate the PCR products, however both 

failed. Different temperatures, incubation times, and MgCl2 concentrations were employed 

without recover of the desired construct so this approach was eventually abandoned. 

Invitrogen’s Gateway cloning system allows the insertion of a DNA of interest into an entry 

vector which can then be recombined with different destination vectors containing a variety 

of tags. Insertion of shorter wt1 coding sequences into the entry vector offered an alternative 

route to the desired constructs. 

The Pwo and Pfu polymerase were used to generate the PCR products. Both polymerases 

were reported by the manufactures’ to produce blunt ended PCR products. However, neither 

polymerase resulted in any amplification. The Expand high fidelity enzyme was able to 

amplify the PCR reaction. Q solution (5 M betaine-final concentration 1M) was required for 

both 2-135 a.a. and 68-180 a.a. constructs. The manufacturer’s Q solution is reported to 

reduce secondary structures created by GC-rich regions (Henke et al., 1997). The wt1 gene is 

GC rich and for the 2-180 a.a. construct, there is an added glycine (ggc) repeat which is 

followed by a proline (ccg) repeat further downstream. These complementary sequence 

increases the likelihood of secondary structures forming. A final concentration of 2 mM 

MgCl2 was required for 2-135 a.a. while 68-180 a.a. only required 1.5 mM MgCl2, which is 

the concentration provided by the manufacturer’s 10 × reaction buffer. The extra magnesium 

can increase amplification but also increases risk of mispriming and the resulting spurious 

products. The presence of the glycine repeat and proline repeat may have impeded the 

amplification of 2-135 construct.  These features are likely responsible for the need for 

betaine and extra magnesium for PCR and for BigDye terminators in sequencing reactions. 

The PCR product was inserted into the Gateway entry vector using the blunt 5’ end (relative 

to the coding strand), and a 3’ end produced a cleavage at an Xho1 site included in one of the 

primers. The plasmid pENTR11 contains a DH5α lethal ccdB gene (which is lethal to DH5α) 
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and kanamycin resistance. Digestion of the vector with Xho1 then with Xmn1not only creates 

the sticky and blunt ends, respectively; it also removes the ccdB lethal gene, providing a 

selection against the parental plasmid. This counter selection is crucial in obtaining the 

desired constructs in these vectors. The lack of such counter selection in the original site-

directed mutagenesis approach may explain its’ failure. Restriction digest and sequencing 

confirmed that the desired constructs has been obtained. 

The resultant plasmid constructs encode a GST tag linked to a 3c protease cleavage site, 

which is fused to the N-terminal domain of WT1 (Figure 3.2). 

 

3.6.2  Protein expression 

In order to study WT1 interactions, soluble protein must be obtained. Expression was 

assessed in the E.coli cell lines Rosetta 2 (DE3), BL21 (DE3) Star, and BL21 (DE3) Star 

pLysS. The Rosetta 2 (DE3) cell line encodes tRNA genes for seven rare codons leading to 

improved translation of eukaryotic proteins. The BL21 (DE3) Star cell line has a mutated 

RNaseE, which has an integral part in mRNA degradation, leading to an increase protein 

expression. The BL21 (DE3) Star pLysS cell line has the added feature of producing T7 

lysozymes, which decreases the basal level of expression of the gene of interest and prevents 

leaky expression. 

The 68-180 a.a. construct was expressed in both Rosetta 2 (DE3) and BL21 (DE3) Star 

pLysS cell lines. The western blots were probed with “F6-WT1” antibody, which is a mouse 

monoclonal antibody raised against a domain 180 a.a. in length near the N-terminus of WT1 

of human origin. The “whole cell” blot for both cell lines showed the presence of three 

species of bands (Figures 3.8 and 3.10). The bands travelled further than expected for the size 

of 42.2 kDa, and appeared to contain degraded WT1. The blot of soluble protein in cell 

lysates did not show the presence of WT1 in either cell lines. However, the presence of 

soluble 68-180 a.a. WT1 fusion protein was determined by mass spectrometry (Figures 3.11 

and 3.12). This suggests that the epitope which the “F6-WT1” antibody detects is within the 

1-67 a.a region of WT1. The manufacturer (Santa Cruz Biotechnology) could not confirm the 

exact antigen used or epitope. 
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The 2-135 a.a. construct was expressed in both Rosetta 2 (DE3) and BL21 (DE3) Star pLysS 

cell lines. The western blots of both cell lines showed the presence of the WT1 fusion protein 

in the “whole cell” sample and in “soluble” lysates. The blot of protein from whole cells 

showed three species of degraded bands similar in size to those seen in the 68-180 a.a. 

construct. The blot of soluble protein showed single bands running just beneath the 38 kDa 

marker consistent with the top band of the “whole cell” blot. The presence of on a single band 

in each lane for the “soluble” sample suggests that the clarification of “whole cell” by 

centrifugation reduces the presence of degraded protein. 

The optimised condition for growing the 68-180 a.a. and 2-135 a.a. constructs: Use the 

plasmids pGMW102 and pGMW103 to transform BL21 (DE3) Star pLysS cell line and 

incubate the cultures at 22°C for 18 hours. 

The low molecular size of the fusion protein seen for both 68-180 a.a. and 2-135 a.a. may be 

a result of the “GC” rich region created by the glycine repeat (ggc) followed by the proline 

repeat (ccg). This increases the likelihood of the mRNA to form secondary structures. If this 

is the case, then it is also likely that during translation, the ribosome may stall or even 

prematurely terminate resulting in lower size fusion proteins. This low molecular size may 

also have been the result of the fusion protein being partially degraded by proteases during 

cell growth. The folded state of the fusion protein was not investigated but the degraded 

forms of the fusion protein may have been a result of the protein being folded in such a way 

that cleavage by proteases is enhanced. 

The low molecular weight bands might also result from cleavage of unstable forms of the 

fusion protein leading to increased cleavage during purification. Steps were taken to reduce 

degradation of the WT1 fusion protein: all cell pellets were stored at -20°C; lysis buffer 

contained PMSF (phenylmethanesulfonylfluoride) or Roche protease inhibitor cocktail; all 

manipulations took place in an ice bath; the probe for sonicator was chilled before and during 

the intervals between sonication. The protein degradation may have occurred during the 

sonication process. Increasing acoustic power, viscosity, temperature, and processing time of 

protein sample during sonication will increase protein degradation (Ozbek and Ulgen, 2000). 

Duty cycle is the amplitude of the sonication and is directly affected by the output control. 

Power has a variable relationship with duty cycle which is affected by the viscosity of the 

sample. In low viscous sample (e.g. water), the power required to generate a certain 
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amplitude is relatively low compared to a higher viscous fluid (e.g. resuspended cell pellet) 

(http://www.sonicator.com/site/pdf/PowervsIntensity.pdf).  

The cell pellets were resuspended in a volume (approximately 6 mL) that a 1/50 dilution will 

produce an OD600 value of 1.0 (Section 2.27). The viscosity of the resuspended cell pellet 

may have been high and this may have lead to an increase in power resulting in significant 

protein degradation. The output control may have been too high as well and may have 

contributed to the protein degradation. The samples were sonicated three times for 30 s at 30 

s intervals (Section 2.27). Ozbek and Ulgen (2000) found that a significant rise in 

temperatures occurs when increasing the processing time.  

The volume used in the resuspension of the cell pellet may have been too small, and the 

addition of more buffers would have reduced the viscosity of the fluid reducing the protein 

degradation. The sample processing time could have been reduced as well as using a lower 

output control. The current settings used for the sonication procedure was based on work 

done by Ollie Wright for his BAppSc (Hons). WT1 function has been demonstrated to be 

dependent on the cell line, plasmid, and/or vectors used (Review by Discenza, 2004). The 

fact that a different cell line (BL21 (DE3) Star pLysS) and different constructs (68-180 a.a. 

and 2-135 a.a.) were used may have required a different sonicator setting. To decrease the 

protein degradation, new optimised sonication conditions must be determined for each 

construct in each cell line. 

