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Abstract 

Eukaryotic DNA topoisomerase II is a ubiquitous nuclear enzyme essential for 

maintaining the correct conformation of DNA. The enzyme acts to catalyse changes 

in the tertiary structure of DNA, via the introduction of transient double-stranded 

breaks. Mammalian cells express two isoforms of type II topoisomerase, designated 

topoisomerase Ila and topoisomerase II~ , which display differential expression and 

intracellular localisation. Levels of topoisomerase Ila gene expression are elevated in 

rapidly proliferating cells, whereas the ~ isoform is expressed at approximately equal 

levels tlu·oughout the cell cyc le. 

Protein products of the two isoforms of topoisomerase II found in human cells are the 

primary intracellular targets of many common, effective chemotherapy drugs. The 

development of drug resistance, however, is a major clinical problem caused by both 

enzymes. The levels of topoisomerase Ila and topoisomerase II~ are important 

determinants for the sensitivity of cells to the cytoxicity of drugs, with down-regulation 

of topoisomerase II thought to be a major factor involved in drug resistance. 

The rate of transcription is the main mechanism for controlling topoisomerase II 

expression and activity, and this is achieved by the binding of transcription factors to 

speci fie regulatory elements within the promoter sequence. Molecular mechanisms 

responsible for the regulation of expression of the topoisomerase II enzymes are 

thought to be associated with resistance to chemotherapy drugs, and therefore 

understanding these mechanisms is an important research focus . 

This study reports the cloning and characterisation of a 1.5 kb fragment of the 5·_ 

flanking and untranslated region of the topoisomerase II~ promoter (-1357 to + 122). 

Analyses of 5· -serially and internally deleted luciferase reporter constructs revealed a 

region upstream of the transcription start site (-1357 to -1228), which could have a 

negative regulatory role, and suggested 55% of topoisomerase II~ promoter activity 

cou ld be attributed to the region between -654 and -456. Mutational analysis of 

putative regulatory elements indicated that the two inverted CCAA T box (ICB I and 

ICB2) within the latter region were important for regulation of topoisomerase II~ 

promoter activity. Gel mobility shift assays indicated that both inverted CCAA T 

boxes in the promoter bound the transcription factor NF-Y, whi le ICB2 and a GC 

element were capable of binding transcription factors Sp ! and Sp3. 
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Chapter 1: Introduction. 

1.1 Overview. 

DNA topoisomerases are essential nuclear enzymes which catalyse topological 

genomic changes via the introduction of transient single or double-stranded breaks. 

Topoisomerases are classified as either type I or type II, based on their mechanism of 

action. In humans, two closely related but genetically distinct isoforms of topoisomerase 

II are found , topoisomerase Ila and f3 . The two isoforms share the same catalytic 

function , but differences in biochemical properties, nuclear localisation and 

expression patterns suggest different, as yet unknown, roles for each enzyme (Chung 

et al., 1989; Zandvliet et al. , 1996). Topoisomerase Ila is localised in the 

nucleoplasm and its expression is ce ll cycl e modulated (Grue et al. , 1998), whereas 

topoisomerase 1If3 is localised in the nucleolus, with a relatively constant transcription 

rate throughout the cel l cyc le (Cowell et al. , 1998). 

A number o f effective anti-cancer drugs target type II topoisomerases in mammalian 

cell s. These drugs, termed topoi somerase 11 poisons or topoisomerase lI inhibitors, act in 

different ways to inhibit the normal action of the topoisomerase II enzyme. 

Topoisomerase TI poisons act to stabilise enz yme-DNA complexes, leading to an 

accumulation of double-stranded DNA breaks, which result in cell death . Topoisomerase 

11 inhibitors can inhibit enzyme acti vity by various mechanisms, which do not involve 

the stabilisation of the DNA-enzyme complex. The development of resistance to these 

drugs is a major clinical problem, as ill ustrated by the development of drug resistance in 

approximately 60% of breast cancers treated using the topoisomerase H poison, 

doxorubicin. Topoisomerase Ila and f3 show different patterns of drug sensitivity and 

the level of topoisomerase II protein in cell s correlates with sensitivity to ki lling by 

these drugs. 

The down-regulation of topoisomerase II is one of several mechanisms implicated in the 

resistance to topoisomerase II drugs. A number of studies have determined that 

decreased levels of topoisomerase Ila and f3 are present in resistant cell lines and 

tumours (Son et al. , 1998; Dingemans et al. , 1998; Lage et al. , 2000). The ratio of 

topoisomerase Ila and f3 also appears to be a significant factor in the development of 

drug resistance (Withoff et al. , 1996; Padget el al , 2000). Other cellular events 



implicated in the development of drug resistance include; mutations in topoisomerase II 

proteins (Dingemans et al., 1998; Robert and Larsen, 1998), the phosphorylation state of 

the enzyme (Burden and Sullivan, 1994), and topoisomerase II RNA stability (Goswami 

et al., 1996). 

A number of studies focusing on the Topoisomerase Ila promoter have used binding 

and functional assays to partially characterise the promoter (Hochhauser et al. , 1992; 

Isaacs et al. , 1996a; reviewed in Isaacs et al. , 1998; Bakshi et al., 2001 ). In contrast, 

the topoisomerase II~ promoter has been the subject of limited investigations (Ng et 

al., 1997; Lok et al., 2002), therefore little is known about the clinical relevance or 

regulation of this isoform. This thesis focuses on the transcriptional regulation of 

human topoisomerase II~ as a means to understanding the molecular mechanisms 

responsible for drug resistance. 

1.2 Topoisomerases. 

Topoisomerases share the common role of relaxing DNA to relieve torsional stress 

that occurs during DNA replication, transcription, recombination and cell division. 

These enzymes act by introducing transient breaks into the ONA helix and passing a 

second intact DNA strand through the break, before the original strand is religated 

(refer to figure 1.1 ). An enzyme-bridged intermediate (cleavable complex) is produced 

during the cleavage reaction, in which a tyrosine residue in the active site of each protein 

monomer becomes covalently linked to a 5'-phosphate group of one of the DNA strands 

(reviewed by Capranico and Binaschi, 1998). The catalytic cycle ends with the release of 

the DNA and the enzyme returns to its original confirmation (Champoux, 2001). 

Three types of topoisomerase are found in eukaryotes: I, II and III. Topoisomerase I 

enzymes are able to relax both positively and negatively supercoiled DNA. These 

enzymes catalyse a conformational change in DNA by introduction of a transient single

stranded DNA break, thereby relieving one supercoil for each catalytic cycle. 

Topoisomerase I activity is generally associated with transcription and DNA replication 

in humans (Isaacs et al. , 1995), and is ATP independent. Topoisomerase III is a novel 

enzyme in humans, which is thought to partially relax negative DNA supercoiling in an 

2 



ATP-dependent process during replication (Nitiss, 1998), and appears to have a higher 

affinity for single-stranded DNA (Kim et al., 1998). 

Of the three topoisomerases on ly type II is essential for cell viability. Topoisomerase 

II is a homodimeric enzyme involved in many aspects of cellular metabolism, where 

catenation, knotting and positive supercoiling of DNA are common consequences of 

normal cellular activity. The enzyme can relax both negatively and positively 

supercoiled DNA by introducing transient double-stranded breaks in the DNA duplex 

at a specific site, and passing a second intact DNA duplex through the gap (figure 

1.1). The enzyme is also a significant structural component of the nuclear matrix 

scaffold and plays a key role in folding and organisation of nuclear chromatin (Kimura et 

al., 1996). 

The two mammalian isoforms of topoisomerase II, a and p, are encoded by two 

separate genes on different chromosomes (Tsai-Ptlugfelder et al., 1988; Jenkins et al., 

1992; Tan et al., 1992). Although the two isoforms share strong sequence identity, 

being 68% identical at the amino acid level, and have closely related functions, the two 

enzymes appear to be differentially regulated (Austin et al. , 1993). Topoisomerase IIP, 
localised in the nucleolus, is expressed ubiquitously in all tissues with a relatively 

constant transcription rate throughout the cell cycle (Austin et al. , 1995). In contrast, 

the a isozyme, localised in the nucleoplasm, is highly expressed in tissues which are 

composed of rapidly proliferating cells, and its expression is cell cycle modulated 

(Woessner et al. , 1990). 

The topoisomerase II protein consists of three principle domains: an A TPase activity 

is found at the amino-terminal, a central catalytic core domain, and the primary 

dimerisation interface and regulatory domain at the carboxy-terminus (reviewed by 

Robert and Larsen, 1998). The central catalytic core introduces staggered double

stranded breaks within the DNA phosphodiester backbone, and an enzyme-DNA 

intermediate is formed . The process is ATP-dependent, with a conformational change in 

the dimeric enzyme stimulated by ATP binding (Champoux, 2001), and a concomitant 

movement of the transported helix through the break in the gated helix, followed by 
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religation of the gate helix. Hydrolysis of ATP is essential for the enzyme to return to its 

original conformation ready for the next catalytic cycle (figure 1.1). 

The C-terminal regions of the topoisomerase II isoforms are the least conserved (Austin 

et al., 1995 ; Cowell et al., 1998), and these regions are thought to be responsible for 

localisation of the protein within the cell (Adachi et al. , 1997). Phosphorylation occurs at 

the C-tenninus of both isoforms, which is suggested to be involved in controlling nuclear 

localisation of the topoisomerase II~ isoform (Cowell et al. , 1998). 

ATP 
--+ 

8 

\_ ADP release +--

ATP 
~ 

hydrolysis 

(Pi release) 

C D 
hydrolysis 

+-- ADP release ) 

Figure 1.1: Schematic model of the catalytic cycle of topoisomerase II. 

Topoisomerase II is shown as a dimer and the domains of one monomer are numbered 

starting from the N terminus. The C-terminal domain, which is neither conserved nor required 

for catalytic activity, is not shown . The G and T segments of DNA are shown as green and 

purple rods, respectively. A) Topoiosomerase lI binds the DNA duplex at a region of 

incorrect topology, the G strand . 8) ATP binds, and the enzyme captures the second he! ix, the 

T strand. C) A second molecule of ATP binds, and the G strand is cleaved. D) The T strand is 

passed through the G strand with the hydrolysis of ATP. The step at which the T segment 

exits the topoisomerase remains unclear and therefore is not shown (Baird et al., 1999). 

1.3 Topoisomerase II as a target for chemotherapeutic drugs. 

High levels of topoisomerase II present in proliferating cells are essential for the relief of 

torsional stress that occurs during DNA replication and cell division. This, and the ability 

of the enzyme to generate double-stranded breaks, makes the enzyme a key target for a 
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number of commonly used anti-cancer drugs in mammalian cells. Both isoforms of 

topoisomerase II are targets of anticancer drugs, some of which are isoform specific 

(reviewed by Kaufmann, 1997). Anti-cancer drugs targeting topoisomerase II fall into 

two classes: catalytic inhibitors and topoisomerase II poisons. In the presence of the 

drugs the normal cellular activity of the topoisomerase enzymes is inhibited, and as a 

consequence the enzyme becomes a cellular toxin (reviewed by Robert and Larsen, 

1998). The topoisomerase II poisons have been associated with the down-regulation of 

topoisomerase II expression, and thereby the development of drug resistance (reviewed 

by Larsen and Skladanowski, 1998). 

1.3.1 Mechanism of action of topoisomerase II drugs. 

Topoisomerase 1I poisons, such as the anthracyclines, etoposide and doxorubicin, act by 

stabilising the topoisomerase 11 enzyme-DNA intermediate complex, to form what is 

tem1ed the 'cleavable complex', and thus inhibiting religation (Burden and Osheroff, 

1998). It is thought that cellular processes such as transcription and replication convert 

the drug-stabilised complexes into irreversible double-stranded DNA breaks (refer to 

figure 1.1), which are toxic to the cell. Stabilisation of this complex is suggested to be 

sufficient to inhibit cell pro Ii feration , possibly by being interpreted as a lethal signal , 

which subsequently triggers the apoptotic pathway (Walker et al. , 1991 ). The drug

stabilised complex can only be reversed if the drug is removed before the activation of 

the cellular replication and transcription machinery (reviewed by Baguley and Ferguson, 

1998). 

The level of topoisomerase ll protein in cells correlates with sensitivity to killing by 

these drugs, with high levels conferring relative sensitivity and low levels resistance. 

Decreased levels of topoisomerase II , and the subsequent reduction in frequency of 

'cleavable complex' formation, has been suggested to decrease the number of double

stranded breaks to a level which can be adequately repaired by cellular mechanisms. 

In contrast, high levels of topoisomerase II provide numerous drug targets, a cellular 

condition in which a high degree of interaction between the drug and the active 

enzyme induces high cellular toxicity. 

Topoisomerase II inhibitors act by a number of different mechanisms to inhibit the 

enzymes activity without stabilising a cleavable complex (Andoh and Ishida, 1998). 
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Topoisomerase II inhibitors, such as bisdioxopiperazines (for example ICRF-193), 

stabilise the circular clamp conformation of DNA topoisomerase II, therefore preventing 

strand passage (Roca et al., 1994). Other topoisomerase II inhibitors act by directly 

inhibiting the ATPase domain of the enzyme, for example Novobiocin (reviewed by 

Isaacs et al., 1995), and Suramin interferes with topoisomerase II activity by inhibiting 

enzyme phosphorylation. Overall the action of the topoisomerase II inhibitors result in 

cell death via an accumulation of topological problems in cells, a consequence of an 

inability of the topoisomerase II enzyme to carry out its normal functions. 

1.3.2 Topoisomerase II changes and chemosensitivity in tumours. 

Although many factors have been implicated in the development of drug resistance, 

modification of topoisomerase II expression is thought to represent the predominant 

mechanism underlying acquired drug resistance. Many reported cases of drug 

resistance have been attributed to a down-regulation in topoisomerase Ila expression 

(Robert and Larsen, 1998), however the topoisomerase II~ is yet to be investigated in 

detail and therefore cannot be ruled out as a factor in this effect. Of interest, is the 

finding that the two isoforms can interact with drugs via the same D A sequences 

(Austin and Marsh, 1998). Etoposide-resistant melanoma cells exhibited reduced 

topoisomerase II activity corresponding to an increasing degree of drug resistance, 

indicating that modulation of topoisomerase II activity contributes to drug-resistance 

(Lage et al. , 2000). 

The levels of topoisomerase [[~ have been shown to be decreased or even absent in 

some resistant cell lines, including human small lung cancer cells resistant to 

mitoxantrone (Gao et al., 1999), Chinese hamster lung cells (DC-3F) resistant to 9-

0H-ellepticine (Dereuddre et al., 1997), and human leukemia cell line (HL-60) 

resistant to amsacrine (Herzog et al., 1998). Topoisomerase II~ expression also 

appears to be up-regulated in a number of different tumours (Turley et al., 1997), 

which also could affect the response of patients to the topoisomerase II poisons. These 

findings suggest that topoisomerase II~ is a target for many of the same drugs which 

target topoisomerase Ila, and topoisomerase II~ is also thought to be in part 

responsible for the development ofresistance to drugs that target these enzymes. 
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The reduced levels of topoisomerase Ila present in resistant cell lines and tumours has 

been directly correlated with a decrease in topoisomerase Ila mRNA, which occurs as 

a result of transcriptional down-regulation rather than reduced mRNA stability (Kubo 

et al., 1995; Asano et al., 1996). Anti-sense RNA fragments, which act to suppress 

normal topoisomerase Ila mRNA processing, were used to show that the down

regulation of topoisomerase Ila expression can generate etoposide-resistance in 

mammalian cells (reviewed by Isaacs et al., 1998). 

Phosphorylation of the topoisomerase Ila enzyme has been shown to inhibit the 

enzymes catalytic activity and thereby influence drug susceptibility (Osheroff et al., 

1991; reviewed by Isaacs et al., 1998). Different phosphorylation states of the 

topoisomerase Ha and p isoforms have been suggested to affect the ability of the 

enzyme to bind to chromosomes, and in this way inhibit enzyme activity (Burden and 

Sullivan, 1994; Kimura et al., 1996). Phosphorylation of the topoisomerase IIP 
enzyme is also thought to be associated with the trafficking of the enzyme out of the 

nucleus during mitosis (Burden et al. , 1994). In a study involving topoisomerase lla, 

the translocation of the enzyme from nucleus to cytoplasm was shown to result in 

etoposide-resistance in human leukemic cells, without any change in relative amounts 

of topoisomerase Ila (Valkov et al. , 2000). This suggests that cellular localisation of 

the topoisomerase, which appears to be regulated by phosphorylation, could be an 

important factor in drug resistance. 

Fibronectin adhesion by means of p 1 integrins appears to protect cells from initial drug

induced DNA damage by reducing topoisomerase II activity secondarily to alterations in 

the nuclear distribution of topoisomerase np (Hazelhurst et al., 2001 ). Adhesion of 

human lymphoma cells to fibronectin resulted in a tighter interaction between 

topoisomerase IIP and the nucleus and provided a survival advantage with respect to 

damage induced by several topoisomerase II inhibitors. Mutations in topoisomerase II 

proteins have been identified in drug-resistant cell lines (Dingemans et al., 1998; Robert 

and Larsen, 1998), and these mutations have also been implicated in drug resistance 

(Dingemans et al., 1998). One particular study suggested that mutations found to 

decrease topoisomerase rrp binding affinity for magnesium ions, specifically required 

for DNA cleavage, could contribute to drug resistance (West et al., 2000). 
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Other studies have implicated a number of other factors in the down-regulation of 

topoisomerase Ila ; including methylation of the gene (Tan et al. , 1992), histone 

deacetylation (Adachi et al. , 2000), RNA stability (Goswami et al. , 1996), binding of 

p53 to the promoter (Sandri et al., 1996), and altered expression of multidrug 

resistance gene (Brede!, 2001). It has also been shown that topoisomerase Ila can 

form heterodimers with topoisomerase II~ in vivo, an interaction which has been 

suggested to control topoisomerase II activity by maintaining relative numbers of 

heterodimers to homodimers, which could be significant in drug resistance (Gromova 

et al., 1998). 

1.4 Transcription in Eukaryotes. 

The main mechanism for controlling topoisomerase II expression and activity is thought 

to be regulation at the transcriptional level. Protein coding genes are transcribed by RNA 

polymerase II (Pol II) , under the control of regulatory DNA elements in the promoter, 

recognised with high efficiency and specificity by trans-acting transcription factors . 

Transcription is initiated by fo1mation of a pre-initiation complex (PIC) composed of a 

set of general transcription factors , termed transcription initiation factors (TIFs), which 

assemble at the promoter. TlFs generally bind common core promoter elements, while 

additional regulatory factors bind in a combinatorial fashion at gene-specific upstream or 

downstream regulatory elements. Transcriptional acti vity is also dependent on other 

factors , such as DNA organisation, and the ability of transcriptional acti vators and 

repressors to access their target DNA sequences and associated DNA-binding proteins. 

ln many promoters, a TAT A box element is located approximately 25 base pairs (bp) 

upstream of the transcription start site. This specific sequence is the site of PIC 

formation, recognised by a TAT A-binding protein (TBP) which binds first at the TAT A 

box and then recruits TIFs and Pol II to the promoter, thereby mediating fom1ation of the 

transcription PIC. Other transcription factors are also known to be recruited to the PIC, 

with putative roles in facilitating the movement of Pol II away from the promoter or 

influencing chromatin structure to enable DNA access. 

Trans-acting transcription factors can act as repressors or activators by binding 

directly to cis-acting gene-specific regulatory elements or indirectly via protein-protein 
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interactions. These cis-acting elements or 'enhancers' can be located upstream or 

downstream of the transcription start site, and can act at large distances from the gene. 

The efficiency and :frequency of transcription initiation is greatly affected by the 

carefully orchestrated movements of transcription factors, which bind specifically at the 

promoter, and associate with the basal transcription complex and Pol [I. 

Some promoters lacking a TAT A box, termed TAT A-less promoters, require alternative 

recognition mechanisms for PIC formation. Basal transcription and promoter specificity 

is achieved through TBP-associated factors (T AFs), which are recruited to TAT A-less 

promoters through recognition of specific NT-rich sequences functioning in a similar 

manner to the TAT A box. It is unclear whether TBP binds directly to the DNA or 

indirectly via protein-protein interactions (White and Jackson, 1992) in a complex, such 

as with TFIID (a TIF), as a means of enabling Pol II to be correctly positioned at the start 

site. TFIID is a multiprotein complex composed of TBP and TAFs, which directs PlC 

assembly and has been shown to interact directly with Pol Il (Hoffmann et al., 1997). 

The 5'-flanking region of both topoisomerase IIa and p promoters have a very high GC 

content and contain no canonical TAT A box element, characteristic of promoters of 

genes involved in housekeeping functions (Yoon et al. , 1999). Topoisomerase Ila and p 

promoters appear to exhibit only weak identity suggesting that the expression of the 

two genes may not be co-ordinated. 

1.5 Topoisomerase II~. 

Human topoisomerase up is an essential 180 kDa nuclear enzyme encoded by a gene 

located on chromosome 3p24 (Jenkins et al., 1992; Tan et al., 1992). The in vivo 

function of topoisomerase up remains unclear, but the enzyme has been implicated to 

play a role in neuronal cell survival (Isaacs et al., 1995; Kubo et al., 1995). Elevated 

levels of topoisomerase IIP expression in neuronal cells of developing rat brain and the 

association of active RNA synthesis in neuronal nuclei suggest a role for topoisomerase 

IIP in transcription in this tissue (Tsutsui et al. , 2000). Analysis of the human 

topoisomerase IIP sequence indicates several putative nuclear localisation signals and 

many potential phosphorylation sites, as well as putative sites for other post-translational 

modifications. 
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Topoisomerase IIP appears to differ from the a isoform in a number of ways. It is 

therefore possible that DNA damage induced by drugs targeting the two isoforms may 

be detected differently within the cell, inducing different signal transduction pathways 

and cell-cycle checkpoints (Gao et al., 1999). [n support of this, one study demonstrated 

that topoisomerase rrp, but not topoisomerase Ila, is tagged for proteasome degradation 

by sumoylation, following exposure to topoisomerase II catalytic inhibitor ICRF-193 

(Isik et al. , 2003). Cellular quantification has shown that levels of topoisomerase rrp 

exceed levels of topoisomerase Ila in plateau phase cells (Padget et al., 2000), and levels 

of the two are comparable even in proliferating cells, which contradicts previous studies 

of the two isofom1s. The presence of topoisomerase IIP at these significant levels, would 

be an important consideration when investigating the action of anti-cancer dmgs. ln fact, 

topoisomerase up has been shown to be expressed at higher levels than topoisomerase 

Ila in a greater proportion of tumour cells (Robert and Larsen, 1998), suggesting that 

pro Ii feration is not the sole reason for the up-regulation of topoisomerase up. 

1.5.1 Topoisomerase up promoter. 

One previous study of the topoisomerase up promoter (Ng et al., 1997), found two 

putative transcription start sites located at adenine 193 and guanine 89, upstream from 

the ATG translation initiation codon. The minimal topoisomerase IIP promoter 

encompassing a region approximately -569 hp upstream of the 5 ' -transcriptional start 

site has been found to be responsible for about 70% of the topoisomerase IIP 

promoter activity (Lok et al., 2002). Analysis of the -569 hp topoisomerase rrp 

sequence has revealed a number of important sequences which could be involved in 

the regulation of topoisomerase np expression. Of particular importance are two 

inverted CCAA T boxes (ICB 1 and ICB2) and a GC box located between 486-533 

bases upstream of the major transcription start site (figure 1.2). 

Other putative regulatory factors in the topoisomerase IIP promoter include two 

additional GC boxes, another ICB element, a consensus sequence for an activating 

transcription factor (ATF) binding site, an activator protein-2 (AP2) site (figure 1.2), 

and a potential binding site for p53. Additional consensus elements for transcription 

factor binding have been identified at the 5'-end of the first intron in the topoisomerase 
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IIP promoter. These include, two GC boxes, reverse strand sequences between +267 and 

+280 that are a close match to the consensus CTF/NF-1 binding site, and an AP2 binding 

site sequence present on the reverse strand between + 305 and+ 312. The CTF/NFl site 

could be important for transcriptional regulation as this DNA sequence has been shown 

to interact directly with TBP (Xiao et al., 1994). 

-705 -522 

2 
-1357 

-808 -548 
-490 

AP-2 • GC 

• ATF D ICB 

Figure 1.2: Schematic representation of the -1357 topoisomerase llf:3 promoter. 

Positions of the putative regulatory elements are shown and numbered with respect to the 

major transcription start site, + I , indicated by the a1Tow. Of particular interest is a cluster 

including ICB e lements, IC B I and ICB2 (numbered), and a GC element(*) located within the 

minimal promoter region (-490 and -548). 

Transient transfection assays with different sequences of the topoisomerase IIP gene 

were used to identify regions impo11ant for transcriptional regulation of the gene. The 

results indicated the presence of positive element(s) between -1000 and -500 and 

probable negative element(s) in the region between -500 and -14 (Ng et al. , 1997). 

Sequences downstream of the translation initiation codon, within the first intron, were 

also found to contribute to the promoter activity. The involvement of intronic sequence 

elements has been reported in the transcriptional regulation of many other genes (Alder 

et al. , 1992; Zastawny and Ling, 1993; Lazar et al. , 1994). 

A number of important sequences have also been identified in the topoisomerase Ila 

promoter, some of which have been implicated in the transcriptional regulation of 

topoisomerase Ila, including five functional ICB and two functional GC boxes. As 

with the topoisomerase np, a cluster of two CCAA T boxes (ICB 1-2) and one GC 
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element (GCl) are located in the topoisomerase Ila promoter, but the order of the GC 

and ICB elements is reversed. The regulation of topoisomerase Ila promoter activity is 

thought to involve a complex series of interactions between proximal and distal elements 

of the promoter. The presence of similar elements in the promoters of topoisomerase Ila 

and p could suggest that regulation of expression of the two enzymes could be 

coordinated at least in some situations. 

Transcriptional control of topoisomerase np is thought to be regulated through the 

binding of transcription factors to important regulatory elements within the 

topoisomerase IIP promoter. Characterising these interactions and determining the 

consequence of these interactions for topoisomerase IIP transcriptional regulation 

could provide infom1ation about the molecular mechanisms responsible for drug 

resistance. Particularly since transcription factors that bind to ICB and GC boxes have 

been shown to be up- or down-regulated in drug-resistant cells. 

1.5.2 CCAA T Elements. 

The CCAA T box is a conserved regulatory element, generally located upstream of the 

transcription start point in many promoters. Over 30% of all eukaryotic promoters 

have been found to contain CCAAT boxes in either the direct or inverse orientation 

(Bucher, 1990). CCAA T boxes function as cis-acting regulatory elements and are 

targets for a variety of protein factors, including ICBP90 (inverted CCAAT box 

binding protein 90), Y-box binding protein (YB- I), p53 and transcription factor NF-Y 

(nuclear factor Y). Inverted CCAA T boxes are thought to be important elements for 

basal-level transcription, and the transcriptional activity of a number of promoters has 

been found to change when mutations were introduced into the CCAA T motif (Yoon 

et al., 1999). 

ICBP90, a novel CCAAT box binding protein, appears to be involved in cell 

proliferation processes, with enhanced expression of the protein in tumour cells. The 

ICBP90 protein has been shown to bind to CCAAT elements in the topoisomerase Ila 

gene in vitro using binding assays, and has been implicated in the activation of 

topoisomerase Ila expression, although direct evidence of this has not been reported 

(Hopfner et al., 2000; Hopfner et al., 2001). 
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The Y-box binding protein (YB-1) is another CCAA T binding protein, which may be 

involved in the activation of topoisomerase Ila expression. Reduced topoisomerase 

Ila expression was seen when YB-1 expression decreased due to the expression of 

antisense YB-1. The co-expression of YB-1 and topoisomerase Ila in human 

colorectal carcinomas suggested that YB-1 could be involved in regulating DNA 

topoisomerase Ha gene expression (Shibao et al., 1999). YB-1 is also thought to be 

responsible for the activation of the MDRl promoter in response to various 

environmental stimuli, such as drugs, etoposide and teniposide (reviewed in Kubo et 

al., 1995). 

Protein, p53, is a crucial factor in the regulation of cell-cycle progression m 

mammals. Expression levels are usually extremely low, however a dramatic increase 

in expression and activity of p53 is observed in response to DNA damage, where it 

controls the initiation of cell-cycle arrest and entry into the apoptotic pathway 

(Reisman and Loging, 1998). Studies using the minimal promoter of topoisomerase 

!Ia have demonstrated that p53 has the ability to significantly decrease topoisomerase 

I la expression (Sandri et al. , 1996). ICB elements were shown to be essential for the 

p53-mediated down-regulation of topoisomerase Ha promoter activity, as the deletion 

of all five topoisomerase Ila !CB elements abolished the effect (Wang et al. , 1997). 

[n addition, topoisomerase II proteins were shown to co-precipitate with p53 protein, 

and therefore a role in the control of p53-mediated apoptosis was suggested (Yuwen 

et al. , 1997). 

The ICB 1 and ICB2 elements of the topoisomerase IIP promoter have been shown to 

be critical for topoisomerase np transcriptional activity, where the simultaneous 

disruption of both elements resulted in a dramatic decrease in promoter activity (Lok 

et al., 2002). In contrast, a single deletion in either ICB element had little effect, 

suggesting each element alone was sufficient to support topoisomerase np promoter 

activity. 

Each ICB element in topoisomerase Ila appears to have a slightly different function, 

while still working together to influence topoisomerase Ila expression. Several 

studies have suggested that the binding of negative regulators to the topoisomerase 
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Ila ICB 1 element could be a factor in the down-regulation of topoisomerase Ila 

activity observed in resistant cells (Furakawa et al., 1998; Takano et al. , 1999; Falck 

et al. , 1999). Topoisomerase Ila ICB2 element has been implicated in the down

regulation of topoisomerase Ila activity in confluence-arrested cells due to an 

interaction with a repressor factor (Isaacs et al., 1996a), while the deletion of ICB2 

completely abrogated the down-regulation of topoisornerase Ila activity (Takano et 

al., 1999). One study showed that the up-regulation of topoisomerase Ila in ICRF-

187-resistant cells was mediated in part by altered regulation of the ICB3 element, 

and suggested a role for ICB3 in the negative regulation of topoisomerase Ila 

(Morgan and Beck, 200 I). Topoisomerase Ila ICB elements appear to be able to bind 

similar proteins, with the exception of ICB5 (Herzog and Zwelling, 1997), which also 

did not appear to be important for topoisomerase Ila regulation (Hochhauser et al., 

1992). 

1.5.3 NF-Y (Nuclear Factor Y). 

Among the most prevalent CCAAT box binding protein, NF-Y (also known as CPl, 

CBF, ACF) is a ubiquitously expressed heterotrimeric protein made up of at least 

three subunits (NF-YA, NF-YB, NF-YC). Although bipaitite activation domains are 

only located in NF-YA and NF-YC, the presence of all three subunits is necessary to 

form a functional binding complex at the CCAAT box sequence (reviewed by lsaacs 

et al., 1998). NF-YB and NF-YC subunits interact tightly to form a stable heterodimer 

(Bellorini et al., 1997), which is joined by the NF-YA subunit. Each of the three 

subunits of NF-Y has been shown to contact DNA (Sinha et al., 1996), and a mutation 

in any one subunit disrupts DNA binding of the NF-Y trimer (Laing and Maity, 1998; 

Hu and Maity, 2000). 

NF-Y protein is highly conserved and has been identified as the CCAA T box 

activator in over 100 promoters. It is involved in several aspects of transcriptional 

activation including cell-cycle dependent, inducible, tissue-specific activation, as well 

as maintaining basal transcription. The ICB sequence is known to be the specific 

motif to which NF-Y binds (Mantovani, 1998; Lok et al., 2002), however flanking 

sequences have also been shown to affect NF-Y binding (Dom et al., 1987; 

Mantovani, 1998). 
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CCAAT boxes alone cannot activate transcription and it has been suggested that NF

y may increase the binding of other transcription factors at their target DNA 

sequences. NF-Y has been shown to interact with a number of transcription factors 

and co-activators regulating gene expression, in particular Sp 1 (Roder et al., 1999). 

NF-Y contains two glutamine (Q)-rich activation domains which were shown to be 

necessary for transcriptional activation (Coustry et al., 2001). These Q-rich domains 

are considered to be essential in mediating protein-protein interactions between 

transcriptional activators and other components of the transcription machinery, for 

example to direct binding ofTAFs (Mantovani et al., 1992). This cou ld suggest a role 

for NF-Yin directing the formation of the PIC at TATA-less promoters. NF-YB/NF

YC dimerisation is mediated through histone fold motifs (HFM) (reviewed by 

Mantovani, 1999), a motif shared by some of the TBP-associated TAFs that mediate 

activation as part of the TFllD complex (Burley and Roeder, 1997). NF-YB can 

associate with TFIID in the absence of NF-YA (Bellorini et al. , 1997), which might 

suggest a role for NF-Y in transcriptional initiation, or as a general promoter 

organiser. 

DNA is condensed into a highly ordered, compact nucleosomal structure, achieved by 

the association of histones with the DNA, which is inaccessible to transcription 

factors. Remodelling of this highly compact DNA structure to allow transcriptional 

activity is achieved by histone acetylation, which weakens the histone interactions 

with DNA. It has been shown that NF-Y is able to disrupt nucleosomal organisation 

of the topoisomerase Ila promoter through interaction with CCAA T promoter 

elements (Coustry et al. , 2001), and NF-Y has been implicated in the stimulation of 

histone acetylation (Adachi et al., 2000). NF-Y was actually found to possess histone 

acetyl-transferase (HAT) activity in vivo through an association with the HA Ts, 

GCN5 and PCAF (Jin and Scotto, 1998). It has been speculated that the associated 

histone acetyl-transferases might serve to modulate NF-Y transactivation potential by 

aiding disruption of local chromatin structure (Currie, 1997). This ability to induce 

distortion of the double helix upon binding to DNA in vitro, facilitates transcription 

factor access to DNA binding sites, therefore NF-Y serves as a "promoter organiser" 

(Ronchi et al 1995; Mantovani et al. , 1999). 
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The Q-rich domains of NF-YA and C have been implicated in the ability of NF-Y to 

induce distortion of the double helix (Liberati et al., 1999). NF-Y is thought to be 

capable of bending DNA at CCAAT sites by 62-82°, and rotationally twisting the 

DNA by 100° (Ronchi et al., 1995). DNA bending by transcription factors is thought 

to have a significant influence on transcription regulation by bringing promoter 

elements into close proximity. TBP is also capable of DNA bending, and it is thought 

that in the absence of TBP-T AT A interactions at the promoter, NF-Y could function 

as a pivotal factor in connecting upstream activators with the general transcription 

machinery (Mantovani, 1998). 

Binding studies have shown that NF-Y is able to bind to the ICB 1 and ICB2 elements 

in the topoisomerase IIP promoter and significantly influence topoisomerase up gene 

expression. Several studies have provided evidence of an important functional role for 

NF-Y in the topoisomerase Ila gene transcription. Specific binding of NF-Y to the 

r CB l-4 elements of the human topoisomerase Ila promoter has been shown in vitro 

(Wang, et al. , 1997a; Isaacs et al., 1996). Higher levels of F-Y binding at the 

topoisomerase Ila ICB2, were observed in extracts from proliferating cells, than from 

confluence-arrested cells ([saacs et al. , 1996). Dominant negative F-Y A has been 

used to inhibit the binding of NF-Y complex to DNA, and a concurrent reduction in 

topoisomerase !Ia expression was observed (Hu and Maity, 2000). Together these 

results showed that the differential regulation of topoisomerase IIa is mediated, at 

least in part, through proliferation-specific binding of factors to an ICB element in the 

gene promoter. Modification of NF-Y (for example phosphorylation) or an interaction 

with other factors, could be responsible for the down-regulation of topoisomerase Ila 

gene expression in confluence-arrested cells . [n addition, the topoisomerase Ila 

promoter was not completely repressed in NF-Y depleted HeLa nuclear cell extracts 

in vitro (Coustry et al., 2001). Thus, in addition to NF-Y, other transcription factors 

must also be important for the regulation of topoisomerase Ila gene expression. 

1.5.4 GC Rich Regions. 

GC boxes are another common promoter element, often found in close proximity to 

CCAA T boxes or binding sites of other transcription factors (Kadonaga et al., 1989), 

as seen in the promoters of both topoisomerase II isoforms. Multiple GC boxes are 
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commonly present in a promoter, with each GC box proposed to have a different 

functional role. 

The human topoisomerase IIP promoter contains three GC boxes; one located at - 113 

in close proximity to the transcription start site, the second (-548) following two ICB 

elements just inside the defined minimal topoisomerase IIP promoter, and the third 

outside this region. Functional assays showed that mutation or elimination of the 

second GC element (-548) resulted in only a slight decrease (20%) in topoisomerase 

np promoter activity (Lok et al. , 2002). However, when the same GC box was 

mutated with either of the two adjacent ICB elements (-522, -490) a much larger 

decrease was observed, in particular with the first ICB element (-490), suggesting a 

functional synergy may exist between the GC and ICB elements in the topoisomerase 

np promoter. 

The topoisomerase [[a promoter has two GC boxes, GCI and GC2. A mutation in 

GCI does not result in a decrease in topoisomerase l[a activity, however in drug

resistant cells a mutation in GC 1 results in an increase in promoter activity (reviewed 

by Isaacs et al., 1998). GC2 is considered to be the least important in topoisomerase 

Ila regulation and is thought to be functional only under certain growth conditions 

(Hochhauser et al., 1992). 

1.5.5 Spl (Specificity Protein 1). 

The Sp 1 protein is a member of a large multi-gene family capable of regulating the 

transcription of genes via interactions with GC motifs in the promoter, acting on both 

proximal and distal elements to maintain basal activity (McEwen and Omitz, 1998). 

Sp 1 typically activates promoters containing multiple GC motifs, although a single 

Sp 1 binding site is sufficient to stimulate promoter activity (Kadonaga et al. , 1987). 

Like NF-Y, Sp 1 contains Q-rich activation domains, which are thought to mediate 

protein-protein interactions, and are required for transcriptional activation (Courey 

and Tjian, 1988). Sp l mediated transcriptional regulation also depends on three zinc 

finger structures responsible for DNA binding (Kadonaga et al., 1998). The Q-rich 

domain of Sp l is thought to target one of the TFIID components (Chen et al. , 1994), 
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and therefore activate promoters which are transcribed by Pol II (Dynan and Tjian, 

1983; Kadonaga et al., 1986). 

Spl has been shown to exhibit functional synergy with other transcription factors, 

including NF-Y, which could explain why a single GC box is sufficient in some 

promoters. When two or more Sp 1 sites are found in a promoter, DNA-bound Sp 1 

monomers have been shown to self-associate, thereby bringi ng distant promoter 

elements into close proximity (Su et al., 1991 ). This was demonstrated using a 

modified thymidine kinase (TK) promoter containing up- and down-stream Sp 1 

binding sites. The DNA was shown to loop in vitro, and this was correlated with Sp 1-

mediated synergistic activation of transcription in vivo. Using microscopy, it was 

detem1ined that indi vidual Sp 1 proteins associate to form tetramers, which in tum 

interact as multiple tetramers stacked at the DNA loop junctions, where each 

monomer is capable of interacti ng with a single GC motif (Mastrangelo et al., 1991 ). 