Ollie Wright (BAppSc Hons) determined the condition for optimised expression of 2-180 a.a. 

to be at 18°C for 3 hours. This condition did not produce any WT1 fusion protein which 

could be detected by the F6-WT1 antibody. An expression trial was performed at 18°C using 

Rosetta 2 (DE3), BL21 (DE3) Star, and BL21 (DE3) Star pLysS cell lines. Both Rosetta 2 

(DE3) and BL21 (DE3) Star cell lines required acetone precipitation in order for the F6-WT1 

antibody to detect any WT1. There was an antibody response in the pre-induction lane of the 

BL21 (DE3) Star cell line and this may have been a result of leaky expression from the 

plasmid. The BL21 (DE3) Star pLysS has the added feature of producing T7 lysozyme 

reduces the likely hood of leaky expression. The optimal condition for expression of 2-180 

a.a.: Use pDEST15NWT1N to transform BL21 (DE3) Star pLysS and incubate at 18°C for 

18 hours (Figure 3.20). 
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3.6.3  GST batch purification 

The 2-135 a.a. and 68-180 a.a. constructs could not be purified by GST batch purification. 

Fresh cultures, plasmid, competent cells, and sepharose beads were used to trouble shoot this 

problem (data not shown) but still did not produce any positive results. This may have been 

due to a variety of factors:   

(1) The short linker between the GST tag and the N-terminal WT1 protein may have led the 

N-terminal WT1 protein to interfere with the GST tag, preventing it from binding to the GST 

sepharose beads. (2) Maru et al. 1996 demonstrated that the GST tag can self associate both 

in vivo and in vitro. This suggests that the GST tag may have formed homodimers thus 

preventing its own ability to bind to the GST sepharose beads. (3) WT1 can dimerise and 

may have done so preventing GST tag binding to GST sepharose beads. This may have been 

compounded with the short linker and the ability of the GST tag to self associate. (4) The 

degradation of the fusion protein during the sonication and batch purification may have 

cleaved off essential parts of the GST tag necessary for binding to the GST sepharose beads. 

(5) The fusion protein may have been misfolded leading to lack of binding, non-specific 

proteolytic susceptibility and poor solubility.  

The western blot (Figure 3.22) showed that the 2-180 a.a. construct was, to a degree, able to 

bind to the GST sepharose beads and be batch purified. There was evidence of cleavage with 

3c protease (Figure 3.22) as well as evidence of some fusion protein being eluted with 

reduced glutathione (Figure 3.23). The qualities of both the cleaved and eluted protein were 

low. 

The 3c protease cleavage showed two fragments detected by the F6-WT1 antibody (Figure 

3.22). The gel suggests that the 3c protease cleaved the fusion protein within the WT1 portion 

of the fusion protein. The larger fragment contains the GST tag and a fragment of WT1, 

allowing its detection by the F6-WT1 antibody. The smaller fragment (N-terminal WT1 2-

180 a.a.) is expected to be 18.5 kDa in size. However, the smaller fragment detected in the 

western blot is lower than the 17 kDa marker and is consistent with the explanation that the 

cleavage occurred within the WT1 portion of the fusion protein. Band intensities on the SDS 

PAGE and Western blot (Figures 3.21 and 3.22, respectively) suggest that the cleaved protein 

recovered is less in the supernatant than in the slurry (which contains sepharose beads). This 
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suggests that the solubility for the 3c cleaved fusion protein is limited leading to precipitation 

and recovery with the sepharose beads. 

The western blot (Figure 3.23 panel B) shows the elution of N-terminal 2-180 a.a. WT1 

fusion protein after treatment with 20 mM reduced glutathione. Almost all of the 2-180 a.a. 

domain is recovered in the first elution. However, multimers are seen on the top of the blot 

which is surprising since separation was performed in a reducing SDS-PAGE gel. The 

multimer may be a result of the fusion protein forming multiple complexes and aggregates 

after binding to GST-sepharose beads. 

 

3.6.4  Pull-downs 

The fact that the 2-135 a.a. and 68-180 a.a. construct could not be GST batch purified meant 

that they could not be used as bait or prey on any of the pull down experiments. The 2-180 

a.a. construct was used as “bait” to pull down full length WT1 but did not produce any 

significant results (Appendix B1 and B2). This part of the project was eventually abandoned. 
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Chapter 4 

Zinc Finger Domains of WT1 

4.1  Introduction 

The wt1 gene encodes four contiguous zinc fingers of the Cys2-His2 Krupple protein type at 

the C-terminus (Haber et al. 1991 and Niksic et al. 2004). Zinc fingers 2 to 4 have a 65% 

sequence identity with the three zinc fingers of early growth response factor 1 (EGR-1) (Stoll 

et al. 2007). Mouse WT1 zinc fingers have a 95% sequence identity with the human zinc 

fingers (Buckler et al. 1991). 

Alternative splicing of the end of exon 9 results in the insertion of KTS (lysine, threonine, 

and serine) between the 3
rd

 and 4
th

 zinc finger domains (Rupprecht et al. 1994). Both the (+) 

and (-) KTS isoforms have been shown to bind DNA (Nurmemmedov et al. 2009) and RNA 

(Nurmemmedov et al. 2010). 

Fagerlund (2009) used electrophoretic mobility shift assay (EMSA) to investigate the binding 

affinity of zinc finger protein with (+) and (-) KTS to various promoters from wt1, pdgf, and 

bcl-2 gene. Missing from this investigation was the fractional activity of the respective zinc 

finger proteins. The fractional activity is the portion of purified protein which is actually 

functional. 

The second aim of this project was to design a functional assay to determine the fractional 

activity of the (+) and (-) KTS protein samples used in Fagerlund’s experiments. 

 

4.2 Protein expression 

Truncated zinc finger proteins can retain their wild-type properties (Wolfe et al. 2000 and 

Nurmemmedov et al. 2006). In order to accurately estimate the fractional activity of the zinc 

finger proteins used by Fagerlund, we had to use the zinc finger protein used in his actual 

experiments. However, there was scarce (+) and (-) KTS samples left, so more protein was 
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purified to design the assay before actually measuring the fractional activity of Fagerlund’s 

(2009) zinc finger proteins. 

The plasmids for the truncated zinc finger domains (+) and (-) KTS, as well as full length 

WT1 (Section 2.7) contain a Trx-tag fused to the N-terminus. The plasmids were used to 

transform BL21 (DE3) Star pLysS and before incubation at 18
o
C overnight. Cells were 

pelleted, sonicated, spun down, and the soluble sample purified using a three step protocol 

pioneered by Fagerlund (2009): (1) IMAC was used to purify the Trx-KTS (Section 2.33.1) 

(2) Cleavage overnight by 3c protease (Section 2.29) followed by (3) IEX to remove Trx tag 

(Section 2.33.2). Purification of full length employed only IMAC, as 3c protease cleavage 

was poor, and binding to IEX was inadequate. 

The full length WT1 fusion protein, (+) KTS, and (-) KTS purified in this project were all 

incubated with fluorescent labelled oWT1optimal and
 32

P labelled oWT1optimal and PO1A 

(Section 2.6.4). No shift was observed for any of the purified proteins. Many steps were taken 

to troubleshoot this problem including use of fresh BL21 (DE3) Star pLysS competent cells 

for transformation; the use of fresh 3c protease pellets for cleavage; use of fresh probes, poly 

dI:dC, buffers, and labels for the reactions (Appendix C). 

 

4.2.1 Full length WT1 

Full length WT1 [(+) exon 5/ (-) KTS] fusion protein was purified using IMAC. Figure 4.1 

shows the chromatogram (panel A) of the IMAC purification and the SDS-PAGE gel (panel 

B) of the fractions collected. The chromatogram shows three absorbance peaks at 280 nm 

(blue trace). The first big peak is the flow through. The second peak is the full length WT1 

fusion protein (red arrow) and requires low concentration of imidazole for the protein to 

elute. The remaining absorbance peak is the imidazole signal. 

Panel B shows a doublet (red and blue arrows) in fractions 5, 6, and 7 between the 66.2 kDa 

and 97.6 kDa markers. This is the full length WT1 fusion protein and its truncated forms, 

respectively. All fractions were aliquoted separately and stored at -80°C ready for EMSA. 
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A. 

 

B. 

 

Figure 4.1:  Full length WT1 fusion protein purification by IMAC. Panel (A) shows the chromatogram of the 

full length elution profile. The red trace is the conductivity (mS/cm); green trace is the percent B buffer; and the 

blue trace is the absorbance at 280 nm. The lag between the percent B trace and the conductivity is a result of 

the system volume between the pumps and the detector. The red arrow indicates the peak where full length was 

eluted, and the yellow bar denotes the fractions pooled to be analysed. Panel (B) shows SDS-PAGE of the 

fractions collected above. The red arrow indicates full length WT1 fusion protein and the blue arrow indicates 

truncated forms of the fusion protein. The purple bar indicates the fraction selected for EMSA (fractions 5, 6, 

and 7). 
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4.2.2  WT1 zinc finger domain variant (+) KTS 

Figure 4.2 shows the chromatogram (panel A) of the IMAC purification of the Trx (+) KTS 

zinc finger fusion protein, as well as the SDS-PAGE gel (panel B) of the fractions selected 

for analysis. 

The chromatogram shows three absorbance peaks: the flow through, Trx (+) KTS fusion 

protein (red arrow), and imidazole. The Trx (+) KTS fusion protein is eluted at low levels of 

imidazole concentration. The yellow bar represents the fractions which were selected for 

analysis by SDS-PAGE. 

Panel B shows the SDS-PAGE gel of the fractions selected from the IMAC purification. The 

expected size of the fusion protein Trx (+) KTS fusion protein is 34.7 kDa. The dark band 

between the 31.0 and 45.0 kDa markers (red arrow) matches the size of the fusion protein. 

The blue arrow indicates truncated forms of the fusion protein. Fractions 5, 6, and 7 (purple 

bar) were pooled and cleaved overnight with 3c protease (Section 2.29). The cleaved samples 

were spun down, and the supernatant filtered before being run on an IEX column. 

Figure 4.3 shows the chromatogram (panel A) and SDS-PAGE gel (panel B) for the IEX 

purification. The chromatogram shows two peaks followed by a plateau in the absorbance 

trace. The first peak is the flow through and the second is the cleaved (+) KTS with no 

thioredoxin tag (red arrow). The yellow bar indicates the fractions pooled. 

The SDS-PAGE gel shows that the Trx (+) KTS fusion protein (green arrow) is present in the 

soluble and IMAC pool lanes. There is minimal Trx (+) KTS fusion protein in the 3c protease 

treated lane and the thioredoxin tag (yellow arrow) is seen in both the “O/N 3c cleavage” and 

“Flow through” lanes. This suggests that cleavage of the thioredoxin tag from the Trx (+) 

KTS fusion protein was successful. The cleaved (+) KTS and its truncated forms are 

indicated by the red and blue arrows, respectively. Fractions 6 and 7 were pooled as the 

Coomassie-stained band intensity showed that these fractions contained the highest 

concentration of cleaved (+) KTS (purple bar). There is no thioredoxin tag in any of the IEX 

fractions collected. The pooled fractions were aliquoted and stored at -80°C, ready for 

EMSA. 
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A. 

 

B. 

 

Figure 4.2: Trx (+) KTS fusion protein purification by IMAC. Trx (+) KTS was separated from soluble sample 

using an IMAC column. Panel (A) shows the chromatogram of the elution profile. The red arrow indicates the 

peak where the Trx (+) KTS fusion protein was eluted, and the yellow bar denotes the fractions pooled. Panel 

(B) shows SDS-PAGE of the fractions collected above. The red arrow indicates the Trx (+) KTS fusion protein 

and the blue arrow indicates truncated forms. The purple bar shows which fractions were pooled to be cleaved 

overnight by 3c protease (fractions 5, 6, and 7). Lane designations are as in Figure 4.1. 

 

 



 Chapter 4: Zinc finger domains  

98 

 

A. 

 

B. 

 

Figure 4.3: Cleaved (+) KTS purification by IEX. Trx (+) KTS fusion protein from IMAC purification were 

pooled and cleaved overnight with 3c protease then purified by IEX chromatography. Panel (A) shows the 

chromatogram of the elution profile. The red arrow indicates the peak where cleaved (+) KTS was eluted, and 

the yellow box indicates the fractions collected to be analysed. Traces are coloured as in Figure 4.1. Panel (B) 

shows SDS-PAGE of the fractions collected above. The green arrow indicates pool of Trx (+) KTS fusion 

protein; yellow arrow indicates the Trx tag; red arrow indicates purified (+) KTS, and the blue arrow indicates 

truncated forms of the protein. The purple bar shows which fractions were pooled for EMSA (fractions 6 and 7). 

Lane designations are as in Figure 4.1. 
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4.2.3  WT1 zinc finger domain variant (-) KTS 

Figure 4.4 shows the chromatogram (panel A) of the IMAC purification of Trx (-) KTS zinc 

finger fusion protein as well, as the SDS-PAGE gel (panel B) of the fractions selected for 

analysis. 

The chromatogram shows two absorbance peaks: the flow through and Trx (-) KTS fusion 

protein (red arrow). The Trx (-) KTS fusion protein elutes just as the imidazole starts to 

increase (similar to the Trx (+) KTS fusion protein IMAC profile). The yellow bar indicates 

which fractions were selected for analysis by SDS-PAGE. 

Panel B shows the SDS-PAGE gel of the fractions selected from the IMAC purification. The 

expected size of the Trx (+) KTS fusion protein is 34.7 kDa and is indicated by the dark band 

between the 31.0 and 45.0 kDa markers (red arrow). The blue arrow indicates truncated 

forms of the fusion protein. Fractions 4, 5, and 6 (purple bar) were pooled and cleaved 

overnight with 3c protease (Section 2.29). The cleaved samples were spun down, and the 

supernatant filtered before being run on an IEX column. 

Figure 4.5 shows the chromatogram (panel A) and SDS-PAGE (panel B) for the IEX 

purification. The chromatogram shows a single peak followed by a plateau in the absorbance 

trace. The peak is the cleaved (-) KTS protein with no thioredoxin tag (red arrow). The 

yellow bar indicates the fractions pooled. 

The SDS-PAGE gel shows that the Trx (-) KTS fusion protein (green arrow) is present in all 

samples. There is significant amount of fusion protein in IMAC pool as well as the overnight 

cleaved sample. This suggests that the cleavage did not go to completion. The presence of 

Trx (-) KTS fusion protein in all the fractions comes as no surprise as a significant portion of 

the uncut fusion protein bound to the IEX column. The thioredoxin tag (yellow arrow) is seen 

in both the cleaved sample and the flow through. The cleaved (+) KTS protein (red) and 

truncated versions (blue arrow) are present in the cleaved sample as well as fraction 8 and 9. 

There is a small amount of cleaved (-) KTS in fractions 7 and 10, but the resulting band is 

very weak. Fractions 8 and 9 were pooled, aliquoted, and stored at -80°C ready for EMSA. 
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A. 

 

B. 

 

Figure 4.4:  Trx (-) KTS fusion protein purification by IMAC. Trx (-) KTS was separated from soluble sample 

using an IMAC column. Panel (A) shows the chromatogram of the elution profile. The red arrow indicates the 

peak where the Trx (-) KTS fusion protein was eluted, and the yellow bar indicates the fractions pooled. Traces 

are coloured as in Figure 4.1. Panel (B) shows SDS-PAGE of the fractions collected above. The red arrow 

indicates the Trx (-) KTS fusion protein and the blue arrow denote the truncated forms. The purple bar shows 

which fractions were pooled to be cleaved overnight by 3c protease (fractions 4, 5, and 6). Lanes are indicated 

as in Figured 4.1. 
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A. 

 

B.

 

Figure 4.5:  Cleaved (-) KTS purification by IEX. Trx (-) KTS fusion protein from IMAC purification were 

pooled and cleaved overnight with 3c protease then purified by IEX chromatography. Panel (A) shows the 

chromatogram of the elution profile. The red arrow indicates the peak where the cleaved (-) KTS was eluted, 

and the yellow bar indicates the fractions collected to be analysed. Traces are coloured as in Figure 4.1. Panel 

(B) shows SDS-PAGE of the fractions collected above. The green arrow indicates Trx (-) KTS fusion protein; 

yellow arrow indicates the Trx tag; red arrow indicates purified (-) KTS and the blue arrow indicates truncated 

forms of the protein. The purple bar shows which fractions were pooled for EMSA (fractions 8 and 9). Lane 

designations are as in Figure 4.1. 