Synergistic activation requires the formation of higher order complexes, co-ordinated 

by Sp 1 molecules bound at proximal and distal sites in the promoter (reviewed by 

Liberati et al., 1999). The presence of GC boxes in such positions in both 

topoisomerase Ila and ~ promoters may indicate that DNA looping is required for the 

regulation of transcription. 

Sp 1 has been shown to be post-translationally modified. For example, 

phosphorylation has been shown to allow Sp 1 to bind DNA more tightly (Ge et al., 

2001 ), and therefore is thought to increase Sp 1 binding to GC boxes and thereby 

facilitate activation of a number of genes. 

Binding studies have shown that Sp 1 can bind to the topoisomerase II~ GC element 

at position -548, and that Sp 1 has a regulatory effect on topoisomerase II~ expression 

(Lok et al. , 2002). Another study showed specific binding of Sp 1 to unidentified 

downstream elements in the topoisomerase II~ promoter, which may be involved in 

transcriptional regulation (Ng et al. , 1997). Sp 1 has been shown to play an important 

role in the transcriptional regulation of the topoisomerase Ila promoter, mediated 

through the binding of GCl and GC2 elements (Kubo et al. , 1995; Magan et al. , 

2003). 
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1.5.6 Interactions of NF-Y and Spl. 

An in vivo interaction between NF-Y and Sp l has been revealed using a yeast two

hybrid system (Roder et al., 1999), which could be mediated by the Q-rich domains 

present in both proteins. Each of the proteins is also able to interact with particular 

T AFs within TFIID (Coustry et al. , 1998). A functional co-operation between NF-Y 

and Sp l has been shown previously to play a key role in the transcriptional regulation 

of a number of genes including human and rat fatty acid synthase (FAS) (Roder et al., 

1997), human P-glycoprotein (Hu et al. , 2000) , human cathepsin L (Jean et al. , 

2002), and the human MHC Il-associated invariant chain (II) (Wright et al. , 1995). 

In all reported cases of co-operativity between NF-Y and Sp 1 the binding sites for the 

two transcription factors are located in close proximity in the promoter regions of the 

genes, suggesting that the distance between the two elements is important. The 

mechanisms of co-operativity may vary. In addition to the direct physical interaction 

described above, co-operative binding to the promoter region can occur, as has been 

demonstrated for NF-Y and Sp 1 binding to the FAS promoter (Roder et al. , 1997). In 

the case of the human MHC II invariant chain promoter, the CCAAT box is non

consensus, and there fore F-Y binding is ine ffici ent without Sp 1. In addition , both 

Sp I and NF-Y have been show n to associate with the co-activator p3 00 (Fani ello et 

al. , 1999; Xiao et al. , 2000), therefore co-operati vity could involve interactions 

between Sp I and NF-Y with the p300 co-activator. 

Functional assays using the topoisomerase np promoter suggest a functional synergy 

may exist between the ICB elements and the GC box in the topoisomerase IIP 
promoter (Lok et al. , 2002), which could be mediated through an interaction between 

NF-Y and Sp l binding at these elements. Binding assays using the topoisomerase Ila 

promoter have provided important evidence for co-operativ ity between the two 

proximal GC and ICB elements in the promoter in order to recruit Sp l and NF-Y, 

respectively (Magan et al. , 2003). In addition NF-Y, Sp 1 and Sp3 have been shown to 

have a regulatory effect on topoisomerase Ila expression (Magan et al. , 2003), where 

an interaction between the three transcription factors is thought to occur (Roder et al. , 

1999). 
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1.5. 7 Sp3 (Specificity Protein 3). 

Sp3 transcription factor is another member of the Sp family, capable of regulating the 

transcription of genes via interactions with GC motifs in the promoter. Both Sp l and 

Sp3 are ubiquitously expressed in mammalian cells, have similar structures including 

DNA binding domains which recognise similar target sequences, and can be 

phosphorylated to increase binding affinity (Ge et al., 2001 ). However unlike Sp 1, 

Sp3 is capable of dual functions in transcriptional regulation, acting as an activator or 

a repressor (Noti, 1997). Three isoforms of Sp3 are known, due to the use of 

alternative translation initiation sites within the mRNA, which has further 

complicated elucidation of a transcriptional role for the protein. Sp3 is thought to 

target promoters containing only a single Sp binding site, while promoters containing 

multiple binding sites are only weakly activated, or fail to be activated by Sp3 

(reviewed by Suske, 1999). The relative levels of Sp I and Sp3 present are thought to 

dictate the response of the promoter to these factors. It was shown that when Sp 1 and 

Sp3 were equally expressed and Sp3 did not act as a strong activator, it competed with 

Spl for the same binding site and thus decreased Sp I-mediated activation (de Luca et 

al. , 1996; reviewed by Suske, 1999). Therefore, the activity of Sp3 appears to vary 

depending on structure and arrangement of recognition sites, as well as cellular 

context. 

Sp3 has been found to be present at increased levels in drug resistant cell lines, and 

therefore may directly down-regulate topoisomerase II promoter activity (reviewed by 

Isaacs et al., 1998). In one etoposide-resistant cell line derived from human cancer 

cell s, a decrease in topoisomerase Ila gene expression has been correlated to Sp3 up

regulation, however the position at which Sp3 bound the promoter was not 

determined. (Kubo et al. , 1995). Sp3 has also been shown to interact with NF-YA and 

co-operatively stimulate gene expression (Yamada et al. , 2000). This could suggest 

that an Sp3 repressive role may involve inhibitory protein-protein interactions with 

components of the general transcription complex or with other transcription factors. 

Both Sp l and Sp3 were found to bind to the GC element in the topoisomerase np 
promoter. Sp3 has been shown to bind GC2 (Szremska, 2000) in the topoisomerase 
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Ila promoter, and the binding of Sp3 at GCl was shown to affect expression levels of 

topoisomerase Ila (Magan et al., 2003). 

1.6 Research Aims. 

Although many recent studies have increased our understanding of topoisomerase Ila 

transcriptional regulation, little is known about the regulation of the topoisomerase IIl3 

isoform. 

The molecular mechanisms responsible for the regulation of expression of 

topoisomerase IIl3 and a are thought to be associated with resistance to chemotherapy 

drugs. The cloning and characterisation of the topoisomerase IIl3 promoter region 

would allow analysis of the modulation of expression at the molecular level. The 

identification of cis-acting elements important for transcriptional regulation, and 

transacting factors interacting with these elements to mediate the control, would be 

possible. fnsight into the modulation of topoisomerase I[ gene expression would allow 

characterisation of the mechanism of resistance to anti-cancer drugs. To this end, the 

regulation of topoisomerase 1[!3 expression was investigated by isolating and studying 

a 1.5 kb region of the topoisomerase 1113 promoter. 

The specific objectives of this research were as follows: 

To isolate and subclone the topoisomerase 1113 promoter region. 

To generate a series of truncated promoter regions in a luciferase reporter vector. 

To generate mutant promoter constructs containing mutations in topoisomerase 

IIl3 promoter elements, ICB 1 and ICB2. 

To carry out preliminary functional assays in tissue culture cells to assess the 

activity of the cloned promoter regions. 

To carry out a series of DNA-binding assays using oligonucleotides representing 

the GC, ICB l and ICB2 elements of the topoisomerase IIl3 promoter. 

The publication of a parallel study (Lok et al., 2002) occurred half-way through the 

research carried out for this thesis. 
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Chapter 2: Materials and Methods. 

2.1 Materials. 

Restriction endonucleases and buffers, DNA modifying enzymes and buffers, 

thermosensitive alkaline phosphatase (1 U/µL) , DNA quantification standards and 

agarose LE powder for electrophoresis were obtained from the following sources: 

New England Biolabs, MA, USA; Boehringer Mannheim, Germany, and Roche, Mt. 

Well ington, Auckland. 

DMSO, OTT, IPTG, EDTA, X-gal , PEG (10%), dNTPs, triton-X-100, ampicillin, 

lysozyme, ethidium bromide, BSA, mineral oil, ficoll , oligonucleotides for gel shifts, 

primers RV3 , GL2 and topoisomerase ll~ primers were purchased from Sigma 

Chemical Company, St Louis, MO, USA. 

CONCERTrvi max i preparation kit , IO x trypsin, penicillin-streptomycin (5.000 

U/mL). OPT1-MEM with Earle·s sa lts (L-glutamine and non-essential amino acids), 

bacteriological agar. I kb plus ladder, Luria Bertani (LB) broth base, foetal calf serum 

were purchased from GIBCOBRL, Invitrogen Corporation, lnvitrogen NZ Limited. 

Penrose. Auckland , New Zealand. 

PCR purification kit QIAquick was purchased from QIAGEN, New Zealand 

distributors: Biolab Scientific Ltd , Albany, Auckland , New Zealand . 

Bradford protein assay kit and Quantum® Prep Plasmid Miniprep kit were purchased 

from BioRad Laboratories, CA, USA. 

40% (w/v) solution of acry lamide and NN ' -methylenebisacrylamide m water 

(Acrylogel) was from BDH Laboratory Supplies, Poole, England. 

y32P-[ATP] was purchased from Perkin Elmer Life Sciences Inc, Boston, MA, USA. 

All primary antibodies (NF-YA, NF-YC, Spl and Sp3) were purchased from Santa 

Cruz Biotechnology, CA, USA. 
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GCG Version 9.1 was purchased from Wisconsin Genetics Computer Group, USA. 

FLU Ostar galaxy system and software was purchased from BMG Labtechnologies 

Pty. Ltd , Melbourne, Australi a. 

DE-81 and 3MM paper were purchased from Whatman, Maidstone, England . 

Poly (dl.dC) was purchased from Amersham Pharmacia Biotech A B, Uppsala, 

Sweden. 

Plasmids pGL3Basic, pCMVSPORT-~-Galactos idase, pGEM®-T vector system, GC

rich PC R system. and the Luciferase Assay System were purchased from Promega 

Corporation, WI, USA. 

The Escherichia coli XL-I blue stra in , plasmid pBluesc ript SK+, and P.fu D A 

polymerase were purchased from Stratagene, La Jolla, CA, USA. 

All steril e ti ssue culture fl asks, plates, ce ll scrapers and tubes were purchased fro m 

unc Inc. aperv ille. IL, USA. 

0.8 µ M sterili sati on double layer filters were purchased fro m Drummond, USA. 

FuGENETM 6 transfecti on reagent. ONPG, Compl eteT:-vi Mini EDTA free Pro tease 

inhibitor cocktail tablets, T4 DNA ligase, and Taq polymerase we re purchased fro m 

Roche Molecular Biochemicals, TN , USA. 

Origina l HeLa cell s were a gift from Dr. Rachel Page (Department of Biochemistry, 

Uni vers ity of Cardiff). 

All o ther chemicals and reagents used were of analytical grade or better. 
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2.2 Methods. 

2.2.1 Agarose gel electrophoresis. 

Generally, agarose gel electrophoresis was performed using 1 % agarose in 1 x T AE 

buffer (40 mM Tris-acetate, 2 mM ethylene diamine tetra-acetic acid (EDTA) pH 8.0), 

containing ethidium bromide (0.5 µg/mL). The agarose was melted in a microwave oven 

and allowed to cool to 55°C, before pouring into the gel apparatus. DNA was loaded into 

the ge l by mixing with DNA loading dye (40% w/v sucrose, 0.25% bromophenol blue). 

Electrophoresis was canied out at 85 V for approximately 1 hour and visualised by 

exposure to UV light. The sizes of DNA bands were determined by measuring the 

distance a fragment had migrated from the well and comparing it with the known size 

bands of the 1 kb PLUS molecular size standard. If the DNA fragments were expected to 

be very large or very small in size, the percentage of agarose used was adjusted as 

indicated in Sambrook et al. , (2001 ). 

2.2.2 Oligonucleotides. 

Oligonucleotides were synthesi sed by the Sigma Chemical Company and provided as 

a dri ed stock, which was rehydrated in TE to a concentration of 10 µg/µL and stored 

at - 20°C. Prior to use oligonucleotides were further diluted in dH20: to a 

concentration of 50 ng/µL for PCR reactions, 100 ng/µL for electrophoretic mobility 

shift assays, and 1 µg/µL for competitor oligonucleotides. 

2.2.3 Restriction endonuclease digests. 

Generally 500-1000 ng of DNA was digested with 5- 10 units of restriction endonuclease 

along with the appropriate buffer at 1 x concentration, as per the manufacturer's 

recommendation. 

For restriction enzyme digestion of plasmid DNA prepared by the rapid boil method, 5 

µL of DNA was used with 1 µL (8-10 units) of restriction enzyme along with 3 µL of 

appropriate (10 x) buffer (as specified by the manufacturer) in a total volume of 30 µL. 

For digestion of plasmid DNA prepared using the Quantum® Prep Plasmid Miniprep 

(BioRad) method (30-50 ng/µL) , 5-10 µL of DNA was added to the digestion reaction 

depending on the concentration of the sample. For highly concentrated plasmid DNA 
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(~1 µg/µL) prepared using the CONCERT Rapid Plasmid Maxiprep Kit (GIBcoBRL, 

Invitrogen), 1 µL was used in the restriction digest (in 30 µL) total volume. 

Each digest was incubated at a temperature optimal for the activity of the enzyme used 

in the reaction, as per manufacturer specifications. A small aliquot of the digested DNA 

was checked by agarose gel electrophoresis for completeness of digestion. When large 

volumes of DNA were required , the total volume of the digestion mixture was made up 

to 50 µL, and the components were adjusted accordingly. 

2.2.4 Alkaline phosphatase treatment of vectors. 

Prior to ligation, alkaline phosphatase treatment of the vector DNA was necessary, after 

restriction endonuclease digestion. Removal of 5 ' -phosphate groups from linearised 

vector DNA is essential to prevent vector self-ligation. 

1 µL of thennosensitive alkaline phosphatase ( 1 U/µL , Roche) and 12 µL of 

the1111osensitive alkaline phosphatase buffer were added to 1-5 µg of digested vector and 

incubated for exactly 15 minutes at 65 °C. To stop the reaction, 4 ~LL of stop buffer was 

added , and a second incubation of 15 minutes at 65°C was canied out. The vector D A 

was ethanol precipitated and quantified using agarose gel electrophoresis and 

quantification standards. 

2.2.5 Generation of blunt ends. 

Treatment with the Kienow fragment of DNA Polymerase I (Pol I) was used to end

fill up to 1 µg of DNA per reaction, which consisted of the following: isolated DNA 

fragment (up to 1 µg) , 2 µL React®2 buffer (Invitrogen), I µL Kienow enzyme, I µL 

dNTPs (2 mM), and made up to a total volume of 20 µL with water. The reaction mix 

was incubated at 30°C for 15 minutes and then heat inactivated at 75°C for 10 

minutes. If the reaction was performed immediately after a restriction enzyme digest, 

1 µL Kienow enzyme and 1 µL dNTPs (2mM), were added directly to the restriction 

digest. 
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2.2.6 DNA purification by gel electrophoresis. 

Purification of DNA fragments was achieved by using agarose gel electrophoresis. 

DNA was separated by electrophoresi s, using 1 % agarose in 1 x T AE buffer 

containing ethidium bromide (0 .5 µg/mL), at 40 V for 4 hours. DNA bands were 

visuali sed under UV light using a hand-held UV lamp, and the bands containing DNA 

to be purified, were excised with a scalpel blade. The DNA was purified from the 

agarose slice using CONCERT™ gel purification kit (GIBCOBRL, lnvitrogen) 

according to the manufacturer's instructions. Thi s kit uses a system of spin cartridges 

containing a silica membrane. The agarose ge l is di sso lved by sodium perchlorate and 

DNA adheres to the silica support. DNA is released upon elution with TE buffer, afte r 

washes with ethano l-based buffers. Alternati ve ly, DNA was purified using the freeze

squeeze method (Thuring et al. , 1975) (DNA was quantified by gel e lectrophoresis 

usi ng quantification standards). 

2.2. 7. Phenol-chloroform extraction and ethanol precipitation. 

DNA was purified by phenol-chloroform extraction and concentrated by precipitation 

as described in Sambrook et al..(2001 ). 

2.2.8 PCR purification. 

Purification of PCR products was required before they could be used in subsequent 

ligation, to remove oil , primers, salts and excess dNTPs. Thi s was achieved using 

QIAquick PCR purification kit (QIAGEN). Thi s system utili ses a silica-based sp in 

cartridge to puri fy double-stranded DNA. PCR products were purified according to 

manufac turer ' s instructions and then quantifi ed by agarose gel electrophoresis using 

quantification standards. 

2.2.9 Purification of genomic DNA. 

DNA was purified from 3 ml of freshly extracted human blood using the Wizard 

(Promega) genomic DNA extraction reagents, according to the manufacturers 

instructions. The DNA isolation protocol makes use of the different stabilities of the 

red blood cells and white blood cell membranes. Red blood cells are lysed in a 

hypotonic solution containing NH4CI (155 mM), KHCO3 (10 mM) and EDTA (0.1 
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mM). The white blood cells and their nuclei are then lysed by a proprietary reagent. 

At high salt concentrations (2.5 M NaCl) the DNP dissolves and dissociates into DNA 

and protein (mainly histones, which are arginine- and lysine-rich, low molecular 

weight proteins). The proteins can be denatured and removed by centrifugation. The 

DNA wi ll remain soluble and can then be precipitated by the addition of ethanol. 

2.2.10 Polymerase chain reaction (PCR). 

PCR reactions were performed using either Taq, Tgo, P.fu DNA polymerases, or a 

GC-rich system, which contains a blend of Taq and Tgo enzymes. The Taq DNA 

polymerase reactions contained 5 µL 10 x PCR buffer (100 mM Tris-HCl , 500 mM 

KCI , pH 8.3, 15 mM MgC'2. Roche) , 5 µL dNTPs (3 mM), 5 µL of each primer (50 

ng/µL) , 0.5-1.5 µL MgCl2 (25 mM), 2 µL DMSO, 0.5 µL of Taq D A polymerase (5 

U/µL). 1 µL of the DNA template ( I 00 ng/µL). and sterile H2O (sH20) up to a total 

vo lume of 50 µL. 

The P.fu DNA pol ymerase reactions contained 5 µL IO x Pfi1 D A pol ymerase buffer 

(100 mM KCI , 60 mM (NH-1)2SO-1, 200 mM Tris-HCI pH 8.2, 20 mM MgC'2. 1% 

Triton X-100. I 00 µg/mL BSA. Stratagene), 5 µL of each primer (50 ng/µL ). 5 µL 

d TPs (3 mM), 0.5-1.5 ~LL MgC12 (25 mM ), 2 µL DMSO. 0.5 ~LL of Pfu DNA 

polymerase (5 U/~LL), I µL of the D A template ( I 00 ng/µL) , and sH2O up to a total 

volume of 50 µL. 

The Tgo DNA polymerase reactions contained 2.5 µL 10 x Tgo D A polymerase 

buffer (50 mM Tris-HCI pH 8.5, 87 .5 mM (NH-1)2SO4, 6.25 mM MgC'2, 2.5% Tween 

20, 7.5% DMSO, Roche), 2.5 µL of each primer (50 ng/µL) , 2.5 µL dNTPs (3 mM), 

0.25-0.75 µL MgC1 2 (25 mM), 2 µL DMSO, 0.25 µL of Tgo DNA polymerase (5 

U/~LL), 0.5 µL of the DNA template (100 ng/µL) , and sH2O up to a total volume of25 

µL. 

The GC-rich system reactions contained two mixes: Master mix 1 consisting of 5 µL 

of each primer (50 ng/µL) , 4 µL dNTPs (10 mM), 1 µL DNA template (100 ng/µL) , 

20 µL GC-rich resolution solution (5 mM) and Master mix 2 consisting of 10 µL 5 x 

GC-rich reaction buffer, 1 µL GC-rich enzyme (Taq/Tgo polymerase), and 1.5 - 3.5 
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µL sH20 and 0.5 - 2.5 µL MgCh (25mM, Sigma) to a total of 4 µL. Each mix was 

individually prepared and mixed, and then the two were combined and mixed. 

The polymerase enzyme was always added last, and the reactions were mixed 

thoroughly before a drop of mineral oil was added , if necessary. PCR reactions were 

carried out in a thermal cycler (HYBAID Omn-E, SciTech (NZ) Ltd , or 

GeneAmp®PCR System 2700, Applied Biosystems, Foster City, USA), programmed 

as shown below. In addition to the reaction, a negative control with no DNA was 

included with every PCR experiment to ensure that no contamination was present. A 

positive control was also used (Factor IX promoter) , producing a DNA product of 

known size. 

PCR thermocycling conditions 

95 °C for 5 minutes 
95 °C for 30 seconds 
55°C for 30 seconds 
72°C for I minute , 30 seconds 
72°C for 7 minutes 

40 x cycles 

5 µL of each PCR reaction was analysed for the correct product by agarose gel 

electrophoresis. 

2.2.11 Ligations using pGEM®-T. 

PCR products were cloned into the pGEM-T vector (Appendix 2, Promega) to enable 

the production of amplified insert DNA without the need for further PCR. pGEM-T 

vector kits contain 2 x rapid ligation buffer (60 mM Tris-HCI pH 7.8 , 20 mM MgCb, 20 

mM dithiothreitol (OTT), 2 mM adenosine triphosphate (ATP) and 10% w/v 

polyethylene glycol (PEG)) and control insert DNA. The vector was supplied m a 

linearised form , prepared for ligation by Eco RI digestion and the addition of 3 ' -

terminal thymidine at both ends. These single 3 ' -T overhangs greatly improve the 

efficiency of ligation and provide compatible overhangs for PCR products generated 

by certain thermostable polymerases, including Taq polymerase. 
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PCR products were subcloned into pGEM-T, following the manufacturers instructions. 

The control vector was used with a 1: 1 (insert:vector) molar ratio of control DNA and a 

3: 1 (insert:vector) molar ratio of PCR DNA in a total volume of 10 µL. Ligation mixes 

were incubated overnight at 4°C and transformation of Escherich;a coli (E.coli) XL-1 

blue cells was performed the following day, utilising blue/white selection (Berger and 

Kimmel , 1987). 

2.2.12 Ligations using pGL3Basic and pBluescript SK+ vectors. 

The DNA insert fragments and vector DNA were digested with restriction 

endonucleases to generate compatible ends necessary for successful ligation. Ligation 

efficiency is dependent on the concentration of DNA ends in the reaction . To ensure 

complementary ends of the vector and inse11 are joined, the concentration of insert must 

be higher than that of the vector (Berger and Kimmel , 1987). 

The amount of vector DNA used in the ligations was usually 65 ng for a 3: I (insert: 

vector) molar ratio, or 75 ng for a 2: 1 (inse11:vector) molar ratio. The amount of insert 

DNA that was added to ligations was calculated using the following fom1ula. 

Amount of in sert DNA (ng) = Amount of vector DNA (ng) x size of inse11 (bp) x insert mo lar rati o 

Size of vector (bp) vector 

Ligation mixes also contained 4 ~LL (5 x) T4 ligase buffer (250 mM Tris-HCI pH 7.6, 50 

mM MgCb, 5 mM ATP, 5 mM OTT, 25% w/v PEG), 1 µL T4 DNA ligase (I U/µL , 

Roche) and dH20 up to a final volume of 20 µL. Ligation mixes were prepared, mixed 

thoroughly and incubated overnight at 4°C. The following day, the ligation reactions 

were used for the transformation of E.coli XL-1 blue competent cells. 

2.2.13 Transformation of Escherichia coli (£.colt) XL-1 cells. 

E.coli competent XL-1 blue cells were made by inoculating 5 mL LB-tet broths ( 100 

mg/mL tetracycline) with single colonies and growing at 37°C with vigorous shaking. 

The cells were pelleted at early log phase (A600 of 0.4 - 0.5) at 12,000 rpm for 1 minute 

and resuspended in one-tenth volume of ice cold TSS buffer (10 g/L tryptone, 5 g/L 

yeast extract, 100 g/L PEG-4000, 5% DMSO, 5% 1 M MgCh, filter sterilised). The 

competent cells were then stored on ice and used within 2-3 hours. 
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Typically, half of a ligation mix ( 10 µL) was added to 100 µL of XL-1 blue 

competent cells and incubated on ice for 15 minutes. The samples were then heat 

shocked in a 42°C waterbath for exactly 2 minutes, followed by a second 15 minute 

incubation on ice. The transfom1ed cells were then diluted 100-fold in LB-amp broth 

(20 mg/mL, 100 mg/mL ampicillin) and grown at 37°C with vigorous shaking for 30 -

90 minutes. 100 µL of the transformed cells were then plated onto warm LB-amp 

plates (20 mg/mL, 1.5% agar, I 00 mg/mL ampicillin). Transformed clones were 

selected by growth on ampicillin. Reactions without DNA or without ampicillin were 

included as controls . The plates were incubated for approximately 16 hours overnight 

at 37°C, after which colonies were scored. XL-I blue cells also have the capacity for 

blue/white selection, which was achieved by plating the transformants on LB-amp 

plates supplemented with 0.5 mM isopropyl thiogalactoside (IPTG) and 80 µg/mL X

gal ( 5-bromo-4-chloro-3-indoyl-~-D-galactoside ). 

2.2.14 Isolation of Plasmid DNA from E.coli. 

2.2.14.1 Rapid-boil method. 

Plasmid DNA was prepared for screening purposes by the rapid boil method, as 

described by Holmes and Quigley ( 1981 ). Plasmid D A obtained by this method was of 

low purity, but was suitable for use in diagnostic digests. 

2.2.14.2 Small-scale plasmid isolation. 

Small-scale plasmid DNA preparation was used when a small quantity of high quality 

plasmid DNA was required for subsequent cloning, PCR or sequencing. Generally, 2 mL 

of a 5 mL overnight culture was pelleted and plasmid DNA isolated using a Quantum® 

Prep Plasmid Miniprep Kit (BioRad), according to the manufacturers instructions. This 

system uses an alkaline lysis (containing SOS) method (Bimboim and Daly, 1979) to 

release plasmid DNA from the cell. Purification of the plasmid DNA is achieved by a 

patented Quantum prep matrix, which contains a diatomaceous earth that binds DNA. 

2.2.14.3 Large-scale plasmid isolation. 

Large scale plasmid DNA preparations were ca1Tied out to obtain the high quality and 

quantity required for transfections and automated sequencing. 5 mL LB-amp cultures 

grown from single transformed E. coli XL-1 blue colonies were used to inoculate 500 
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mL of LB-amp broth (100 mg/mL ampicillin) in 2 L flasks and incubated overnight at 

37°C with vigorous shaking. Plasmid DNA was then extracted using the CONCERPM 

High Purity Plasmid Max iprep Kit (GIBCOBRL ®, Invitrogen) according to the 

manufacturers instructions. This system is based on a modified alkaline lysis method 

(Bimboim and Doly, 1979), where plasmid DNA is purified on an anion exchange resin . 

Plasmid DNA was stored at -20°C. 

2.2.15 DNA quantification. 

2.2.15. l Quantification of DNA by gel electrophoresis 

Purified PCR products or inse11s fo r subcloning were quantified by gel electrophoresis. 

The DNA samples to quanti fy were loaded onto a 1 % agarose gel alongside a series of 

standards of known DNA concentrati ons, and were analysed by electrophoresis. The 

standard used was linearised plasmid Bluescript 11 , with a range of 10-1 00 ng/5µ L. The 

intensity of fluorescence of the sample under UV light was compared with the 

concentrati on standards. 

2.2.15.2 Quantification of DNA by UV spectroscopy 

Plasm id DNA prepared on a large scale was quantified using the Pham1ac ia Biotech 

Ultraspec 300 UV /Visible Spectrophotometer, by measuring the UV absorpti on of the 

DNA sample in quartz cuvettes at 260 nm and 280 nm. The concentrati on fac tor 1 E 260 -

50 µg/mL was used fo r double-stranded DNA. 

The purity of the DNA was assessed by the A26o/ A280 absorbance ratio. A ratio of 1.8 is 

expected fo r pure DNA, ratios greater than 1.8 indicate RNA, less than 1.8 indicate 

protein contamination . 

2.2.16 Sequencing of DNA. 

Automated sequencing using an ABI 377-18/36 DNA sequencer (PE Biosystems) or an 

ABI 3730 DNA sequencer (PE Biosystems) was performed on plasmjd DNA template 

by Lorraine Berry, Allan Wilson Centre sequencing facility, Massey University. T he 

sequencing was carried out according to manufacturer ' s instructions using ABI PRJsM® 

BigDye™ tenninator cycle sequencing (PE Biosystems) chemistry. Primers and 
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templates were diluted to 0.8 pmol/µL and 200 ng/µL , respectively (in sH20) for 

sequencing. 

2.2.17 Analysis of DNA sequences. 

The DNA sequences were analysed usmg the Wisconsin Package v.9.1 , Genetics 

Computer Group (GCG), Maddison, WI. Various programs within this suite of software 

were used to accomplish particular tasks, such as : restriction maps (map), generate 

contigs of individual sequences (GelMerge), find sequence similarity (bestfit), and find 

putative binding factors by identifying consensus sequences within a sequence 

(findpattems). 

The TRANSF AC database (MatJnspector V2.2, http: //transfac .gbf.de/cgi-bin/matSearch. 

Q]J, which enables an extensive database search (in silica) on transcription 

factors , their binding sites, and DNA-binding profiles, was also used to analyse 

sequences. The outputs were analysed manually for any relevant sequence motifs. 

2.2.18 Tissue culture. 

HeLa cells and MDA-MB-231 cells were used for transient transfections and HeLa 

cell extracts for electrophoretic mobility shift assays. All tissue culture operations 

prior to harvesting were carried out asepticall y and in a laminar flow hood (Crossflow 

1800 with HEPA filter , Westinghouse) . Cells were incubated at all times in a 37°C, 

5% CO2 incubator (Jouan IG 150, France) , in humid conditions. 

HeLa cells and MDA-MB-231 cells were grown in complete Eagle ' s OPTI-minimal 

essential medium (MEM) Reduced Serum Medium, containing non-essential amino 

acids (G1scoBRL, Invitrogen) which was prepared as instructed by the manufacturers 

and filter sterilised through a 0.2 µm filter. MEM was dispensed into sterile bottles in 

194 mL volumes, which were supplemented as required with 2% ( 4 mL) foetal calf 

serum (FCS) and 1 % (2 mL) penicillin/streptomycin (Pen/Strep, 5000 U/mL penicillin G 

sodium and 5 mg/mL streptomycin sulfate in 0.85% saline). Media was stored at 4°C, 

but warmed to room temperature before use. 
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2.2.18.1 Starting HeLa and MDA-MB-231 cell cultures. 

Cell cultures were started from 1 mL frozen HeLa or MDA-MB-231 cell stocks 

(prepared by Kirsty Allen, Institute of Molecular BioSciences, Massey University, 

Palmerston North). A frozen aliquot of HeLa or MDA-MB-231 cells (in FCS containing 

10% DMSO, stored under liquid nitrogen) was thawed and the cells transferred to 5 mL 

of supplemented OPTI-MEM, then mixed thoroughly. The cells were pelleted by 

centrifugation for 5 minutes at approximately 100 g and the supernatant removed . The 

pellet was resuspended in 2 mL of supplemented OPTI-MEM and 1 mL used in each 

mono layer T80 flask (Nw1c) containing 14 mL of supplemented OPTI-MEM. HeLa cells 

were left to grow for about 2-3 days in the 37°C incubator before passaging. MDA-MB-

231 cells were left to grow for about 4-5 days in the 3 7°C incubator before passaging. 

2.2.18.2 Maintenance of HeLa and MDA-MB-231 cells. 

HeLa and MDA-MB-231 cells were grown in T80 flasks to 80-90% confluence before 

passaging the cells into new flasks with fresh media. Passaging the cells initially 

involved removing the old media, and then washing the cells twice with 9 mL phosphate 

buffered saline (PBSE) (0.14 M NaCl , 2.7 mM KC! , 4.3 mM NaHPO-1 .2H2O pH 7.2 plus 

0.5 rnM EDTA) plus 1 mL 10 x trypsin (GIBCOBRL). The cells were left lying flat for a 

few minutes to dislodge them from the flask surface; further detachment was achieved 

by sharply tapping the side of the flask. The cells were then thoroughly resuspended by 

aspiration in 5 mL of supplemented OPTI-MEM, where 1 mL of resuspended cells was 

used to seed a new T80 flask containing 14 mL of fresh supplemented OPTI-MEM and 

the remainder of the cells were used to seed plates for transfections. Cel ls were placed 

back into the 37°C incubator and the HeLa cells were passaged every 2-3 days, while the 

MDA-MB-231 cells were passaged every 4-5 days. 

2.2.18.3 Preparing HeLa and MDA-MB-231 cells for freezing. 

Stocks of HeLa and MDA-MB-231 cells were frozen after the first passage. Cell s 

were grown to 80% confluence, passaged and resuspended in 5 mL of FCS containing 

10% DMSO. The cells were then dispensed into sterile 1 mL cryotubes (Nunc) and 

frozen slowly (by wrapping cryotubes in multiple layers of tissue paper) at -70°C, to 

avoid disruption of the cell membrane. Once frozen the HeLa and MDA-MB-231 

cells were stored under liquid nitrogen. 
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2.2.19 Electrophoretic mobility shift assays (EMSA). 

2.2.19.1 Radioactively labelling the oligonucleotide probe for EMSA. 

T4 Polynucleotide kinase (PNK) was used to catalyse the transfer of the y-phosphate 

of ATP to the 5 ' -hydroxyl tenninus of the DNA strand. Labelling of oligonucleotides 

was carried out, as indicated below, in 1.5 mL microcentrifuge tubes, mixed, then 

incubated at 37°C for 45 minutes. 

oligonucleotide (100 ng/µL) 1 µL 

10 x PNK buffer (0.5 M Tris-HC I pH 8.0, 0. 1 M MgC!i, 

50 mM DDT, 0.5 mg/mL BSA) 1 µL 

y3 2P-[A TP] (10 µCi /µL , Perkin Elmer) 4 µL 

T4 polynucleotide kinase (10 U/µL , Roche) 1 µL 

sH20 3 µL 

The labelled oligonucleotide was then annealed to its complementary oligonucleotide 

at 6 x excess . 6 µL complementary oligonucleotide (100 ng/µL) was added to the 

labelled oligonucleotide. along with 2 .5 µL 1 M KCI and 31.5 µL of sH20. This 

mixture was heated to 95°C for 5 minutes in a boiling water bath , which was 

subsequently turned off and the samples were left to cool to room temperature in the 

water bath (approximately I hour). An equal volume of gel shift buffer (40 mM Tris 

pH 7.6, 16% ficoll , 100 mM KCI , 0.4 mM EDTA , I mM OTT, or 10 mM Tris pH 7.8 , 

I mM EDTA, 0.1 mM OTT, 5% glycerol) was added to the cooled double-stranded 

oligonucleotides, which were then gel purified immediately. 

2.2.19.2 Purifying the labelled oligonucleotides. 

To remove any residual single-stranded oli gonucleotides, unincorporated label or 

other contaminants, the labelled oligonucleotides (total volume 50 µL) were purified 

by electrophoresis on a 10% polyacrylamide gel (37 cm long with 0.4 mm spacers) in 1 

x TBE (0.09 M Tris, 0.09 M boric acid, 0.02 M EDTA pH 8.0) at 30 W for 1 ½ hours. 

The gel was wrapped in saran wrap and exposed to X-ray film for approximately 1 

minute, which enabled the visualisation of the double-stranded labelled oligonucleotides 

within the gel. The appropriate band(s) were excised from the gel and DNA eluted by 

placing each gel slice into 300 µL 50 mM KCI and incubating at 3 7°C overnight. The 
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following day, the gel suspension was mixed by vortexing, centrifuged at 12,000 g for 5 

minutes and the supernatant was transferred to a fresh 1.5 mL microcentrifuge tube. 1 

µL of each probe was analysed for incorporation of radioactivity using Cerenkov 

(Beckman LS380 l Scintillation Counter) counting. The samples were stored in a 

radioactivity safe Perspex container at 4°C, until required . 

2.2.19.3 Preparing HeLa cell extracts for EMSA. 

HeLa cells were grown to 80-90% confluence in 14 rnL supplemented OPTI-MEM in 

150 mm diameter plates (N unc ), in a 3 7°C CO2 incubator. The media was removed and 

the HeLa cell s were washed twice with 2 mL PBS (0. 14 M NaCl, 2. 7 mM KC! , 4.3 mM 

NaHPO42H2O pH 7.2). I mL of TEN buffer (40 mM Tris-HCI pH 7.4, 1 mM EDTA, 

0. I 5 M NaCl) was then added to each plate and the cell s were scraped off and placed 

into 1.5 mL microcentrifuge tubes. The cell suspension was centrifuged at 12,000 g for 5 

minutes and the supernatant discarded. The pellet was resuspended in 300 µL of 

extraction buffer (containing Complete mini EDTA-free Protease inhibitor cocktai l 

(Roche). 40 mM Hepes pH 7.9. 0.4 M KC! , 1 mM OTT and 10% glycerol) . Cells were 

disrupted using 3 freeze-thaw cyc les in liquid nitrogen. The cell extract was centri fuged 

again at 12,000 g for 5 minutes (at 4°C) and the supernatant dispensed into 30 µL 

vo lumes, then immediately snap frozen in liquid nitrogen and stored at -70°C. The 

proteins present in the HeLa cel l extracts were quantified using the Bradford Protein 

Assay (section 2.2.2 1 ). 

2.2.19.4 Preparing double-stranded competitors. 

Unlabell ed double-stranded competitors were generated by adding 5 µ L of each 

complementary single-stranded oligonucleotide ( I ~Lg/µL) together and heating to 

95°C for 5 minutes in a Hybaid Omn-E thermal cycler. Samples were coo led stepwise 

by I 0°C every 5 minutes until they reached 25°C. Double-stranded competitors were 

stored at -20°C until required. 

2.2.19.5 Binding reactions for EMSAs. 

Poly dl.dC is a non-biological polymeric nucleic acid that acts as a competitor DNA 

in EMSAs. Excess poly dl.dC was added to the reactions to minimise the occurrence 

of non-specific DNA-protein interactions. 
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HeLa extract ( ~ 7 µg protein) was added to the following premix; 10 µL gel shift 

buffer, 1 µL poly dl.dC ( 1 mg/mL in MgC'2) and water to make up a total volume of 

20 µL , then incubated on ice for 10 minutes. Competitors were added before the 

addition of probe. Approximate ly 0.3 ng of labelled oligonucleotide ( I µL ) was added 

to the premixes and left at room temperature fo r I 5 minutes. 