 



 Chapter 4: Zinc finger domains  

102 

 

The purified full length WT1 fusion protein and cleaved (+) KTS and (-) KTS zinc finger 

truncations were incubated with fluorescent labelled oWT1optimal probes, and α-
32

P labelled 

oWT1optimal and PO1A probes, then run on a native gel (Section 2.34). No shift was 

observed for any of the reactions. Many steps were taken to troubleshoot (Appendix C) this 

problem including 

-fresh transformations into new competent BL21 Star pLysS cell line 

-fresh 3c protease cell pellets were used in the cleavage step 

-fresh poly dI:dC, buffers, and labels were used for the reactions 

-the protein was concentrated and compared with un-concentrated protein 

The troubleshooting steps failed to produce any successful shift for the full length WT1 

fusion protein and cleaved (+) KTS and (-) KTS zinc finger truncations. However, a different 

variant of the Trx zinc finger domain, Min-zf, created a shift (Appendix C3). The Min-zf 

variant was then selected to design the functional assay to determine the fractional activity of 

the protein samples in Fagerlund’s experiments (Section 4.3.2). 

 

 

4.3  Electrophoretic mobility shift assay (EMSA) 

Electrophoretic mobility shift assay (EMSA) is a technique used to study the dynamic 

interactions between protein and DNA. Double stranded DNA, with sequences of interest, are 

labelled with radioactive or fluorescent labels. The DNA and protein are incubated at a 

predetermined condition, and then separated by native gel. The imaging of the gel will be 

determined by what labelled probe was used. Functional protein will bind DNA forming a 

protein-DNA complex, and can be observed as a band of retarded mobility. Increasing the 

amount of functional protein, while maintaining the DNA concentration, will result in a 

titration effect. There will be an increase in the bound (retarded or shifted) bands and a 

concomitant decrease in the unbound band (Figure 4.6). Non-functional protein will not bind 

DNA resulting in no shift. 
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Figure 4.6: Schematic of EMSA. Functional protein will bind the labelled probe and create a shift. Increasing 

the protein concentration while keeping the probe concentration constant will result in a titration effect where 

the shift (bound) band will increase in size while the unbound band will decrease in size. 

The probes used in this study were labelled at the 5’ end with radioactive 
32

P and/or 

fluorescent (Section 2.34.2). The oWT1optimal probe contains the WT1 optimal binding site 

GCGTGGGAGTGT (Hamilton et al. 1998), and the PO1A probe contains the first binding 

WT1 site from a pdgf-a, GCGGGGGCGGGG (Rauscher et al. 1990). 

 

4.3.1  Full length, (+) KTS, and (-) KTS 

To determine why there was no DNA-binding activity in the full length WT1 fusion protein 

and cleaved (+) KTS and (-) KTS truncations, the activity of the (-) KTS isoform was tracked 

during purification (Figure 4.7). A constant volume (0.75 µL) of each sample was incubated 

with 75 nM of fluorescent labelled oWT1optimal then run on a native gel. A shift attributed 

to binding of the Trx (-) KTS fusion protein to fluorescent labelled DNA (red arrow) is 

observed in the soluble, IMAC pool and overnight 3c protease cleavage (very light band) 

lanes. The absence of this shift in the IEX pool shows that this step has eliminated the Trx (-) 

KTS fusion protein. The overnight cleavage with 3c protease gives rise to a shifted band of 

greater mobility (yellow arrow) attributed to the cleaved (-) KTS bound to fluorescent 

labelled DNA. Comparison in the overnight 3c protease lane between the band attributed to 
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the DNA bound Trx (-) KTS fusion protein and the band attributed to the DNA bound 

cleaved (-) KTS (indicated by red and yellow arrows, respectively), suggests that the 

cleavage of the thioredoxin tag was successful. The IEX lane has a band in the vicinity of the 

yellow arrow but it is travelling lower than the overnight 3c cleavage “frown” band (level 

with the edge of the frown). The difference in mobility may be due to the difference in salt 

conditions. 

 

Figure 4.7: EMSA tracking of (-) KTS purification. Red arrow [Trx (-) KTS fusion protein bound to probe]; 

yellow arrow: [cleaved (–) KTS bound to probe]; green arrow [unbound probe]. NPB, oligonucleotide probe 

without added protein; sol, soluble protein after lysate; IMAC pool, pooled fractions after IMAC separation; 

O/N 3C cleavage, IMAC pool after 18 hours cleavage with 3c protease; IEX pool, cleaved (-) KTS sample with 

no Trx tag. 
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4.3.2  Min-zf 

Although full length WT1 fusion protein and cleaved (+) KTS and (-) KTS truncations 

prepared in this project were not functional in the EMSA, it was discovered that a different 

variant of the Trx-zinc finger domain, “Min-zf”, created a shift when probed with fluorescent 

labelled oWT1optimal (Appendix C3). “Min-zf” is a minimal zinc finger motif (321-440 a.a.) 

with an N-terminal thioredoxin tag (Wolfe et al., 2000) and was present in large amounts in 

the lab. Since our objective was to design an assay to determine fractional activity, the Min-zf 

fulfilled the role. The concentration of Min-zf was determined to be 45 ng/µL using known 

concentrations of commercial BSA. 

 

4.3.3  Time course 

A time course was used to establish the optimum incubation time for binding of the truncated 

WT1 zinc finger fusion protein to labelled DNA probes. Min-zf protein (75 nM) was 

incubated with 1 nM of 
32

P radiolabelled oWT1optimal and PO1A over a range of time 

(Figures 4.8 and 4.9 respectively). Two shifts (red and yellow arrows) are observed in the 

native gel (panel A). The higher shift (red arrow) is the main Min-zf bound to the probe, and 

the lower shift (yellow arrow) is the truncated Min-zf bound to probe. The unbound bands are 

indicated by the green arrow. 

The EMSA was quantified using densitometry (Section 2.34.6) and the proportion of bound 

to unbound (red and green arrow, respectively) was calculated then graphed (panel B). The 

optimal incubation time for binding of Min-zf to both 
32

P labelled oWT1optimal and PO1A 

(red arrow in panel B for Figures 4.8 and 4.9, respectively) is 20 minutes.  For the oWT1 

optimal probe (Figure 4.8 panel B), the proportion bound for the 5 minute incubation time 

(blue arrow) is relatively high. This may be due to the high level of labelled DNA binding to 

the truncated versions of the fusion protein (reference the intensity of the band indicated by 

the yellow arrow and second band slightly below the yellow arrow in panel A). This reduces 

the intensity of the unbound band (green arrow in panel A) giving the high ratio of bound to 

unbound (red/green ratio). 
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A. 

 

B. 

 

 

 

Figure 4.8: Time course for Min-zf and 32P labelled oWT1optimal probe. 75 nM of Min-zf was incubated with 1 

nM 32P-radio labelled oWT1optimal over a range of time (0 to 100 min). Panel A shows the EMSA result: red 

arrow- Min-zf bound to probe; green arrow-Unbound probe; and yellow arrow-Truncated form of the fusion 

protein bound to probe. Panel B shows the graph of the proportion of labelled DNA bound to protein over 

different incubation times. 
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A. 

 

B. 

 

Figure 4.9: Time course for Min-zf and 32P labelled PO1A probe. 75 nM of Min-zf was incubated with 1 nM 
32P-radio labelled PO1A over a range of time (0 to 100 min). Panel A shows the EMSA result: red arrow-Min-zf 

bound to probe; green arrow-Unbound probe; and yellow arrow-Truncated form of the fusion protein bound to 

probe. Panel B shows the graph of the proportion of labelled DNA bound to protein over different incubation 

times.  
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4.3.4  Protein titration 

To calculate the fractional activity we wanted to find a protein concentration which is far 

lower than the Kd but can still create a shift. This then allowed titration of oligonucleotide to 

determine maximal binding capacity of the purified protein. Fagerlund (2009) calculated the 

Kd of (+) KTS and (-) KTS for various WT1 sites which ranged from 140 nM to over 3,000 

nM. Fagerlund (2009) also demonstrated that a shift could be detected using 25 nM of 

fluorescent labelled oWT1optimal. Fluorescent label was used as this was abundant, cheaper, 

gave quicker results, and created less background noise compared to radiolabelled probes. 