2.2.19.6 Polyacrylamide gel electrophoresis (PAGE) for EMSAs. 

As a control 2 µL of loading dye was loaded in an exterior lane to monitor the 

progress of electrophores is; IO µL of each reacti on was loaded onto a non-denaturing 

4% polyacrylamide gel in 0.25 x TBE and electrophoresed at 200 V fo r about I hour 

(BRL V 15 . I 7 apparatus fi tted with 0. 75 mm spacers). The gels were transferred onto 

DE-81 paper and dri ed using Bio-Rad Gel Drye r 583 fo r about 20 minutes at 80°C. 

The gels were then exposed to X-ray film fo r at least 20 hours at -70°C using a 

radioactive safe cassette with intensify ing screens. The X-ray (Kodak) films were 

deve loped using a 1 00PlusT:vt Automati c X-ray film processor in a dark roo m. 

2.2.20 Bradford protein assay. 

The protein concentration of HeLa ex trac ts was determined us111g the Bradford 

pro tein assay dye reagent concentrate (BioRad) in 96 well mi croplates (N unc) 

according to manufact urer ' s instructions. Standards were prepared from a 1 mg/ml 

stock to a range of 0 - 2.5 µ g in water, and 10 µL of HeLa cell extract, diluted 1 :2, 1 :5, 

1: I 0, I :20, 1 :40 and 1 :60, were analysed. Samples were left to develop colour at room 

temperature fo r a minimum of 10 minutes and absorbance read at 595 nm . A protein 

standard curve was constructed using the standard amounts of BSA, from which the 

an1ount of protein present in HeLa extract was detennined. 

2.2.21 Transient transfections. 

HeLa and MDA-MB-231 cell s were transiently transfected with FuGENE™6; a multi

component lipid-based reagent that complexes with and transports DNA into the cells 

during transfection. Cells being transfected using FuGENE™6 are required to be at 50-

80% confluence on the day of transfection. Thus, the day prior to transfection 800 µL of 

supplemented OPTI-MEM (in 12 well plates) was seeded with 100 µL of HeLa cell 

suspension, which had been taken from freshly resuspended (in 5 mL) 80 - 90% 
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confluent HeLa or MDA-MB-231 cell stocks in TSO flasks. Each transfection was 

perfo1med in triplicate and using a 3: 1 ratio of FuGENE™6 to DNA (3 µL 

FuGENE™6: 1 µg DNA), according to manufacturers instructions. HeLa and MDA-MB-

231 cells were harvested 40-48 hours after transfection and assayed for luciferase and ~

galactosidase activity as soon as possible. 

2.2.22 Harvesting cell extracts for luciferase and 13-Galactosidase assays. 

The media was removed from the cells, which were then rinsed twice with 1 mL of PBS. 

80 µL of cell lysis buffer (25 mM Tris-phosphate pH 7.8, 2 mM DTT, 2 mM 1,2-

diaminocyclohexane-N,N.N ' ,N ' -tetraacetic acid, 10% glycerol, I% TritonX-100) was 

added to each well containing cells, and incubated at room temperature for 15 minutes. 

The cells were then scraped off the surface of the wells using a cell scraper and 

transfeITed to 1.5 mL microcentrifuge tubes. Cell extracts were centrifuged at 12,000 

rpm for 30 seconds to remove any cellular debris and the supernatant transfeITed into 

fresh microcentrifuge tubes. The cell extracts were stored at 4°C until required . 

2.2.23 13-Galactosidase assays. 

The plasmid pCMVSPORT-~-Gal was used as an internal control for transfections, 

which allowed the efficiency of transfection to be determined using a ~-galactosidase 

assay. Cell extract (5 µL) was incubated with 50 µL ONPG (o-nitrophenyl-~-D

galactopyranside, 2 mg/mL in 60 mM NaH2PO-1, 40 mM Na2HPO2) and 100 µL ~

galactosidase assay buffer (60 mM NaH2PO-1 , 40 mM Na2HPO2, 10 mM KC!, I mM 

MgCh) in microtitre (96 well , Nunc) plates, at 37°C for 3-8 hours. After incubation, 

50 µL 1 M Na2CO3 was added to stop the reaction and develop full yellow colour. 

Absorbances were measured at 405 nm against a blank of 5 µL cell lysis buffer using a 

96 well plate reader (anthos reader HT2 type 12 500, anthos labtech instruments, 

Salsberg, Austria). 

2.2.24 Luciferase assays. 

The reporter gene luciferase enabled the measurement of promoter activity. 5 µL of 

HeLa or MDA-MB-231 cell extract was mixed with 20 µL of luciferase reagent 

(Promega) and analysed using a FLUOstar galaxy microplate reader (BMG 

Labtechnologies Pty. Ltd, Melbourne, Australia). Luciferase activity was measured by 
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the amount of light that was emitted, and fibre optics within the microplate reader 

detected and conveyed this information as actual photon counts. This infom1ation was 

accessed through Excel (Microsoft 97), which is interfaced with the microplate reader. 

The maximum photon count obtained (within the 3 minute measuring period) was the 

value retained for data analysis. 5 µL cell lysis buffer was used as a blank. 

2.2.25 GMO approval codes. 

This work was carried out with ERMA regulatory authority approval as follows: 

• Topoisornerase IIP clones (pGEM-T and pBluescript): GMO 99 MU 25 

• Expression plasmids (Spl and Sp3): GMO 00/MU 40 

• Topoisornerase IIP promoter plasmids (pGL3Basic): GMO 98 MU 53 
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Chapter 3: Isolation and Cloning of the Topoisomerase II~ 

promoter sequence. 

3.1 Introduction. 

The first step in the characterisation of the topoisomerase up promoter was the 

isolation and cloning of the 5'-flanking sequence of the human topoisomerase up 

gene. A partial topoisomerase IIP promoter sequence was published in 1997 (Ng et 

al., 1997), but was lacking the full upstream regulatory sequence. Since then the 

entire human topoisomerase IIP gene sequence has been deposited in GenBank 

(Accession Number AC0934 l 6). This was the extent of the characterisation of the 

topoisomerase up promoter at the outset of the research described in this thesis, 

however another group working on the topoisomerase up promoter published their 

findings prior to the completion of this work (Lok et al. , 2002). This study isolated a 

1.3 kb genomic fragment corresponding to the 5 ' -flanking and untranslated regions of 

the topoisomerase IlP gene, but sti 11 lacking the distal 5 ' -regulatory region. f n the 

cutTent study a larger 1.54 kb region of the topoisomerase np promoter was isolated 

and cloned in an attempt to increase our understanding of the mechanisms regulating 

expression, and to allow a comparison between the regulatory mechanisms of the a 

and p genes. 

Reporter genes are commonly used to examine eukaryotic gene expression in vivo. In 

a controlled assay system the reporter gene can be used to investigate promoter 

activity and thereby elucidate the mechanisms of gene regu lation. A reporter gene 

construct contains the promoter under investigation linked to a promoter-less reporter 

gene, such as firefly luciferase (for example in the vector pGL3Basic). The promoter 

of interest is fused upstream of the reporter gene, so that transcripts initiating at the 

promoter proceed through the reporter gene. It is common for a reporter gene to 

encode an easily measurable protein, and the level of transcription initiated at the 

promoter is thought to be a reflection of the amount of reporter protein produced. In 

order to be sensitive to changes in transcription due to interactions between the 

introduced promoter sequence and transcriptional regulators the effect of the reporter 

protein on cell physiology must be minimal (Ausubel et al. , 1991). 
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In order to investigate regions of the promoter important for topoisomerase II~ gene 

expression, a deletion series of the wild type promoter sequence (-1357 to +126) was 

generated in pGL3Basic vector, to allow a comparison with wild type activities, using 

functional assays. A total of nine constructs were generated; a series of five 5 ' -

deletion constructs and an additional set of four constructs with an internal deletion 

introduced within the truncated promoter sequences. 

The Lok (2002) study indicated that two inverted CCAAT boxes (ICB 1 and ICB2) 

that bind the NF-Y transcription factor and a GC box that binds the Sp 1 transcription 

factor are important for topoisomerase II~ promoter activity. PCR mutagenesis was 

used to introduce mutations into the ICB 1 or ICB2 elements in order to investigate the 

importance of these two elements for topoisomerase II~ promoter activity. An 

additional construct was created consisting of the I 80 bp region, containing the GC, 

ICB2 and ICB I elements, cloned upstream of an SY 40 promoter in a luci ferase 

reporter vector. The purpose of this construct was to examine the ability of this 

putative regulatory region to enhance expression driven by a heterologous promoter, 

thereby investigating its influence on expression from the topoisomerase II~ 

promoter. 
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3.2 Generating a topoisomerase IIJ3 promoter clone. 

3.2.1 Introduction. 

The topoisomerase IIP promoter sequence was isolated by carrying out polymerase 

chain reactions (PCR), using specific oligonucleotide primers, and human genomic 

DNA as a template. The isolated DNA sequence was first cloned into a pGEM-T 

vector to facilitate cloning of the PCR product. In order to investigate the functional 

significance of the topoisomerase IIP promoter region, the cloned DNA was then sub

cloned into a pGL3Basic luciferase reporter vector to be used in transient transfection 

experiments. This pGL3Basic construct provided the material from which the 

additional deletion and mutation constructs were generated. 

The initial cloning strategy was to remove the 1.54 kb insert from the pGEM-T vector 

(pGEM-T TIIP-1357), using a Sac I restriction site in the multiple cloning site (MCS) 

and a Bgl II recognition site at the 3 '-end of the DNA sequence. This strategy 

provided the simplest cloning technique, making use of two cohesive D A ends for 

re-li gation, and therefore allowing directional cloning. The topoisomerase IIP 

promoter sequence needed to be ligated into the pGL3Basic vector in the 5'- to 3'

direction in order to drive transcription of the luciferase gene. However, digestion 

with these enzymes did not release the insert, which suggested that the recognition 

sites may have been altered during the cloning process. Subsequently, the less 

straightforward blunt-ended cloning strategy outlined in figure 3.1 was developed. 

The need to use restriction endonuclease Apa l resulted in the removal of 57 bp from 

the 3 '-end of the topoisomerase np promoter region, due to an internal Apa I site, but 

the 5 '-sequence was unchanged. Thus, a 1.5 kb fragment of the topoisomerase np 
promoter sequence was cloned into pGL3Basic. 
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pGEM-T 
vector 

pGEM-T 
TIIP-1357 

Sac I 

Multiple 
cloning site 

2a) Digest with Apa I 

/ b) Blunt end 

Blunt 

2c) Digest with 
Sac I 

+ 

l 

1.54 kb 

I) Clone topoisomerase IIP 
1.54 kb PC R product into 
pG EM -T vector 

3) Digest pGL3 Basic vector 
with Sac I and Sma I 

pGL3Basic 
vector 

mal 

4) Ligate topoisomerase 
IIP 1.5 kb fragment 

into pGL3Basic vector 

Figure 3.1: Cloning strategy for topoisomerase 11[3-1 357 clone. 

As an initial step in the cloning process, the topoisomerase II J3 1.54 kb (- 1357 bases upstream 

of the transcription start site to + l 83 bases after the transcription start site) PCR product was 

cloned into the pGEM-T vector. Restriction enzymes Apa l (followed by blunt-ending) and 

Sac I were used to remove a 1.5 kb fragment (-1357 to + l 26) of the original 1.54 kb insert, 

for subcloning into a Sma I/Sac I digested pGL3Basic luciferase vector. 
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3.2.2 Topoisomerase 11 13 PCR. 

A set of oligonucleotide pnmers was designed based on the topoisomerase IIP 

sequence. These included forward and reverse primers (TIIP-Fwd and Rev) of 25 

nucleotides (nt) in length, flanking approximately 2.7 kb of promoter sequence, and 

forward internal primers to be used in subsequent sequencing reactions (TIIP-Seq 1-6). 

Restriction enzyme recognition sites were introduced into the flanking, forward and 

reverse primer sequences for use in subsequent cloning. The TIIP-Fwd contained a 

Sac I site and the TIIP-Rev contained a Bgl II site. The 18 nt sequencing primers were 

designed to anneal at sites approximately 400 bp apart, thereby generating 

overlapping sequence. Sequences of oligonucleotides used in this study are shown in 

appendix 1. 

Human genomic DNA to be used as a template in the PCR reactions was purified, as 

described in section 2.2.9, and the concentration was determined by gel 

electrophoresis using quanti ft cation standards and by UV spectrophotometry, as 

described in section 2.2.15. Due to the high GC content of the topoisomerase II~ 

promoter sequence several different PCR polymerase enzymes were tested, to 

optimise the reproducibility of the PCR products obtained. PCR reactions were 

performed using Taq , Pfu , Tgo, and a GC-rich system (Promega). 

The flanking pnmers, TIIP-Fwd and Rev, were first used in an attempt to PCR 

amplify the 2.7 kb of topoisomerase II~ upstream sequence. MgC)i titrations were 

carried out with each type of polymerase in an attempt to produce conditions optimal 

for the amp Ii fication of this fragment. When these primers fai led to produce the 

desired product, different combinations of the TIIP-Rev and the sequencing forward 

primers were used in PCR reactions in an attempt to amplify smaller regions of the 

promoter. The purpose of these reactions was to test the integrity of the forward and 

reverse primers, and with a tentative goal of producing smaller overlapping fragments 

to encompass approximately 2. 7 kb of the upstream region. 

Additional forward and reverse internal pnmers were designed to carry out these 

experiments (TIIP-mml-mm3, see Appendix 1). Eventually PCR products were 

successfully produced for the 5 '-end of the promoter of 688 bp in size, using Taq 
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polymerase and the GC-rich system, and for the 3 ' -end of the promoter of 1.54 kb 

(figure 3.2), using the GC-rich system (refer to section 2.2.10 for PCR reactions). 

However, the remaining internal sequence could not be isolated and therefore the 

focus of the study became the characterisation of the 1.54 kb fragment, corresponding 

to the topoisomerase II~ sequence -13 57 to + 183 ( where + I denotes the major 

transcription start site. 

Lanes 1 2 3 4 5 6 7 8 

12,000 

5,000 

2,000 
1,650 

1,000 
850 
650 

500 +ve 
400 control 
300 band 

200 
-380 bp 

100 

bp 

Figure 3.2: PCR reaction to generate topoisomerase IIJ3 1.54 kb fragment. 

5 µL of each reaction was applied to a 1 % agarose gel in l x T AE buffer and electrophoresed 

for about 1 hour at 85 V. Ethidium bromide (0.5 µg/mL) was incorporated into the gel and the 

DNA was visualised by exposure to UV light. 10 µL of I kb plus ladder ( 1: I 0) is present in 

lane 1, and the molecular sizes of bands are indicated on the left in base pairs (bp). 

Lanes 2 

3 

5 ~LL standard PCR reaction with 1.75 mM MgC '2 

5 ~LL standard PCR reaction with 2.00 mM MgCl2 

4 5 µL standard PCR reaction with 2.25 mM MgC '2 

5 5 µL standard PCR reaction with 2.50 mM MgCl 2 

6 5 ~LL standard PCR reaction with 2.75 mM MgCb 

7 5 ~LL negative control (PCR reaction with no template), no product 

8 5 ~LL positive control (Factor IX promoter), ~380 bp product 

Lanes 2-6 contain the correct product, with an optimal MgCl 2 concentration of 2.0 - 2.5 mM 

producing the most product. 
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3.2.3 Cloning of topoisomerase II~ 1.54 kb PCR product into pGEM-T vector. 

PCR products that required purification (removal of primers, dNTPs, salts and 

enzymes) for further experiments were purified using QIAquick PCR purification kit 

(QIAGEN) and the concentration was determined by gel electrophoresis using 

quantification standards. 

3.2.3.1 Ligations into pGEM-T. 

Ligations were carried out as described in section 2.2.11, and a representative ligation 

experiment is illustrated in table 3.1. 

Vector minus Vector plus Vector plus Vector plus 
Reaction ligase control DNA ligase PCR DNA 

(control) (positive control) (background contro l) (3: 1 molar ratio) 

2x ligation buffer 5 ~1L 5 µL 5 ~1L 5 ~1L 

pGEM-T vector 1.0 ~1L 1.0 ~1L 1.0 ~1L 0.7 ~1L 
(50 ng) 

PCR product - - - 3.5 ~1L 
(- 15 ng) 

Control insert DNA - 2 ~IL - -
(25 ng/µL) 

T4 DNA ligase - I µL I µL I ~1L 
( I U/µL) 

H20 4 µL I ~1L 3 µL -

Total 10 ~1L 10 ~IL 10 µL 10 µL 

Table 3.1 - Ligation reactions with pGEM®-T. 

Ligation reactions were caJTied out to clone the 1.54 kb PCR product into vector pGEM-T. 

Reactions were incubated at 4°C overnight, and then 5 µL of each ligation was used to 

transform XL- I blue (E.coli) competent cells. For the PCR DNA, the ligation was carried out 

using a 3: 1 (insert:vector) molar ratio, and for the control DNA the molar ratio was I: I . 
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3.2.3.2 Transformations. 

Ligation reactions were incubated overnight at 4°C before being used in a 

transformation reaction. Transformations were carried out as described in section 

2.2.13, using blue/white selection to identify correct transformants, and a 

representative result is illustrated in table 3.2, below. 

Reaction Ligation XL-I LB-broth Volume Number of 
Mixture competent plated colonies 

Cells white blue 

I) XL- I competent cells LB plates 
( control) I 06 dilution - 100 pL 890 ~LL 100 pL TMTC -

I 07 dilution - 100 ~LL 890 ~LL 100 ~LL 351 -

2) XL- I competent ce lls - 100 pL 890 µL 100 pL 0 -
(negative control) LB+amp 

3) Vector minus ligase 5~LL IO0~LL 895 ~LL I00pL 0 5 
( control) 

4) Vector plus control 5 ~LL I00pL 895µL 100 pL 100 18 
DNA (positive control) 

5) Vector plus ligase 5 pL 100 pL 895 pL 100 ~LL 0 9 
(background control) 

6) Vector plus PCR 5 ~LL 100 ~LL 895 ~LL 100 ~LL 135* 20 
DNA 

Table 3.2: Results of XL-1 transformations using pGEM-T ligations. 

Transformation of XL- I competent cells using plasmids generated from ligation of 1.54 kb 

topoisomerase 1If3 fragment or control DNA into pGEM-T vector (table 3. 1). Unless 

indicated, all samples were plated onto LB plus ampici llin plates with 20 µL IPTG (20 

mg/mL in water) and 40 µL X-gal (stock solution in 20 mg/mL dimethylformamide). Plates 

were incubated at 37°C overnight, and colonies were then scored. TMTC indicates colonies 

were to numerous to count. Colonies were creamy white or blue in colour. White colonies (*) 

were selected and cultured to isolate plasmid DNA for analysis. 

XL-1 competent cells are unable to grow in the presence of ampicillin, however the 

pGEM-T vector confers ampicillin resistance in those cells successfully transformed. 

Transformation mixtures were plated onto LB/IPTG/X-gal with or without ampicillin 

to distinguish which plasmids contained the insert DNA. Successful cloning of an 
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insert into the pGEM-T vector interrupted the coding sequence of the lacZ' gene; 

therefore the recombinant clones were identified by colour screening of the colonies. 

Colonies containing the uninterrupted p-galactosidase gene grown on X-gal/IPTG 

plates are blue, whereas colonies containing the vector with insert are white. 

The control consisting of XL-1 cells grown on LB only plates (reaction l) grew only 

white colonies, as expected, while the control plate of XL-1 cells in the presence of 

ampicillin (reaction 2) could not support colony growth. Together these controls 

provided evidence that the XL- I cells were viab le and that white colonies observed in 

the other reactions were not the result of contamination or spontaneous ampicillin 

resistance. 

The positive control (reaction 3) used the control insert DNA supplied by the 

manufacturer, and measured the efficiency of ligation. Typically, colonies observed 

should be about 10-40% blue and no less than 60% white. Blue colonies could be due 

to a failure in the ligation reaction . A complete absence of colony growth would 

suggest the transformation has failed. The results obtained from the positive control, 

as shown in table 3.2, illustrate 85% of colonies were white, indicating that the 

ligation and transfom1ations proceeded efficiently. The background blue colonies 

observed in control reactions 3 and 5, suggest that the presence of blue colonies is 

mainly due to vector self-ligation or undigested vectors. 

The ligation reaction containing pGEM-T vector with the topoisomerase IIP 1.54 kb 

PCR product, resulted in approximately 40% white and 60% blue colonies. White 

colonies were picked for screening to determine the presence of the insert DNA. The 

selected colonies were maintained in the presence of ampicillin and plasmid DNA 

was isolated from E. coli cultures using the rapid boil DNA extraction method 

(Holmes and Quigley, 1981). 

3.2.3.3 Screen for inserts. 

Positive clones were identified by restriction endonuclease digestion of the isolated 

DNA, as described in section 2.2.3 , and the reactions were analysed by gel 

electrophoresis. The enzymes selected for screening for the presence of the insert 
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were Sac I and Nco I, which cut at sites in pGEM-T MCS, releasing the 1.54 kb insert 

(data not shown). Plasmid DNA isolated from four colonies appeared to have the 

correct insert, corresponding to the 1.54 kb topoisomerase II~ promoter region. One 

of these colonies was maintained and a large scale plasmid preparation was carried 

out using CONCERTrM High Purity Plasmid Maxiprep Kit (GIBC0BRL ® , Invitrogen), 

as described in section 2.2.14.3, to obtain DNA of high quality and quantity required 

for subsequent cloning and sequencing. The concentration of the plasmid was 

determined by gel electrophoresis using quantification standards and UV 

spectrophotometry. 

Diagnostic digests, as described above, were carried out to confirm that the purified 

plasmid contained the correct topoisomerase II~ promoter insert. Correct orientation 

was confirmed by digestion with Nar I and Sac I. The topoisomerase IIP promoter has 

a unique restriction site for the enzyme Nar I, which was used to positively identify 

the PCR product. Also, Nar I used in conjunction with Sac I in the 3 '-MCS of the 

pGEM-T vector produces two fragments of 3303 bp and 1237 bp in size, if the 

orientation of the insert is correct. The results of these digests, confinning the identity 

of the topoisomerase IIP-135 7 promoter sequence, are shown in figure 3.4. 

3.2.3.4 Sequencing of the plasmids. 

Sequencing was carried out, as described m section 2.2.16, to confirm the 

topoisomerase up promoter sequence and to ensure no undesirable mutations had 

been introduced (see Appendix 3 for sequence). Analysis of the pGEM-T TIIP-1357 

sequence was carried out using the bestfit program (GCG Version 9.1; Genetics 

Computer Group, Madison, Wisconsin) against the human topoisomerase up 
promoter sequence (Accession Number AC0934 l 6) (Appendix 3). The resulting 

sequence was 99.85% identical to the topoisomerase IIP promoter sequence, and 

contained only two mutations; one A• G at -1035 and the second G• C at + 124, 

neither of which were within putative regulatory elements. While they may be PCR

induced errors, they could equally be naturally occuring polymorphisms. 
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Figure 3.4: Analysis of pGEM-T vector containing topoisomerase IIP-1357 fragm ent. 

l pL (~ I ~Lg/~LL) of DNA was 

Lanes 1 2 3 4 5 6 7 digested with I ~LL (10 U/~LL) of each 

restriction enzyme. D igested (30 ~LL) 

and uncut ( I pL) samples were 

analysed on a I% agarose ge l in I x 

T AE buffer by electrophoresis for 

about I hour at 85 V. DNA was 

visua lised by incorporating ethidium 

bromide (0.5 ~Lg/mL) into the gel and 

exposure to UV light. l O pL of I kb 

plus ladder (1:10) is present in lane I, 

and the molecu lar sizes of bands are 
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(bp ). Enzymatic digestions were 
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30 pL plasmid DNA digested with Nar I and Sac I 

30 pL plasmid DNA digested with Nco I and Sac I 

Nar I cut at - 120 in the topoisomerase II ~ promoter sequence -1357 to + 183 (1.54 kb) , and 

Sac I cuts within the pGEM-T MCS, to produce fragments of3303 bp and 1237 bp, as seen in 

lane 6. Nco I and Sac I cut out the 1.54 kb insert as seen in lane 7. Lower mobi lity bands 

present in lane 6 are due to incomplete digestion. The pGEM-T clone was confirmed to have 

a fragment of the topoisomerase II ~ promoter, approximately 1.54 kb in size. 

3.2.4 Subcloning topoisomerase Il~-1357 into pGL3Basic vector. 

3.2.4.1 Preparation of 1.5 kb insert. 

Three µg ofpGEM-T TII~-1 357, containing the topoisomerase II~ 1.54 kb insert, was 

digested with Apa I to cut at + 126 of the topoisomerase II~ promoter sequence. The 

linearised vector was treated with Klenow enzyme (as described in section 2.2.5) to 
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fill in the recessed ends produced by enzymatic digestion, thereby generating blunt 

ends, and purified using the freeze squeeze gel purification method (Thuring et al., 

1975). Subsequent digestion with Sac I released a 1.5 kb fragment, which was 

purified and quantified by gel electrophoresis using quantification standards. 

3.2.4.2 Preparation of pGL3Basic vector. 

Vector pGL3Basic (Appendix 2) was prepared for ligation by digestion with Sac I and 

Sma I restriction enzymes to allow cloning of the insert into the MCS in the correct 

orientation. The enzyme recognition sites are located too close together in the vector 

to allow distinction between a single or double digest by gel electrophoresis. For this 

reason, the activity of the individual enzymes was tested in a separate reaction. The 

linear vector was treated with thermosensitivc alkaline phosphatase (TSAP) to remove 

5'-phosphate groups (Section 2.2.4), thereby preventing self-ligation, and was 

purified using the freeze squeeze gel purification method. 

3.2.4.3 Ligation into pGL3Basic vector. 

Ligations were carried out as described in section 2.2.12, and are shown in table 3.3. 

Control I Control 2 1.5 kb 
Reactions (no ligase) (no insert) inse rt 

3: I ratio 2: I ratio 

pGL3Basic vector (IO ng/µL) 5 ~1L 5 ~IL 5 ~1L 6 ~1L 

1.5 kb insert (IO ng/~1L) 5 ~LL - 5 ~1L 3.7 µL 

T4 5x ligase buffer 4 µL 4 ~IL 4 ~1L 4 ~1L 

T4D A ligase (I Uh1L) - I ~1L I µL I ~1L 

H20 6µL 10 µL 5 µL 5.3 µL 

Total 20 µL 20 µL 20 ~IL 20 ~1L 

Table 3.3: Ligation reactions with 1.5 kb insert into pGL3Basic. 

Ligation reactions were carried out to clone the 1.5 kb topoisomerase II~ promoter fragment 

into vector pGL3Basic. Reactions were incubated at 4°C overnight, and then 5 µL of each 

ligation was used to transform XL-1 blue (E.coli) competent cells. For the l.5 kb insert 

reaction the ligation was carried out using a 3: I (insert:vector) molar ratio and 2: l molar ratio. 
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3.2.4.4 Transformations. 

Ligation reactions were incubated overnight at 4°C before being used in a 

transformation reaction. Transformations were carried out as described in sections 

2.2.13 and 3.2.3.2, and the results are shown in table 3.4, below. The pGL3Basic 

vector confers ampicillin resistance in those XL-I competent cells successfully 

transformed, which would otherwise be unable to grow in the presence of ampicillin. 

pGL3Basic vector does not provide a visual selection method by which putative 

clones containing the insert can be picked, therefore random colonies were selected 

for screening. 

Reaction Ligation XL-I LB-broth Volume umber of 
Mixture competent plated colonies 

Cells 

I) XL- I competent cells LB plates 
( control) 106 dilution - 100 µL 890 µL 100 µL TMTC 

IO 7 dilution - 100 µL 890 ~LL 100 µL 298 

LB+amp 
2) XL- I competent cells - 100 ~LL 890 ~LL 100 µL 0 

(negative control) 

3) Transformation control 2 ~LL 100 ~LL 898 ~tL 100 µL TMTC 
(uncut vector) 

4) Control 1 5~LL IOO~LL 895 µL IOO~LL 0 
(no ligase) 

5) Control 2 5 ~LL IOO~LL 895~LL 100 ~LL 0 
(no insert) 

6) pGL3Basic + 1.5 kb 5 µL 100 µL 895 µL 100 ~LL 155 
insert (3: 1) 

7) pGL3Basic + 1.5 kb 5 ~LL 100 ~LL 895 µL 100 µL 132 
insert (2: 1) 

Table 3.4: Results of XL-1 transformations using pGL3Basic - 1.5 kb insert ligations. 

Transformation of XL- l competent cells using plasmids generated from ligation of l .5 kb 

topoisomerase 11(3 fragment into pGL3Basic vector (table 3.3). Unless indicated, all samples 

were plated onto LB plus ampicillin plates . Plates were incubated at 37°C overnight, and the 

number of colonies on each plate was scored. TMTC indicates colonies were to numerous to 

count. Colonies were creamy white colour. Eight colonies each from the 3: I and 2: 1 plates 

were selected and cultured to isolate plasmid DNA for analysis. 
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Together, control reactions 1 and 2 provided evidence that the XL-1 cells were viable 

and that colonies observed in the other reactions were not the result of contamination 

or spontaneous ampicillin resistance. The uncut vector transformation control 

(reaction 3) also yielded a high number of colonies as expected, and indicated 

successful transformation at high efficiency. Control reactions 4 and 5, acted as 

background controls, and the absence of colonies indicated that the digested vectors 

were unable to self-ligate in the absence of insert and undigested vectors were not 

present. 

The ligation reactions containing pGL3Basic vector with the topoisomerase I[~ 1.5 kb 

insert yielded a moderate number of colonies, indicating that the ligations had been 

successful. 

3.2.4.5 Screen for inserts. 

White colonies were selected and cultured to isolate plasmid DNA for analysis, as 

described in section 3.2.3.3. The restriction enzymes selected to identify positive 

clones, were Bgl ll and Kpn l, which cut flanking sites in the pGL3Basic vector MCS, 

and therefore release the 1.5 kb insert (data not shown). The reactions were analysed 

by gel electrophoresis, with the results indicating that plasmid DNA isolated from two 

colonies appeared to have the corTect insert corTesponding to the 1.5 kb topoisomerase 

II~ promoter region. One of the cultures used for these two rapid boil samples was 

maintained, and a large scale plasmid preparation was carried out (refer to section 

2.2.14.3) and the concentration of the plasmid was determined (table 3.5), as 

described in sections 2.2.15 and 3.2.3.3. 

Construct A260 A280 Ratio Concentration 

PGL38-TII~-l 357 0.174 0.067 2.60 435 µg/mL 

Table 3.5: D A Quantification of pGL3B-TIIl3--1357. 

Plasmid DNA was purified using CONCERPM High Purity Plasmid Purification System. The 

absorbance of plasmid DNA, diluted 1 in 10, was determined by UV-spectrophotometry, and 

concentrations were calculated as described in section 2.2.15. 
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Diagnostic digests, as described above, were carried out to confirm that the purified 

plasmid contained the correct topoisomerase II~ promoter insert. Correct orientation 

was confinned by digestion with Nar l, as previously described, and Kpn I which cuts 

in the MCS of the pGL3Basic vector to produce three fragm ents of 4679 bp, 1237 bp 

and 367 bp in size, if the orientation of the insert is correct (figure 3.5). From the 

results of these digests and subsequent sequencing (refer to section 2.2. 16 and 

3.2.3.4), the 1.5 kb fragment corresponding to topoisomerase II~ promoter sequence 

-1357, was confirmed to be correct in pGL3Basic. 

Lanes 1 2 3 4 

Figure 3.5: Analysis of pGL3Basic 

vector containing topoisomerase 1113 
1.5 kb fragment. 
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1 ~LL ( ~ 1 ~Lg/µL) of DNA was digested 

with 1 ~LL ( 10 U/~LL) of each restriction 

enzyme. Digested (30 ~LL) and uncut ( 1 

~LL) samples were analysed on a 1 % 

agarose gel in I x T AE buffer by 

electrophoresis for about I hour at 85 V. 

DNA was visualised by incorporating 

ethidium bromide (0.5 ~Lg/mL) into the 

gel and exposure to UV light. 10 µL of I 

kb plus ladder ( 1: 10) is present in lane 1, 

and the molecular sizes of bands are 

di splayed on the left in base pairs (bp). 

Enzymatic digestions were performed as 

described in section 2.2.3 . 

3 30 ~LL plasmid DNA digested with Bgl II and Kpn I 

4 30µL plasmid DNA digested with Nar I and Kpn I 

Bg l II and Kpn I cut out the 1.5 kb insert as seen in lane 3. Nar I cut at -120 in the 

topoisomerase II~ promoter sequence -1 357 to + 126 (l.5 kb) and within the vector (l2l), 

while Kpn I cuts within the pGL3Basic MCS, to produce fragments of 4679 bp, 1237 bp and 

367 bp, as seen in lane 4. The 367 bp band was not visible due to the concentration which was 

optimal for separation of the lower mobility bands. The pGL3Basic clone was confirmed to 

have a fragment of the topoisomerase II~ promoter, approximately 1.5 kb in size. 
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3.3 Generating topoisomerase IIJ3 promoter deletion constructs. 

In order to investigate regions of the topoisomerase II~ promoter important for 

transcriptional regulation, the pGL3B-TII~-1357 was used to generate a series of 

truncated promoter regions in the pGL3Basic vector. A series of five 5 '-deletion 

constructs was generated by restriction enzyme digestion and religation, of purified 

fragments into pGL3Basic vector, as illustrated in figures 3.6 and 3.7 . 

pGL3B 
TIU3-1357 

.- Ace I 

~ AlwN I 

Sp/, I 

Hind Ill 

Ace I 

Alw I 

Not I 

-456 -654 -90 I - I 066 -1228 

'----y----J Hind I II Bgl II 
Bgl II 

Figure 3.6: Schematic of 5'-serial deletion fragments. 

Unique restriction sites within the topoisomerase 11(3-1357 sequence were selected to produce 

the deletion series. Fragments of 1354, 1192, I 027 , 780 and 582 bp in size were isolated from 

the pGL3B-TII(3-l 357 construct to generate -1228, - I 066, -901 , -654 and -456 sequence 

deletions. Refer to figure 3.7 for cloning strategy. 

Unique restriction sites within the 1.5 kb insert DNA were required to produce the 

desired truncations. Unfortunately, appropriate sites were also present in the vector, 

which excluded the use of the simple cloning technique of a double digest to remove 

the 5 '-sequence, followed by religation. As an alternative method, the unique site 

selected for each deletion was first cut in a single enzyme digest, followed by the 

generation of blunt ends, and then a second digest to release the desired fragment. 

Figure 3.7 shows a representative cloning strategy. 
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pGL3B 
TII~-1357 

la) Digest pGUB-TII~-1357 
with Not I 

b) Blunt end 
c) Digest with Bgl II 

Not I 
Blunt -;82bp 

Bgl II 

+ 

l 

2) Digest pGL3Basic vector 
with Bg l II and Sma I 

pGL3Basic 
vector 

3) Clone 582 bp fragment 
into Bg l II /Sma I 

digested pGL3Basic 

PGL3Bas ic 
T II ~-456 

Bgl II 

Figure 3.7: Cloning strategy to generate -456 deletion construct. 

Subc loning a 582 bp region from the pGL38-TII l3 -1 357 construct back into pGL3Basic to 

generate the pGL38-TIIl3-456 construct. For the -1 228, -901 , -654 and -456 deletions, as the 

appropriate restriction sites also cut within the vector, single digests were first can-ied out, 

fol lowed by the generation of blunt ends. The desired fragment was then released using Bgl rr 
in the pGL3 Basic vector MCS and gel purified . For the -1066 deletion , the desired fragment 

was released in a s ingle digest using Hind III restriction enzyme, and ge l purified . The 

truncated promoter region was then ligated into the pGL3Basic vector and characterised. 

3.3.1 Preparation of deletion constructs. 

For the -1228, -901 , -654 and -456 deletions, three µg of pGL3B-TIIP- l 357 was 

digested with the appropriate enzyme (as shown in the cloning strategy), producing 

two or three fragments, depending on the number of times the enzyme cut both insert 

and vector (see Appendix 3 for restriction sites). The linear DNA fragments were 

treated with Kienow enzyme (as described in section 2.2.5) to generate blunt ends. 

The DNA fragments were ethanol precipitated (Sambrook et al., 2001), to remove 

unwanted components from the previous reactions, and then digested with Bgl II to 
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remove the insert. For the -1066 deletion, three µg of the pGL3B-TII~-1357 was 

digested with Hind III to release the 1192 bp fragment. The restriction endonucleases 

used and the sizes of DNA fragments generated are displayed in table 3.6. The inserts 

were purified and quantified, as described in section 3.2.4.1. 

Deletion construct I st restriction fragment 2nd restriction fragment 
enzyme sizes enzyme sizes 

pGL3Basic-TIIl3- l 228 Sph I 3986, 2297 Bgl II 1354,943 

pGL3Basic-TIIl3-l066 Hind III 4852, 11 92, 239 - 1192 

pGL3 Basic-TI I 13-901 Ace I 3245, 3038 Bgl II 1027, 2011 

pG L3 Basic-TI I 13-654 AhvN I 3456, 2827 Bgl II 2676, 780 

pG L3 Basic-TII 13-456 Not! 5233, 1050 Bgl II 4651,582 

Table 3.6: Restriction enzymes used to generate deletion inserts. 

Fragments of 1354, 1192, 1027, 780 and 582 bp in size were isol ated from the pGL3 8 -Tll f3 -

1357 construct to generate topoisomerase IIf3 sequence de letions; -1228, -1066, -901 , -654 

and -456. For the -1228, -90 I , -654 and -456 de leti ons, two separate digests were caITied out, 

with the second digest releasing the desired fragment. Following the first di gest, the DNA 

fragment to be used in the second digest was ge l purified (underlined). In the fina l column the 

des ired c loning fragments a re underlined . For the -1066 de letion the desired fragment was 

released in a single di gest using /-find III restri ction enzyme and gel purified . The truncated 

promoter region was then ligated into the pGL3Basic vector and characteri sed. 

Vector pGL3Basic (Appendix 2) was prepared for ligation by generating Bgl II and 

Sma I cohesive ends for all deletion inserts except the 1192 bp insert, which required 

Hind III cohesive ends. The protocol was the same as described in section 3.2.4.2. 

Ligations and transformations were carried out as previously described for cloning 

into the pGL3Basic vector (refer to sections 2.2.12, 2.2.13 and 3.2.4), using random 

selection to pick colonies for screening, and similar results were obtained. 
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Diagnostic digests were carried out to identify positive clones usmg restriction 

enzymes Kpn I and Hind III to cut out the 1192 bp insert, or Kpn I and Bgl II to cut 

out all other inserts. These enzymes cut flanking sites in the pGL3Basic vector MCS 

and therefore cut out the truncated inserts. (data not shown). Following DNA 

extraction (refer to sections 2.2.14.3 and 3.2.4.5), diagnostic digests as described 

above, were carried out to confirm that the purified plasmid contained the correct 

topoisomerase II~ promoter insert (figure 3.8). Correct orientation was confirmed 

using Not I for the -1228, -1066, and -90 l deletions, as previously described, and Nar 

I and Kpn I for the -654 and -456 deletions, as described in section 3.2.3.3 (figure 

3.8). The DNA fragment sizes expected if the orientation of the insert is correct are 

shown in table 3. 7, below. The results of these digests, and subsequent sequencing 

(refer to section 2.2.16 and 3.2 .3.4), confirmed the identity of the topoisomerase 1If3 

truncated promoter sequences in pGL3Basic. 