A range of Min-zf protein concentrations (0-100 nM) were incubated with 75 nM of 

fluorescent labelled oWT1optimal before being run on a native gel (Figure 4.10). A higher 

concentration of labelled probe (compared to Fagerlund’s 25 nM) was used to ensure a signal 

will be detected. Three species of bands are observed: Min-zf bound to probe (red arrow); 

degraded Min-zf bound to probe (yellow arrow); and unbound probe (blue arrow). 

The lowest Min-zf protein concentration to elicit a shift was 20 nM. However, the band is too 

weak to allow fractional binding with lesser amounts of the labelled probe. The 40 nM 

concentration was selected since it created a shift with a stronger band but still at a protein 

concentration below the expected Kd. 

 

 

Figure 4.10: Min-zf protein titration. Fluorescent labelled oWT1optimal (75 nM) was incubated with a range of 

Min-zf protein concentration s (0-100 nM). Red arrow-Min-zf bound to probe; yellow arrow-Truncated form of 

the fusion protein bound to probe; and blue arrow-Unbound. 
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4.3.5  DNA titration 

A titration of fluorescent labelled oWT1optimal probe incubated with 40 nM of Min-zf 

protein is shown in Figure 4.11. All the DNA concentrations (except for 0 and NPB) elicited 

a shift (red arrow). The yellow arrow (light bands) indicates truncated forms of the Min-zf 

protein bound to labelled probes. This should not be confused with the darker band (slightly 

below the yellow arrow) which is seen in all lanes including the NPB lane. The shift resulting 

from the intact fusion protein (red arrow) was used to quantitate binding, avoiding any 

artefact from this unexplained band (band below yellow arrow). 

As the DNA concentration increases, there is an increase in the intensity of the unbound band 

(green arrow). After saturation of all binding sites by competent Min-zf, the bound band 

remains relatively constant (red arrow). 

 

 

Figure 4.11: Titration of fluorescent labelled oWT1 optimal probe. A range of fluorescent labelled 

oWT1optimal (0-500 nM) was incubated with 40 nM of Min-zf protein and run on a native gel. Red arrow- 

Min-zf bound to probe; yellow arrow- truncated Min-zf bound to probe (top part of the doublet); and green 

arrow-unbound probe. 

 

 

 

 



 Chapter 4: Zinc finger domains  

110 

 

4.3.6  Fractional activity 

The DNA titration (Figure 4.11) was quantified (Section 2.34.6) and the DNA bound to Min-

zf was calculated using the equation  

Min-zf bound = Total DNA × [IB/ (IU+ IB)] 

IB- intensity of bound band 

IU-intensity of unbound band 
 

The DNA:Min-zf bound was graphed against total DNA (Figure 4.12). The fractional activity 

of the Min-zf is approximately 25%. This means that only 25% of the protein is functional 

and binds the labelled DNA causing the shift while the other 75% are non-functional. 

 

Figure 4.12: Fractional activity of Min-zf. Min-zf bound graphed against total DNA (nM). The fractional 

activity is approximately 25%. 

Now that the fractional activity assay has been established, the intention was to calculate the 

fractional activity for the (+) KTS and (-) KTS isoforms used in Fagerlund 2009. 

A range of (+) KTS concentrations (0-300) was incubated with 
32

P-radiolabelled 

oWT1optimal and PO1A. Figure 4.13 shows that there was no shift for either probe and 

suggest that the protein may have lost its activity while in storage. A similar result was 

observed for the (-) KTS isoform (data not shown). 
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Figure 4.13: Native gel for Fagerlund’s (+) KTS. Fagerlund’s (+) KTS protein (0-300 nM) were incubated with 

1 nM of 32P-radiolabelled oWT1optimal and PO1A and run on a native gel. 

 

 

4.4  Discussion 

Fagerlund (2009) investigated the binding affinity of the (+) KTS and (-) KTS zinc finger 

variants for various promoters of the pdgfa, wt1, and bcl-2 gene. One of the factors 

unaccounted for was the fractional activity of both variants. We set out to determine the 

fractional activity of the (+) KTS and (-) KTS which included several steps: purification of 

the zinc finger variants, developing an assay for fractional activity, and applying the assay to 

the small amounts of protein sample remaining from Fagerlund’s experiment. 

 

4.4.1  Protein purification 

Due to the limit supply of (+) KTS and (-) KTS samples used by Fagerlund (2009), fresh 

protein was required to design this assay. Full length WT1 (+ exon 5/-KTS), (+) KTS, and (-) 

KTS protein cultures were prepared and purified in a three step protocol: (1) IMAC 

purification to purify Trx-WT1 fusion protein (Section 2.33.1), (2) Overnight cleavage of 

thioredoxin tag with 3c protease (Section 2.29), and (3) IEX purification to separate the Trx 
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tag from the cleaved  protein (Section 2.33.2). Full length WT1 only required IMAC 

purification as cleavage with 3c protease was poor and IEX purification inadequate. 

All the constructs eluted well after IMAC purification (Figures 4.1, 4.2, and 4.4). 3c protease 

cleavage of Trx (+) KTS fusion protein went into completion but cleavage of Trx (-) KTS 

fusion protein did not (panel B of Figures 4.3 and 4.5). To complete the cleavage, more time 

might have been useful. However, it is also possible that the uncleaved portion represents 

protein that is aggregated, misfolded, or otherwise damaged and unavailable to the protease. 

After cleavage, both (+) KTS and (-) KTS were subjected to IEX chromatography (Figure 4.3 

and 4.5), however Trx (-) KTS fusion protein co-eluted with the cleaved zinc finger domains. 

This difficulty arises from the incomplete 3c protease cleavage: IEX chromatography is 

sufficient to separate the zinc finger domain from its thioredoxin fusion partner, but not from 

the intact fusion protein. With respect to the amount of protein, we were successful in 

producing a significant amount of full length WT1 fusion protein and cleaved (+) KTS and (-

) KTS truncations. With respect to the production of functional protein, we were not 

successful.  

Despite the setback, the fact that the design of the fractional activity assay does not depend 

on a specific construct allowed the use of Min-zf, which created a shift when incubated with 

fluorescent labelled oWT1optimal (Appendix C3). Min-zf was prepared in sufficient amount 

and used to design the fractional activity assay. 

 

4.4.2  EMSA (Electrophoretic mobility shift assay) 

EMSA is a widely used technique to investigate the dynamic interaction between protein and 

DNA. Two probes were labelled with either fluorescent label or 
32

P radiolabel: oWT1optimal 

(contains optimal WT1 binding site-single site) and PO1A (contains the first pdgfa binding 

site). An interaction between functional protein and DNA will result in a shift (bound). All 

the EMSA for the freshly prepared full length WT1 fusion protein and cleaved (+) KTS and 

(-) KTS failed to create a shift. This suggested that the protein samples prepared were not 

functional at all. Troubleshooting included: 

-Fresh transformations of plasmids into fresh competent BL21 (DE3) Star pLysS cell line 

(Appendix C3). 
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-The IMAC and IEX column were cleaned and charged (IMAC column only) as per the 

manufacturer’s recommendations for all purification run. 

-Fresh 3c protease pellets were made and each cleavage step used fresh GST sepharose beads 

according to the manufacturer’s recommendation (Appendix C3). 

-The protein may have been binding non-specifically to exogenous nucleic acid and not the 

labelled probes, so fresh poly dI.dC, as well as the running buffer were used (Appendix C1). 

-The probe and label may have been degraded so fresh dilutions of oligonucleotides were 

made from primary stocks, annealed and labelled. 

-The protein was concentrated with either Centricon centrifugal filter devices (Millipore) or 

Vivaspin concentrator, with 10 kDa molecular weight cut off (Appendix C3). 

After all of these troubleshooting steps, there was still no shift detected. Activity tracking of 

(-) KTS purification revealed that the soluble protein, IMAC purification sample, and 

samples cleaved O/N (over-night) with 3c protease all created a shift (Figure 4.7). The shift 

in the O/N 3c protease lane travelled further compared to the pool and IMAC, and may be 

due to difference in salt condition in the sample, as well as the fact that the Trx-tag has been 

removed. The majority of the cleaved protein is lost after IEX purification and the shift is no 

longer detected. The band in the IEX lane which is in line with the cleaved (-) KTS (yellow 

arrow) is not a shift. The band is unbound probe and is also present in the NPB (no protein 

buffer) control lane. This suggests that the (+) KTS and (-) KTS protein activity was lost 

during the IEX purification step.  

Another probable reason for this loss of activity in the cleaved (+) KTS and (-) KTS, as well 

as the full length WT1 fusion protein may be due to variability in the purification process: 

subtle changes in temperature, length of purification step, subtle differences in sonicator etc. 

The folded state of the protein may also be a contributing factor as to why this failed. The 

protein may have been folded in such a way that the DNA binding site is “protected” from 

binding the DNA sequence of interest. A less likely explanation for the loss of the activity 

could be due to the plasmid not being as quiescent as one expects during storage at 4
o
C. 

Mutations may have arose which creates misfolding in the protein and thus preventing it from 

binding to DNA targets. However, fresh transformation and purification should have solved 

this problem. 



 Chapter 4: Zinc finger domains  

114 

 

Min-zf includes the minimal zinc finger domain with N-terminal Trx tag (Wolfe et al., 2000) 

which was prepared in ample amount in the lab. During the troubleshooting stages, it was 

discovered that Min-zf was able to create a shift when incubated with fluorescent labelled 

oWT1optimal (Appendix C3). The presence of a shift meant that Min-zf could be used to 

design the fractional activity assay. 

The time course of Min-zf with 
32

P radiolabelled oWT1optimal and PO1A confirmed that 

Min-zf also binds radiolabelled probes (Figure 4.8 and 4.9). Analysis of the densitometry 

graph (panel B) shows the proportion bound relative to unbound. The optimum condition for 

DNA: protein incubation is at 25°C for 20 min. This is compared to Hamilton et al. (1998), 

who used nitrocellulose filter binding assay, and found that 60 minutes in 22°C was 

necessary to achieve complete binding. This difference may be due to difference in 

experimental design (i.e. nitrocellulose filter binding assay vs. EMSA). 

In order to determine the fractional activity, the amount of protein was held constant while 

the amount of probe was titrated. Fractional binding can be assessed at a wide range of 

protein concentrations, but to assess Kd, the concentration of the protein used must be 

significantly lower than the Kd. Fagerlund found that the Kd of (+) KTS and (-) KTS to 

variations of the WT1 binding sites ranged from 140 nM to over 3,000 nM. It was also found 

that a shift could be observed using 25 nM of fluorescent labelled oWT1optimal. 

We used 75 nM of fluorescent oWT1optimal probe (higher than the 25 nM observed by 

Fagerlund but ensures a shift will be detected) to titrate the Min-zf. The minimal protein 

concentration which showed a shift was 20 nM (Figure 4.10). However, the band was weak 

so that any further reduction in the DNA concentration would reduce the band to an almost 

undetectable range, even at similar fractional binding. A concentration of 40 nM Min-zf was 

selected for further experiments since the band was dark a low WT1 concentration. 

Fluorescent labelled DNA was preferred to radiolabelled DNA in titrating DNA against 

protein. This is due to the fact that fluorescent label is cheaper, produced results quicker, and 

gave a linear response across a much larger range. This last feature is crucial as the labelled 

probe was titrated up to very high concentrations. The advantage of radiolabel probe is that it 

is more sensitive. 

The DNA titration of fluorescent labelled oWT1optimal against 40 nM Min-zf shows that as 

the DNA concentration is increasing, the absolute amount bound increases then remains 
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constant while the unbound bands increase (Figure 4.11). This is consistent with the binding 

sites on the protein being fully occupied at high probe concentrations. 

The graph showing DNA:Min-zf bound against total DNA (Figure 4.12) shows that the 

DNA:Min-zf peaks approximately at 25%. This means that only 25% of Min-zf is 

functionally active. This assay was repeated and the condition appeared appropriate to 

determine the fractional activity of Fagerlund’s (+) KTS and (-) KTS. 

Unfortunately, Fagerlund’s (+) KTS did not create any shift when probed with 
32

P radiolabel 

oWT1optimal and PO1A (Figure 4.13), nor did Fagerlund’s (-) KTS (data not shown). This 

suggests that the protein had lost activity, perhaps due to freeze/thaw (-) KTS of sample 

(Hamilton et al., 1998) lead to the protein being folded in such a way that the DNA binding 

site is not available to the probe, and/or protein degradation leading to loss of activity. This 

approach could also fail if the cleaved, isolated zinc finger domains have a much lower 

affinity for DNA than does the fusion protein. This alternative explanation with the binding 

constants measured in Fagerlund and others makes the loss of activity seems most likely. 
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Chapter 5 

Conclusion 

 

5.1 N-terminus WT1 

The N-terminus of WT1 is proline and glutamine rich and contains a functional activation 

domain and a suppression domain which overlaps with the self association domain (review 

by Roberts et al., 2005). The N-terminus is “GC” rich and contains a glycine (ggc) repeat 

near the extreme N-terminus followed by a proline (ccg) repeat further downstream. Wang et 

al. (1993a) demonstrated that the pdgf promoter gene required two WT1 binding sites, 5’ and 

3’ of the transcription start site, for WT1 to suppress transcription. Iben and Royer-Pokora 

(1999) found that the WT1 protein in three Wilms’ tumour and adult are mainly present as 

homodimer but while in foetal kidneys the protein is mainly present in monomeric form. This 

demands that WT1 suppresses transcription of growth factor genes as a dimer and activates as 

a monomer. 

We set out to elucidate the minimal domain required for WT1 self association. Moffet et al. 

(1995) demonstrated in vitro that 1-127 a.a. is the minimal requirement for WT1 self 

association. Yeast two-hybrid studies show conflicting evidence that 1-160 a.a. is the 

minimal requirement for self association. A construct of interest is the 1-135 a.a. which was 

demonstrated not to bind full length WT1 (Moffet et al. 1995). This negative result may be 

due to a flaw in yeast two-hybrid designs when investigating the self association of the same 

protein. The 1-135 a.a. may have formed homodimers but did not form a fully functional 

Gal4 molecule because it lack support structures present in the 1-160 a.a. construct. 

The Gateway Invitrogen cloning system was employed to create two constructs which encode 

N-terminal 1-135 a.a. and 68-180 a.a. WT1 fusion protein. The fusion protein contained a 3c 

protease cleavage site linked to a GST tag at the N-terminus of the construct. Both constructs 

were expressed optimally when pGMW102 and pGMW103 were used to transform BL21 

(DE3) Star pLysS cell line, and before incubation at 22°C for 18 hours. 
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The western blots for both constructs showed that the fusion protein travelled at a lower 

molecular weight than the expected size. The “whole cell” blot for both constructs showed 

three main species of bands consistent with cleavage and degradation of the fusion protein.  

One of the possibilities that may have lead to the smaller size fusion protein is due to the 

errors in the translation machinery. Both constructs are “GC” rich, and the presence of the 

glycine repeat and the proline repeat further downstream for the 2-135 a.a. construct likely 

gives rise to significant secondary structures. 

The degradation and cleavage of the WT1 fusion protein may have occurred during the 

sonication process (Section 3.6.2). In order to decrease this degradation effect, the conditions 

and setting for lysis by sonication must be optimised for specific constructs in specific cell 

lines. 

The blot for “soluble” protein from cells expressing the 68-180 a.a. did not show any bands, 

however mass spectrometry determined that WT1 was present but was not detected by the 

“F6-WT1” antibody. This suggests that the epitope which “F6-WT1” antibody recognises lies 

within the 1-67 a.a. region. The blot for soluble protein from cells expressing the 2-135 a.a. 

construct showed a clean single band. 

These two constructs (1-135 a.a. and 68-180 a.a.) were not able to bind to GST sepharose 

beads and could not be batch purified. This may have been a result of the degradation and 

cleavage seen in the expression trial. The length of the linker between the GST tag and WT1 

may have been too short, leading to WT 1 interfering with the GST tag and compromising the 

interactions between the GST tag and the GST sepharose beads. This factor is compounded 

by the fact that both WT1 and GST tag can both form homodimers, leading to the construct 

self associating which could block binding to the sepharose beads. The fusion protein may 

have been misfolded leading to lack of binding, non-specific proteolytic susceptibility and 

poor solubility which could lead to inaccessibility to 3c protease.  