Deletion construct Uncut plasmid Bgl II/Kp11 I Hind III Nar VKp11 I Not r 
DNA (bp) 

pGL3Basic-TIIP-1228 6154 4800, 1354 - - 5233,92 1 

pG L3 Basic-TI I P-1066 5992 - 4800, 1192 - 5233, 759 

pGL3Basic-TIIP-901 5827 4800, 1027 - - 5233, 594 

pGL3Basic-TIIP-654 5580 4800, 780 - 4679, 534,367 -

pGL3Basic-TIIP-456 5382 4800,582 - 4679,367, 336 -

Table 3.7: Restriction enzymes used in deletion construct diagnostic digests. 

Kpn I, and Bgl II or Hind III, were used to cut out the deletion inserts (figure 3.8). The 

topoisomerase 1113 promoter sequence has unique restriction sites for the enzymes Nar I and 

Not I, which were used to positively identify the deletion inserts (figure 3.8). The results of 

these digests confirmed the identity of the topoisomerase 1113 truncated promoter sequences. 
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Figure 3.8: Analysis of pGL3Basic vectors containing topoisomerase II~ promoter truncations. 

1-2 µL (~I ~Lg/µL) of DNA was digested with I ~LL (IO U/~LL) of each restriction enzyme. 

Digested (30 µL) and uncut ( 1-2 ~LL) samples were analysed on a l % agarose gel in I x T AE 

buffer by electrophoresis for about I hour at 85 V. DNA was visualised by incorporating 

ethidium bromide (0.5 ~Lg/mL) into the gel and exposure to UV light. IO ~LL of I kb plus 

ladder (I: I 0) is present in lanes I and 17, and the molecular sizes of bands are displayed on 

the left in base pairs (bp). Enzymatic digestions were perfom1ed as described in section 2.2 .3. 

Lanes 2, 5, 8, 11 & 14 

Lanes 3, 9, I 2 & 15 

Lane 6 

Lanes 4, 7, & JO 

Lanes 13 & 16 

1-2 µL uncut plasmid DNA 

30 µL plasmid DNA digested with Bgl II & Kpn I 

30 µL plasmid DNA digested with Hind III 

30 ~LL plasmid DNA digested with Not I 

30 µL plasmid DNA digested with Nar I & Kpn I 

Table 3.7 displays the fragment sizes expected if the insert DNA is correct, and these matched 

the sizes obtained. Additional bands, above the insert bands, in lanes 4, 7, 10, 13 and 16 are 

due to incomplete digestion. The pGL3Basic clones were each confim1ed to contain truncated 

fragments of; 1354 bp, 1192 bp, 1027 bp, 780 bp or 582 bp in size, corresponding to the 

topoisomerase np promoter deletions; -1228, - I 066, -90 I, -654 and -456. 
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3.4 Generating internal deletions within topoisomerase up promoter 
deletion constructs. 

In order to investigate the importance of the putative GC, ICB I and ICB2 elements 

located in the region from -486 to -553 in the topoisomerase II~ promoter, an internal 

deletion was introduced into the promoter sequence. An internal deletion construct 

was produced from the pG L3B-TIIl3- l 357 full length sequence, which was then used 

to generate pGL3B-TlI(3- I 228, -1066, -901 deletion constructs with the internal 

deletion. 

Restriction enzyme digests could be used to cut out the sequence flanking the internal 

region to be deleted, however pGL3Basic did not contain the appropriate restriction 

sites in the MCS to allow religation of the two fragments without the presence of 

additional vector sequence between the two. For this reason flanking fragments of 582 

bp and 703 bp in size were cut from the pGL3 B-TIIl3- I 357 construct and subcloned 

into pBluescript SK+ (pBS SK+) vector (Appendix 2, Promega), as shown in figure 

3.9. This resulted in an internal deletion of 198 bp (-654 to -456), which encompassed 

the sequence containing the putative regulatory elements, and resulted in a 1.3 kb 

topoisomerase 1113 promoter fragment (-1357-ID). The 1.3 kb insert was then 

subcloned back into pGL3Basic and a second set of 5' -serial deletion constructs was 

generated containing the internal deletion. These new plasmids were generated by 

restriction enzyme digestion, and religation of purified fragments , into pGL3Basic 

vector. 
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Figure 3.9: Cloning strategy to generate internal deletion constructs. 

pBS SK+ was used as an intermediary in the process of generating a pGL3B-TIIl3- l 357ID 

construct. This plasmid was then used to generate 5 ' -seria l deletions, as described in section 

3 .3 , to create pGL3B-TIIl3-1228ID, -1066ID and -90 I ID constructs. 
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3.4.1 Generating a pBS SK+ internal deletion plasmid. 

3.4.l.1 Generating a pBS SK+ TIIP-456 bp construct. 

Three µg of pGL3B-TIIP- l 357 was digested with the restriction enzymes, Not I and 

Bgl II, to release the 582 bp fragment, corresponding to the topoisomerase II~ 

sequence -456. The 582 bp fragment was purified and quantified as described in 

section 3.2.4.1. pBS SK+ was prepared for ligation, as described in section 3.2.4.2, 

by generating Not l and Barn HI cohesive ends. Barn HI digestion produces Bgl II 

compatible ends. 

Ligations were carried out as described in sections 2.2.12 and 3.2.4.3. 

Transformations were carried out as described in sections 2.2.13 and 3.2.3.2, using 

blue/white se lection to identify correct transformants, as previously described for 

cloning into the pGEM-T vector (refer to section 3.2.3.2), and similar results were 

obtained. 

Diagnostic digests were carried out to identify positive clones using restriction 

enzymes Kpn l and Sac I, which cut flanking sites in the pBS SK+ vector MCS and 

therefore cut out the 582 bp insert (data not shown). Following DNA extraction (refer 

to sections 2.2.14.3 and 3.2.4.5), additional diagnostic digests were carried out as 

described above, to confim1 that the insert D A was the desired topoisomerase II~ 

sequence (figure 3.10). The correct orientation was confirmed using Nar I, as 

previously described , which cuts once within the insert to linearise the plasmid (figure 

3.10). From the resu lts of these digests and subsequent sequencing (refer to section 

2.2 .16 and 3.2.3.4), the 582 bp fragment corresponding to the topoisomerase II~ 

promoter sequence -456, was confirmed to be correct in pBS SK+ vector. 

3.4.l.2 Generating a pBS SK+ TIIP-13571D construct. 

Three µg of pGL3B-TIIP- l 357 was digested with restriction enzyme Afw NI. The 

linear DNA vector was treated with klenow enzyme (as described in section 2.2.5) to 

generate blunt ends. The DNA fragments were ethano l precipitated (Sambrook et al., 

2001 ), and then digested with Sac I to release the 703 bp insert. The insert DNA was 

purified and quantified as described in section 3.2.4.1. 
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Figure 3.10: Analysis of pBS SK+ vector containing 
topoisomerase IIJ3-456. 

I ~LL (~I ~Lg/~LL) of DNA was di gested with I ~LL (10 

U/ ~LL) of each restriction enzyme. Digested (30 ~LL) and 

uncut ( l µL ) samples were analysed on a I% agarose gel 

in l x T AE buffer by electrophoresis for about I hour at 

85 V. DNA was visualised by incorporating ethidium 

bromide (0.5 µg/mL) into the gel and exposure to UV 

light. IO µL of I kb plus ladder ( I: l 0) is present in lane 

I, and the molecular sizes of bands are displayed on the 

left in base pairs (bp). Enzymatic digestions were 

perfom1ed as described in section 2.2 .3. 

Lane 2 

3 

I ~LL uncut plasmid DNA 

30 ~LL plasmid DNA digested with 

Kpn I and Sac I 

4 30 ~LL plasmid DNA digested with Nar l 

Kpn I and Sac I cut out the 582 bp insert, as seen in lane 3. Nar I cut at -1 20 in the 

topoisomerase II~ promoter sequence -456 to + 126, to produce a single linear fragment of 

3582 bp, as seen in lane 4. Uncut pBS SK+ vector present in lane 3 is due to incomplete 

digestion. The pBS SK+ clone was confirmed to have a fragment of approximately 582 bp in 

size, corresponding to the topoisomerase II~ promoter sequence -456. 

pBS SK+ TII~-456 was prepared for li gation by di gesting with restriction enzyme Not 

I, fo llowed by klenow enzyme (as described in section 2.2.5) to generate blunt ends. 

The DNA fragments were ethanol precipitated (Sambrook et al., 200 1 ), and then 

digested with Sac I, to generate Sac I and Sma I compatible cohesive ends . The linear 

vector was treated with TSAP to remove 5'-phosphate groups (Section 2.2.4), 

followed by purification and quantification as described in section 3.2.4.2. 

Ligations and transformations were carried out as previously described for cloning 

into the pGL3Basic vector (refer to sections 2.2.12, 2.2. 13 and 3.2.4), using random 

selection to pick colonies for screening, and similar results were obtained. As the ~

galactosidase gene present in the pBS SK+ vector is already disrupted by the presence 

of the 582 bp insert, blue/white selection was no longer possible. 
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Diagnostic digests were carried out to identify positive clones using restriction 

enzymes Eco RI and Sac I, which cut flanking sites in the pBS SK+ vector MCS and 

therefore cut out the 1.3 kb insert, corresponding to the topoisomerase II~ promoter 

sequence -1357 containing a 198 bp internal deletion ( data not shown). 

Figure 3.11: Analysis of pBS SK+ vector containing topoisomerase II~-1357 with a 198 

bp internal deletion. 
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pBS-TI!p 
1357ID 
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~LL (~I µg/~LL) of DNA was digested with I µL 

(IO U/µL) of each restriction enzyme. Digested (30 

~LL) and uncut ( I ~LL) samples were analysed on a 

I% agarose gel in x T AE buffer by 

electrophoresis for about l hour at 85 V. DNA was 

visua lised by incorporating ethidium bromide (0.5 

~Lg/mL) into the ge l and exposure to UV light. I 0 

~LL of I kb plus ladder (I: I 0) is present in lane I , 

and the molecular sizes of bands are displayed on 

the left in base pairs (bp). Enzymatic digestions 

were performed as described in section 2.2.3 . 

Lane 2 

3 

I ~LL uncut plasmid D A 

30 ~LL plasmid DNA digested with 

Eco RI and Sac I 

4 30 ~LL pla mid DNA digested with Nar l 

Eco RI and Sac I cut out the 1285 bp insert, as seen in lane 3. The lower mobility band 

label led uncut plasmid in lane 3 is due to incomplete digestion. Nar I cut at -120 in the 

topoisomerase IIl3 promoter sequence -1357 to + 126, to produce a single linear fragment of 

4285 bp, as seen in lane 4. The pBS SK+ clone was confirmed to have a fragment of the 

topoisomerase IIl3 promoter, approximately 1285 bp in size, corresponding to the -1357 

sequence with a 198 bp internal deletion. 
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Following DNA extraction (refer to sections 2.2.14.3 and 3.2.4.5), diagnostic digests 

as described above, were carried out to confirm that the purified plasmid contained 

the correct topoisomerase up promoter insert (figure 3.11). The correct orientation 

was confirmed using Nar I, as previously described, which cuts once within the insert 

to linearise the plasmid. From the results of these digests and subsequent sequencing 

(refer to section 2.2.16 and 3.2.3.4), the 1.3 kb insert corresponding to the 

topoisomerase up sequence -1357 containing a 198 bp internal deletion, was 

confirmed to be correct in pBS SK+ (pBS SK+ TIIP-13571D). 

3.4.2 Generating a pGL3B-TIIP-13571D construct. 

Three ~Lg of the pBS SK+ TIIP-1357ID construct was digested with restriction 

enzyme Eco RI. The linear D A vector was treated with klenow enzyme (as 

described in section 2.2.5) to generate blunt ends. The DNA fragments were ethanol 

precipitated (Sambrook et al., 2001 ), and then digested with Sac I to release the 1.3 kb 

insert. The insert DNA was purified and quantified as described in section 3.2.4.1. 

Vector pGL3Basic (Appendix 2) was prepared for ligation by generating Sac I and 

Sma I cohesive ends, using the same methods described in section 3.2.4.2. 

Ligations and transformations were carried out as previously described for cloning 

into the pGL3Basic vector (refer to sections 2.2.12, 2.2.13 and 3.2.4), using random 

selection to pick colonies for screening, and similar results were obtained. 

Diagnostic digests were carried out to identify positive clones usmg restriction 

enzymes Kpn I and Bgl II, which cut flanking sites in the pGLJBasic vector MCS and 

therefore cut out the 1.3 kb insert (data not shown). Following DNA extraction (refer 

to sections 2.2.14.3 and 3.2.4.5), diagnostic digests as described above, were carried 

out to confirm that the purified plasmid contained the correct topoisomerase IIP 

promoter insert. From the results of these digests and subsequent sequencing (refer to 

section 2.2.16 and 3.2.3.4), the 1.3 kb promoter insert corresponding to the 

topoisomerase np sequence -1357 with a 198 bp internal deletion, was confirmed to 

be correct in pGL3Basic (pGL3B-TIIP-1357ID) (figure 3.12, lanes 2-4). 
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Figure 3.12: Analysis of pGL3Basic vector containing topoisomerase 1113 truncated 

fragments containing a 198 bp internal deletion. 

1 µL (~ I µ g/~LL) of DNA was digested with 1 µL (IO U/µL) of each restri ct ion enzyme. 

Digested (30 ~LL) and uncut ( 1 ~LL) samples were analysed on a 1 % agarose gel in 1 x T AE 

buffer by electrophoresis for about 1 hour at 85 V. DNA was visualised by incorporating 

ethidi um bromide (0.5 µg/mL) into the gel and exposure to UV light. Molecular sizes of bands 

are di splayed on the left in base pairs (bp). Enzymatic digestions were performed as described 

in section 2.2.3 . 

Lanes l & 13 

Odd Lanes 3-9 

Even Lanes 4-10 

Lane 11 

Lane 12 

l O µL I kb plus ladder (I: I 0) 

l µL uncut plasmid DNA 

30 µL plasmid DNA digested with Kpn I & Bgl II 

30µL plasmid DNA digested with Kpn I 

30µL plasmid DNA digested with Bg l II 

The pGL3Basic clones were confinned by DNA sequence analysis to have truncated 

fragments of the topoisomerase II~ promoter sequence of 1285 bp, 1156 bp, 994 bp and 829 

bp in size. 
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3.4.3 Generating pGL3B-TIIP-12281D, -10661D and -9011D constructs. 

The pGL3B-TIIP-l 357ID construct was then used to generate pGL3B-TIIP-1228, 

-1066, -901 deletion constructs with the internal deletion, by the same methods as 

described in section 3.3. Diagnostic digests were carried out to confirm that the 

purified plasmid contained the correct topoisomerase np promoter insert using 

restriction enzymes Kpn I and Bgl II, which cut out the 1156 bp, 994 bp and 829 bp 

inserts (figure 3.12). From the results of these digests and subsequent sequencing 

(refer to section 2.2 .16 and 3.2.3.4), the 1156 bp, 994 bp and 829 bp promoter inserts 

corresponding to the topoisomerase up sequences -1354, -1192 and -1027 with a 198 

bp internal deletion, were confirmed to be correct in pGL3Basic. 

3.5 Generating ICBl and ICB2 mutant constructs. 

In order to investigate roles of ICB I and ICB2 in topoisomerase HP promoter 

transcriptional regulation , the pGL3B-TIIP-654 construct, consisting of the minimal 

promoter region containing the GC, ICB I and ICB2 elements, was used to generate 

ICB l and ICB2 mutant constructs. Speci fie point mutations were introduced into the 

-654 bp sequence by PCR mutagenesis (figure 3.13) and the resulting products were 

cloned into pGL3Basic vector for functional analysis. 

3.5. l PCR mutagenesis. 

A set of oligonucleotide primers was designed, 27 nt in length, which encompassed 

either the ICB I or 1CB2 elements of the topoisomerase up promoter, and containing 

specific point mutations to abolish the putative regulatory element (refer to Appendix 

1 for oligonucleotide sequences). The sequence changes also introduced restriction 

enzyme recognition sites, a Xba I site within the ICB l mt sequence and a Bgl II site 

within the ICB2mt sequence, which allowed confirmation of the mutation. PCR 

reactions were carried out, as described in section 2.2.10, using pGL3B-TIIP-654 as a 

template and Taq polymerase (Promega). The PCR reactions were carried out in 

thermal cyclers (HYBAID Omn-E, SciTech (NZ) Ltd or GeneAmp®PCR System 

2700, Applied Biosystems (USA). 
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Figure 3.13: Schematic diagram of site-directed mutagenesis by overlap extension. 

To generate ICBI and ICB2 mutant inserts, pGL3B-TII~-654 was used as a template. 

Specifi c point mutations were introduced within the ICB 1 or ICB2 elements using 

oli gonucleotide primers designed to abolish the consensus NF-Y binding site. 
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The first round of PCR consists of two independent reactions, one containing the 

flanking forward primer (RV3) and the internal ICB I mt or ICB2mt reverse primer, 

and the other containing the flanking reverse primer (GL2) and the internal lCB I mt or 

ICB2mt forward primer. By using two internal primers that overlap, the two products 

generated in the first PCR could be fused by denaturing and annealing in a subsequent 

PCR reaction. The overlap allows one strand from each fragment to act as a primer to 

extend the other fragment, resulting in the mutant product, which is amplified during 

the second round of PCR. 

12,000 

5,000 

2,000 
1,650 

1.000 

850 

500 
400 

300 

200 

bp 

180 bp 
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Figure 3.14: First PCR mutagenesis 
reactions to generate topoisomerase 
1113 mutated product. 

5 ~tL of each reaction was applied to a 

1.0% agarose gel in I x T AE buffer and 

electrophoresed for about I hour at 85 

V . DNA was visualised by 

incorporating ethidium bromide (0.5 

µg/mL) into the gel and exposure to 

UV light. l O pL of I kb plus ladder 

( l: l 0) is present in lane I, and the 

molecular sizes of bands are displayed 

on the left in base pairs (bp). 

Lanes 2 & 4 5 pL PCR mutagenesis reaction using ICB l mt Fwd primer, 627 bp product 

Lanes 3 & 5 5 ~LL PCR mutagenesis reaction using ICB l mt Rev primer, 180 bp product 

Lanes 6-7 

Lanes 8-9 

5 µL PCR mutagenesis reaction using ICB2 mt Fwd primer, 659 bp product 

5 µL PCR mutagenesis reaction using ICB2 mt Rev primer, 148 bp product 

PCR products of the expected sizes were obtained following the first round of PCR 

mutagenesis (refer to figure 3.14) to introduce a mutation into either the ICB I or ICB2 

elements in the topoisomerase Ill3 promoter sequence - 654. Bands of lower mobility visible 

are due to non-specific annealing of the primers during PCR. 
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Figures 3 .14 and 3 .15 show the products generated after the first and second rounds of 

PCR. Restriction endonuclease digests followed by agarose gel electrophoresis, were 

used to check the PCR products, using the restriction enzyme sites within the mutated 

sequence (data not shown) . 

Figure 3.15: Second PCR mutagenesis reaction to generate topoisomerase IIJ3 780 bp 

mutated product. 

Lanes 1 

12,000 

5,000 

2,000 
1,650 

1,000 
850 

650 

500 
400 
300 
200 

100 

bp 

2 

Lanes 2-3 

Lanes 4-5 

Lanes 6 

3 4 5 6 

780 

5 µL of each reaction was applied to 

a 1 % agarose gel in I x T AE buffer 

and electrophoresed for about I ho ur 

at 85 V. DNA was visua lised by 

incorporating ethidium bromide (0.5 

~1g/mL) into the gel and exposure to 

UV light . 10 ~tL of I kb plus ladder 

( 1: 10) is present in lane 1, and the 

molecu lar sizes of bands are 

disp layed on the left in base pairs 

(bp). 

5 ~LL second PCR mutagenesis reaction (ICB I mt) 

5 ~LL second PCR mutagenesis reaction (ICB2mt) 

5 ~LL positive control (Factor lX promoter) , ~380 bp product 

Lanes 2-5 contain PCR product , which appears to be slightly larger than the expected size 

(780 bp) fo llowing the second round of PCR mutagenesis. DNA sequence ana lysis confinned 

the amplified DNA to be the correct sequence, corresponding to the 780 bp topoisomerase IIl3 

promoter sequence -654, with a mutation introduced into e ither ICB I or ICB2. 

70 



3.5.2 Ligation oflCBlmt and ICB2mt into pGL3Basic vector. 

PCR products were purified using the freeze squeeze method (Holmes and Quigley, 

1981 ). Restriction enzyme digestions were carried out using Bgl II and Kpn I for 

ICB lmt, and Hind III and Kpn I for ICB2mt. The DNA fragments were ethanol 

precipitated (Sambrook et al., 200 1), and quantified by gel electrophoresis using 

quantification standards. Vector pGL3Basic was prepared for ligation by generating 

Kpn I, and Bgl II or Hind III, cohesive ends using the same methods described in 

section 3.2.4.2. 

Ligations and transformations were carried out as previously described for cloning 

into the pGL3Basic vector (Refer to sections 2.2.12, 2.2.13 and 3.2.4), using random 

selection to pick colonies for screening, and similar results were obtained. 

Diagnostic digests were carried out to identify positive clones using restriction 

enzymes Kpn I and Hind Ill, which cut flankin g sites in the pGL3Basic vector MCS 

and therefore cut out the 780 bp insert containing the ICB I or ICB2 mutant sequence 

(data not shown). Following DNA extraction (refer to sections 2.2.14.3 and 3.2.4.5), 

diagnostic digests, as described above, were carried out to confinn that the purified 

plasmid contained the correct topoisomerase II~ promoter insert. The restriction sites 

generated in the mutated elements were utilised in a diagnostic digest to confirm the 

presence of the correct mutation. If the [CB I mutant sequence has been introduced, 

restriction enzyme Xba l cuts to produce fragments of 3222 bp and 2358 bp in size, 

and if the ICB2 mutant sequence has been introduced Bgl II cuts to produce fragments 

of 4896 bp and 684 bp in size (figure 3.16). From the results of these digests and 

subsequent sequencing (refer to section 2.2.16 and 3.2.3 .4), the topoisomerase II~ 

ICB I and ICB2 mutated promoter sequences were con finned to be correct in 

pGL3Basic. The mutated sequence is shown in figure 3.17. 
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Figure 3.16: Analysis of pGL3Basic vector containing ICBl/2 mutated inserts. 

µL (~I µ g/~tL) of DNA was digested with I µL (IO U/~tL) of each restriction enzyme. 

Digested (30 µL) and uncut (I ~tL) samples were analysed on a 1 % agarose gel in I X TAE 

buffer by electrophoresis for about 1 hour at 85 V. DNA was visualised by incorporating 

ethidium bromide (0.5 µg/mL) into the gel and exposure to UV light. 10 µL of I kb plus 

ladder (1:10) is present in lanes I and 14 and the molecular sizes of bands are displayed on 

the left in base pairs (bp). Enzymatic digestions were performed as described in section 2.2.3. 

Lanes 2 & 5 

3&6 

4&7 

8 & 11 

9 & 12 

10 & 13 

l ~LL plasmid DNA ( lCB I mt) undigested 

30µL plasmid DNA digested with Hind III and Kpn I 

30µL plasmid DNA digested with Xba I 

I µL plasmid DNA (ICB2mt) undigested 

30µL plasmid DNA digested with Hind III and Kpn I 

30µL plasmid DNA digested with Bgl II 

ff the 780 bp insert contains a mutation within ICB 1 then Xba I cuts to produce 3222 bp and 

2358 bp fragments, while a mutation in ICB2 generates a second Bgl II site, producing 

fragments of 4896 bp and 684 bp. The pGL3Basic clones were confirmed to have a 780 bp 

fragment of the topoisomerase II13 promoter sequence, containing either a ICB l or ICB2 

mutation. 
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A) ICB2 !CBI 

TT G G G AT T G G CC GAG AG G CT GT G G C G AC A AG G CCC G G AT T G GA CA G CAT G G 
180 190 200 210 220 

I 
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A ~ A I n .~ ~ f A w \ A -~ ii\ ~- "' - " 

B) TT G G ..... G AT C T C C G AG AG G C T G T G 
C) 

AA GG CCC GT CT t GaA CA GCAT GG 
180 l9e 140 150 

Figure 3.17: Sequence of constructs containing ICBl or ICB2 mutations. 

Representation of sequencing for the topoisomerase IIl3 ICB I and ICB2 mutant constructs. 

Peak colours: blue = cytosine, red = thymidine, green = adenosine, and black = guanosine. 

The letters above the peaks represent a computer estimate of the nucleotide at that position 

based on the peak intensity. 

Plasmid DNA, prepared using the CONCERTrM High Purity Plasmid Maxiprep Kit 

(GLBCOBRL ®, lnvitrogen), was sequenced from the RV3 primer. A) Sequence shows the wild 

type topoisomerase 1113 ICB I and ICB2 elements, B) Sequence hows the mutated topoisomerase 

Ilf3 ICB2 element (underlined), C) Sequence shows the mutated topoisomerase IIl3 ICB I element 

(underlined). 
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3.6 Generating a pGL3Basic promoter vector TII~-180 construct. 

In order to investigate roles of GC, ICB l and ICB2 in topoisomerase np promoter 

transcriptional regulation, the 180 bp promoter region containing the three elements, 

was cloned into a pGL3Basic promoter vector. In contrast to the standard pGL3Basic 

vector, the pGL3Basic Promoter vector (Promega) contains the SY 40 promoter with 

up and downstream MCS to allow the introduction of DNA of interest. PCR was used 

to isolate the 180 bp region, which was then cloned into a pGL3Basic promoter vector 

upstream of the SY40 promoter to allow functional analysis. 

3.6.1 Generation of PCR products. 

PCR reactions were carried out as described in section 2.2. l O using pGL3B-TIIP-654 

as a template, and Taq polymerase (Promega) . The 180 bp product was amp lified 

using a flanking forward primer (RV3) and the internal ICB 1 reverse primer. The 

PCR reactions were carried out in thermal cyders (HYBAID Omn-E, SciTech (NZ) 

Ltd or GeneAmp®PCR System 2700, Applied Biosystems (USA). The 180 bp PCR 

product does not contain any restriction enzyme sites which could be used to confirm 

the sequence, therefore agarosc gel electrophoresis was used to check the size of the 

PCR products (data not shown). 

3.6.2 Ligation of 180 bp PCR product into pGL38asic promoter vector. 

PCR products were purified using the freeze squeeze method (Thuring et al. , 1975), 

and treated with Kienow enzyme (as described in section 2.2.5) to generate blunt 

ends. The DNA fragments were ethanol precipitated (Sambrook et al., 2001), and then 

digested with Kpn I, to generate one blunt end and one Kpn I cohesive end. The insert 

DNA was purified using the freeze squeeze gel purification method and quantified by 

gel electrophoresis using quantification standards. Vector pGL3Basic promoter 

(Appendix 1) was prepared for ligation by generating Kpn I and Sma I cohesive ends, 

using the same methods described in section 3.2.4.2. 

Ligations and transformations were carried out as previously described for cloning 

into the pGL3Basic vector (Refer to sections 2.2.12, 2.2.13 and 3.2.4), using random 

selection to pick colonies for screening, and similar results were obtained. 
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Diagnostic digests were carried out to identify positive clones usmg restriction 

enzymes Kpn I and Hind III, which cut flanking sites in the pGL3Basic promoter 

vector MCS, and therefore cut out the 180 bp insert (figure 3.17). Following DNA 

extraction (refer to sections 2.2.14.3 and 3 .2.4.5), diagnostic digests as described 

above, were carried out to confirm that the purified plasmid contained the correct 

topoisomerase II~ promoter insert. Also, single and double digests were performed to 

determine a difference in size between the vector lineaiised by a single digest and the 

vector with insert DNA removed (data not shown) . As expected if the 180 bp insert 

was present, the vector digested with two enzymes was smaller than the vector 

digested with only a single enzyme. From the results of these digests and subsequent 

sequencing (refer to section 2.2.16 and 3.2.3.4), the topoisomerase II~ 180 bp 

promoter sequence was confirmed to be correct in the pGL3Basic promoter vector. 
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Figure 3.17: Diagnostic digests of putative pGL3BP-

TIIP-180 clones. 

1 pL ( ~ 1 ~Lg/~LL) of DNA was digested with 1 ~LL ( 10 

U/pL) of each restriction enzyme. Digested (30 ~LL) and 

uncut (5 ~LL) samples were ana lysed on a 2% agarose gel in 

1 X T AE buffer by e lectrophoresis for about I hour at 85 

V. DNA was visualised by incorporating ethidi um bromide 

(0.5 pg/mL) into the ge l and exposure to UV light. 10 ~LL 

of I kb plus ladder ( 1: I 0) is present in lane I and the 

molecular sizes of bands are displayed on the left in base 

pairs (bp ). Enzymatic digestions were perfom1ed as 

described in section 2.2.3. 

180 bp Lane 2 I pL uncut plasmid DNA 

Lane 3 30 ~LL plasmid DNA digested with Kpn I & 

Hind III 

Hind III and Kpn I cut within the MCS of the pGL3Basic vector to release the 180 bp insert as 

seen in lane 3. The varying high mobility bands visible in the uncut vector lanes represent the 

different states of the circular plasmid; i.e. relaxed or supercoiled. The pGL3BP vector was 

confirmed to contain a DNA fragment approximately 180 bp in size. 
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3.7 Chapter Summary. 

A 1.5 kb region of the 5'-flanking and untranslated sequence of the human 

topoisomerase IIP gene was isolated and cloned into the pGL3Basic luciferase 

reporter vector. 

In order to investigate regions of the promoter important for topoisomerase IIP gene 

expression, a deletion series of the wild type promoter sequence (-1357 to + 126) was 

generated in pGL3Basic vector, for use in functional assays. A total of nine constructs 

were generated; a series of five 5 '-deletion constructs and an additional set of four 

constructs with an internal deletion introduced within the truncated promoter 

sequences. The internal deletion removed a 198 bp region containing putative GC, 

ICB 1 and ICB2 regulatory e lements and therefore was used to investigate the 

importance of this region for topoisomerase rrp promoter activity. 

PCR mutagenesis was used to introduce mutations into the [CB 1 or ICB2 elements in 

order to investigate the importance of these two elements for topoisomerase IIP 
promoter activity. 

An additional construct was created consisting of the 180 bp region, containing the 

GC, ICB2 and ICB I elements, cloned upstream of an SY 40 promoter in a luci ferase 

reporter vector. The purpose of this construct was to examine the abi lity of this 

putative regu latory region to enhance expression driven by a heterologous promoter, 

thereby investigating its influence on expression from the topoisomerase !Ip 

promoter. 
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Chapter 4: GCl , ICBl and ICB2 binding assays of the 
topoisomerase Ilf3 promoter. 

4.1 Introduction. 

It has been shown that the transcription factors Sp 1 and NF-Y bind to putative 

regulatory elements in the topoisomerase IIP promoter, GC, and ICB 1 and ICB2, 

respectively (Lok et al. , 2002). To further characterise these interactions, 

electrophoretic mobility shift assays (EMSA) were carried out using sequence specific 

probes and HeLa nuclear cell extracts as a protein source. 

The EMSA is a simple method used for the detection of protein-nucleic acid 

interactions in vitro, using non-denaturing polyacrylamide gel electrophoresis. This 

technique utilises the differences in electrophoretic mobility of a DNA probe and a 

DNA probe with protein bound. A double-stranded oligonucleotide probe 

radioactively labelled on one strand with y-32P[ATP] is incubated with a protein 

extract containing the putative DNA-binding proteins. Once the binding reaction is 

complete, the sample is subjected to electrophoresis using a low ionic strength 

polyacrylamide gel, and the results are visualised by autoradiography. Free probe runs 

at a position characteristic of its size, while probe with protein bound will migrate at a 

much slower rate due to its increased mass, and therefore appears as a "sh ifted" band 

of DNA higher up in the gel (figure 4.1). Non-specific DNA-protein interactions are 

minimised by the addition of poly (dI-dC) to the binding reaction. 

Sequence specific ity of the DNA-protein interaction can be demonstrated usmg 

competitor assays to show that the protein binds to the DNA probe with a 

substantially higher affi ni ty than to random or mutated DNA sequences. Un labell ed 

ol igonucleotides are added in molar excess to the binding reaction, before the addition 

of the labelled DNA. If the protein preferentiall y binds to the competitor DNA, less 

protein will be avai lab le for interaction with the labelled probe. This outcome can be 

detected visually by a decrease in intensity of the "shifted" band. 
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The specific proteins present in the protein-DNA complex can be identified by the 

addition of antibodies in supershift assays. Specific antibodies are added to the 

binding reaction prior to addition of the labelled DNA, to allow recognition of and 

binding to proteins which may be involved in complex formation. Subsequent 

formation of an antibody-protein-DNA ternary complex will result in a further 

reduction in mobility, and thus a "supershifted" band. Alternatively complex 

formation could be inhibited if the antibody attaches to the associating protein at a site 

necessary for the binding reaction to occur. 
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Figure 4.1: Schematic diagram of EMSA. 

Binding of a protein to the radioactively labelled DNA causes it to move slowly upon gel 

electrophoresis, resulting in the appearance of a retarded band detected by autoradiography 

(Latchman, 1993). 
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4.2 DNA-protein binding studies of the Topoisomerase 11(3 promoter. 

Lok et al., (2002) showed the abi lity of transcription factor Sp 1 to bind to the GC 

element, and transcription factor NF-Y to bind to the ICB 1 and ICB2 elements, of the 

topoisomerase II~ promoter. Other studies have shown that NF-Y can bind to ICB 1-4 

elements in the topoisomerase Ila promoter (Isaacs et al., 1996a; Co us try et al., 2001; 

Morgan and Beck, 2001) and both Spl and Sp3 can bind to the GCI and GC2 

elements (Magan et al. , 2003). The latter study also provided evidence for co

operativity between ICB 1 and GCl elements of the topoisomerase Ila promoter in 

order to recruit proteins to each element, therefore it is possible that the same 

interplay may occur in the topoisomerase I[~ promoter. ICB elements do not contain 

GC sequences to which Sp 1 is known to bind, however it is possible that NF-Y 

transcription factor bound at ICB2 is responsible for recruitment of Sp 1 to the 

promoter. If this were the case, a functional interaction between Sp I and NF-Y 

proteins bound at GC and ICB2 elements respectively, could be important for the 

transcriptional regulation of the topoisomerase II~ promoter. 

To investigate this possibility, several sets of EMSA experiments were carried out in 

order to examine the binding interactions occurring with six different oligonucleotide 

probes. The oligonucleotide probes were designed to encompass both the ICB2 and 

GC elements of the topoisomerase II~ promoter, and the single elements GC, ICB2 

(refer to figure 4.2) and ICB I (Appendix I). To determine sequence specificity of 

protein-DNA interactions identified, various competitor oligonucleotides were also 

designed containing mutations in either or both GC and ICB2 (see Appendix I). 

The mutated sequences were analysed using the Findpattems programme of GCG 

(Wisconsin Genetics Computer Group, USA) and the Matlnspector Y2.2 programme 

of the TRANSF AC4.0 (http: //transfac.gbf.decreases/cgibin/matSearch/matsearch.pl). 

Using both of these programmes, searches of the transcription factor database were 

carried out to identify any possible binding motifs remaining in the mutated 

oligonucleotide sequences. This ensured that Sp 1 and NF-Y consensus sequences 

were abolished by the introduced mutations to the GC and ICB2 elements, 

respectively, and that no additional consensus binding sites were introduced. 
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Forward GC ICB2 

5' - CTCGGGTCCCGCCCCTCCAGGGGGCTTGGAATTTTGGGATTGGCCGAGAGGCTc9-3 ' 

3' - GAGCCCAGGGCGGGGAGGTCCCCCGAACCTTAAAACCCTAACCGGCTCTCCGAC -5 ' 
Reverse 

i i 
Spl 

Figure 4.2: Schematic representation of ICB2, GC and putative transcription factors. 

NF-Y is shown as the blue trimeric complex on the right associating with the fCB2 element, 

and Sp I is shown to assoc iate with GC on the left (pink). The sequence of the double

stranded wild type 54 bp oligonucleotide probe used in electrophoretic mobili ty shift assays, 

is shown at the top. The underlined sequence in each element was mutated to inhibit protein 

binding and ye llow signifies the strand labelled with y- 32P[ATP] (adapted from Isaacs, 

1996b). 

4.2.1 Preparation of HeLa extracts. 

Transcription factors : Sp I, Sp3 and NF-Y, are known to be present in HeLa cells 

(Hagen et al. , 1994), there fore the preparation of cell ex tracts enriched for these 

proteins was not required. HeLa cell extracts were prepared as described in section 

2.2.19.3 and the amount o f protein present was quantified as described in section 

2.2.20. Protein concentrations for the four different HeLa extract samples prepared, as 

determined by the Bradford protein assay, were estimated to be 4.1 2, 3.80, 3.08 and 

2.64 µg protein/µL (refer to Appendix 4 for details). 

4.2.2 Preparation of the 32P-labelled probes. 

Commercially synthesised oligonucleotides were labelled with y-32P[ATP] on one 

strand, as described in section 2.2.19.1 , and annealed to the complementary unlabelled 

oligonucleotide. Polyacrylamide gel electrophoresis (PAGE) was used for the 

purification of double-stranded labelled oligonucleotides (refer to section 2.2.19.6) to 
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remove any contaminating short or single-stranded DNA fragments , as shown m 

figure 4.3. 

An accurate estimation of the DNA probe concentration was not possible due to 

immeasurable losses during the purification process, however the amount of 

radioactivity incorporated into the labelled oligonucleotides was determined using 

Cerenkov counting (refer to table 4.1). The amount of radioactivity per ~tL of labelled 

oligonucleotide ranged from approximately 9,000 to 68,000 counts per minute (cpm). 

0.5- 1.0 µL of probe was added to each EMSA to give approximately I 0-20,000 cpm 

per binding reaction. Taking into account purification losses of approx imately 50% 

from the 200 ng of oligonucleotide labelled, DNA concentration can be roughly 

estimated to be 0.3 ng DNA/µL, and therefore approximately 0. I 5-0.3ng of DNA 

were added to each EMSA. 

Figure 4.3: Gel Purification of the 32P labelled oligonucleotide probes for EMSA. 

wtlCB2 wtGC wtGC/wtICB2 
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was eluted from the agarose by 

overnight incubation in 300 µL 50 

mM KC!. 



Counts per minute (1 µL) 

Probe 
1st set 2nd set 3rd set 4th set 

wtGC/wtICB2 53626.40 8539.45 10575.94 19948.12 

mtGC/wtICB2 45035.80 10594.32 

wtGC/mtICB2 11264.40 15793.67 

wtGC 28019.96 51974.06 

wtlCBl 24432.59 

wtICB2 30265 .74 68166.80 

Blank 31 .20 29.54 20.88 22.31 

Table 4.1: Incorporation of y-32 PI ATP) into oligonucleotide probes. 

Cerenkov counting (Beckman LS3801 Scintillation Counter) was used to estimate the 

radioactivity incorporated into each double-stranded oligonucleotide probe. Approximately 

0.15-0.3 ng of DNA was used for each EMSA. 

4.2.3 Binding Reactions. 

Multiple factors influence successful binding reactions such as D A and protein 

concentrations, salt concentration, temperature, and the intrinsic stability of the 

complex itself. For this reason, the optimal binding conditions for each DNA probe 

were essential for accurate and consistent results. Each competition and supershift 

assay was carried out in duplicate for each probe to establish reproducibility. The 

experiments are subject to variation in the amount of protein extract, probe and 

competitor added to the binding reactions. 

Binding reactions were prepared in two stages (as described in section 2.2.19.5); the 

first consisting of HeLa extract, poly dI.dC, gel shift buffer, competitor DNA or 

antibody if required, and the final step was the addition of labelled probe. For the 

third set of EMSAs an alternative buffer was tested with the aim of further optimising 

binding conditions and was found to produce clearer, more consistent results. As 

illustrated in figure 4.5 onwards, bands are more distinct, possibly due to a more 

stable interaction between the DNA probe and protein being maintained during 

electrophoresis. 

83 



4.2.4 HeLa extract titration 

As the equilibrium between bound and unbound DNA to protein is a crucial factor in 

the accuracy of EMSA experiments, the amount of nuclear extract and DNA probe 

added are important. Without an accurate estimate of DNA probe concentration, it 

was necessary to determine the optimal amount of HeLa extract required to maximise 

protein-DNA interactions. At the same time, the integrity of the DNA probes could 

also be determined. 

HeLa extract titrations were carried out usmg 0.5-1.0 µL of DNA probe 

(approximately I 0-20,000 cpm) and varying amounts of HeLa extract from 0-4 ~LL (0-

12 µg of protein depending on the extract used). An extract titration was performed 

for each set of labelled oligonucleotides prior to EMSA experiments, as the optimal 

amount of HeLa extract can vary depending on the DNA probe. The results of a 

representative HeLa ex tract titration are presented in figure 4.4. 

Figure 4.4 illustrates the resulting banding patterns observed with the addition of 

increasing amounts of HeLa extract to three different oligonucleotide probes 

representi ng the double element GC/IC B2 of the topoisomerase II~ promoter 

sequence, with either GC or [CB2 mutations or as wild type. 0.5 ~LL of probe DNA 

was added to the binding reactions, with the exception of the mtGC/wtlCB2 probe, of 

which l.0 ~LL was added due to the lower value of cpm. 

Control lanes are included for each probe (lanes I , 5 and 9), which do not contain 

HeLa extract and therefore lack protein-DNA interactions as shown by the presence 

of only a single band, which represents free probe. The addition of HeLa extract to 

binding reactions shown in subsequent lanes results in a distinct banding pattern, 

which increases in intensity as the amount of HeLa extract added increases from l - 4 

µL. The appearance of slightly smeared or distorted bands sometimes observed could 

be due to partial dissociation of the protein- DNA complex during electrophoresis. 

The optimal amount of HeLa extract for this assay appears to be 2 µL ( ~8 µg) as the 

bands are the most distinct at this concentration. For subsequent EMSA experiments 

using the same probes, the addition of 6-8 µg of extract was sufficient to optimise 

binding conditions. 
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Probe wtICB2/wtGC 

Hela o 1 2 4 

Extract --============= 

1 

2 

3 

Free 
Probe 

Lanes 1 2 3 4 

mtICB2/wtGC wtICB2/mtGC 

0 1 2 4 0 1 2 4 

--============= =============== 

5 6 7 8 9 10 11 12 

Figure 4.4: HeLa extract titration. 

Increasing amounts (0, I, 2 and 4 ~tL) of HeLa extract ( 4.12 ~tg protein/~1L) were added with 

0.5 µ L of wtGC/wtICB2 or mtGC/wtICB2 probes, and 1.0 ~LI of the wtGC/mt 1CB2 probe. 10 

µL of each binding reaction was loaded onto a 4% polyacrylamide ge l in 0.25 x TBE, and 

electrophoresis was carried out for approximately one hour, at 200 V. The gel was 

subsequently dried onto DE-81 paper and exposed to X-ray film for approximately 18 hours 

at -70°C, in a radioactive safe cassette with intensifying screens. EMSAs were carried out as 

described in section 2.2.1 9. 

Control lanes 1, 5, and 9 contain no HeLa extract. The putative specific interactions are 

labelled 1-3, with the remaining bands representing non-specific interactions. Free probe with 

no protein bound is visible at the bottom of the gel. This figure is representative of duplicate 

experiments. 
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Three distinct protein-DNA complexes (labelled 1-3) were observed in reactions 

using the wtGC/wtICB2 DNA probe (lanes 2, 3, and 4). The intensity of the three 

bands varies according to the mutation present in the DNA probe, which suggests 

some influence on the binding capabilities of proteins due to changes in consensus 

binding sites. Of the three bands, only band 2 is completely removed due to a mutated 

DNA sequence, suggesting a strong protein-binding specificity for this interaction 

only. Other bands of higher mobility appear to occur randomly depending on the 

probe present in the reaction, and are therefore likely to be the result of non-specific 

DNA-protein interactions. 

A mutation within the ICB2 element (lanes 6-8) resulted in the loss of band 2, while 

this band was present when GC was mutated ( I 0-12). However, a decrease in 

intensity of bands 1 and 3 was observed when either GC or ICB elements were 

mutated, in comparison to the wild type probe. This suggests that the interactions 

represented by these two bands may not be speci fie for either element, while band 2 is 

specific for the lCB2 element as a mutation in ICB2 completely inhibits this 

interaction. 

Extract titrations were carried out for each labelled probe including ICB I , ICB2 and 

GC single element probes (data not shown). The resulting banding patterns showed 

the presence of bands 1 and 3 only with the GC single probe. ICB I and ICB2 single 

probes both distinctly exhibited band 2, and additional faint bands I and 3 were also 

usually seen (refer to antibody supershift and competitor assay, probe plus extract 

control lanes, figures 4.5, 4.10 and 4.11). These results suggest that the proteins 

involved in the complexes represented by bands l and 3 preferentially bind the GC 

element, while proteins present in band 2 preferentially bind the ICB elements with 

high sequence specificity. 

These observed variations in banding patterns provide important preliminary evidence 

to suggest that some proteins may bind both GC and ICB2, while a unique protein

DNA interaction also occurs involving only ICB I or ICB2. To further characterise the 

protein interactions occurring at GC and/or ICB I and ICB2 oligonucleotides, a series 

of EMSAs were carried out using antibody supershifts and competitor 

o ligonucleotides. 
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4.2.5 Antibody supershifts. 

To determine the identity of proteins involved in binding interactions with the probes 

derived from topoisomerase II~ promoter sequences, antibodies against putative 

transcription factors Spl, Sp3, and NF-Y (against either NF-Y subunit A or C) were 

included in EMSA binding reactions . 

Extract 

Antibody -

Lanes 1 

+ + + + 

2 

+ +++ - ++++ 
"? ~ ::, --1. 

c,'Y.' c,~ ~, - s~' c,~ ~-
1 8 9 10 11 12 13 14 15 

+ + + + 

- c,~' c? ~~ 
16 17 18 19 20 

Spl 
NF
Sp3 

wtGC/wtICB2 probe wtGC probe wtICB2 probe wtICBl probe 

Figure 4.5: Antibody Supershift with double and single element probes. 

2µL (200 µg/mL) of antibody was added to each binding reaction with 2 ~tL of HeLa extract 

(2 .64 µg protein/µL) and 0.5 µL of wtGC, wtICB 1 or wtlCB2 probes, and 1.0 µI of the 

wtGC/wtlCB2 probe. 10 µL of each binding reaction was loaded onto a 4% polyacrylamide 

gel in 0.25 x TBE and electrophoresis was carried out for approximately one hour at 200 V. 

The gel was dried onto DE-81 paper and exposed to X-ray film for approximately 18 hours at 

-70°C. 

Lanes 1, 6, 11 and 16 are controls containing probe only. Lanes 2, 7, 12 and 17 are controls 

containing extract, but without antibody. Specific interactions are labelled, with the remaining 

bands representing non-specific interactions. Arrows indicate the bands that identify specific 

protein(s) in the DNA-protein complexes. This figure is representative of duplicate 

experiments. 
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Figure 4.5 shows the results of an antibody supershift assay carried out using the 

wtGC/wtICB2 probe, and single element GC, ICB 1 and ICB2 probes. Lanes 1, 6, 11, 

16 represent controls containing probe only, without the addition of HeLa extract. 

Lanes 2, 7, 12 and 17 are additional controls containing probe and HeLa extract, 

without the addition of antibody, as a standard against which to compare the effect of 

added antibody. The control lane 2 contains the same three bands that were observed 

for the wtGC/wtICB2 probe in the extract titration (figure 4.4), and control lanes 7, 12 

and 17 have the same banding patterns that were observed for the three single element 

probes, as previously described. 

Antibody supershifts were observed with the three antibodies tested with the 

wtGC/wtICB2 probe (lanes 3-5), allowing three distinct protein-DNA complexes to 

be identified. Two of the three antibodies induced supershifts with the single GC 

probe (lanes 8-10), while the three antibodies induced shifts, of varying strengths, for 

the [CB2 probe (lanes 13-15), and only one of the antibodies induced a supershift 

with the ICB l single probe (lanes 18-20). 

The addition of antibody against Sp I (lanes 3, 8, 13 and 18) resulted in a strong 

supershift of band I for both the wtGC/wtICB2 and GC probes, but only a slight shift 

for the ICB2 probe, and no change was seen for the ICB l probe. This indicates the 

presence of Sp! within complexes formed with all probes, represented by band l , 

except for the lCB 1 probe. The result however suggests only low levels of Sp I m 

association with ICB2, as illustrated by the very low intensity of the shifted band with 

anti-Sp I antibody. With the addition of antibody against NF-YA (lanes 5, I 0, 15 and 

20) a strong shift of band 2 was observed with the wtGC/wtICB2 and ICB2 probes, 

while only a weak shift was seen for ICBl probe, and no change in this band was seen 

with the GC probe. The same result was observed with the addition of antibody 

against the C subunit of NF-Y. This confirms that band 2 does represent NF-Y, and 

supports a speci fie interaction between NF-Y and the ICB elements, as NF-Y was not 

shown to interact with the single GC probe. In response to the addition of antibody 

against Sp3 (lanes 4, 9, 14 and 19), a strong supershift of band 3 was observed with 

the wtGC/wtICB2 and GC probes, while a weak shift was seen for the ICB2 probe, 

and no change was seen with the ICB l probe. Therefore, band 3 represents an 

interaction involving Sp3 protein, which appears to interact to varying degrees, with 
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both the GC and ICB2 elements, but not with ICB 1. The positions of other lower 

mobility bands were not seen to change, supporting the idea that they are the result of 

non-specific interactions. 

Antibody supershift assays were carried out for each of the labelled probes to confirm 

the presence of the same three proteins within protein-DNA complexes formed and to 

identify changes in binding patterns which may be observed in the presence or 

absence of particular elements. Although a second band was usually visible with the 

ICB l probe, at a position corresponding to the Sp 1 protein complex identified with 

the other probes, the anti-Sp 1 antibody did not induce a supershift of this band. 

Taken together, these data suggest that three distinct protein-DNA complexes are able 

to form with the wtGC/wtICB2 oligonucleotide from the topoisomerase II~ promoter. 

These three complexes observed appear to contain Spl , Sp3 and NF-Y. Two of the 

three protein complexes appear able to form in the presence of GC alone, consisting 

of Sp l and Sp3. All three protein complexes appear able to form with the ICB2 

probe, suggesting that NF-Y, Sp 1 and Sp3 are all involved in protein interactions with 

this element. With the ICB l probe only a single complex consisting of NF-Y was 

identi fted, although an additional complex consistent with the position of Sp 1 in other 

EMSA, was usually observed. Competitor assays were used to characterise the 

sequence specificity of the binding interactions. 
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4.2.6 Competitor Assays. 

To further investigate the binding interactions taking place and their specificity, 

competitor assays were performed. Double-stranded competitor oligonucleotides were 

prepared as described in section 2.2.19.4. Increasing amounts (0-100 ng) of the 

unlabelled, cold competitor were added to standard EMSA reactions containing 

labelled DNA probe and HeLa extract. Competitor oligonucleotides used included 

unlabelled DNA homologous to the labelled counterparts, and GC, ICB 1, and ICB2 

single element competitors containing either the intact element or specific point 

mutations to abolish the consensus binding site. Competitor oligonucleotides 

representing the topoisomerase Ha promoter GC and ICB elements were also tested 

to determine the specificity of the observed interaction for the topoisomerase II~ 

promoter. 

4.2.6.l EMSAs with wtGC/wtICB2 probe. 

The wild type double element probe was used in a set of competitor assays. [f protein 

bound at GC was independent of protein bound at [CB2, then the introduction of a 

mutation within IC B2 of a double element competitor would not affect the strength of 

competition for binding of the GC associating proteins, Sp 1 and Sp3 , and vice versa. 

ff however, synergism occurs between the GC and ICB2 elements, a double element 

competitor containing a mutation should be a less effective competitor than a wildtype 

double element oligonucleotide. 

Double element competitors. 

The competitors used in this assay were unlabelled homologues of the wtGC/wtICB2 

probe, and probes containing mutations in either one or both of the GC and ICB2 

elements. The resu lts are shown in figure 4.6. 

The homologous competitor wtGC/wtICB2 was able to compete for binding with all 

of the protein(s) in the three complexes observed (lanes 2-5), as shown by the uniform 

reduction in band intensity illustrated as the amount of competitor increases. Results 

observed with the addition of competitor oligonucleotide containing mutations in both 

GC and ICB2 (lanes 17-20) suggest a decrease in the intensity of band 1 and band 3, 

while no significant competition was seen for the protein(s) present in band 2. The 
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observed competition in the presence of two mutated elements would suggest a loss of 

non-specific interactions from the protein-DNA complexes represented by bands 1 

and 3, while the interactions represented by band 2 are highly specific. 

Strong competition was observed for band 2 using the competitor oligonucleotide 

containing a mutation in the GC consensus binding site (lanes 7-10), which confirms 

that the protein represented by band 2 (identified as NF-Yin figure 4.5) preferentially 

binds to ICB2. With the addition of 50 and 100 ng of competitor a weaker binding is 

also exhibited for the protein complexes represented by bands 1 and 3 (identified as 

Sp 1 and Sp3), as indicated by the reduced intensity of the bands. The reduced binding 

of Spl and Sp3 (bands 1 and 3, lanes 7-10) could be due to an interaction with NF-Y 

bound at ICB2 of the competitor element. 

When competitors containing a mutation in the ICB2 sequence (lanes 12-15) were 

added, strong competition was observed for the protein(s) in bands 1 & 3, but no 

significant change occurred in band 2. Comparison between band 2 in lanes 12 and 13 

suggests that the more intense band observed in lane 13 is probably due to loading 

error. Therefore, the protein identified in band 2 (NF-Y) appears to preferentially bind 

to lCB2 . Some residual binding is visible for band I (comparing lanes 4 and 5 with 

lanes 14 and 15) which suggests that NF-Y may be able to recruit a small amount of 

Sp I to ICB2, and that Sp 1 bound at GC may assist binding of NF-Y at ICB2. Overall 

these data support an interaction between NF-Y bound at ICB2 and Sp I (and/or Sp3) 

bound at GC. 
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Competitors wtGC/wtlCB2 mtGC/wtICB2 wtGC/ mtICB2 

Lanes 

Spl• 
NF-Y• 

Sp3• 

Free 
probe 

~ ~ ~ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

, ' ... , 

,-~- . 

wtGC/wtICB2 probe 

mtGC/ mtICB2 

~ 
17 18 19 20 

Figure 4.6: Competitor Assays with wtGC/wtlCB2 probe (double element competitors). 

Increasing amounts (0, 5, 50 and I 00 ng DNA) of double-stranded competitor were added to 

1.0 µL of wtGC/wtICB2 probe with 2 ~LL of HeLa extract (3.10 µg protein/µL). IO µL of 

each binding reaction was loaded onto a 4% polyacrylamide gel in 0.25 x TBE, and 

electrophoresis was carried out for approximately one hour at 200 V. The gel was dried onto 

DE-81 paper and exposed to X-ray fi lm for approximately 18 hours at -70°C. 

Lanes I, 6, 11 and 16 are controls containing probe only. Lanes 2, 7, 12 and 17 are controls 

containjng extract, but without competitor. Specific interactions are labelled, with the 

remaining bands representing non-specific interactions. Arrows indicate the bands that 

identify specific protein(s) in the DNA-protein complexes. This figure is representative of 

duplicate experiments. 
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Single competitors. 

To investigate the importance of flanking sequence for protein binding interactions, a 

set of competitor assays was carried out using shorter competitor oligonucleotides 

consisting of single elements, including ICB l , ICB2 and GC elements from both 

topoisomerase np and a (refer to Appendix 1 for oligonucleotide sequences). 

Determining the ability of single elements alone, to compete for proteins binding 

within the observed complexes, could also provide an insight into possible synergism 

occurring between the ICB2 and GC elements of the topoisomerase IIP promoter. 

Figures 4.7 and 4.8 show the results of these experiments using [CB and GC 

competitors, respectively. 

If protein bound at GC were independent of protein bound at [CB2, then a GC 

competitor should only compete for binding of the GC associating proteins, Sp 1 and 

Sp3, and vice versa. If however, synergism occurs between the GC and [CB2 

elements, a single element competitor should be a less effective competitor than a 

double element oligonucleotide. [f the flanking sequences between the GC and ICB2 

elements are playing a role in protein binding, then that protein would be expected to 

preferentiall y bind the longer oligonucleotide probe rather than the shorter competitor. 

ln both figures 4.7 and 4.8, lanes I, 5, 10 and 15 are controls containing probe only. 

As in previous wild type double element probe assays, three protein-DNA complexes 

were observed, and additional bands attributed to non-specific binding interactions. 

In figure 4.7, the topoisomerase lip ICBl (ICBlP) (lanes 2-5) and ICB2 (lCB2P) 

competitors (lanes 7-10) exhibit the ability to compete strongly for NF-Y, and also 

showed the abi lity to compete weakly for Sp 1 and Sp3, with ICB2P competing more 

strongly than ICBlp. This suggests the abi lity of NF-Y bound at either of the ICB 

elements to recruit Spl and Sp3. The topoisomerase Ila ICBl (ICBla) competitor 

(lanes 12-15) had the ability to weakly compete with all three proteins, suggesting the 

abi lity of NF-Y bound at ICBla to recruit Spl and Sp3. The mutated ICBla 

competitor was unable to compete for any of the bands observed (lanes 17-20). 
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Competitors wtICBl~ wtICB2~ wtICBla mtICBla 

--==========7 --==========7 --==========7 --==========7 
Lanes 1 2 3 4 5 6 7 8 9 10 1J. 12 13 14 15 16 17 18 19 20 

Spl• 
NF-Y• 
Sp3• 

Free 
probe 

wtGC/wtICB2 probe 

Figure 4.7: Competitor Assays with wtGC/wtJCB2 probe. 

(ICB single element competitors) 

Increasing amounts (0, 5, 50 and 100 ng DNA) of double-stranded competitor were added to 

1.0 µL of wtGC/wtICB2 probe with 2 µL of HeLa extract (3.80 pg protein/~tL). 10 ~LL of 

each binding reaction was loaded onto a 4% polyacrylamide gel in 0.25 x TBE, and 

electrophoresis was carried out for approximately one hour at 200 V. The gel was dried onto 

DE-81 paper and exposed to X-ray film for approximately 18 hours at -70°C. 

Lanes 1, 6, 11 and 16 are controls containing probe only. Lanes 2, 7, 12 and 17 are controls 

containing extract, but without competitor. Specific interactions are labelled, with the 

remaining bands representing non-specific interactions. Arrows indicate the bands that 

identify specific protein(s) in the DNA-protein complexes. This figure is representative of 

duplicate experiments. The red circle indicates a putative ICB2/NF-Y/Spl or Sp3 complex, 

this multi-protein complex is also visible in lanes 2-3 , 7-8 , 13-14 and 18-19. 
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Competitors wtGC~ 

Lanes 1 

Free 
probe 

------==-==-=== 2 3 4 5 6 

wtGCla wtGC2a mtGC2a 

11 12 13 14 15 16 17 18 19 20 

wtGC/wtICB2 probe 

Figure 4.8: Competitor Assays with wtGC/wtICB2 probe 

(GC single element competitors). 

Increasing amounts (0 , 5, 50 and I 00 ng DNA) of double-stranded competitor were added to 

1.0 µL of wtGC/wtJCB probe with 2 ~LL of He La extract (3 . 10 ~tg protei n/~tL). IO ~LL of each 

binding reaction was loaded onto a 4% polyacrylamide gel in 0.25 x TBE, and electrophoresis 

was carried out for approximately one hour at 200 V. The gel was dried onto DE-8 1 paper 

and exposed to X-ray film for approximately 18 hours at -70°C. 

Lanes I, 6 , 11 and 16 are controls containing probe only. Lanes 2, 7, 12 and 17 are controls 

containing extract, but without competitor. Specific interactions are labelled, with the 

remaining bands representing non-specific interactions. Arrows indicate the bands that 

identify specific protein(s) in the DNA-protein complexes. This figure is representative of 

duplicate experiments. 

In figure 4.8 topoisomerase II~ GC element (GC~) competitor (lanes 2-5) was able to 

compete for two of the three bands observed, representing Sp I and Sp3 , while no 

significant competition was seen for NF-Y. The topoisomerase Ila GCI element 

(GC I a) competitor (lanes 7-10) could not compete for any of the three bound 
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proteins, while the topoisomerase Ila GC2 element (GC2a) competitor (lanes 12-15) 

was able to strongly compete for both Spl and Sp3, but not NF-Y. This suggests that 

the proteins bind with a higher affinity to the single element GC2a, than the wild type 

double element, and bind with the lowest affinity to the GCla single element. The 

GC2a mutant competitor could not compete for any of the bands observed (lanes 17-

20). 

The collective results of EMSAs thus far (figures 4.6-4.8) indicate that NF-Y 

preferentially binds the ICB elements independently of Sp 1 and/or Sp3 bound at GC, 

and vice versa. However, an introduced mutation within either the ICB2 or GC 

element in a GC/ICB2 double element competitor weakens the competition for 

proteins bound at a double element probe. In addition, the single element competitors 

exhibited the weakest competition for proteins bound at the double element probes. 

This suggests that although Sp 1 and/or Sp3 are able to bind GC independently of NF

y bound at ICB2, the protein(s) display a lower binding affinity for the GC element in 

the absence of the intact ICB2 element, and vice versa. These findings taken with the 

ability of ICB 1 and ICB2 to compete for Sp 1 and Sp3 bound at GC, suggest an 

interaction between the GC and ICB elements. 

A series of EMSA experiments using wtGC/mtICB2 and mtGC/wtICB2 probes and 

homologous and heterologous competitors supported the conclusion that NF-Y 

preferentially binds ICB2 independently of Sp 1 and/or Sp3 bound at GC. This was 

shown by the ability of the protein complex consisting of NF-Y to bind ICB2 in the 

absence of an intact GC element, as previously shown in figure 4.6, lanes 7-10 and 

using single element ICB competitors in figure 4. 7. Support was also provided for the 

conclusion that Sp 1 and Sp3 appear to preferentially bind GC independently of NF-Y 

bound at ICB2. This was shown by the ability of Spl and Sp3 to bind GC in the 

absence of an intact ICB2 element, as previously shown in figure 4.6, lanes 12-15 and 

using single element GC competitors in figure 4.8. In addition, it was found that NF

y was unable to bind in the absence of an intact ICB2 element, however Sp 1 and Sp3 

were able to bind in the absence of an intact GC element. The differences in binding 

affinities previously observed (figures 4.6-4.8) in the presence of GC and ICB2, or 

only a single element, was also supported using the double element probe containing a 
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mutated element with the double or single element competitors. These data suggest an 

interaction occurs between NF-Y bound at ICB2 and Sp 1 and/or Sp3 bound at GC. 

4.2.6.2 Competitor Assays with single element probes. 

A final set of competitor assays was carried out using single element oligonucleotide 

probes that consisted of the topoisomerase II~ GC, ICB 1 or ICB2 element. This 

experiment was designed to further investigate the specificity of protein binding 

interactions and the importance of flanking sequences, by also using single element 

competitors. The ICB 1 element was labelled to examine binding interactions 

occuITing at this element, and to provide a comparison with the observed binding 

specificity for the ICB2 element. Figures 4.9 to 4.11 show the results of these 

experiments using ICB and GC competitors from both the topoisomerase np and 

topoisomerase Ila promoters. 

If the flanking sequences between the GC and ICB2 elements are playing a role in 

protein binding, then that protein would be expected to be unable to bind or to bind 

less effectively to the shorter oligonucleotide probe, than the longer oligonucleotide 

probe. If the formation of a complex at a particular element is dependent upon an 

association with proteins bound at a second element, then these interactions will be 

absent from the labelled single element probe. Also, if synergism occurs between the 

GC and ICB2 elements, a single element competitor should be a more effective 

competitor of proteins bound at a single element oligonucleotide. 

In figures 4.9-11, lanes 1, 5, 10 and 15 are controls containing probe only. As 

previously described, two protein-DNA complexes were observed with the GC single 

element probe (figure 4.9), which represent Sp 1 and Sp3 proteins, along with 

additional bands attributed to non-specific binding interactions. The GCP competitor 

(lanes 2-5), GCla competitor (data not shown) and the GC2a competitor (lanes 12-

15) all exhibited the ability to strongly compete for both Sp 1 and Sp3, showing a 

similar binding affinity for the same element from the two different isoforms. The 

ICB2P competitor (lanes 7-10) and ICBlP competitor (data not shown) were able to 

weakly compete for both Spl and Sp3, supporting the ability of NF-Y bound at ICB 
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to recruit Spl and Sp3. The ICBa competitor (data not shown), and the GC2a mutant 

competitor (lanes 17-20) were unable to compete for either of the bands observed. 

Competitors wtGC(3 wtICB2(3 wtGC2a. mtGC2a. 

-==-====-====i --=:::::::::::: --=:::::::::::: --=:::::::::::: 
Lanes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Spl• 

Sp3• 

Free 
probe 

wtGC probe 

Figure 4.9: Competitor Assays with wtGC probe. 

Increasing amounts (0, 5, 50 and I 00 ng DNA) of double-stranded competitor were added to 

0.5 ~LL of wtGC probe with 2 ~LL of HeLa extract (3 .10 µg protein/~LL). IO µL of each binding 

reaction was loaded onto a 4% polyacrylamide gel in 0.25 x TBE, and electrophoresis was 

carried out for approximately one hour at 200 V. The gel was dried onto DE-81 paper and 

exposed to X-ray film for approximate! y 18 hours at -70°C. 

Lanes I , 6, 11 and 16 are controls containing probe only. Lanes 2, 7, 12 and 17 are controls 

containing extract, but without competitor. Specific interactions are labelled, with the 

remaining bands representing non-specific interactions. Arrows indicate the bands that 

identify specific protein(s) in the DNA-protein complexes. This figure is representative of 

duplicate experiments. 
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In figure 4.10, two protein-DNA complexes are observed with the ICB 1 p single 

element probe, the second representing NF-Y. Although the complex represented by 

band l was not positively identified by an antibody supershift, the position of the 

band, along with the previously exhibited ability of ICB l to recruit Sp 1, suggest that 

this protein complex could contain Sp 1. The ICB 1 p competitor ( data not shown) and 

ICB2P competitor (lanes 12-15) were both able to strongly compete for binding of 

NF-Y and the putative Spl complex. ICBla competitor (lanes 17-20) showed the 

ability to compete weakly for NF-Y and Spl , suggesting a lower affinity for NF-Y 

binding at the topoisomerase Ila ICB 1 element. Unexpectedly, GC2a competitor 

(lanes 2-5) exhibited a moderate ability to compete for NF-Y bound at the ICB 1 p 

probe, along with the ability to compete strongly for Sp!. This could suggest a 

relatively weak interaction between NF-Y and the ICB 1 p element, which is easily 

disrupted by Spl bound at GC2a. GCl a competitor (data not shown), GCP 

competitor (lanes 7-10) and GC2a mutant were each unable to compete for either of 

the bands observed. 

[n the final figure 4.11 , the two protein-DNA complexes are observed with the ICB2P 

single element probe, which represent the NF-Y protein and the Sp 1 protein , however 

the Sp3 complex is not visible. The ICB Ip (lanes 2-5) and ICB2P competitors (lanes 

7-10), were both able to compete strongly for binding of NF-Y and Spl. The ICBl a 

competitor (lanes 12-15) showed the ability to compete weakly for NF-Y and Spl , 

and therefore suggesting a higher affinity for NF-Y binding at both topoisomerase IIP 

ICB elements, than the topoisomerase lla ICB 1 element. The GC2a competitor 

(lanes 17-20) exhibited a moderate ability to compete for NF-Y and Sp 1 bound at the 

ICB2P probe, which suggests that NF-Y has a strong binding affinity for Sp 1 bound 

at this GCa element. GCP competitor, GCla competitor, and GC2a mutant (data not 

shown) were each unable to compete for either of the bands observed. 

Together the results of figures 4.9, 4.10 and 4.11 , show a stronger competition of the 

single element competitor for proteins bound at the single element probe than 

previously seen with the double element probes. This suggests a lower protein binding 

affinity at the single element probe, indicating the importance of flanking sequence 

for strong protein-DNA interactions. 
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Competitors wtGCa wtGCl3 

.c::::::::::::1 ~ 
Lanes 1 2 3 4 s 6 7 8 9 10 

wtICB213 wICBla 

~ ~ 
11 12 13 14 15 16 17 18 19 20 

~ Spl • 
~ NF-Y• 

Free 
probe 

wtICBl probe 

Figure 4. 10: Competitor Assays with wtICBl probe. 

increasing amounts (0, 5, 50 and I 00 ng DNA) of double-stranded competitor were added to 

0.5 µL of wtICB I probe with 2 µL of HeLa extract (3.10 µg protein/µL) . IO ~tL of each 

binding reaction was loaded onto a 4% polyacrylamide gel in 0.25 x TBE, and electrophoresis 

was carried out for approximately one hour at 200 V. The gel was dried onto DE-8 1 paper 

and exposed to X-ray film for approximately I 8 hours at -70°C. 

Lanes I, 6, 11 and 16 are controls containing probe only. Lanes 2, 7, 12 and 17 are controls 

containing extract, but without competitor. Specific interactions are labelled, with the 

remaining bands representing non-specific interactions. Arrows indicate the bands that 

identify specific protein(s) in the DNA-protein complexes. This figure is representative of 

duplicate experiments. 
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Competitor wtICB10 

Lanes 1 

Spl• 
NF-Y• 

Free 
probe 

~ 
2 3 4 5 

wtICB20 wtICBla wtGC2a 

~ ~ ~ 
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

wtICB2 probe 

Figure 4.11 : Competitor Assays with wtlCB2 probe. 

Increasing amounts (0, 5, 50 and I 00 ng DNA) of double-stranded competitor were added to 

0.5 µL of wt!CB2 probe with 2 µL of HeLa extract (2 .64 ~Lg protein/~LL) . IO ~LL of each 

binding reaction was loaded onto a 4% polyacrylamide gel in 0.25 x TBE, and electrophoresis 

was carried out for approximately one hour at 200 V. The gel was dried onto DE-8 1 paper 

and exposed to X-ray fi lm fo r approximately 18 hours at -70°C. 

Lanes I, 6, 11 and 16 are controls containing probe only. Lanes 2, 7, 12 and 17 are controls 

containing extract, but without competitor. Specific interactions are labelled, with the 

remaining bands representing non-specific interactions. Arrows indicate the bands that 

identify specific protein(s) in the DNA-prote in complexes. This figure is representative of 

duplicate experiments. 
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Overall the results suggest that three proteins can associate with the wtGC/wtICB2 

promoter sequence of topoisomerase np. Band 1 contains Sp 1, and this protein does 

not appear to bind with high sequence specificity, as the band is still present when the 

probe contains a mutated GC sequence ( figure 4.4, lanes 10-12), and when a single 

ICB element probe was used ( figures 4.10 and 4.11 ). This suggests that Sp 1 is still 

able to bind in the absence of an intact GC element. The same result was seen for 

band 3, which contains Sp3 and also binds to the GC region (figure 4.4, lanes 10-12). 

Band 2 contains an NF-Y protein complex, which binds to the ICBl and ICB2 

elements of the oligonucleotide with high sequence specificity, as this band is not 

observed when the probe contains a mutated ICB2 sequence (figure 4.4, lanes 6-8). 

NF-Y appears to bind the ICB elements with different affinities in the order 

ICB2P>ICB l P>>ICB 1 a, which suggests a more important role for ICB2 in the 

protein interactions occurring at the topoisomerase IIP promoter, than for the ICB l 

element, or for ICB I in the topoisomerase Ila promoter. 

Topoisomerase lip GC and ICB2 promoter elements have been shown to associate 

with different proteins, however it appears that the !CB elements have the ability to 

recruit Sp 1 and Sp3 (figure 4.4, lanes 10-12; figure 4.5, lanes 13 and 14; figure 4.10, 

lanes 2, 7, 12 and 17). In support of this idea, the single elements ICB 1/2 had the 

ability to recruit NF-Y and at the same time decrease the binding affinities of Sp l and 

Sp3 (figure 4.7, lanes 2-5 and 7-10). Therefore, it is likely that Spl and Sp3 are 

recruited to ICB2 via a putative interaction between NF-Y bound at ICB2 and 

Spl/Sp3 (figure 4.6, lanes 7-10), and the same appears to be true for lCBl (figure 

4.11, lanes 2-5). However, Spl and Sp3 bound to GC do not appear to recruit NF-Y 

(figure 4.6, lanes 12-15 and figure 4.8, lanes 2-5). This suggests that the binding of 

NF-Y to ICB 1 /2 could occur first, allowing the subsequent recruitment of Sp 1/Sp3 to 

the complex. Also, the single element competitor assays to investigate sequence 

specificity suggested that binding affinities of associating proteins were highest with 

the double element probe, in particular the wild type, and weakest with the single 

element alone (figures 4.7 and 4.8). This suggests that NF-Y, Spl and Sp3 

preferentially bind to the longer GC/ICB2 sequence. 
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The observed patterns of protein binding suggest that the ICB2 sequence is not 

essential for Sp 1 or Sp3 to bind, and the GC sequence is not required for NF-Y to 

bind. However, the interaction between GC and Sp 1 and/or Sp3 is enhanced by an 

intact ICB2 element, as is the interaction between ICB2 and NF-Y in the presence of 

GC. This appears to suggest that the identified protein interactions at the GC and 

ICB2 elements are more stable when all proteins are able to bind. In particular, NF-Y 

bound at ICB2 appears to be essential to maintain strong interactions between GC and 

Spl and/or Sp3. Therefore, it appears that NF-Y bound at ICB2 may be involved in 

recruiting Sp l and Sp3 to GC, and this could occur via a direct protein-protein 

interaction. Both proteins are known to contain Q-rich domains, which have been 

implicated in the mediation of protein-protein interactions (Roder et al, 1997). 

Therefore, the recruitment of Sp 1 and Sp3 to the ICB2 element could occur via a 

putative interaction between NF-Y and Sp l/Sp3. 

A direct interaction occurring between NF-Y and Sp 1 or Sp3 should result in the 

formation of an additional lower mobility complex consisting of the two proteins 

bound to DNA. A complex of this description is in fact present with EMSA 

experiments using the wild type double element probe (figure 4.7, enclosed in red 

circle). The removal of NF-Y, Spl and Sp3 by the addition of competitors 

consequently resulted in the removal of this putative DNA/NF-Y/Spl or Sp3 complex 

(figure 4.7, lanes 4, 5, 9, 10, 15 and 20). The same complex was observed with other 

EMSAs (data not shown), and an absence from others could be due to the clarity of 

the gel photo, or disruption of the complex during electrophoresis. The presence of 

the lower mobility band correlated with a higher protein concentration (3.8 µg/~tL and 

4.12 µg/µL) and the second buffer. 
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4.3 Chapter summary. 

Three distinct protein complexes were shown to form with a length of DNA sequence 

encompassing both the GC and ICB2 elements of the topoisomerase IIP promoter, 

and antibody supershifts allowed the positive identification of transcription factors 

Sp 1, Sp3 and NF-Y within these complexes. 

Sp I and Sp3 appear to preferentially bind to GC. NF-Y was shown to bind to ICB 1 

and ICB2 exhibiting strong sequence specificity. The presence of NF-Y at ICB 1 /2 

may allow Sp l to be recruited to GC or to a GC element containing a mutation. The 

presence of an intact GC and ICB2 element facilitates a strong interaction between 

Sp 1 and NF-Y, respectively, bound at these elements. A fourth complex may also 

form at the GC/ICB2 elements consisting of NF-Y/Sp 1/Sp3, where NF-Y binds first 

and enables binding of the other transcription factors. 

The binding of Sp3 to the GC box was highly variable, such that no definite 

conclusions could be made about the functional significance of this protein. 

The functional significance of NF-Y, Spl and Sp3 binding to ICBl, ICB2 and GC 

elements in topoisomerase np expression was addressed by carrying out transient 

transfection experiments using reporter gene assays, as described in chapter 5. 

104 



Chapter Five: Transient Transfections. 

5.1 Introduction. 

Transfection is a commonly used technique to transfer an altered gene or DNA of 

interest into mammalian cells, in order to study gene regulation within the intact 

cellular environment. 

Stable transfections involve the integration of transfected DNA into the chromosomal 

DNA. In contrast, transient transfections do not involve DNA integration, but rather 

the introduced DNA persists in the nucleus for several days before being degraded. 

Within the cell a plasmid carrying a cloned promoter is subject to many of the 

regulatory mechanisms that control the expression of endogenous genes. Assays to 

detect reporter gene activity are performed on cell extracts 12-72 hours after 

transfection, before degradation of the introduced DNA occurs. The level of transient 

expression of the reporter gene within the transfected cells is dependent on the 

number of cells that take up the vector and the efficiency of expression within each 

cell. Four techniques are commonly used to perform transfections: lipofection, 

calcium phosphate precipitation, electroporation and DEAE-dextran-mediated

transfections. 

Both the calcium phosphate and DEAE-dextran-induced transfections, utilise a 

chemical environment for the DNA and the subsequent endocytotic uptake by 

unknown mechanisms. For electroporation, cells in a solution containing DNA are 

subjected to a high voltage pulse that causes the opening of transient pores in their 

membranes. DNA can then enter through the holes directly into the cytoplasm without 

the aid of endocytotic vesicles, which can sometimes damage the DNA. DNA can also 

be incorporated into artificial lipid vesicles (liposomes) which fuse with the cell 

membrane, re leasing their contents d irectly into the cytoplasm. Lipids are small , 

positively charged and unilamellar (single bilayer) vesicles, which spontaneously 

form cationic-DNA complexes, when mixed with DNA in solution. In this way 

lipofection enhances the DNA-cell surface interactions, as does the calcium phosphate 

and DEAE-dextran-induced methods. Liposome-mediated transfection was used in 

this study as it has a higher efficiency and greater reproducibility than the other 
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methods, while only requiring a small amount of DNA to obtain high transfection 

efficiency. 