The 2-180 a.a. construct was optimally expressed in BL21 (DE3) Star pLysS cell line at 18°C 

over 18 hours, and was the only construct to be successfully batch purified with GST 

sepharose. To varying degrees of success, the 2-180 a.a. construct was either cleaved with 3c 

protease or eluted with reduced glutathione. Overall, the elution and the 3c protease cleavage 

did not produce limited results, and may be due to the low solubility of the 2-180 a.a. 

construct after elution or 3c cleavage. 
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This was the only construct to undergo any pull down experiment. Pull down with full length 

did not yield any significant results. This path was later abandoned. 

To improve the expression of soluble WT1 fusion protein and increase the chances of 

purification, settings for optimal lysis by sonication must be tailored for each construct in 

each specific cell line. 

All the constructs used in the investigation of the N-terminus was created by the Gateway 

Invitrogen cloning system. The elegance of this system is that the entry vector containing the 

gene of interest can be recombined with a variety of destination vectors with different tags. 

All the constructs contained an N-terminal GST tag. Using a different tag such as thioredoxin 

(using pET32) or creating a dual tag at the N- and C- terminus of the WT1 may increase the 

amount of soluble protein and allow better purification. This added step may allow us to 

better study the self association of WT1. 

In this project, only E.coli cell lines were used. The advantage of this approach is that it is 

fast, easy, and relatively cheap to produce protein. The disadvantage is that it does not have 

the post translational modification ability. Using a eukaryote expression system, such as 

Pichia pastoris, will give the advantage of translational modification. This may increase the 

stability of the fusion protein and allow better purification. 

 

5.2  Zinc finger domains of WT1 

Fagerlund (2009) investigated the binding affinity of (+) KTS and (-) KTS to a variety of 

promoters of the pdgfa, wt1, and bcl-2 gene. One of the parameters which was unaccounted 

for in his investigation was the fractional activity of the isoforms. The fractional activity is 

the proportion of the protein which is actually active or functional. The focus of this part of 

the project was to design a functional assay to determine the fractional activity of the 

isoforms used by Fagerlund (2009). 

The (+) KTS and (-) KTS samples which remained from Fagerlund’s experiments were 

limited. In order to design the assay more purified protein was required. Full length WT1, (+) 

KTS, and (-) KTS were all expressed and purified successfully. EMSA was performed to test 

the isoform’s ability to bind oWT1optimal (contains WT1 optimal binding sequence- 

Hamilton et al., 1998). No shift was present in any of the reactions. This suggests that the 
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protein was not functional. EMSA tracking of (-) KTS purification showed that the zinc 

finger protein is active in the “soluble”, “IMAC pool” and after 18 hours cleavage with 3c 

protease (Figure 4.7). The band after 3c protease cleavage travels lower compared to the band 

for the IMAC pool. This is expected since the size of the fusion protein is larger than the 

cleaved (-) KTS portion. The activity is lost after IEX purification. The IEX purification may 

have caused the cleaved (-) KTS to fold in such a way that the DNA recognition site is either 

blocked or is not active. 

Of the various constructs investigated, only Min-zf (minimal zinc finger motif) bound to the 

oWT1optimal site (contains WT1 optimal binding site) and created a shift. This meant that 

the functional assay could be designed using the Min-zf protein. 

The DNA sequences of interest were labelled 5’ with either fluorescent or 
32

P radioactive 

labels. Fluorescent labels are easier to image and relatively cheaper to use, while 
32

P 

radioactive labels are more sensitive: 1 nM of radiolabelled DNA can be detected versus 25 

nM of fluorescent label. This sensitivity is also the downfall of radiolabel since it easily 

reaches saturation. 

Min-zf can create a shift for both oWT1optimal and PO1A (contains the first binding site-

single site-for pdgfa) oligonucleotides. The time course (Figures 4.8 and 4.9) showed that the 

optimal incubation time between Min-zf and the DNA binding sequences is 20 min. The 

minimal Min-zf protein to create a shift was 20 nM (Figure 4.10). However, the band was too 

weak to allow fractional binding with lesser amounts of the labelled probe. The 40 nM 

protein concentration was selected because at half the DNA concentration, a prominent band 

will still be visible. Another reason 40 nM was selected is due to the fact that it is lower than 

the Kd of (+) KTS and (-) KTS for various WT1 binding sites, which is between 140 nM to 

over 3,000 nM (Fagerlund, 2009).  

The DNA titration showed the expected profile for saturable binding: the bound bands 

increase in intensity and then plateaus, and any additional DNA probe added becomes free 

probe (Figure 4.11). The fractional activity of the Min-zf is approximately 25% (Figure 4.12). 

When the fractional activity of the (+) KTS and (-) KTS samples used by Fagerlund (2009) 

was assayed, the EMSA showed that the protein did not create a shift (Figure 4.13). This 

suggests that the protein was no longer functional and may have been a result of the 

freeze/thaw process or the protein may have misfolded over time during storage at -80
o
C. 
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5.3  Overall conclusion 

The F6-WT1 antibody recognises an epitope within the 1-67 a.a. of mouse kidney WT1. 

The failure of the N-terminal self association project is mainly due to misfolding and 

solubility problems of the truncated fusion proteins. 

We defined the optimum incubation time for Min-zf and labelled DNA to be 20 min. 

We designed an assay to measure the fractional activity of one of the variants of WT1. We 

have shown that Min-zf yields about 25% active protein, which highlights that WT1 suffers 

from inactivation and solubility problems. This is evident through our attempt to express and 

purify different variants for both N-terminus and zinc fingers.  

Although it was not possible to test the fractional activity of samples previously used by 

Fagerlund (2009), our results suggest that Fagerlund’s prep might have been less than 100% 

active and that his measured Kds are upper limits and maybe more than 4-fold higher than 

reported. However, it is important to note that Fagerlund’s work comparing the same protein 

prep’s binding to different oligonucleotides does not rely on knowing the fractional activity 

and therefore his conclusions are valid. 

There was a lot of experience in handling WT1 protein. 
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Appendices 

Appendix A1 (DNA Sequences: Full length WT1) 

ATGAGCGATAAAATTATTCACCTGACTGACGACAGTTTTGACACGGATGTACTCA

AAGCGGACGGGGCGATCCTCGTCGATTTCTGGGCAGAGTGGTGCGGTCCGTGCA

AAATGATCGCCCCGATTCTGGATGAAATCGCTGACGAATATCAGGGCAAACTGA

CCGTTGCAAAACTGAACATCGATCAAAACCCTGGCACTGCGCCGAAATATGGCA

TCCGTGGTATCCCGACTCTGCTGCTGTTCAAAAACGGTGAAGTGGCGGCAACCAA

AGTGGGTGCACTGTCTAAAGGTCAGTTGAAAGAGTTCCTCGACGCTAACCTGGCC

GGTTCTGGTTCTGGCCATATGCACCATCATCATCATCATTCTTCTGGTCTGGTGCC

ACGCGGTTCTGGTATGAAAGAAACCGCTGCTGCTAAATTCGAACGCCAGCACAT

GGACAGCCCAGATCTGGGTACCGACGACGACGACAAGGCCATGGCTGATATCAC

AAGTTTGTACAAAAAAGCAGGCTTCGAAGGAGATAGAACCCTGGAAGTTCTGTT

CCAGGGGCCCggttccgacgtgcgggacctgaacgcgctgctgcccgctgtgtcttcgctgggcggcggcggcggcggct

gcgggctccctgtgagcggcgcagcgcagtgggcgcccgtgttggacttcgcgcctccgggcgcctcggcttacgggtcgctggg

cggtcccgcgcctcctcccgctccgccgccgcctccgccgccaccccactccttcatcaaacaggagcccagctggggcggcgcc

gagccacacgaggagcagtgcctgagcgccttcaccttgcacttctcgggccagttcaccggtacagccggggcctgtcgctacgg

acccttcggtcctcccccgcccagccaggcgtcctcgggccaggccaggatgttccccaatgcgccctacctgcccagctgcctgga

gagccagcctaccatccgcaaccaaggatacagcacggtcactttcgacggggcgcccagctatggccacacgccctcgcatcacg

cggcgcagttccccaaccattccttcaaacacgaggacCccatgggccagcagggctcgctgggcgagcagcagtactccgtgccacctc

cggtgtatggctgccacacccctactgacagttgcacaggcagccaggccctgctcctgaggacgccctacagcagtgacaatttataccaaatga

cctcccagcttgaatgcatgacctggaatcagatgaacctaggagctaccttaaagggaatggctgctgggagctccagctcagtgaaatggacag

aagggcagagcaaccacggcacagggtacgagagtgagaaccacacggcccccatcctctgtggtgcccagtacagaatacacacccacggg

gtcttccgaggcattcaggatgtgcggcgtgtatctggagtggccccaactcttgtcccgtcagcatctgaaaccagtgagaaacgtcctttcatgtgt

gcatacccaggctgcaataagagatattttaagctgtcccacttacagatgcatagccggaagcacactggtgagaaaccataccagtgtgacttca

aggactgcgagagaaggttttctcgctcagaccagctcaaaagacaccaaaggagacacacaggtgtgaaaccattccagtgtaaaacttgtcag

cgaaagttttcccggtccgaccatctgaagacccacaccaggactcatacaggtAAAACAAGTgaaaagcccTtcagctgtcggtggca

cagttgtcagaaaAagtttgcgcgctcagacgaattggtccgcCatcacaacatgcatcagagaaacatgaccAaactccagctggcgctttga 
 

Figure A1: DNA sequence for full length WT1 (+ exon 5, - KTS) with N-terminal thioredoxin tag. Purple-

thioredoxin tag; green-His6tag; brown-Recombination sequence; red-3c protease cleavage site; underlined and 

black text-Full length WT1; underlined and purple text-“Min-zf” sequence; underlined and red text-KTS 

insertion. 
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Appendix A2 (DNA Sequences: 2-180 a.a. WT1) 

 

ATGTCCCCTATACTAGGTTATTGGAAAATTAAGGGCCTTGTGCAACCCACTCGAC

TTCTTTTGGAATATCTTGAAGAAAAATATGAAGAGCATTTGTATGAGCGCGATGA

AGGTGATAAATGGCGAAACAAAAAGTTTGAATTGGGTTTGGAGTTTCCCAATCTT

CCTTATTATATTGATGGTGATGTTAAATTAACACAGTCTATGGCCATCATACGTTA

TATAGCTGACAAGCACAACATGTTGGGTGGTTGTCCAAAAGAGCGTGCAGAGAT

TTCAATGCTTGAAGGAGCGGTTTTGGATATTAGATACGGTGTTTCGAGAATTGCA

TATAGTAAAGACTTTGAAACTCTCAAAGTTGATTTTCTTAGCAAGCTACCTGAAA

TGCTGAAAATGTTCGAAGATCGTTTATGTCATAAAACATATTTAAATGGTGATCA

TGTAACCCATCCTGACTTCATGTTGTATGACGCTCTTGATGTTGTTTTATACATGG

ACCCAATGTGCCTGGATGCGTTCCCAAAATTAGTTTGTTTTAAAAAACGTATTGA

AGCTATCCCACAAATTGATAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCT

TTGCAGGGCTGGCAAGCCACGTTTGGTGGTGGCGACCATCCTCCAAAATCGGATC

TGGTTCCGCGTCCATGGTCGAATCAAACAAGTCTGGAAGTTCTGTTCCAGGGGCC

Cggttccgacgtgcgggacctgaacgcgctgctgcccgctgtgtcttcgctgggcggcggcggcggcggctgcgggctccctgtg

agcggcgcagcgcagtgggcgcccgtgttggacttcgcgcctccgggcgcctcggcttacgggtcgctgggcggtcccgcgcctc

ctcccgctccgccgccgcctccgccgccaccccactccttcatcaaacaggagcccagctggggcggcgccgagccacacgagg

agcagtgcctgagcgccttcaccttgcacttctcgggccagttcaccggtacagccggggcctgtcgctacggacccttcggtcctcc

cccgcccagccaggcgtcctcgggccaggccaggatgttccccaatgcgccctacctgcccagctgcctggagagccagcctacc

atccgcaaccaaggatacagcacggtcactttcgacggggcgcccagctatggccacacgccctcgcatcacgcggcgcagttccc

caaccattccttcaaacacgaggactaa 

 
Figure A2: DNA sequence for 2-180 a.a. WT1 with N-terminal GST tag. Red-GST tag; green-linker sequence; 

blue- 3c protease cleavage site; lower case (2-180 a.a.) WT1 sequence; bold-stop codon. 
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Appendix B (N-terminal of WT1) 

 

Pull down trial 

 

 

Figure B1: Pull down trial of 2-180 a.a. (F6-WT1 antibody). Equimolar ratio of N-terminal GST tagged 2-180 

and full length (bait) bound to GST resin were used to pull down full length WT1 with N-terminal Trx tag (Trx-

Full length). GST resin only (lane 1), Trx only (lane 10), and Trx-Full length only (lane 11) were used as 

control. Reactions were washed then probed with the F6-WT1 antibody which has been raised against the first 

1-180 a.a. of N-terminal of human WT1. 

We expect N-terminal GST tagged 2-180 (lanes 4 to 6) and full length (lanes 7 to 9) to have 

band(s) in all lanes since the “bait” itself recognises the F6-WT1 antigen. We do not expect 

band(s) in lanes 1 to 3 (since GST resin alone cannot pull down Trx or Trx-full length) or 

lanes 10 and 11 (since it contains “prey” only and no GST resin, hence the “prey” is washed 

out). 
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The presence of bands in the control (lanes 10 and 11) may be due to non-specific binding or 

the protein may have precipitated is detected by the F6-WT1 antibody (for lane 11 since it 

contains Trx-Full length). The bands present in the full length lanes (7 to 9) suggest the WT1 

protein is degraded. The size for GST tagged full length WT1 is in the right region 

(approximately 70 kDa). The smudges in lane 1 to 6 seem to be due to artefacts. 

 

 

Figure B2: Pull down trial of 2-180 a.a. (Penta-His antibody). Equimolar ratio of N-terminal GST tagged 2-180 

and full length (bait) bound to GST resin were used to pull down full length WT1 with N-terminal Trx tag (Trx-

Full length). GST resin only (lane 1), Trx only (lane 10), and Trx-Full length only (lane 11) were used as 

control. Reactions were washed then probed with the Penta-His antibody which detects 6 × His tag. 

GST tag 2-180 and GST tag full length WT1 (lanes 6 and 9, respectively) were expected to 

pull down Trx-full length. The Trx of full length contains a 6 × His tag which is detected by 

the Penta-His antibody. However, all lanes elicited a response and suggest non-specific 

binding of the antibody. 
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Appendix C (Zinc finger-WT1) 

 

For all the EMSA used in the troubleshooting, fresh dilutions of oligonucleotides were made 

from primary stocks, annealed and labelled. 

 

 

Figure C1. Trouble shooting with fresh poly dI.dC and running buffer. Newly prepared (+) KTS protein 

samples were probed with FLO-optimal oligonucleotides and the interaction was tested by EMSA. Fresh poly 

dI.dC and fresh buffer (NPB and running buffer) were tested against old poly dI.dC and buffer. Lanes with 

protein failed to make a shift. 

We expect to see a shift in the presence of (+) KTS. There is no shift regardless of whether 

fresh or old poly dI.dC and buffer were used. 
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Figure C2. Troubleshooting with fresh 3c protease and BL21 (DE3) Star pLysS cell line. (-) KTS plasmid was 

transformed into fresh BL21 (DE3) Star pLysS and cleaved with fresh 3c protease followed by EMSA. This was 

tested against old BL21 (DE3) Star pLysS cell line and 3c protease. There was no shift in either condition. 

We expect to see a shift in the presence of (-KTS) protein. There is no shift regardless of 

whether fresh or old 3C cell pellet and BL21 (DE3) Star pLysS cells were used. 

 

Figure C3. Troubleshooting with concentrated WT1 protein and the discovery of a shift by Min-zf. EMSA of 

concentrated (+) KTS and (-) KTS, as well as Min-zf. No shift is observed in either (+) KTS or (-) KTS but 

Min-zf shows a shift (red arrow). 
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