One commonly used reporter is the firefly luciferase (Photinus pyralis) gene, which 

provides a quick sensitive assay and requires neither radioactivity nor specific 

antibodies, as do other reporters. The sensitivity of the luciferase reporter gene allows 

weak promoters and poorly transfecting cells to be investigated (Ausubel et al., 1991 ). 

Smaller amounts of plasmid can also be successfully used (Alam and Cook, 1990), 

which avoids inconsistancies which can arise from the use of large amounts of 

plasmid, such as competition between a control plasmid and the promoter construct 

under investigation, for limited amounts of transcription factors. 

The minimal promoter (-569 hp upstream of 5 '-transcriptional start site) for 

topoisomerase up expression had already been defined and previously cloned into a 

pGL3Basic luciferase vector (Lok et al., 2002). These authors also successfully 

monitored the transient expression of luciferase under the control of the 

topoisomerase IIP promoter (pG L3 B-l067 topoisomerase IIP) in He La cells, therefore 

a similar approach was used in this study. An additional 290 hp (-1357 bp) upstream 

of the 5' -transcriptional start site was cloned, and the functional significance of this 

region of the topoisomerase IIP promoter was investigated in vivo using functional 

assays. 

To identify important regulatory elements within the cloned region of the 

topoisomerase IIP promoter, the effect of 5 '-serial and internal deletions on the ability 

of topoisomerase np promoter to drive luciferase expression, was also investigated in 

vivo. The significance of several regulatory elements in the topoisomerase IIP 
promoter and the functional relevance of putative transcription factors that bind them 

were investigated using constructs containing mutations in either ICB 1 or ICB2 (refer 

to figure 1.2, chapter 1) in functional assays. The ability of the 180 bp region (-654 to 

-474) containing the putative ICB 1, ICB2 and GC elements to drive expression of a 

SV 40 promoter ( without the surrounding sequence) was also investigated using the 

pGL3BP-180 construct in functional assays. 
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5.1.1 Luciferase Assay. 

The Promega luciferase assay system was chosen as a reporter in this research, as it 

provides several advantages over other available reporter gene systems. The 

pGL3Basic reporter vector contains a modified firefly luciferase cDNA and a 

redesigned vector backbone, which increase luciferase expression and improve in vivo 

vector stability. Luciferase assays are rapid and sensitive, with the reaction catalysed 

by the firefly luciferase protein synthesised in the transfected cultured cells. The 

firefly luciferase protein when supplied with substrate can emit light (562 nm), in the 

presence of ATP: 

Mg2+ 

Luciferin + ATP + 0 2 Oxyluciferin + AMP + PPi + CO2 + light 

Luciferase 

The light emitted can be detected as a direct measurement of the amount of luciferase 

activity, which reflects the activity of the promoter region inserted in front of the 

luciferase reporter gene. The Promega luciferase assay system produces a greater 

enzymatic turnover of the luciferase, resulting in an increased light intensity. The 

sensitivity of the system theoretically allows the detection of less than 10-20 mole of 

luciferase (Promega Technical Manual). 

Light emittence was measured using a FLUOstar galaxy (BMG labtechnologies, 

Germany) detection system. Light emitted is measured by detecting photons released 

and relaying the actual photon counts through ExcelTM (Microsoft Office, 97) for 

analysis. A photon count was taken every second over three minutes, following 

injection of the luciferase reagent. Generally, the addition of luci ferase to substrate 

first results in a flash of light proportional to the quantity of enzyme present, followed 

by a rapid decay which gives an extended period of low-intensity light emission. For 

this reason, the maximum luciferase reading recorded was used for subsequent 

calculations. 

5.1.2 13-Galactosidase assays. 

All transient transfections included the co-transfection of a vector expressing bacterial 

P-Galactosidase, pCMVSPORT-P-Gal (Invitrogen), along with the luciferase reporter 

vectors. P-Galactosidase provides an internal standard by which luciferase activity can 
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be normalised for variations m cell number, extract preparation and transfection 

efficiency (Alam and Cook, 1990). pCMVSPORT-P-Gal vector is driven by the 

human cytomegalovirus (CMV) promoter and was chosen as it lacks binding sites for 

putative transcription factors involved in the regulation of the topoisomerase np 
promoter. This is important for comparison of transcriptional regulation between 

different promoter constructs, to avoid expression being influenced by endogenous 

transcription factors interacting with the control vector. 

P-Galactosidase catalyses the hydrolysis of various P-Galactosides, such as lactose, 

and also the catalysis of synthetic substrate, ONPG (o-nitrophenyl-P-D

galactopyranoside). Hydrolysis of ONPG produces a visible yellow product, o

nitrophenol, which can be measured at 405 nm. 

Reaction catalysed by ,6-Galactosidase: 

P-Galactosidase 

0-Nitrophenyl-P-Galactoside + H20 o-Nitrophenol + Galactose 

The exogenous amounts of P-Galactosidase present in the transfected cells were 

determined by measuring the amount of ONPG hydrolysis. Cell extracts were assayed 

for both luciferase and P-Galactosidase activity, allowing the normalisation of 

luci ferase values. To limit the effect of endogenous P-Galactosidase the assays were 

performed at pH 8, a pH which is suboptimal for endogenous P-Galactosidase while 

having minimal effect on bacterial P-Galactosidase produced from the transfected 

plasmid (Bronstein et al., 1994). 

5.1.3 Analysis of Data. 

Variability of luciferase assays can be the result of differential degradation due to 

rapid decay of the luciferase enzyme, which has a half-life of only approximately 3 

hours in transfected mammalian cells (Thompson et al. , 1991 ). For this reason each 

transfection was carried out in triplicate and repeated at least three times to increase 

accuracy. HeLa cells were cotransfected with appropriate vectors as described in 

section 2.2.21. Luciferase and P-Galactosidase assays were performed on all cell 

extracts, as described in sections 2.2.23 and 2.2.24. Luciferase and P-Galactosidase 
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activities were corrected by subtracting the value of an appropriate blank sample, to 

correct for any background signals. Luciferase activities were normalised against 13-

Galactosidase activities by dividing the luci ferase value by the P-Galactosidase value 

for each cell extract. 

Normalised luciferase activity= Luc activity/ 13-Gal activity 

Figure 5.1: Normalisation of luciferase activity. 

Luciferase activities were normalised against 13-Gal activities as an internal control to 

correct for any variations in expression within the HeLa cells. 

Constructs Maximum Corrected 13-Gal Corrected Luc/!3-Gal Average Luciferase 
va lues !3-Gal ratio Luc/!3-Gal activity 

luciferase maximum 
va lues ratio relative to 

Values luciferase 
values 

wt % 

wt-1357 
7735 7693 0.763 0.691 11133.14 

7698 7656 0.760 0.688 11127.91 11221.74 100 

7717 7675 0.745 0.673 11404.16 

Blank 42 - 0.072 - - - -

wt-1249 51383 51316 0.872 0.800 64145.00 

44288 44221 0.801 0.729 60659.81 61879.16 439 

45 144 45077 0.8 13 0.741 60832.66 

Blank 67 - 0.072 - - - -

Table 5.1: Calculations involved in analysis of one triplicate set of HeLa cell extracts. 

Representative results from a transient transfection experiment. For each construct, 

transfections were carried out in triplicate and analysed as shown above, and each 

triplicate set of transfections was repeated in at least three independent experiments. 
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To enable comparison between independent experiments, the results were expressed 

relative to the pGL3Basic topoisomerase np -1357wt (pGL3B-TII,8-1357wt) vector in 

each experiment, with the wild type activity arbitrarily set at 100%. The normalised 

luciferase activities for all constructs were expressed as a percentage of the wild type 

by dividing by the average normalised pGL3 B-TIIP-1357wt luciferase values. In this 

way any deviation from the wild type activity was shown as an increase or decrease 

relative to wild type. In all cases the average of no less than three normalised 

luciferase activities from independent transfections were used. 

A certain amount of experimental error is unavoidable and for this reason the average 

deviation was calculated between triplicates samples, and between independent 

experiments. The average deviation is a measure of the variability within a small data 

set and is calculated using the following formula: 

_nl "'1 LJ X-x 

Where n = the number of observations 

X = the individual observation 

x = the average/mean 

Figure 5.2: Formula used to calculate the average deviation from the mean. 

The calculations for the average deviation were performed using Excel (97 , Microsoft); 

this function returns the average of the absolute deviations of data points from their 

mean, and therefore shows fluctuations between data sets. 

Example average deviation calculation: 

((11133.14 - 11221.74) + (11127.91 - 11221.74) + (11404.16 - 11221.74)) X (l/3) = 

121.62 luciferase units 

Percentage error calculation: (A VEDEV /AVE) x l 00 

(121.62 + 11221.74) x 100 = 1.08% error within wt triplicates. 

The statistical significance of observed differences between two data sets was 

determined using the statistical t-test. The t-test overcomes problems commonly 

encountered when comparisons are being made between small data sets by calculating 
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at-distribution, rather than a normal distribution, which is more appropriate for larger 

data sets. 

t = Meangrp 1 - Meangrp2 

[ 

I I J s2 + 

n grp I ngrp2 

Where the pooled variance (s2
) is estimated by: 

2 2 (ngrpl -1) s grpl + (ngrp2 - 1) s grp2 

Ngrpl + ngrp2 - 2 

Where n = number of data points within a population 
S2 = variance of a population 

Figure 5.3: Formula for 2-sample t-test assuming equal variances. 

This type oft-test is used to determine whether 2 samples are likely to have come from 

the same two underlying populations that have the same mean, and was carried out 

using Excel (97, Microsoft). 

The t-test generates a p-value (the probability associated with the t-test), which 

provides evidence of differences between data sets. If the p-value generated is greater 

than 0.1 there is at least a 10% chance that the two samples share the same mean, 

which is observed for similar data sets. When data sets exhibit larger variations and a 

p-value less than 0.05 is generated, the data sets are statistically significantly different, 

having a less than 5% chance of being similar. 
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p-value Evidence for significant difference Difference 
between two samples 

p > 0.10 No evidence No 
0.05 < p ~ 0.10 Slight evidence No 
0.01 < p ~ 0.05 Moderate evidence Yes* 

0 .001 < p ~ 0.01 Strong evidence Yes* * 
p ~ 0.001 Very strong evidence Yes*** 

Table 5.2: Strength of evidence provided by the p-values. 

The probability associated with the t-test is represented by the p-value, which provides 

varying degrees of evidence for an observed variation. 

5.2 Transient transfections using HeLa cells. 

Transfections were carried out as described in section 2.2.21, using the lipofection 

agent FuGENE™6 (Roche) . FuGENETM6 is a unique blend of lipids and additional 

components which allow high efficiency transfections (Technical manual , Promega). 

Optimal performance of FuGENETM6 requires cells to be between 50-80% confluent 

at the time of transfection. The transient repo1ter gene activity is detected 12-72 hours 

after transfection for the rapid testing of putative regulatory sequences. 

The optimal amount of vector for successful and reproducible transfections was first 

established and then used for subsequent transfection of HeLa cells with the various 

reporter gene constmcts. 

5.2.1 Dosage dependent expression of pGL38-TII~-1357wt. 

HeLa cells were transfected with varying amounts of the pGL3B-TIIP-1357wt vector 

in order to establish the amount of vector to be used for further experiments (Figure 

5.4). As a maximum of 4 µg of DNA is recommended for optimal transfections, a 

range of 1.5-2.5 µg of plasmid DNA was tested, and proved to be sufficient for 

successful and reproducible transfections. To minimise cost, without effecting 

experimental efficiency, 1.0 µg was chosen as an optimal amount of total DNA 

(pGL3B-TIIP-1357wt vector + control vectors). 
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Figure 5.4: Dosage dependent expression of pGL3B-TII,B-1357wt. 

HeLa cells were transiently transfected with a range of 0.25-2 µg pGL38-TII[3- l 357wt 

vector plus pGL3Basic control vector up to a total of 2 µg , and including 0.5 µg 

pCMVSPORT-[3-Gal control vector. The normalised luciferase values represent the 

ratio of luciferase activity to [3-Galactosidase activity, as described earlier. The values 

presented are the average of three independent experiments (see Appendix 5, 

experiments 1-3) catTied out in triplicate. The normalised luciferase activity of 0.5 µg 

pGL3B-TII,6-1357wt was chosen as 100% and used to calculate relative values for all 

other activities. 

5.2.2 Expression of topoisomerase IIP promoter deletion constructs in HeLa cells. 

HeLa cells were transfected when they were approximately 70-80% confluent and 

harvested 40-46 hours after transfection as described in section 2.2.22. Luciferase and 

P-Galactosidase activities were determined immediately after harvesting the cell 

extracts (sections 2.2.23 and 2.2.24, respectively); figure 5.5 illustrates the results of 

these transfections. 

113 



~ 
'.O 

Fffect of deletions on topoisomerase 11~ promoter acthity 

600.0 ---------------------------~ 
*** 

·;:: 500.0 

~~ 
~ ~ 400.0 

*** 

~ ~ ** 
I- 0 

~ -: 300.0 
~ .t 
~ i 200.0 
-~ 1-

~ 100.0 
*** *** *** 1,. 

0 z 0.0 +-__ _.__.___ .__,.__,___.__,___ ....__....__,.........___._ _ _,___.__,---,.____, _ ___ .,......... _ _ _._..~ 

. C, 
:P~ 

.;:? 
~0 

Construct 
Tested 

pGL3Basic 
wt-1357 
-1228 
-1066 
-901 
-654 
-456 
-1357fD 
-I 228ID 
-1066ID 
-901 ID 

:?'\ 
,'? 

~~ 

n.,'b 
~'"\, 

bb 
~~ 

Ri' 5'i 
:-:,b< 

,b 
:?b 

,b< 

Constructs 

ormalised luciferase 
activities relative to wt% 

-0 .1±0.3% 
100% 

373.1 ±45.1 % 
475.4±50.7% 
264.6±42.6% 
102.9± 17.2% 
54.9±17.9% 
60.3±24.7% 
5.34±3.0% 

2.0±0.9% 
20.5± 16.0% 

0-~ 
>-:,> 

'it,'<:) 
~'V 

p-values 

0.00001 
0.0007 
0.001 
0.25 
0.04 
0.06 
8.7x 10-12 

1.55x I 0·3 

l .35xl o-s 

'6-Q -:-...~ 
~~ s:i~ ;-; 

Significant 
Difference 

Yes*** 
Yes*** 
Yes** 
No 
Yes* 
No 
Yes*** 
Yes*** 
Yes*** 

Figure 5.5: The effect of deletions on topoisomerase 1113 promoter activity. 

Changes in reporter gene expression were observed with the different 5' -serial and 

internal deletions in comparison to the pGL3B-TIIl3-l 357wt expression. HeLa cells 

were transfected with 0.5 µg each of a pGL3Basic deletion construct and 

pCMVSPORT-!3-Gal plasmid DNA and harvested 42 hours later. The normalised 

luciferase activities are shown relative to wild type activity, with each construct tested 

in a minimum of three experiments out of a set of six experiments, each done in 

triplicate (see Appendix 5, experiments 4-9). 

The significance of changes in expression observed, between each construct and the 

wild type, was calculated using a t-test to yield p-values as shown above. The 

interpretation of the p-values is shown as a yes or no for statistical significance, with 

the strength of evidence indicated by *s (refer to table 5.2). 
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Figure 5.5 demonstrates that expression of the reporter gene driven by topoisomerase 

II~ promoter varies depending on the amount and position of promoter sequence. A 

significant increase in promoter activity (approximately 373%) is observed with a 

deletion between -1357 and -1228, suggesting the presence of a repressor element 

within this region. A further increase (approximately 475% of wild type activity) was 

observed with the removal of an additional 238bp (-1228 to -1066), suggesting a 

second important region in the negative regulation of the topoisomerase lip promoter. 

The trend changes with the -901 construct (removing -1357 to -901), which shows a 

level of activity reduced to nearly 50% of the -1066 construct activity, while still 

showing an increase (approximately 264%) over wild type expression. This result 

suggests the presence of an activator element between -1066 and -901. From -901 to 

-654 a second large decrease in activity (approximately 62%) is observed, bringing 

the expression level back down to approximately wild type level, suggesting a second 

important region for the up-regulation of the topoisomerase IIB promoter. A 

significant decrease from wild type activity (approximately 55%) was observed with a 

further deletion of the 198 bp region (-654 to -456 ), which contains the putative ICB 

and GC elements, suggesting that this deleted region is sufficient to support 45% of 

wild type activity. 

The -l 357wt internal deletion construct (minus putative ICB l, ICB2 and GC 

elements) showed a decrease, to approximately 60% of wild type activity. This 

finding is consistent with the expression levels observed for the -456 construct, which 

also lacks the putative ICB and GC elements. The same internal deletion in the -1228 

and -1066 constmcts resulted in an almost complete loss of activity (5% and 2%, 

respectively, of wild type activity), suggesting the removal of important activator 

clements. The -9011D construct resulted in a decrease to approximately 20% of wild 

type activity, showing an unexpected difference to the previous two internal deletion 

constructs. 
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5.3 Transient transfections using MDA-MB-231 cells. 

To provide a comparison of expression levels in a different cancer cell line, the 

deletion constructs were also tested in MDA-MB-231 cells, which are human breast 

cancer cells. This allows an insight into whether variations in regulation of gene 

expression may exist within different cells. The transient transfections were carried 

out under the same conditions, and following the same protocol, as used for the 

transient transfections of He La cells. 

5.3.1 Dosage dependent expression of pGL3B-TII~-1357wt in MDA-MB-231 

cells. 

As the optimal amount of transfected DNA could vary between cell lines, the dosage 

dependent expression of pGL3B-TIIB-1357wt in MDA-MB-231 cells was also 

examined. MDA-MB-231 cells were transfected with varying amounts of the pGL3 B

TIIB-l 357wt vector, in order to establish the amount of vector to be used for further 

experiments (Figure 5.6). A range of 1.5-2.5 ~Lg of plasmid DNA was tested and 

proved to be sufficient for successful and reproducible transfections. Comparable 

results were observed, indicating no significant difference in expression between the 

two cell lines. For consistency between experiments, 1.0 ~tg was also chosen as an 

optimal amount of total DNA (pGL3B-TIIB-1357wt vector+ control vectors) for use 

in MDA-MB-231 transient transfections. 
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Figure 5.6: Dosage dependent expression of pGL3B-TII~-1357wt in MDA-MB-231 

cells. 

MDA-MB-231 cells were transiently transfected with a range of 0.25-2 µg pGL3B

TlI{3- I 357wt vector plus pGL3Basic control vector up to a total of 2 ~Lg, and including 

0.5 µg pCMVSPORT-~-Gal control vector. The normalised luciferase va lues represent 

the ratio of luciferase activity to ~-Galactosidase activity, as described earlier. The 

values presented are the average of three independent experiments (see Appendix 5, 

transfections 10-12) can-ied out in triplicate. The normalised luciferase activity of 0.5 

~Lg pGL3B-TII~-1357wt was chosen as 100% and used to calculate relative values for 

all other activities. 

5.3.2 Expression of topoisomerase II~ promoter deletions constructs in MDA

MB-231 cells. 

MDA-MB-231 cells were transfected when they were approximately 70-80% 

confluent and harvested 40-46 hours after transfection as described in section 2.2.22. 

Luciferase and ~-Galactosidase activities were determined immediately after 

harvesting the cell extracts (sections 2.2.23 and 2.2.24, respectively); figure 5.7 

illustrates the results of these transfections. 
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Figure 5.7: Effect of deletions on topoisomerase Ill3 promoter activity 
in MDA-MB-231 cells. 

Transient transfection of topoisomerase 1113 deletion constructs into MDA-MB-231 

cells resulted in the same trends in reporter gene expression as observed in HeLa cells 

(See Figure 5.5 for comparison) . MDA-MB-231 cells were transfected with 0.5 µg 

each of a pGL3Basic deletion construct and pCMVSPORT-!3-Gal plasmid DNA and 

harvested 42 hours later. The normalised luciferase activities are shown relative to wild 

type activity, with each construct tested in a minimum of three experiments, out of a set 

of 6 experiments, each done in triplicate (see Appendix 5, experiments 13-18). 

The significance of changes in expression observed, between each deletion construct 

and the wild type was calculated using a test-test, to yield p-values as shown above. 

The interpretation of the p-values is shown as a yes or no for statistical significance, 

with the strength of evidence indicated by *s (refer to table 5.2). 
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Figure 5.8: Comparing the levels of deletion construct expression between HeLa and 

MDA-MB-231 cell lines. 

Express ion levels seen in MDA-MB-23 1 cel ls are not significant ly different than those 

observed in HeLa cells, with the same overa ll trends present in both ce ll lines, 

suggesting no signi ficant di fference in regulation of express ion between the two cell 

lines. 

Overall these results demonstrate that only fo ur of the nine constructs tested produced 

a significant decrease in expression of the reporter gene, relati ve to the wild type. 

Each construct that di splayed a decrease contained a deletion, which removed the 

ICB I, ICB2 and GC elements (-654 to -456), indicating the importance of these 

elements for basal transcription. In addition , important repressor elements may be 

present within the region between -1357 and - I 066 bp, upstream of the transcription 

start site, while the region between -1066 and -654 may contain elements important 

for the up-regulation of the topoisomerase IIP promoter. 

5.4 Transient co-transf ections. 

The results obtained from EMSA, as described in chapter 4, demonstrate that ICB 1 

and ICB2 have the ability to bind Sp 1 and Sp3 , as well as NF-Y. Previous work 

showed that Sp 1 specifically binds the topoisomerase IIP GC element (Lok et al. , 
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2002). However, this study did not investigate the ability of Sp 1 to bind ICB 

elements, or whether Sp3 was also able to bind either the GC or ICB elements, in the 

topoisomerase IIf3 promoter. 

Sp 1 and Sp3 have been shown to play an important role in the transcriptional 

regulation of the topoisomerase Ila promoter, mediated through the binding of GC 1 

and GC2 elements (Kubo et al., 1995; Szremska, 2001; Magan et al., 2003). It is 

likely that Sp 1 and Sp3 are also important factors in topoisomerase Ilf3 transcriptional 

regulation. In order to investigate the roles of the transcription factors on 

topoisomerase IIB transcription in vivo, Sp 1 and Sp3 expression vectors were used in 

co-transfection experiments with the topoisomerase IIB reporter constructs. 

Co-transfection experiments involve the simultaneous introduction of the reporter 

plasmid construct along with an expression plasmid (Sp 1 or Sp3) driven by a viral 

promoter. The expression vector enables Sp 1 or Sp3 to be over-expressed in He La 

cells, where interaction with regions of the topoisomerase IIP promoter can occur, 

thereby influencing lucifcrase expression (Carey and Smale, 2000). 

5.4.1 Addition of Sp l to topoisomerase HP ICBmt promoter constructs. 

To investigate the effects of transcription factor Sp 1 on topoisomerase IIP expression 

in vivo, co-transfection experiments were carried out using an expression vector that 

allows the over-expression of Sp 1. The presence of excess Sp 1 may result in changes 

in expression, which occur due to the interaction of the transcription factor with the 

topoisomerase 1If3 promoter. In these experiments the change in expression is 

reflected by a change in relative luciferase activity driven by the topoisomerase IIP 
constructs. 

5.4.2 Sp 1 titration. 

Varying amounts of the Sp 1 expression vector were added to transient transfections in 

order to determine the optimal amount of Sp 1 plasmid to use in these experiments. As 

the mutated constructs were produced from the -654 deletion construct (minimal 

promoter region), the -654wt construct was tested along with the ICB 1 mt and ICB2rnt 

constructs. The -654wt construct has the same relative transcriptional activity as that 

120 



of the -l 357wt, but lacks the putative positive regulatory elements between -1357 and 

-654. 

Figure 5.9 illustrates that the addition of Sp 1 has varying effects on luciferase activity, 

and suggests that Sp 1 may have the ability to activate the topoisomerase II~ promoter 

in ICBmt constructs, while having no effect on -654wt construct activity. 

Expression levels of the -654wt construct did not appreciably change in response to 

the addition of increasing amounts of Sp 1, suggesting that Sp l was not capable of 

activating the topoisomerase II~ promoter within this construct. This finding could 

suggest the involvement of upstream elements in the Sp 1 mediated activation of the 

topoisomerase II~ promoter. In contrast however, the addition of Sp 1 expression 

vector to ICB 1 and ICB2 mutant constrncts resulted in an increase in luciferase 

activity (approximately 30% and 125%, respectively), with a more significant 

increase observed in ICB2mt construct activity. This result suggests that the presence 

of two ICB elements is not essential for the regulation of the topoisomerase II~ 

promoter, and that ICB I and ICB2 are probably not the target elements for Sp I -

mediated up-regulation within the promoter. The lack of Sp l mediated activation of 

the topoisomerase II~ promoter in the -654wt construct could indicate an inhibitory 

effect on Sp 1 activation in the presence of both functional ICB elements. 

In addition, a mutation in [CB 1 appears to result in an increased topoisomerase II~ 

activity, in comparison to the -654 wild type activity. A t-test to compare the two 

generated a p-value of 0.0005, which provides very strong evidence (table 5.2) for a 

significant difference between expression levels of the two constructs. This result 

indicates that ICB 1 could be playing a repressive role in regulation of topoisomerase 

II~ promoter activity. The opposite was seen with a mutation in ICB2, which resulted 

in a decrease in topoisomerase II~ activity in comparison to the -654 wild type. A 

comparison between the activities of these two constructs also indicated very strong 

evidence for a significant difference (p-value = 4. l 6x 10-7). Therefore, ICB2 appears 

to be necessary to maintain wild type topoisomerase II~ promoter strength. 
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Expression from ICBmt constructs with increasing Spl 
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Figure 5.9: Spl titrations. 
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Significant 
Difference 
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Reporter vector expression changes depending on the amount of Sp I expression vector 

added to the HeLa cells along with the deletion constructs. HeLa cells were transfected 

with 0.5 µg each of a pGL3Basic deletion construct and pCMYSPORT-~-Gal plasmid 

DNA, with varying amounts (0-1.0 µg) of Sp 1 expression plasmid, and harvested 42 

hours later. The normalised luciferase activities are shown relative to the -654wt 

construct activity, the deletion construct from which the ICBmt constructs were 

created. Each construct was tested in a minimum of three experiments, each done in 

triplicate (see Appendix 5, experiments 19-23 and 26). 

The significance of changes in expression observed, between each deletion construct 

and the wild type was calculated using a test-test, to yield p-values as shown above. 

The interpretation of the p-values is shown as a yes or no for statistical significance, 

with the strength of evidence indicated by *s (refer to table 5.2). 
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To determine whether the changes in expression observed with the addition of Sp 1 

were of statistical significance, t-tests were carried out for each construct to generate 

p-values as shown in figures 5.10. In addition, to investigate the requirement of 

elements upstream of the -654 sequence, Sp 1 was co-transfected with the -1357wt 

construct. As Sp 1-mediated activation of ICBmt promoter constructs was observed 

over a range of Sp l concentrations, with no significant deviation in error, a 

concentration of 0.5 µg of Sp l was chosen for testing the effect of Sp 1 on the 

expression from the -l 357wt construct. Figure 5.10 illustrates the result of these 

transfection experiments in relation to the data already presented in figure 5.9. 

No significant difference in luciferase activity was observed with the addition of Sp 1, 

with the exception of the ICBmt constructs, which showed only a small increase. This 

suggests that Sp I does not usually have the ability to regulate the regions of 

topoisomerase IIP promoter within these constructs. 

Comparing the p-values, with the exception of the £CB 1 mt and ICB2mt constructs, 

Sp 1 does not show any significant effect on the topoisomerase IIP promoter activity. 

For the ICB l mt construct, p-values indicate strong evidence (table 5.2) for a 

significant increase in activity with 1.0 ~tg of Sp 1, and for the 1CB2mt construct, p

values indicate slight evidence for a significant increase in activity with 0.25µg of Sp l 

and moderate evidence for a significant increase in activity with 1.0 ~tg of Spl. These 

results suggest minimal influence of Sp 1 on topoisomerase IIP transcriptional 

regulation. The ability of Sp l to influence topoisomerase IIP activity in the absence of 

two functional ICB elements, could suggest an inhibitory effect occurring in the 

presence of both elements, which affects Sp l activity. 
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Figure 5.10: Effect of Spl on topoisomerase 1113 promoter activity relative to -654wt. 

HeLa cells were transfected with 0.5 µg each of a pGL3Basic deletion construct and 

pCMVSPORT-!3-Gal plasmid DNA, and 0.5 µg of Spl expression plasmid, and 

harvested 42 hours later. The normalised luciferase activities are shown relative to the 

-654 deletion construct activity, with the exception of the - 1357wt construct. The 

results for the - l 357wt construct plus Sp l are from three experiments each done in 

triplicate (see Appendix 5, experiments 20, 22 and 23), and expressed relative to 

- l 357wt. The remaining data is the same as illustrated in figure 5.9, with the difference 

being, the p-values represent the significance of differences for each construct, with 

and without Sp 1 expression vector, rather than in relation to -654wt construct activity. 

The interpretation of the p-values is shown as a yes or no for statistical significance, 

with the strength of evidence indicated by *s (refer to table 5.2). 
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5.4.3 Addition of Sp3 to topoisomerase Ilf3 ICBmt promoter constructs. 

In chapter 4, it was shown that the transcription factor, Sp3, is able to bind GC and 

ICB elements of the topoisomerase IIP promoter. In other studies Sp3 has been shown 

to bind GC2 (Szremska, 2000) and GCl (Magan et al., 2003) elements in the 

topoisomerase Ila promoter. The latter study also used co-transfections to show the 

Sp3 transcription factor is able to affect the expression levels of the topoisomerase Hex 

promoter. Therefore, the effect of this transcription factor on the expression of 

topoisomerasc np promoter constructs was also investigated. 

5.4.4 Sp3 titration. 

HeLa cells were co-transfected with a Sp3 expression vector to determine the in vivo 

effects of the Sp3 transcription factor on topoisomerase up expression. Increasing 

amounts of Sp3 expression vector were added to transient transfection experiments 

and subsequent changes in luciferase activity were monitored. Constructs tested were 

the same as those used in previous Sp l co-transfection experiments. 

Figure 5.11 illustrates that generally the addition of Sp3 had no effect on luciferase 

activity, suggesting that Sp3 does not usually have the ability to regulate the -654wt 

topoisomerase IW, promoter construct or constructs with a mutation in either lCB l or 

ICB2. 

One exception seen was a 40% decrease in expression of the ICB2mt construct 

relative to wild type activity, with the addition of 0.5 µg Sp3, which suggests that Sp3 

is capable of down-regulating the topoisomerase IIl3 promoter in the absence of a 

functional ICB2 element. This result indicates that the ICB 1 could play a role in the 

Sp3-mediated regulation of topoisomerase IIP promoter activity, while the ICB2 

element is probably not a target element for the Sp3-mediated effect. The fact that a 

decrease was observed only with 0.5 ~tg of expression vector could be attributed to 

insufficient Sp3 with the addition of only 0.25 µg of expression vector, while the 

addition of 1.0 µg could have resulted in an inhibitory effect on Sp3 activity. 
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Figure 5.11: Sp3 titrations . 

0.92 
0.0005 
0.02 
0.001 
0.01 

4.16x 10·7 

3.52x 10·6 

l .62x 10·6 

l .09x 10·3 

Significant 
Difference 

No 
Yes*** 
Yes* 
Yes*** 
Yes** 
Yes*** 
Yes*** 
Yes*** 
Yes*** 

Reporter vector expression generally shows no change in response to varying amounts of Sp3 

expression vector added to the HeLa cells, along with the deletion constructs. HeLa cells were 

transfected with 0.5 µg each of a pGL3Basic deletion construct and pCMVSPORT-!3-Gal 

plasmid DNA, with varying amounts (0-1.0 µg) of Sp3 expression plasmid, and harvested 42 

hours later. The normalised luciferase activities are shown relative to the -654 deletion 

construct activity, the wild type construct from which the ICB mutant constructs were created. 

Each construct was tested in a minimum of three experiments, each done in triplicate (see 

Appendix 5, experiments 19, 22-26)). 

The significance of changes in expression observed, between each deletion construct and the 

wild type was calculated using a test-test, to yield p-values as shown above. The interpretation 

of the p-values is shown as a yes or no for statistical significance, with the strength of 

evidence indicated by *s (refer to table 5.2). 
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The lack of Sp3 mediated activation of the topoisomerase up promoter in the -654wt 

construct could support the idea of an inhibitory effect on Sp3 activation in the 

presence of a functional ICB2 element. Another possibility is the requirement of 

upstream elements for the Sp3-mediated down-regulation of the topoisomerase up 
promoter in the presence of ICB2. To investigate whether the presence of elements 

upstream of the -654 sequence were able to influence the effect of Sp3 on the 

topoisomerase IIP promoter, the -1357wt construct was co-transfected with the Sp3 

expression vector. As the co-transfection of ICBmt constructs with varying amounts 

of Sp3 expression vector produced no significant deviation in error, a concentration of 

0.5 µg of Sp3 was chosen for testing the effect of Sp3 on the expression from the 

-1357wt construct. Figure 5.12 illustrates the result of these transfection experiments 

in relation to the data already presented in figure 5.11 . 

To determine whether the changes in expression observed with the addition of Sp3 

were of statistical significance, t-tests were carried out for each construct to generate 

p-values as shown in figures 5.12. 

No significant difference in luciferase activity was seen with the addition of Sp3, with 

the exception of the -1357wt and [CB2mt constructs, which showed only a small 

decrease. This suggests that Sp3 does not usually have the ability to regulate the 

regions of topoisomerase np promoter within these constructs. 

Comparing p-values, moderate evidence (table 5.2) exists for a significant decrease in 

- l 357wt construct activity, however no significant change is observed in expression 

levels of the -654wt construct. For the ICB2mt construct, p-values indicate moderate 

evidence for a significant increase in activity with 0.5 µg of Sp 1 only. This result 

suggests upstream elements present in the -l 357wt construct, could be involved in a 

Sp3-mediated down-regulation of the topoisomerase up promoter, although the effect 

is minor. These findings suggest that while Sp3 does have some ability to influence on 

the topoisomerase np promoter activity, it does not appear to play a significant role in 

terms of transcriptional regulation. It also appears that upstream elements, or the 

absence of the functional ICB2 element, are necessary for the Sp3-mediated down

regulation of topoisomerase IIP expression. 
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Figure 5.12: Effect of Sp3 on topoisomerase 11[3 promoter activity 
relative to -654wt. 

HeLa cells were transfected with 0.5 µg each of a pGL3Basic deletion construct and 

pCMVSPORT-[3-Gal plasmid DNA, and 0.5 µg of Sp3 expression plasmid, and 

harvested 42 hours later. The normalised luciferase activities are shown relative to the 

- 654 deletion construct activity, with the exception of the - 1357wt construct. The 

results for the -1357wt construct plus Sp3 are from a set of three experiments each done 

in triplicate (see Appendix 5, experiments 22-24), and are expressed relative to 

-1357wt. The remaining data are the same as illustrated in figure 5.11 , with the 

difference being, the p-values represent the significance of differences for each 

construct, with and without Sp3 expression vector, rather than in relation to -654wt 

construct activity. The interpretation of the p-values is shown as a yes or no for 

statistical significance, with the strength of evidence indicated by *s (refer to table 5.2). 
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5.5 Effect of Spl and Sp3 on pGL3Basic promoter vector 
180 hp construct. 

Co-transfection experiment data displayed thus far suggests a sequence upstream of 

the 180 bp region containing the putative GC and ICB elements (-654 to -474), may 

contain essential elements for the regulation of the topoisomerase np promoter. 

To investigate the ability of this l 80bp region of the topoisomerase np promoter to 

drive expression in the absence of surrounding sequence, the pGL3Basic promoter 

vector construct was used. The pGL3Basic promoter vector contains the 

topoisomerase np 180 bp sequence upstream of the SV40 promoter (pGL3BP-TIIP-

180), which drives expression of the luciferase gene. As the SY 40 promoter contains 

multiple GC elements to which Sp3 is thought to be able to interact, co-transfection 

experiments were carried out using Sp l or Sp3 expression vectors with the pGL3BP

l 80 construct. The interaction of overexpressed Sp l or Sp3 transcription factors with 

the SV40 promoter would result in a change in luciferase activity. By comparing 

luciferase activities of the pGL3Basic promoter vector alone and the pGL3BP-TIIP

l 80 construct, any differences in activity could be determined, and therefore any 

change in expression due to the interaction of Sp l or Sp3 with the 180 bp region. 

For co-transfections to investigate the effect of the 180 bp region of topoisomerase np 
in the pGL3Basic promoter vector, varying amounts of the Sp I and Sp3 expression 

vector were added to transient transfections in order to optimise the amount of 

transcription factor present in the cells. To provide a comparison, the empty 

pGL3Basic promoter vector control was tested with 0.5 µg of Sp l and Sp3 expression 

vector, as used in previous co-transfection experiments. 
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Figure 5.13: Effect of Spl and Sp3 on pGL3Basic promoter vector 180 bp 
construct activity. 

Changes between expression patterns pGL3Basic promoter vector and pGL3BP-Tllf3-

180 construct are seen. HeLa cells were transfected with 0.5 µg each of a pGL3BP

Tllf3- 180 construct or pGL3BP empty vector and pCMVSPORT-~-Gal plasmid 

DNA, with varying amounts (0-1.0 µg) of Sp 1 or Sp3 expression plasmid, and 

harvested 42 hours later. The normalised luciferase activities are shown relative to the 

pGL3Basic promoter vector activity. The results of a set of 5 experiments each done in 

triplicate (see Appendix 5, experiments 27-31). 

The significance of changes in expression observed, between each deletion construct 

and the wild type was calculated using a test-test, to yield p-values as shown above. 

The interpretation of the p-values is shown as a yes or no for statistical significance, 

with the strength of evidence indicated by *s (refer to table 5.2). 
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Figure 5 .13 illustrates that the 180 bp region alone has a small, but significant, effect 

on expression of the SV 40 promoter, and therefore is probably not acting alone in the 

regulation of the topoisomerase IIP promoter. A decrease in luciferase expression 

(approximately 50%) is observed with the pGL3B-TIIf3-180 construct, relative to the 

pGL3Basic promoter vector alone. This result suggests a negative effect on the 

promoter activity in the presence of this region of topoisomerase II/3 promoter alone, 

possibly due to an interaction with endogenous Sp 1 and Sp3 transcription factors in 

the He La cells. Overexpression of Sp 1 or Sp3 transcription factors with the 

pGL3Basic promoter vector resulted in a 50% decrease in luciferasc activity, which 

brings the expression down to a level similar to that seen with the pGL3BP-TlI[3-l 80 

construct alone. This could suggest a down-regulation due to the effect of Sp 1 and/or 

Sp3 transcription factors on the SV 40 promoter and the 180 bp region, as similar 

results are seen with both elements in the presence of endogenous transcription factors 

or with the S V 40 alone with overexpressed transcription factors. 

With the addition of Sp 1 expression vector the expression levels of both the empty 

vector and pGL3 BP-Tllf)-180 construct were comparable, suggesting that the 180 bp 

region is not involved in an Sp 1-mcdiated effect on promoter activity. In the presence 

of Sp3 a slight increase in luciferase activity was observed from the pGL3BP-TII[3-

180 construct relative to empty vector, which could suggest an influence of the 180 bp 

region on up-regulation of expression in the presence of Sp3. As shown below, p

values generated show that all changes in expression of the pGL3 BP-Tilf)-180 

construct, with and without Spl and Sp3, and the pGL3BP with Spl and Sp3, are 

significantly different to the expression of pGL3Basic promoter vector alone. 

Figure 5.14 presents data already represented in figure 5.13, with the focus on 

comparison between the pGL3Basic promoter empty vector and the same vector 

containing the 180 bp region of the topoisomerase np promoter. t-tests were 

performed to evaluate the statistical significance of changes in expression observed 

between the two constructs, and the generated p-values are shown below. 
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Figure 5.14: Comparing the effects ofSpl and Sp3 on pGL3Basic promoter 
vector construct vs empty vector activity. 

Data is a subset of that presented in figure 5.13, displayed in this way for clarity and 

interpretation, of variations in expression of the pGL3BP, observed in the presence of 

the 180 bp region of the topoi somerase ITl3 promoter. 

P-values generated indicated strong evidence for a significant decrease in luci ferase 

expression of the pGL3BPTII/1- l 80 construct relative to the pGL3Basic promoter 

vector. No significant change in luciferase activity was observed with the addition of 

Sp 1 to empty vector or the pGL3BP-TII/1-180 construct, however moderate evidence 

exists for a significant difference between expression levels in the presence of Sp3 

transcription factor. Overall, the 180 bp region appears to act as a repressor, 

independently of Sp 1, and also to be involved in an Sp3-mediated up-regulation of 

pGL3Basic promoter vector expression levels. This suggests that while the 180 bp 

region appears to be involved in the regulation of topoisomerase IIP promoter 

expression, co-operativity with other important regulatory elements must exist. 
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5.6 Chapter summary. 

Deletions removing the ICB 1, ICB2 and GC elements (-654 to -456) resulted in a 

decrease in luciferase activity, indicating the importance of these elements for basal 

transcription. In addition, important repressor elements may be present within the 

region between -1357 and -1066 bp, upstream of the transcription start site, while the 

region between 1066 and -654 may contain elements important for the up-regulation 

of the topoisomerase up promoter. 

A mutation in ICB l has the ability to increase wild type activity, suggesting that ICB 1 

is nonnally a repressive element. In contrast the loss of ICB2 resulted in a decrease in 

wild type activity, suggesting an important role for maintaining wild type promoter 

activity. 

The presence of Sp 1 expression vector, appeared to have no significant effect on the 

luciferase activities of the topoisomerase II~ promoter constructs, with the exception 

of the ICB mt constructs, which showed an increase in luciferase activity. As Sp 1 was 

unable to influence expression of the -654 construct, the ICB elements are probably 

not the targets of Sp I-mediated regulation of the topoisomerase 11~ promoter and the 

presence of a two functional lCB elements may have an inhibitory effect. 

Addition of Sp3 with the -I 357wt construct displayed a small decrease in luciferase 

activity, while no change in expression levels of the -654 construct were seen, 

indicating the Sp3-mediated effect may require upstream regulatory elements. In the 

absence of upstream elements, a mutation in the ICB2, but not ICB 1, appears to allow 

Sp3-mediated down-regulation, although the effect is minimal. This could suggest a 

low level of Sp3-mediated regulation of the topoisomerase II~ promoter, via ICB 1. 

In general, the 180 bp region of the topoisomerase IIP promoter appears to act as a 

repressor of pGL3Basic promoter vector expression levels. However, the 180 bp 

exhibited only a limited effect, which shows that while this region appears to be 

involved in the negative regulation of topoisomerase IIP promoter expression, other 

important regulatory elements must be involved. 
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Chapter 6: Discussion and Future work. 

The regulation of topoisomerase up gene expression was investigated using a series 

of EMSAs and functional assays. Two inverted CCAAT boxes and a GC box within 

the topoisomerase up promoter, located between 486-533 bases upstream of the 

major transcription start site, have previously been shown to be responsible for about 

70% of the topoisomerase IIP promoter activity (Lok et al. , 2002). For this reason the 

three elements were the focus for EMSAs carried out in this study. Deletion 

constructs of a PCR-generated topoisomerase up 5 '-flanking sequence, and constructs 

containing specific point mutations introduced into the ICB I and ICB2 elements of 

the topoisomerase IIP promoter, were used in transient transfections to identify 

regions of importance for topoisomerase np transcriptional regulation. 

6.1 Isolation of topoisomerase up promoter sequence. 

In an attempt to increase understanding of the regulation of human topoisomerase up 
expression, a 1.5 kb region encompassing 5 ' -flanking and untranslated sequence 

(-1357 to + 122) of topoisomerase IIP gene, was cloned and sequenced. Previously, a 

1.3 kb 5 '-flanking region (-1067 to + 193 bp) of the topoisomerase IIP gene has been 

cloned and preliminary investigations undertaken (Lok et al. , 2002). The initial aim 

was to clone ~2.5 kb of upstream sequence, however problems with PCR were 

prohibitive. Nevertheless, an investigation into an additional 0.29 kb 5'-region in this 

study adds to our knowledge of topoisomerase IIP gene expression. 

6.2 Electrophoretic Mobility Shift Assays. 

The topoisomerase II~ promoter elements GC, ICB l and ICB2 were studied by 

electrophoretic mobility shift assays to investigate protein-binding interactions at 

these regions. Three proteins were found to bind in the presence of GC and ICB2, 

which are in close proximity in the topoisomerase up promoter. The three proteins 

were identified using antibodies against NF-Y, Sp 1 and Sp3 (figure 4.5). This finding 

is of particular significance, as these three transcription factors have been found to be 

modulated during the development of drug resistance (Kubo et al., 1995; Yoon et al. , 

1999; Wang et al., 1997a). Previous work has shown that transcription factor NF-Y 

can bind to ICBl and ICB2 elements and transcription factor Spl can bind to GC in 
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the topoisomerase np promoter (Lok et al., 2002). The ability of transcription factor 

Sp3 to bind the promoter was not investigated by these authors. 

In this study a composite GC-ICB2 oligonucleotide and single element GC, ICB 1 and 

ICB2 oligonucleotides were used, and transcription factors Sp 1 and Sp3 were shown 

to bind to GC and transcription factor NF-Y was shown to bind to ICBl and ICB2. 

The finding that Sp3 can also bind the GC element in the topoisomerase np promoter 

is novel information. In addition, this study provided important evidence for co

operativity between the GC and ICB2 elements of the topoisomerase IIP promoter in 

order to recruit proteins to the GC element. 

It was shown that Sp l and Sp3 could be recruited to ICB2 in the absence of an intact 

GC element, however no evidence of the reverse occurring was found, suggesting that 

an intact ICB2 element is required to observe co-operativity between NF-Y and 

Sp 1/3. Sp 1, but not Sp3, antibodies supershifted the complex formed with the ICB2 

element, as well as the GC element. This suggests an interaction between the two 

transcription factors and DNA to fonn NF-Y/Spl/DNA complexes at the ICB2 and 

GC elements of the topoisomerase IIP promoter. The addition of antibodies against 

NF-YA or NF-YC did not result in a supershift of the complex formed at the GC 

element. Although the observed binding patterns were not reciprocal, the findings are 

still indicative of functional synergy between GC and ICB2 through a physical 

interaction between NF-Y and Sp I. NF-Y and Sp 1 both contain Q-rich domains, 

which are proposed to mediate protein-protein interactions. Ln fact, an in vivo 

interaction between NF-Y and Sp l has previously been shown using a yeast two

hybrid system (Roder et al., 1999). 

In previous work, the results of functional assays suggested that a functional synergy 

may exist between the ICB elements and the GC box in the topoisomerase np 
promoter (Lok et al., 2002). A functional co-operation between NF-Y and Sp 1 has 

been shown previously to play a key role in the transcriptional regulation of the 

promoter of a number of genes (Roder et al., 1997; Hu et al., 2000; Jean et al., 2002), 

including human topoisomerase Ila (Magan et al., 2003). The mechanisms of 

cooperativity may vary. In addition to the direct physical interaction described above, 
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co-operative binding to the promoter region can occur, as has been demonstrated for 

NF-Y and Spl binding to the FAS promoter (Roder et al., 1997). 

Although NF-Y has been the focus of numerous studies, complete understanding of 

the mechanism by which NF-Y regulates gene expression is yet to be achieved. NF-Y 

has been implicated in the stimulation of histone acetylation (Adachi et al., 2000) and 

in fact, a physical association between NF-Y and histone acetyltransferase enzymes 

has been shown (Currie, 1997). NF-Y has been shown to possess histone acetyl

transferase (HAT) activity in vivo through an association with HATs, GCN5 and 

PCAF (Jin and Scotto, 1998). It has been speculated that the associated histone 

acetyltransferases might serve to modulate NF-Y transactivation potential by aiding 

disruption of local chromatin structure, which is a widely recognised capability of 

NF-Y (Currie, 1997). This ability to induce distortion of the double helix upon 

binding to DNA in vitro, facilitates transcription factor access to DNA binding sites, 

therefore NF-Y serves as a "promoter organiser" (Ronchi et al 1995 ; Mantovani et 

al., 1999). As well as playing an important role in transcription reinitiation and 

activation, NF-Y has been implicated to have a role in basal transcription (Mantovani 

et al., 1992). 

Together with previous knowledge of NF-Y, the ability of NF-Y bound at ICB2 to 

recruit Spl /3 shown in this study, could suggest that NF-Y initially binds to ICB2 and 

enables the recruitment of Sp 1/3 to GC. In this scenario Sp 1/3 should be unable to 

bind GC in the absence of NF-Y, which is not supported by the results of EMSA 

experiments illustrated in figures 4.6 (lanes 7-10) and figure 4.9. However the 

significance of these findings requires further investigation, as the oligonucleotides 

used in EMSAs were not organised into nucleosome structures, and therefore the 

access of transcription factors was not restricted by the structural organisation of the 

DNA. 

In all reported cases of co-operativity between NF-Y and Sp 1 the binding sites for the 

two transcription factors are located in close proximity in the promoter regions of the 

genes, suggesting that the distance between the two elements is important. In order to 

investigate this idea, EMSAs could be carried out using oligonucleotides which 

contain GC and ICB2 elements located at varying distances apart, to determine the 
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effect on NF-Y s ability to recruit Sp 1 to ICB2. The functional significance of the 

degree of separation between the two elements could be investigated using reporter 

gene assays. 

Competition assays indicated that the two ICB elements of topoisomerase IIP bound 

NF-Y with different affinities, in the order ICB2P>ICB 1 p and both exhibited higher 

affinities than the topoisomerase Ila ICB 1 for NF-Y. These results indicate that the 

topoisomerase IIP ICB elements have different protein binding capabilities, and 

therefore are likely to have different functions. Individual ICB elements in the 

topoisomerase Ila promoter were also found to bind NF-Y with different affinities, in 

the order of ICB2>ICB3>ICB 1 (Szremska, 200 I). The ICB sequence is known to be 

the specific motif to which NF-Y binds (Mantovani , 1998; Lok et al. , 2002), however 

flanking sequences have also been shown to affect NF-Y binding (Dorn et al. , 1987; 

Mantovani, 1998). ICB 1 and ICB2 elements in the topoisomerase up promoter have 

different sequences flanking the CCAA T box (table 6.1 ), as do the topoisomerase Ila 

ICB elements, which could explain the observed differences in NF-Y binding. 

Element 

ICBl 

ICB2 

Sequence 

CCCGGATTGGACAGC 

TTGGGATTGGCCGAG 

Table 6.1: DNA sequences of the ICB elements from topoisomerase 1113 promoter. 

This result is inconsistent with that of Lok et al. , (2002), where ICB 1 was 

demonstrated by EMSAs to have the highest affinity for complex formation . This 

suggests that other key factors affect NF-Y binding, such as other transcription factors 

or assay binding conditions. 

Transcription factors NF-Y, Sp 1 and Sp3 have been shown to have a regulatory effect 

on topoisomerase Ila expression (Magan et al. , 2002), where an interaction between 

the three transcription factors is thought to occur (Roder et al. , 1999). Previously, NF

y and Sp 1 (Lok et al., 2002), and in this study ( chapter 5) NF-Y, Sp 1 and Sp3, have 

also been shown to modulate topoisomerase np expression. A decrease in NF-Y 
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activity has been correlated with a down-regulation of topoisomerase Ila in drug

resistant myeloma cells (Wang et al., 1997a). However evidence contrary to this 

finding indicates the importance of other transcription factors in the regulation of 

topoisomerase Ila transcription, which may be cell-type specific (Isaacs et al., 1995; 

Isaacs et at, 1996a). This could suggest that other transcription factors may also be 

important in regulating topoisomerase II~ gene expression. 

6.2.1 Additional EMSA experiments. 

It would be of interest to investigate protein binding interactions at the -1357 to 

-1066, and -1066 to -654 regions of the topoisomerase II,B promoter, to identify 

important regulatory elements, which may be involved in the observed up- and down

regulation of promoter activity. This would aid the elucidation of molecular 

mechanisms involved in the regulation of the topoisomerase II,B expression. 

As each EMSA in this study was conducted using HeLa cell extract, it would be of 

interest to investigate the binding patterns generated using other cancer cell lines in 

EMSA experiments, to see if they are cell-line specific or general. 

6.2.2 Identifying other protein interactions with ICBl and ICB2 elements of the 

topoisomerase 11/j promoter. 

EMSA experiments could first be carried out using topoisomerase II/3 ICB l or ICB2 

labelled probes in Sp l and Sp3 depleted HeLa cell lines, to determine if prote ins in 

addition to NF-Y are seen to bind. If NF-Y is the only protein found to bind the ICB 

elements in the absence of Sp l/3, then it is likely that the uncharacterised protein(s) 

are Sp l and/or Sp3. In this case the amounts of antibody and HeLa extract need to be 

optimised to ascertain the concentration needed to produce a detectable result. 

Isolation of the uncharacterised protein(s) (Sp 1/3?) binding at ICB 1 and ICB2 

topoisomerase II/3 promoter elements could be achieved using NF-Y depleted HeLa 

cell lines. In this way, a 32P labelled or biotinylated oligonucleotide, containing either 

the ICB 1 or ICB2, could be used in a binding reaction to isolate proteins other than 

NF-Y bound at these elements. The bound protein could then be separated using 
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denaturing polyacrylamide gel electrophoresis (SDS-PAGE), and then isolated from 

the gel to allow further analysis or purification. 

If the preliminary EMSA experiments show that NF-Y is necessary to bind the 

uncharacterised protein(s), then NF-Y could be used to isolate the uncharacterised 

protein. For example, a pull-down assay could be conducted, using a glutathione-S

transferase (GST)-NF-Y fusion protein. The uncharacterised protein could be 

identified using N-terminal microsequencing to determine the amino acid sequence, 

which can then be matched against existing sequences (such as the NCBI, Entrez 

protein sequence database), and thereby determine protein identity and putative 

function. 

6.2.3 DNA footprinting assays. 

DNA footprinting assays could be conducted to locate regions of the topoisomerase 

II~ promoter to which proteins bind. In DNA footprinting, regions of importance for 

protein binding are revealed by protection of the DNA sequence from digestion by 

endonuclease DNase [ (refer to figure 6.1). DNase [ cuts DNA molecules randomly, 

which results in a mixture of DNA subfragments of varying lengths, with the 

exception of DNA associated with proteins, which will be protected. When analysed 

by electrophoresis this appears as a relatively uniform ladder of bands, each arising 

from cuts at a single position in the fragment. Where protein is bound to the DNA, 

thereby preventing nicking of the DNA, the ladder is interrupted by a gap representing 

the sequence protected from DNase cleavage by bound protein. A sequencing ladder 

of the same region used in the footprinting assay can be used to identify the 

nucleotide sequence to which proteins bind. Using this DNA sequence information, 

cognate transcription factors can often be identified using programmes such as 

TRANSF AC database (Matlnspector V2.2, http://transfac.gbf.de/cgi

bin/matSearch.pl). 
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Figure 6.1: Schematic representation of a D A footprinting assay. 

A restriction fragment or oligonucleotide containing a consensus binding site for a protein is 

end-labelled with 32 P. As in EMSA, the DNA fragment is incubated with cellular proteins, 

allowing DNA-protein complexes to form. The reaction mixture is then treated with limiting 

amounts of DNase I, and in the absence of bound protein, the enzyme cuts throughout the 

fragment, generating a mixture of labelled subfragments of varying sizes. The fragments are 

separated on a polyacrylamide gel and bands are visualised by exposure to X-ray film. A 

relatively uniform ladder of bands will be visible, which is interrupted by a " footprint" 

representing the sequence protected from DNase cleavage by bound protein. A sequencing 

ladder of the same region used in the footprinting assay will enable the identification of the 

exact binding site of the protein to the oligonucleotide. (Figure adapted from Sambrook and 

Russell , 200 l ). 
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6.2.4 Chromatin-immunoprecipitation (CHIP) assay. 

CHIP assays could be conducted to investigate regions of the topoisomerase up 
promoter to which proteins bind, including whether Sp 1 and/or Sp3 can bind at GC 

and/or ICB2. CHIP assays enable investigation of the direct or indirect association of 

chromosomal proteins with chromosomal DNA in vivo. CHIP assays involve two 

straightforward steps; first, in vivo formaldehyde cross-linking of whole cells that 

freezes protein-protein and protein-DNA interactions, followed by 

immunoprecipitation of protein-DNA complexes with specific antibodies, from 

sonicated extracts. In this way specific antibodies against Sp l or Sp3 could be used to 

precipitate Sp 1/3 proteins and any DNA fragment cross-linked to them. Thus, DNA 

sequence elements associated with Sp 1/3 in the context of the cellular environment 

are enriched in the immunoprecipitated sample. After reversal of the formaldehyde 

cross-links and purification of the DNA, the precipitated DNA fragments can be 

cloned into a vector for isolation and further characterisation of binding sites and 

functional relevance. 

6.3 Transient Transfections. 

The ability of the -1357 to + 122 topoisomerase IIP promoter fragment to drive 

expression of a luciferase reporter gene in vivo was investigated first. The effect of 5'

serial, and internal deletions (removing GC, ICB I and ICB2 elements) or specific 

mutations introduced into the ICB 1 or ICB2 elements, on the abi lity of the 

topoisomerase up promoter to drive luci ferase express ion, was then investigated. The 

ability of the 180 bp region (-654 to -474) containing the ICBl, ICB2 and GC 

elements to drive luciferase expression from an SY 40 promoter (without the 

surrounding sequence) was also investigated. 

6.3.1 Transcriptional regulation of topoisomerase np 1.5 kb promoter region. 

The minimal promoter (-569 bp upstream of 5 '-transcriptional start site) for 

topoisomerase up expression has previously been defined and ICB 1, ICB2 and GC 

elements were found to be responsible for about 70% of the topoisomerase up 
activity (Lok et al., 2002). 
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In the current study, deletions removing the ICB 1, ICB2 and GC elements (-654 to 

-474) resulted in an approximately 55% decrease in luciferase activity, indicating the 

importance of these elements for basal transcription, and supporting the results of Lok 

et al., (2002). In addition, important repressor elements may be present within the 

region between -1357 and -1066 bp, upstream of the transcription start site, a region 

of the promoter which until this time had not been investigated. Also the region 

between -1066 and -654 may contain elements important for the up-regulation of the 

topoisomerase 1113 promoter. 

6.3.2 Role of isolated ICBl, ICB2 and GC in the transcriptional regulation of 

topoisomerase 1113. 
The presence of the 180 bp region of the topoisomerase 1113 promoter containing GC, 

ICB 1 and ICB2 resulted in an approximately 50% decrease in activity of the SY 40 

promoter, suggesting that this region may act as a repressor within this construct. 

These results suggest that although this 180 bp region is able to influence 

transcriptional activity, the effect is the opposite to that previously indicated by the 

deletion of this region, as described above. Therefore the effect on transcriptional 

activity appears to change in the absence of surrounding topoisomerase II/3 promoter 

sequence, suggesting that other important regulatory elements must also be involved 

in the regulation of topoisomerase 11/3 gene expression. 

Sp 1 and Sp3 bound at multiple GC elements within the SY 40 promoter would also 

influence the changes in transcriptional activity observed with this construct, and 

could be involved in the down-regulation of promoter activity. It has been suggested 

that an observed synergy between proximal and distal elements of a promoter could 

be due to interactions between distally and proximally bound Spl (Su et al., 1991). 

Spl has been shown to form multiple tetramers, which enable DNA looping to occur, 

thereby bringing proximal and distal elements closer together (Mastrangelo et al., 

1991 ; Su et al., 1991). As the SV40 promoter contains multiple GC boxes, it is 

possible that Sp 1/3 bound at the topoisomerase 11/3 promoter GC element and Sp 1/3 

bound at the SV 40 promoter interact with each other, and thereby influence 

transcriptional activity. 
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6.3.3 Role of ICB elements in the transcriptional regulation of topoisomerase Ilf3. 

By introducing specific mutations into either the ICB 1 or ICB2 element, the two 

inverted CCAAT boxes were found to play key roles in the topoisomerase II~ 

promoter activity. A mutation in ICB 1 has the ability to significantly increase wild 

type activity (2.5-fold), suggesting that ICB 1 is normally a repressive element. In 

contrast the loss of ICB2 resulted in a decrease in wild type activity ( ~0.5 fold), which 

could suggest an important role for maintaining wild type levels of topoisomerase II~ 

promoter activity. 

ICB 1 and ICB2 have previously been shown to be critical for topoisomerase II~ 

promoter activity, with simultaneous disruption of both elements resulting in a loss of 

activity, while the mutation of a single ICB element had little effect (Lok et al., 2002). 

This is inconsistent with the current findings, which indicated significant and 

reciprocal changes in promoter activity when either element was mutated. Individual 

ICB elements in topoisomerase Ila promoter activity have been repo11ed as both 

stimulatory and repressive in various cellular backgrounds (Isaacs et al., 1996; 

Furakawa et al., 1998; Falck et al. , 1999; Adachi et al. , 2000). The same may be true 

for topoisomerase 11/3. 

6.3.3.1 ICBI. 

NF-Y activity is known to be down-regulated in a number of drug-resistant cells 

(Wang et al., 1997a). [t has been suggested that a negative regulatory protein binding 

to ICB 1 could be responsible for decreased topoisomerase Ila promoter activity, and 

when this repressor can no longer bind to ICB I the down-regulation is no longer 

observed (Takano et al. , 1999; Falck et al. , 1999; Furakawa et al., 1998). 

Significantly, the latter study showed that the protein released from ICBl was not NF

Y. The research described in this thesis established that a mutation in ICB 1 resulted in 

an approximately 2.5 fold increase in luciferase activity compared to wild type, 

suggesting that topoisomerase II~ promoter activity is normally down-regulated via 

interactions occurring at this element. This could explain the lower affinity of NF-Y 

for ICBl than ICB2 (as suggested in EMSA experiments). 
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6.3.3.2 ICB2. 

The ICB2 element of the topoisomerase Ila promoter has an important regulatory 

role, showing down-regulation of topoisomerase Ila expression in confluence

arrested cells, which is thought to be the result of a factor binding to this element 

(Isaacs et al. , 1996a). Conversely deletion of the ICB2a element resulted in down

regulation of topoisomerase Ila promoter activity (Takano et al., 1999). Deletion of 

the ICB2 element of topoisomerase II~ resulted in a 60% decrease in luciferase 

activity relative to wild type activity, a similar decrease to that seen with the removal 

of GC, ICB 1 and ICB2. This suggests that ICB2 is a critical factor in topoisomerase 

II~ promoter activity, and that the binding of NF-Y to the ICB2 element in the 

topoisomerase II~ promoter could be critical in maintaining basal levels of 

transcriptional activity. The residual activity observed could be due to other functional 

interactions within the -654 region of the topoisomerase II~ promoter, which could 

involve the ICB 1 and GC elements. 

Together these results suggest that the binding of an activator (NF-Y) and a repressor 

protein binding at ICB 1/2 may modulate the transcriptional regulation of 

topoisomerase II~, in notmal and drug-resistant cells. This idea was supported by 

EMSA experiments, which indicate the presence of a second protein binding the 

ICBl /2 elements, in addition to NF-Y. Basal transcription could be maintained by an 

equilibrium between the activator protein bound at ICB2 and the repressor protein 

bound at ICB 1. Therefore, the regulation of topoisomerase II~ gene expression could 

be achieved by a displacement of NF-Y binding at ICB 1/2, in exchange for a 

repressor protein (refer to figure 6.2), with NF-Y binding with higher affinity at ICB2, 

while the repressor protein binds with higher affinity at ICB 1. 
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A) Drug-resistant cancer cells 

B) Normal cancer cells 

. . 

Activator 

. . 

• 
Down-regulation of 
topoisomerase IIP 

Release of ICB I repressor, 
transcription no longer down
regulated 

Basal topoisomcrase IIP 
transcription 

Repressor protein cannot 
bind ICB I, increase in 
transcription 

Activator protein cannot bind 
ICB2, decrease in 
transcription 

Figure 6.2: Schematic representation of transcriptional regulation of topoisomerase IIJ3 

promoter through ICBt , ICB2 and GC. 

The transcriptional regulation of topoisomerase IrJ3 could be achieved by reducing the ability 

of a repressor protein to bind to ICB I , and inducing the binding ofNF-Y to ICB 1/2. 

A CCAAT box binding protein, termed CCAA T displacement protein (CDP), has 

been isolated which does appear to negatively regulate the binding of NF-Y to 

CCAAT boxes (Mantovani, 1998). It would be of interest to determine whether an 

association occurs between the CDP protein and the topoisomerase [[~ ICB elements. 

Additional EMSA experiments could also be carried out using a composite 

ICB l/ICB2 oligonucleotide, or a longer ICB l oligonucleotide, in an attempt to 

identify the putative repressor protein. Alternatively, NF-Y is capable of both 

stimulatory and repressive roles depending on the promoter context. 

6.3.3.3 Spl and ICBl/2. 

Sp l is widely recognised as a transcriptional activator shown to be responsible for the 

up-regulation of transcription in a variety of promoters (Ge et al., 2001; Keates et al., 

2001), as well as topoisomerase Ila (Magan et al., 2003). Spl had no significant 

effect on transcriptional regulation of the topoisomerase np, with the possible 
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exception of the constructs containing a mutation in either the ICB 1 or ICB2 element 

(95% confidence). Approximately 30% and 125% increases in luciferase activity were 

seen with the ICB 1 and ICB2 mutant constructs, respectively, in the presence of Sp 1, 

which could suggest the involvement of the ICB elements in this Sp I-mediated 

increase. Significantly, both ICB 1 and ICB2 elements have been shown to be capable 

of recruiting Sp 1. As Sp 1 was unable to influence expression of the -654 construct, 

the ICB elements are unlikely to be the targets of Sp I-mediated regulation of the 

topoisomerase np promoter. The presence of two functional ICB elements could in 

fact have an inhibitory effect. 

Basal topoisomerase II~ 
transcription 

ICB I mt increase in 
transcription 

ICB2mt, NF-Y disp laces 
repressor?, increase in 
transcription 

Figure 6.3: Schematic representation of Spl-mediated transcriptional regulation of 

topoisomerase 1113 promoter. 

Transient co-transfection experiments suggested that GC and ICB2 may act co-operative ly to 

regulate topoi somerase IIl3 transcription. The ICB elements were implicated in an Sp 1-

mediated up-regulation of topoisomerase lll3 promoter, possibly involving NF-Y bound at 

ICB I /2 recruiting Sp I to GC. An Sp I -mediated up-regulation of topoisomerase IIl3 promoter 

in the absence oflCB2 could be due to an increase in binding ofNF-Y at ICBI in the absence 

of ICB2, thereby resulting in the displacement of repressor protein bound at ICB I and/or NF

y bound at ICB 1 recruiting Sp l to GC. 

These findings could suggest that either ICB element can influence an Sp I-mediated 

increase in promoter activity. In the absence ofICBl negative regulation, ICB2 could 

enhance an Spl-mediated up-regulation of topoisomerase np promoter activity by 
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recruiting Spl to GC. Whereas, in the absence of ICB2, NF-Y may bind ICBl with a 

higher affinity and thereby displace repressor protein bound at ICBl (figure 6.3). 

Therefore, the effect of Sp 1 regulation could be modulated by the ratio of repressor 

protein bound at ICB 1, and NF-Y bound at ICB2. 

6.3.3.4 Sp3 and ICBl/2. 

There was no consistent significant difference in transcription with the addition of 

Sp 3, in any of the constructs tested. This suggests that Sp3 is not likely to be involved 

in transcriptional regulation of the topoisomerase [I~ promoter. 

The role of upstream elements in an Sp 1/3-mediated regulation could be investigated 

by generating the ICB mutations in the full-length -1357wt construct and determining 

the effect on promoter activity in co-transfection experiments. As, Sp I and Sp3 

proteins are constitutively expressed at high levels in HeLa cells (Hagen et al. , 1994), 

the addition of ectopic Sp 1/3 may not have a significant additional effect. A better 

indication of the effect of Sp 1 /3 on topoisomerase IJ~ activity could be determined by 

carrying out co-transfections in a cell line, which contains low levels, or no 

endogenous Sp 1 /3. 

RN Ai interference is one possible method of removing endogenous Sp I and/or Sp3 

protein or other protein of interest. In this technique interference RNA (RNAi) is 

introduced into the cell where it binds to homologous regions of the targeted mRNA 

strand (Sp 1/3 mRNA), hence inducing mRNA degradation. In this way a particular 

protein of interest can be effectively removed from the cell. 

6.3.4 Comparison between HeLa and MDA-MB-231 cell lines. 

The same trends were observed in HeLa cells and MDA-MB-231 breast cancer cells, 

in response to changes in the topoisomerase 11,B promoter. This suggests that breast 

cancer cells are likely to show the same response to mutations introduced within the 

topoisomerase II,B promoter elements, and overexpression of Sp I or Sp3 transcription 

factors , as observed with HeLa cells. Additional transient transfections and co

transfections using Sp 1/3 expression vectors could be carried out in MDA-MB-231 

cell lines to determine the effect. 
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6.3.5 Additional transient transfections. 

It has been shown that mutation of GC and either one of the ICB elements results in a 

significant loss in topoisomerase np promoter activity (Lok et al., 2002), supporting 

the idea of a functional synergy between the ICB and GC elements. This study failed 

to address the effect of Sp l or Sp3 in the absence of GC. Future work could include 

generating a GC mutant construct to further investigate the importance of this element 

for topoisomerase IIP promoter transcriptional regulation. The introduction of 

combinatorial mutations; GC and ICB 1, GC and ICB2, ICB l and ICB2, and GC, 

ICB l and ICB2 elements, would also allow a more in-depth investigation into the 

importance of these regulatory elements in topoisomerase np transcriptional 

regulation, as well as the existence of functional redundancy between elements. Co

transfection experiments could be carried out using these mutant constructs and Sp l 

or Sp3 to investigate the role of these transcription factors at GC, [CB 1 and [CB2 

elements in topoisomerase up promoter regulation. 

Determining the effect NF-Y transcription factor has on topoisomerase up promoter 

activity is also necessary for full understanding of regulatory mechanisms. A 

dominant negative form of F-Y, with mutations in the DNA binding domain, has 

previously been used to confirm the involvement of F-Y in topoisomerase llp 
promoter activity (Lok et al., 2002). Co-transfection experiments using both Sp 1 and 

Sp3 , or NF-Y and Sp I or Sp3, in Sp 1- or SpY cell lines, could provide information 

about the interactions occurring between these transcription factors at the 

topoisomerase up promoter. The observed changes in topoisomerase LIP promoter 

activity in response to altered levels of NF-Y and Spl /3 could then be compared to 

the changes observed in topoisomerase Ila promoter under the same conditions. 

Investigation into the -1357 to -1066 and -1066 to -654 regions would also be of 

interest to identify regu latory elements, which may be involved in the observed up- or 

down-regulation of the topoisomerase IIP promoter activity. This could be achieved 

by introducing specific mutations within putat ive regulatory elements, identified by 

EMSA or DNAse I footprinting as previously described, and determining the effect 

on promoter activity. 
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6.4 Protein-protein interactions at the topoisomerase 11(3 promoter. 

ICBla and GCla have been implicated to act antagonistically in the regulation of 

topoisomerase Ila gene in drug-resistant cells (Takano et al., 1999). ln the 

topoisomerase IIP promoter, a functional co-operation between GC and the ICB 

elements has been suggested in the regulation of promoter activity (Lok et al., 2002). 

The current findings suggest that this could be due to an interaction between the 

transcription factors that bind to these elements. The results of EMSA experiments 

suggested that NF-Y, Sp 1 and Sp3 may interact to form a multi-protein complex 

(figure 4.7, indicated by red circle), which wi ll require further investigation. On the 

other hand any functional effects of Sp 1 and Sp3 were minimal using the constructs 

and sequences available. Functional assays suggested that the two ICB elements may 

act antagonistically to regulate topoisomerase IIP gene expression. 

A number of promoters contain multiple CCAA T boxes, which are located at variab le 

distances apart. The distance between the ICB 1 and ICB2 elements in the 

topoisomerase IIP promoter is 30 bp (centre to centre), which is very close to 3 times 

a helical tum of DNA (10.4 bp) (Liberati et al. , 1998). This could mean that proteins, 

such as transcription factor NF-Y or a repressor protein, bound at the two ICB 

elements are close together in the topoisomerase II~ promoter. This close proximity 

of DNA-protein interactions at ICB I and ICB2 could assist their antagonistic roles in 

the regulation of the topoisomerase H~. 

6.5 Transcriptional regulation of topoisomerase 11(3. 

In summary, the results of this thesis indicate that the ICB 1 and ICB2 elements are 

critical for topoisomerase IIP transcription, and thus topoisomerase IIP expression 

may be modulated by the levels or activities of transcription factors binding at these 

elements. In particular ICB2 appears to be critical for maintaining basal levels of 

topoisomerase IIP transcription, and binds NF-Y with a higher affinity than does 

ICB 1. The ICB 1 element was implicated as a key factor in the negative regulation of 

the topoisomerase IIP promoter, which appears to be mediated by the binding of an 

unknown repressor protein. The residual activity observed in the absence of ICB 1, 
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ICB2 and GC is likely to be due to remaining elements in the topoisomerase IIP 
promoter and their cognate proteins. 

The role of NF-Y in the regulation of topoisomerase IIP gene expression may be in 

maintaining the correct spatial conformation of the promoter. Three lines of evidence 

support this hypothesis. The first, transactivation by Sp 1 was only observed with a 

construct containing a mutation in ICB2. Secondly, Sp 1 transcription factor appeared 

to interact with the protein complexes formed with the ICB elements. Lastly, current 

literature supports an architectural role of NF-Y in transcriptional regulation 

(Mantovani, 1998; Mantovani, 1999). 

It has been suggested that DNA looping is mediated by NF-Y-DNA interactions 

(Liberati et al., 1999). Therefore, NF-Y bound at ICB 1/2 could induce DNA bending 

in the topoisomerase IIP promoter (figure 6.4). DNA bending induced by NF-Y bound 

at lCB2, could act to bring a repressor bound at ICB 1 closer to [CB2 and GC 

elements, thereby disrupting or inhibiting interactions occurring at the two elements. 

r n the absence of repressor bound at ICB 1, closing the distance between [CB2 and 

GC, could enhance co-operativity between the two elements, resulting in an up

regulation of promoter activity. DNA bending experiments could be carried out to 

investigate the capacity of a complex consisting of either of the topoisomerase IIP 
[CB elements to induce DNA bending. 

The findings revealed in this study add to the knowledge of a complex series of 

interactions, which occur in the regulation of the human topoisomerase up gene. 

Whether interactions described here play a role in the down-regulation of 

topoisomerase up in drug resistant cells, will require further investigation. A more 

detailed analysis into how these, and other unidentified transcription factors, interact 

with the topoisomerase II~ and a promoters is required to elucidate the mechanisms 

involved in the development of drug resistance. 
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a) Basal promoter activity 

b) Up-regulated promoter activity 
Spl-mediated 

c) Down-regulated promoter activity 

Figure 6.4: Models for the transcriptional regulation of topoisomerase 11[3. 

Each figure represents putative interactions between transcription factors binding target 

regu latory elements in the topoisomerase II~ promoter. NF-Y is shown to bend DNA at ICB2. 

A) Basal transcription levels may be maintained due to the levels of activator and repressor 

proteins present. B) lncreased levels of NF-Y could displace the repressor protein bound at 

ICB 1, increasing the level of transcription; Recruitment of Sp 1 to GC by NF-Y could enhance 

the transcriptional up-regu lation. C) Increased levels of a repressor protein bound at ICB 1 

could inhibit the stimulatory effect of the NF-Y, decreasing the level of transcription. 
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Appendix 1: Primer and Oligonucleotide sequences. 

Sequences of oligonucleotides used in this study. The underlined sequences represent the 

underlined and bold sequences represent the binding elements and mutations respectively. The 

experiments in which the oligonucleotides were used is displayed, with Seq = Sequencing primer 

and PCR mut PCR mutagenesis. 

Oligo Name 

TIIBpromo. for 

TIIBpromo.rev 

TI IBpromo. int 

TIIBseq l 

TIIBscq2 

TIIBseq3 

TIIBscq4 

TIIBseq5 

TIJBseq6 

MMl 

MM2 

MM3 

MM4 

GCwtF 

GCwtR 

lCB2wtF 

lCB2wtR 

ICBlwtF 

ICBlwtR 

ICB2wtF 

ICB2wtR 

ICBlmtF 

ICBlmtR 

ICB2mtF 

ICB2mtR 

GCmtF 

GCmtR 

Sequence 5' - 3' 

CGCG GAGCTC TGA GGC AAG TGA AAA GAA C 

GGCC TCTAGATCC AGC TCA CAG GCC CTG AGG CC 

GCGC GAGCTC CGG AAG ATA AAG AGC TTT GAC AAC T 

TGA CAG AGC AAG ACT CTG 

GTT TCA GAG TTC TCC ACC 

CCA TCT GCC AAA GAC TGT 

TTG CAC CAG TGG TCT AC 

TTG GGA TTG GCC GAG AGG 

ere CCT GCT TTC TCC TCA G 

GAC TIT AGA ACA GTG AAG CCT T 

CTG AGG AGA AAG CAG GGA G 

GT A GAC C AC TGG TGC AAG 

CGCC GCTAGC CCA TCT GCC AAA GAC TGT 

CGGGTCCCGCCCCTCCAG 

CfGGAGGGGCGGGACCCG 

TTGGGATTGGCCGAG 

CTCGGCCAATCCCAA 

ACAAGGCCCGGATTGGACAGCATGGCG 

CGCCATGCTGTCCAATCCGGGCCTTGT 

GGAATTITGGGATTGGCCGAGAGGCTG 

CAGCCTCTCGGCCAATCCCAAAATTCC 

ACAAGGCCCGTCTAGAACAGCATGGCG 

CGCCATGCTGTTCTAGACGGGCCTTGT 

GGAATTTTGGAGATCTCCGAGAGGCTG 

CAGCCTCTCGGAGA TCTCCAAAA TTCC 

CTCGGGTCGAGCTCCTCCAGG 

CCTGGAGGAGCTCGACCCGAG 

170 

Experiment 

PCR 

PCR 

PCR 

Seq & PCR 

Seq & PCR 

Seq & PCR 

Seq & PCR 

Seq & PCR 

Seq & PCR 

PCR 

PCR 

PCR 

PCR 

EMSA 

EMSA 

EMSA 

EMSA 

EMSA 

EMSA & PCR 

EMSA 

EMSA 

EMSA & PCR Mut. 

EMSA & PCR Mut. 

EMSA & PCR Mut. 

EMSA & PCR Mut. 

EMSA 

EMSA 



Oligo Name Sequence 5' - 3' Experiment 

GCiwtICB2wtF 
CTCGGGTCCCGCCCCTCCAGGGGGCTTGGAATTTTGGGATTGGCCGAGAGGCTG EMSA 

GCwtICB2wtR 
CAGCCTCTCGGCCAA TCCCAAAATTCCAAGCCCCCTGGAGGGGCGGGACCCGAG EMSA 

GCmtICB2wtF 
CTCGGGTCGAGCTCCTCCAGGGGGCTTGGAA TTTTGGGA TTGGCCGAGAGGCTG EMSA 

GCmtICB2wtR 
CAGCCTCTCGGCCAATCCCAAAA TTCCAAGCCCCCTGGAGGAGCTCGACCCGAG EMSA 

GCwtICB2mtF 
CTCGGGTCCCGCCCCTCCAGGGGGCTTGGAATTTTGGAGATCTCCGAGAGGCTG EMSA 

GCwtICB2mtR 
CAGCCTCTCGGAGATCTCAAAATTCCAAGCCCCCTGGAGGGGCGGGACCCGAG EMSA 

GCmtICB2mtF 
CTCGGGTCGAGCTCCTCCAGGGGGCTTGGAATTTTGGAGATCTCCGAGAGGCTG EMSA 

GCmtICB2mtR 
CAGCCTCTCGGAGATCTCCAAAATTCCAAGCCCCCTGGAGGAGCTCGACCCGAG EMSA 

Topoisomerase Ila competitor oligonucleotides. 

ICB 1 wtF 

ICBlwtR 

ICBlmtF 

ICBlmtR 

GClwtF 

GClwtR 

GClmtF 

GClmtR 

GAcrrCAGGGATTGGCTGGTCTGC 

GCAGACCAGCCAATCCCTGACI'C 

GAGTCAGGGATTCCCTGGTCTGC 

GCAGACCAGGGAATCCCTGACTC 

CTGCTTCGGGCGGGCTAAAG 

CTTTAGCCCGCCCGAAGCAG 

CTGCTTCGTGCGTGCTAAAG 

CTTTAGCACGCACGAAGCAG 
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EMSA 

EMSA 

EMSA 

EMSA 

EMSA 

EMSA 

EMSA 

EMSA 



Appendix 2: Vector Maps. 
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2.4 pBluescript SK(+) 

11 (+) origin 13:, -l-ll 

I1-galadosidasc, ,,.- fragment -l 6J tl I 6 

mul~ple cloning site 6:,3 / 6J 

/oc promoter tl I / \>38 
pUC origin I I :,tl I ti:h 

arnpicillin resistance (b/o) ORF 19 / 6 ltl:l3 

pBluescript II SK ( +/-) Multiple Cloning Site Region 
(sequence shown 598-826) 
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Appendix 3: Topoisomerase II~ sequences and analysis. 

3.1 Sequencing of pGEMT TIIf3-1357. 

Sequence results using primer T7 
Length 647 bases (TIIBSeq4 primer sequence shown in bold) 

1357 CCATC TGCCAAAGAC 

1342 TGTGATGTTG CTGTATTGGT AATTTTCATT CTTAGAAAGC TTTAATGTGA 

1292 ATGAAATTAT TCCTTACTGT GCATTTGAAA ATTCCACTGA AAACAGTTTT 

1242 A.AAAATTAAG CATGCCCTCT TAGAGGCAGG GGGCACAGTT CTGGACAGAT 

1192 GAGAAAAGTG ACAGTGACAT CTCTGCATTG TTCAGAGAAG AAJ:l.GGTCAAC 

1142 AAAGAGTAGA AATAGAACAC TCAACCCACC CTGCATTCTT TCCCTAGAAC 

1092 ATTCTCTGTG TGTCCCTTAT CATTTAAGCT TTTCATATGT AGTTTTCTTG 

1042 AAACTGACCA TATGCTCTTT TC-GGGTGAGG GGAGGAGACG GAAGAAC;,GAG 

992 ATGGAGAJ\GG TCTGAGATGA TTTTTTTCGA CAGCAGCGTC CACTTAGGCC 

942 CTTGGGGAGG CCGGGTCACG GGGCCTCCTT GCACCAGTGG TCTACAACGT 

892 CTTGCCTGCG GTTTACAACC GCTCTTTTAA AATAATTTCC CTTTGGGACG 

842 GCCCCCGGCT TCTTCCTGCC ACCCCCATCC CCACCCCGCC CCCATCCTCA 

792 TCCTTAGAGG CCCCAGGCAA ACGCTTCGGA TTCCCGGTT.Z\ GGTCTCAGAG 

742 TAA.ACAGCAC GCTTGGAGGA TTACAATCGA C 

Sequence results using primer TIIBSeq4 
Length 498 bases (TIIBSeqS primer sequence shown in bold) 

865 '!AA AATAATTTCC CTT'TGGGACG 

842 GCCCCCGGCT TCTTCCTGCC ACCCCCATCC CCACC~CGCC CCCATCCTCA 

792 TCCTTAGAGG CCCCAGGCAA hCGCTTCGGA TTCCCGGTTA GGTCTCAGA".; 

7 ,12 TAAACAGCAC GCTTGGAGGA TTACAATCGA CCCGl\GGCCA A'TTCGAC "r·r 

692 CGCCCTCM'f 

6 '± 2 CAAATGGA.AA ACCCACAGA~: ACl~'.:ACAC.;A J..CAAAAP.CCC ,~-,.,,-,.. C'T'('T'T-r'r 

592 TTTCGGTTGC TACCCGCAAT GACGTTTCCC CCCTCGGGTC 

542 AGGGGGCTTG GAATTTTGGG ATTGGCCGAG AGGCTGTGGC GACAAGGCCC 

4 92 GGATTGGACA GCATGGCGCT G.ttCTGACAGC GGGGGCGGCC GCCGCGCCCT 

442 CCCTCTCTCC CCGGTGTGCA AA'i'GTGTGTG TGCGGTGTTA TGCCGGACAA 

3 92 GliGGGAGGTC ACCGTGGCGC; CGGCGG 

Sequence results using primer TIIBScqS 
Length 497 bases 

370 GCGGCGGC GGCTCTGTTT AlfGTCCCTC 

342 TCGGTGTGTG TGTGTGAGGA AATCGGGGCT GCAGCGAGGC TAAGGCTGCC 

-292 TTTGAAGCAG CGGCGGCGAC CC,.GGACGACT ACTCTGGCGA CTCGAGTGGC 

242 TGGCCTTCGC GGAGTGTGAG AAGGACAAGG CACCTCTGCG TCCTCGCCAC 

192 GTCCGAGCGC CTCGGGCTCC CCGGCCGCCC TCGCGGCTCG CACGCCCGGG 

142 CTTCAGCCCG GCCTGCAGCG GCGCCCGCGG GCGGGCGAGA AGGCAACGCC 

92 GCCGCTCGGC CGCCGCCGGT CGCTCCCTGC TTTCTCCTCA G~GCGC 
+l 

-42 TAGGCCCGGG CGACGCGGAC GCCGCGCCTC GAGTTTGAGG GCAGCCGGCG 

+8 GCGCGGCCTC CTCAGCGGGC TCGGCTGGAC GTCCGCTCCG GATCTTCGCG 

+58 ATGGGGCGCG GGGGTCGGCG CGGCTAGGAG TGCGGCGAGT GGAGCGGTGG 

+108 GTGCGGAGCG GCGGGGCCCA GCGGCCCGCA GGGAGGCGGG AGCGGCGGCT 

+158 GCGGCCTCAG GGCCTGTGAG CTGGA 

174 

Contig of Topoisomerase II~ promoter sequences: 
1540 bases 

1357 CCATC TGCCAA .. n.GAC 

1342 TGTGATGTTG CTGTATTGGT AATTTTCATT CTTAGAAAGC TTTAATGTGA 

1292 ATGl:iAl:i.TTAT TCCTTACTGT GCATTTGAAA ATTCCACTGA AAACAGTTTT 

1242 AA.AA.ATTA.AG CATGCCCTCT TAGAGGCAGG GGGCACAGTT CTGGACAGAT 

1192 GAGAAAAGTG ACAGTGACAT CTCTGCATTG TTCAGAGAAG AAAGGTCAAC 

1142 AAAGAGTAGA AATAGAACAC TCAACCCACC CTGCATTCTT TCCCTAGAAC 

1092 ATTCTCTGTG TGTCCCTTAT CATTTAAGC'I' TTTCATATGT AGTTTTCTTG 

1042 AAACTGACCA TATGCTCTTT TGGGGTGAGG GGAGGAGACG GAAGAAGGAG 

992 ATGGAGAAGG TCTGAGATGA TTTTTTTCGA CAGCAGCGTC CACTTAGGCC 

942 CTTGC',GGAGG CCGGGTCACG GGGCCTCCTT GCACCAGTGG TCTACAACGT 

892 CTTGCCTGCG GTTfACAACC GCTCTTTfAA AATAATTTCC CTTTGGGJ'I.CG 

342 GCCCCCGGCT TCTTCCTGCC ACCCCCATCC CCACCCCGCC CCCATCCTCA 

792 TCCTTAGAGG CCCCAGGCAA ACGCTTCGGA TTCCCGGTTA GGTCTCAGAG 

742 TAAACAGCAC GCTTGGAGGA TTAC:A.A'YCGA CCCGAGGCCA ATTCGACCCT 

692 TTCCCTTTGC CGCCCTCAAT TGACCCTTGA AGCAGCCCCT GCTCTCCCTT 

642 CAAATGGAAA ACCCACAGAC P.CACACACAA ACAAAAACCC CAAGTCTTCC 

592 TTTCGGTTGC TACCCGCAAT GACGTTTCCC c:CCTCGGGTC CCGCCCCTCC 

542 AGGGGCC:-'TG Gl'tATf7'I'GGG ATTGGCCGAG 

492 GGATTGGACA GCA',<3Gc:GC:T GACTGACAGC GGGGGCGGCC GCCGCGCCCT 

442 CC:GGTGTGCA AATG7GTGTG TGCGGTG'"::"Tl\ TGCCGGACAA 

392 GAGGGAGCTG ACCGTGGCGG CGGCGGCGGC 

3~2 AATCGGGGCT TAAGGCTGCC 

2 9 7, TTTGAAGCAG CC;GCGGCGAC CC,GGACGACT AC;'('TGGCGA CTCGAG'-i:"GGC 

242 TGGCCTTCGC GCAGlGTGAG AAGGACAAGG CAC:TCTGC(; TCCTCGCCAC 

192 GTCCG,\GCCC CCGGCCGCCC TCGCGGC7CG CACGCCCGGG 

142 CTTCAGCCCG GCCTGCAGCG GCGCCCGCGG GCCGGCGAGA AGGCAACGCC 

42 

GCCGCTCGGC CGCCGCCGGT CGCTCCCTGC TTTCTCCTCA GC~GCGC 
+ 1 I .,. 

TAGGCC'CGGG CGACGCGGAC GAGTTTGAGG GCAGCCGGCG 

+:, 8 ATGGGGCGCG GGGGTCGGCG CGGCTAC.{JAG TGCGGCGAGT GGAGCGGTGG 

t 108 GTGCCGAGCG GCGGGGCCCA GCGGCCCGCA GGGAGGCGGG AGCGGCC',GCT 

+ l 5 8 GCGGCCTCAG GGCCTGTGAG CTGGA 



3.2 Sequencing of pGL3Basic TIIJ3-1357. 

Sequence results using primer RV3 
Length 647 bases (TIIBSeq4 primer sequence shown in bold) 

- 1357 CCATC TGCCAAAGAC 

- 1342 TGTGATGTTG CTGTATTGGT AATTTTCATT CTTAGAAAGC 'I'TTAATGTGA 

-1292 ATGAAATTAT TCCTTACTGT GCATTTGAAA ATTCCACTGA AAACAGTTTT 

-1242 AAAAATTAAG CATGCCCTCT TAGAGGCAGG GGGCACAGTT CTGGACAGAT 

-1192 GAGAAAAGTG ACAGTGACAT CTCTGCATTG TTCAGAGAAG AAAGGTCAAC 
Contig of Topoisomerase II~ promoter sequences: 
1483 bases 

-1142 AAAGAGTAGA AATAGAACAC TCAACCCACC CTGCATTCTT TCCCTAGAAC 

-1092 .•.TTCTCTGTG TGTCCCTTAT CATTTAAGCT TTTCATATGT AGTTTTCTTG 
- 1357 CCATC TGCCAAAGAC 

- 1042 AAACTGACCA TATGCTCTTT T=TGAGG GGAGGAGACG GAAGAAGGAG 
- 1342 TGTGATGTTG CTGTATTGGT AATTTTCATT CTTAGAAAGC TTTAATGTGA 

-992 ATGGAGAAGG TCTGAGATGA TTTTTTTCGA CAGCAGCGTC CACTTAGGCC 
- 1292 ATGAAATTAT TCCTTACTGT GCATTTGAAA ATTCCACTGA AAACAGTTTT 

-942 CTT=AGG CCGGGTCACG GGGCCTCCTT GCACCAGTGG TCTACAACGT 
- 1242 AAAAATTAAG CATGCCCTCT TAGAGGCAGG GGGCACAGTT CTGGACAGAT 

-892 CTTGCCTGCG GTTTACAACC GCTCTTTTAA AATAATTTCC CTTTGGGACG 
- 1192 GAGAAAAGTG ACAGTGACAT CTCTGCATTG TTCAGAGAAG AAAGGTCAAC 

- 842 GCCCCCGGCT TCTTCCTGCC ACCCCCATCC CCACCCCGCC CCCATCCTCA 
1142 AAAGAGTAGA AATAGAACAC TCAACCCACC CTGCATTCTT TCCCTAGAAC 

- 792 TCCTTAGAGG CCCCAGGCAA ACGCTTCGGA TTCCCGGTTA GGTCTCAGAG 
- 1092 ATTCTCTGTG TGTCCCTTAT CATTTAAGCT TTTCATATGT AGTTTTCTTG 

- 742 TAAACAGCAC GCTTGGAGGA TTACAATCGA C 
- 1042 AAACTGACCA TATGCTCTTT T=TGAGG GGAGGAGACG GAAGAAGGAG 

992 ATGGAGAAGG TCTGAGATGA TTTTTTTCGA CAGCAGCGTC CACTTAGGCC 

942 Cn=AGG CCGGGTCACG GGGCCTCCTT GCACCAGTGG TCTACAACGT 
Sequence results usi ng primer TIIBSeq4 
Length 498 bases (TIIBSeqS 11ri111er sequence shown in bold) 892 CTTGCCTGCG GTTTACAACC GCTCTTTTAA AATAATTTCC CTTTGGGACG 

865 TAA AATAATTTCC CTTTGGGACG 
842 GCCCCCGGCT TCTTCCTGCC ACCCCCATCC CCACCCCGCC CCCATCCTCA 

- 842 GCCCCCGGCT TCTTCCTGCC ACCCCCATCC CCACCCCGCC CCCATCCTCA 
792 TCCTTAGAGG CCCCAGGCAA ACGCTTCGGA TICCCGGTIA GGTCTCAGAG 

- 792 TCCTTAGAGG CCCCAGGCAA ACGCTTCGGA TTCCCGGTTA GGTCTCAGAG 
742 TAAACAGCAC GCTTGGAGGA TTACAATCGA CCCGAGGCCA ATTCGACCCT 

- 742 TAAACAGCAC GCTTGGAGGA TTACAATCGA CCCGAGGCCA ATTCGACCCT 
- 692 TTCCCTTTGC CGCCCTCAAT TGACCCTTGA AGCAGCCCCT GCTCTCCCTT 

- 692 TTCCCTTTGC CGCCCTCAAT TGACCCTTGA AGCAGCCCCT GCTCTCCCTT 
- 642 CAAATGGAAA ACCCACAGAC ACACACACAA ACAAAAACCC CAAGTCTTCC 

-642 CAAATGGAAA ACCCACAGAC ACACACACAA ACAAAAACCC CAAGTCTTCC 
592 TTTCGGTTGC TACCCGCAAT GACGTTTCCC CCCTCGGGTC CCGCCCCTCC 

- 592 TTTCGGTTGC TACCCGCAAT GACGTTTCCC CCCTCGGGTC CCGCCCCTCC 
542 AGGGGGCTTG GAATTTTGGG ATTGGCCGAG AGGCTGTGGC GACAAGGCCC 

- 542 AGGGGGCTTG GAATTTTGGG ATTGGCCGAG AGGCTGTGGC GACAAGGCCC 
492 GGATTGGACA GCATGGCGCT GACTGACAGC GGGGGCGGCC GCCGCGCCCT 

- 492 GGATTGGACA GCATGGCGCT GACTGACAGC GGGGGCGGCC GCCGCGCCCT 
442 CCCTCTCTCC CCGGTGTGCA AATGTGTGTG TGCGGTGTTA TGCCGGACAA 

- 442 CCCTCTCTCC CCGGTGTGCA AATGTGTGTG TGCGGTGTTA TGCCGGACAA 
392 GAGGGAGGTG ACCGTGGCGG CGGCGGCGGC GGCTCTGTTT ATTGTCCCTC 

- 392 GAGGGAGGTG ACCGTGGCGG CGGCGG 
342 TCGGTGTGTG TGTGTGAGGA AATc=cT GCAGCGAGGC TAAGGCTGCC 

292 TTTGAAGCAG CGGCGGCGAC CGGGACGACT ACTCTGGCGA CTCGAGTGGC 

242 TGGCCTTCGC GGAGTGTGAG AAGGACAAGG CACCTCTGCG TCCTCGCCAC 

Sequence results using primer TIIBSeqS 
Length 497 bases 192 GTCCGAGCGC CTCGGGCTCC CCGGCCGCCC TCGCGGCTCG CACGCCCGGG 

- 370 GCGGCGGC GGCTCTGTTT ATTGTCCCTC 
142 CTTCAGCCCG GCCTGCAGCG GCGCCCGCGG GCGGGCGAGA AGGCAACGCC 

- 342 TCGGTGTGTG TGTGTGAGGA AATC=CT GCAGCGAGGC TAAGGCTGCC 
- 92 GCCGCTCGGC CGCCGCCGGT CGCTCCCTGC TTTCTCCTCA GC~ GCGC 

+l 

- 292 TTTGAAGCAG CGGCGGCGAC CGGGACGACT ACTCTGGCGA CTCGAGTGGC 
42 TAGGCCCGGG CGACGCGGAC GCCGCGCCTC GAGTTTGAGG GCAGCCGGCG -

- 242 TGGCCTTCGC GGAGTGTGAG AAGGACAAGG CACCTCTGCG TCCTCGCCAC 
+8 GCGCGGCCTC CTCAGCGGGC TCGGCTGGAC GTCCGCTCCG GATCTTCGCG 

-192 GTCCGAGCGC CTCGGGCTCC CCGGCCGCCC TCGCGGCTCG CACGCCCGGG 
+58 AT=CGCG =TCGGCG CGGCTAGGAG TGCGGCGAGT GGAGCGGTGG 

- 142 CTTCAGCCCG GCCTGCAGCG GCGCCCGCGG GCGGGCGAGA AGGCAACGCC 
+108 GTGCGGAGCG GCGGGGCCC 

- 92 GCCGCTCGGC CGCCGCCGGT CGCTCCCTGC TTTCTCCTCA GC~ GCGC 
+l 

- 42 TAGGCCCGGG CGACGCGGAC GCCGCGCCTC GAGTTTGAGG GCAGCCGGCG -

+8 GCGCGGCCTC CTCAGCGGGC TCGGCTGGAC GTCCGCTCCG GATCTTCGCG 

+58 AT=CGCG =TCGGCG CGGCTAGGAG TGCGGCGAGT GGAGCGGTGG 

+108 GTGCGGAGCG Gc=ccc 

175 



3.3 Chromatogram of pGL3B-TIIP-1411 construct sequence. 
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3.4 - GCG Sequence Analysis 

Restriction endonuclease MAP (GCG, Wisconsin Package version 9.1) of the 1.54 kb 
topoisomerase II~ promoter sequence. 

1135 

HindIII 
I 

TCCATCTGCCAAAGACTGTGATGTTGCTGTATTGGTAATTTTCATTCTTAGAAAGCTTTA 
+-- ----- +--- ---+ ---- --+- ----- -+-- ---- -+--

AGGTAGACGGTTTCTGACACTACAACGACATAACCATTAAAAGTAAGAATCTTTCGAAAT 

ATGTGAATGAAATTATTCCTTACTGTGCATTTGAAAATTCCACTGAAAACAGTTTTAAAA 

1194 

1195 - ---+- ---- -+-- ----- +--- ----+ ---- --+- ---- --+ 1254 
TACACTTACTTTAATAAGGAATGACACGTAAACTTTTAAGGTGACTTTTGTCAAAATTTT 

SphI 

I 
ATTAAGCATGCCCTCTTAGAGGCAGGGGGCACAGTTCTGGACAGATGAGAAAAGTGACAG 

1255 --- -+-- --- +---- ---+ - -- +- - +-- +--- 1314 

TAATTCGTACGGGAGAATCTCCGTCCCCCGTGTCAAGACCTGTCTACTCTTTTCACTGTC 

HincII 

I 
TGACATCTCTGCATTGTTCAGAGAAGAAAGGTCAACAAAGAGTAGAAATAGAACACTCAA 

1315 ---+ -+- +--- ----+ ---+ ---- --+ 

ACTGTAGAGACGTAACAAGTCTCTTCTTTCCAGTTGTTTCTCATCTTTATCTTGTGAGTT 

HindIII 

I 
CCCACCCTGCATTCTTTCCCTAGAACATTCfCTGTGTGTCCCTTATCATTTAAGCTTTTC 

1375 ---- +--- -+ - -+ - +- -----+--- + 

GGGTGGGACGTAAGAAAGGGATCTTGTAAGAGACACACAGGGAATAGTAAATTCGAAAAG 

NdeI NdeI Bs~AI 

1435 

I I i 
ATATGTAGTTTTCTTGAAACTGACCATATGCTCTTTTGGGGTGAGGGGAGGAGACGGAAG 

- - - + - --+ - -+- + - - + - -+ 

TATACATCAAAAGAACTTTGACTGGTATACGAGAAAACCCCACTCCCCTCCTCTGCCTTC 

Taql 
Hgal I HaeIII 

, I 
AAGGAGATGGAGAAGGTCTGAGATGATTTTTTTCGACAGCAGCGTCCACTTAGGCCCTTG 

1495 - - -+- +- --- + --- - -+ -+- + -
TTCCTCTACCTCTTCCAGACTCTACTAAAAAAAGCTGTCGTCGCAGGTGAATCCGGGAAC 

MspI 
HaeIII/ HaeIII Acer 

Ii I I 
GGGAGGCCGGGTCACGGGGCCTCCTTGCACCAGTGGTCTACAACGTCTTGCCTGCGGTTT 

1374 

1434 

1494 

1554 

1555 ----+ - - + - +-- -+ - - - - + - - -+ - 1614 

CCCTCCGGCCCAGTGCCCCGGAGGAACGTGGTCACCAGATGTTGCAGAACGGACGCCAAA 

BsrBI 
Mspl 

Hae III I 
I 

FokI 

I 
ACAACCGCTCTTTTAAAATAATTTCCCTTTGGGACGGCCCCCGGCTTCTTCCTGCCACCC 

1615 --- -+--- ----+--- - - - +-- - + - - +--- --- +--- 1674 
TGTTGGCGAGAAAATTTTATTAAAGGGAAACCCTGCCGGGGGCCGAAGAAGGACGGTGGG 

FokI FokI Hae III MspI 

I I I I 
CCATCCCCACCCCGCCCCCATCCTCATCCTTAGAGGCCCCAGGCAAACGCTTCGGATTCC 

1675 --+ ---- ---+- +-- ----+----- --+- --+ 1 734 
GGTAGGGGTGGGGCGGGGGTAGGAGTAGGAATCTCCGGGGTCCGTTTGCGAAGCCTAAGG 

Aval 
BsmAI TaqI I Hae III Taql 

I I I I I 
CGGTTAGGTCTCAGAGTAAACAGCACGCTTGGAGGATTACAATCGACCCGAGGCCAATTC 

1735 - --+- +-- ---- +---- ---+- ---- -+- ---- -+- 1794 
GCCAATCCAGAGTCTCATTTGTCGTGCGAACCTCCTAATGTTAGCTGGGCTCCGGTTAAG 

177 



Al wNI 

I 
GACCCTTTCCCTTTGCCGCCCTCAATTGACCCTTGAAGCAGCCCCTGCTCTCCCTTCAAA 

1795 ----- +--------- +--------- +--------- +--------- +--------- +--- - 1854 
CTGGGAAAGGGAAACGGCGGGAGTTAACTGGGAACTTCGTCGGGGACGAGAGGGAAGTTT 

TGGAAAACCCACAGACACACACACAAACAAAAACCCCAAGTCTTCCTTTCGGTTGCTACC 
1855 ----- +------- --+ ------- - - +--- --- --- +--------- +--------- +---- 1914 

ACCTTTTGGGTGTCTGTGTGTGTGTTTGTTTTTGGGGTTCAGAAGGAAAGCCAACGATGG 

Aval 

I 
CGCAATGACGTTTCCCCCCTCGGGTCCCGCCCCTCCAGGGGGCTTGGAATTTTGGGATTG 

1915 -- -- - +-- - ---- - - +-- - ---- -- +--------- +- --- -- --- +- - ---- -- - +- -- - 1974 
GCGTTACTGCAAAGGGGGGAGCCCAGGGCGGGGAGGTCCCCCGAACCTTAAAACCCTAAC 

HaeIIl 

I 

MspI 
HaeIII I 

I I 
Hhal 

I 
GCCGAGAGGCTGTGGCGACAAGGCCCGGATTGGACAGCATGGCGCTGACTGACAGCGGGG 

1975 ----- +-- - -- --- - +----- - -- - +------- --+ ------ -- - +- -- ------ +---- 2034 
CGGCTCTCCGACACCGCTGTTCCGGGCCTAACCTGTCGTACCGCGACTGACTGTCGCCCC 

HaeIII 
Eagl 

EclXl 
Notl 

XmailI 

I 

HhaI 
BstUl I 

I I 
MspI MspI 

I I 
GCGGCCGCCGCGCCCTCCCTCTCTCCCCGGTGTGCAAATGTGTGTGTGCGGTGTTATGCC 

2035 ----- +------- - - +- -- --- -- - +--------- +--------- +--------- +---- 2094 
CGCCGGCGGCGCGGGAGGGAGAGAGGGGCCACACGTTTACACACACACGCCACAATACGG 

GGACAAGAGGGAGGTGACCGTGGCGGCGGCGGCGGCGGCTCTGTTTATTGTCCCTCTCGG 
2095 ----- +--------- +- -- --- -- - +--------- +--------- +--------- +---- 2154 

CCTGTTCTCCCTCCACTGGCACCGCCGCCGCCGCCGCCGAGACAAATAACAGGGAGAGCC 

PstI 

I 
TGTGTGTGTGTGAGGAAATCGGGGCTGCAGCGAGGCTAAGGCTGCCTTTGAAGCAGCGGC 

2155 ----- +--------- +--------- +------ -- - +--------- +--------- +---- 2214 
ACACACACACACTCCTTTAGCCCCGACGTCGCTCCGATTCCGACGGAAACTTCGTCGCCG 

Mspl 

I 

Taql 
AvaI I 
Xhol l 

11 

Haelll Bs tUl 

I I 
GGCGACCGGGACGACTACTCTGGCGACTCGAGTGGCTGGCCTTCGCGGAGTGTGAGAAGG 

2215 ----- +--------- +--------- +- - ------- +--------- +--------- +---- 2274 
CCGCTGGCCCTGCTGATGAGACCGCTGAGCTCACCGACCGGAAGCGCCTCACACTCTTCC 

HaelII 
EagI 

EclXI 
Aval XmalII Bgll 

Hgal Hhal I Mspl l BstUl 

I I I 11 I 
ACAAGGCACCTCTGCGTCCTCGCCACGTCCGAGCGCCTCGGGCTCCCCGGCCGCCCTCGC 

2275 ----- +- -------- +--------- +--------- +--------- +--------- +---- 2334 
TGTTCCGTGGAGACGCAGGAGCGGTGCAGGCTCGCGGAGCCCGAGGGGCCGGCGGGAGCG 

Smar 
Mspl l 

Aval 11 

111 

HaeIIl 
MspI I 

I I 

BstUl 
Hhal 

Narr I 
PstI I I 

I I I 

I 
I 
I 
I 

GGCTCGCACGCCCGGGCTTCAGCCCGGCCTGCAGCGGCGCCCGCGGGCGGGCGAGAAGGC 
2335 ----- +--------- +--------- +--------- +--------- +--------- +---- 2394 

CCGAGCGTGCGGGCCCGAAGTCGGGCCGGACGTCGCCGCGGGCGCCCGCCCGCTCTTCCG 
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2395 

HaeIII 
EagI 

EclXI 
XmaIII 

BsrBI I 
I I 

MspI 
I 

HaeIII 
HhaI 

BstUI I 
I I 

I 
I 
I 

AACGCCGCCGCTCGGCCGCCGCCGGTCGCTCCCTGCTTTCTCCTCAGCCGCCGCGCTAGG 
-- +- -- -- -+---- -- -+ --- -- -+---- --- +- -- -- -+ 

TTGCGGCGGCGAGCCGGCGGCGGCCAGCGAGGGACGAAAGAGGAGTCGGCGGCGCGATCC 

TaqI 

Hgar 

2454 

Smar HhaI Hae III 
MspI I BstUI I BstUI I 

Aval I I BstUI Hgar I I Mspr HhaI I 

111 I I I I I I 
CCCGGGCGACGCGGACGCCGCGCCTCGAGTTTGAGGGCAGCCGGCGGCGCGGCCTCCTCA 

2455 - -- +- -- -- -+---- -- -+---- -- -+- -- --- +-------- +- -- 2514 
GGGCCCGCTGCGCCTGCGGCGCGGAGCTCAAACTCCCGTCGGCCGCCGCGCCGGAGGAGT 

2515 

2575 

2635 

MboI 
Mspr I 

BsrBI I I 
i I I 

BstUI 

I 

BstUr 
Hhar 

I 

BstUI 
HhaI 

I 
GCGGGCTCGGCTGGACGTCCGCTCCGGATCTTCGCGATGGGGCGCGGGGGTCGGCGCGGC 

- - + - --+------- ---+ +-- -- -- +-
CGCCCGAGCCGACCTGCAGGCGAGGCCTAG?AGCGCTACCCCGCGCCCCCAGCCGCGCCG 

BsrBT BsrBr HaeIIr HaeirI 

1 I 
TAGGAGTGCGGCGAGTGGAGCGGTGGGTGCGGAGCGGCGGGGCCCAGCGGCCCGCAGGGA 

+- + + + - + +-

ATCCTCACGCCGCTCACCTCGCCACCCACGCCTCGCCGCCCCGGGTCGCCGGGCGTCCCT 

AlwNI 
BsrBI HaeI I HaerIII 

11 
GGCGGGAGCGGCGGCTGCGGCCTCAGGGCCTGTGAGCTGGA 

+- +- + - - "+-- 2675 
CCGCCCTCGCCGCCGACGCCGGAGTCCCGGACACTCGACCT 

2574 

2634 

Enzymes that do cut: 

Acer AlwNI ApaI Aval BglI BsmAr BsrBI BstUI 
EagI EclXI FokI HaeIII HgaI HhaI HincII HindIII 
Mbor MspI Narr Nder NotI Pstr Smar SphI 
TaqI XhoI XmairI 

Enzymes that do not cut: 

BamHI BglII BlnI BstBI BstXI Clar EcoRI KpnI 
MluI MscI Ncor Nher NsiI PvuI Pvuir RsaI 
SacI SalI Seal SfiI SnaBI SspI XbaI 
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3.5 Bestfit 

Comparison between the topoisomerase II~ promoter sequence and pGE\tT-Tll~-1357 construct. 
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Comparison between topoisomerase llP promoter sequence 
and pGLJB-TIIP-1357 construct sequence 
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Comparison between topoisomerase IIP promoter sequence 
and pGLJB-TIIP-1228 construct sequence 

Comparison between pGL3B-TIIP construct sequence 
and pGL3B-TllP-l228 construct sequence 

182 



Comparison between topoisomerase II!3 promoter sequence 
and pGL3B-TII!3-lOSl construct sequence 

Comparison between pGL3B-T11!3-1357 construct sequence 
and pGLJB-TI1!3-lOSl construct sequence 
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Comparison between topoisomerase 11[3 promoter sequence 
and pGLJB-TII/3-901 construct sequence 

Comparison between pGl.3B-Tllf3-1357 construct sequence 
and pGL3H-Tllf3-90l construct sequence 
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Comparison between topoisomerase II~ promoter sequence 
and pGL3B-Tll~-654 construct sequence 

Comparison between pGLJB-Tll~-1357 promoter sequence 
and pGL3B-TII~-654 construct sequence 
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Comparison between topoisomerase II/3 promoter sequence 
and pGL3B-TII/3-456 construct sequence 

Comparison between pGL3B-Tll/3-1357 construct sequence 
and pGLJB-TII/3-456 construct sequence 
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Comparison between the topoisomerase ll/3 promoter 
sequence and pBS-Tll/3-456 construct sequence 
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Comparison between pCL3B-Tllf3-l357 construct 
sequence and pBS-Tllf}-456 construct sequence 



Comparison between pGLJB-TIIP-1357 construct sequence 
and pBS-TIIP-1357ID construct sequence 

G 

Comparison between pGL3B-TIIP-1357 construct sequence 
and pBS-Tllp-135711) construct sequence 
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Comparison between topoisomerase II~ promoter sequence 
and pGL3B-Tll~-1357-ID construct sequence 

Comparison between pGL38-Tll~-1357 construct sequence 
and pGL3B-Tll~-1357-rn construct sequence 
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Comparison between topoisomerase II/3 promoter sequence 
and pGL3B-Tll/3-l228-ID construct sequence 

Comparison between pGL3B-Tll/3 construct sequence 
and pGL3B-TIIJ3-l 228-ID construct sequence 
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Comparison between topoisomerase 1113 promoter sequence 
and pGL3B-Tllj3-1051-ID construct sequence 

Comparison between pGL3B-Tllj3-1357 construct sequence 
and pGL3B-Tllj3-l05 l-ID construct sequence 
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Comparison between topoisomerase II~ promoter sequence 
and pGLJB-TII~-901-ID construct sequence 

Comparison betweenpG L3 B-Tll ~-\ 357 construct sequence 
and pGL3B-Tll~-90l-ll) construct sequence 
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Comparison between topoisomerase II!} promoter sequence 
and pGL3B-THf3-[CB1 mt construct sequence 

()':, 

Comparison between pGL3H-Tllf3-l357 construct sequence 
and pGL3H-Tllf3-ICHlmt construct sequence 

s' 
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Comparison between topoisomerase lll3 promoter sequence 
and pGL3B-Tllj3-ICB2 mt construct sequence 

94 

Comparison between pGL3B-Tlll3-1357 construct sequence 
and pGL3B-Tlll3-ICB2mt construct sequence 



Comparison between topoisomerase II~ promoter sequence 
and pGL3B-TH~-180 construct sequence 

Comparison between pGL3B-Tll~-1357 construct sequence 
and pGL3B-Tll~-l80 construct sequence 
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3.6 Search of potential transcription factor binding sites. 
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AGCAT 
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GAGAGGC 

,_,::, 
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Appendix 4: Protein Standard Curves. 

Protein Standard Curve 
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C 
~ 
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"' .c 

<!I'. 0.200 

0.100 

0.000 

0 0.5 1.5 2 2.5 3 

Amount of Protein (ug) 

8) 
BSA Absorbance 

Standard (595nm) I st HeLa extract 2nd HeLa extract 3rd HeLa extract 

(µg) 

0 

0.4 

0.6 

0.8 

1.0 

1.5 

2.0 

2.5 

Absorbance Amount of Absorbance Amount of Absorbance Amount of 
595 nm protein 595 nm protein 595 nm protein 

0.269 
(µg) (~tg) (µg) 

0.334 
0.466 0.97 0.457 0.89 0.429 0.79 

0.487 
0.382 

1.05 0.475 0.98 0.417 0.73 

0.493 1.08 0.477 0.99 0.423 0.78 
0.422 

0.472 Average 1.03 Average 0.95 Average 0.77 

0.568 Concentration 4. 12 µg/µL Concentration 3.80 µg/µL Concentration 3.08 µ g/µL 

0.657 

0.705 Results of the Protein Standard Curve. 

The Bradford protein assay was carried out as described in section 2.2.21 . A) Absorbance 

values generated with different amounts of BSA protein standard mixed with Bradford 

reagent, were used to generate the protein standard curve. B) HeLa extracts were mixed with 

Bradford reagent and the absorbance values were used to relate the amount of protein from 

the graph shown above. The amounts of protein present in triplicate samples was averaged 

and used to calculate the concentration of protein present in each HeLa extract. Each 

concentration was corrected for the dilution (x 40) and volume (-dO). The concentration of 

the fourth HeLa extract was estimated in the same way (data not shown). 
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Appendix 5: Transient transfections 
5.1 pGL3B-1357 concentration titrations in HeLa 

Transfection #1 T ransfection #2 
-1357wt Luciferase Luciferase B-Gal B-Galvalue Normalised -1357wt Luciferase Luciferase B-Gal B-Gal value Nonnalised 
construct Maxima minus Blank {405nm) minus Blank {Luc/B-Gal) Average Ave Dev construct Maxima rnnus Blank (405nm) rnnus Blank (Luc/B-Gal) Averaae Ave Dev 

137 122 0 .184 0.144 847.22 240 51 0.454 0.379 134.56 
Oug 144 129 0.149 0.109 1183.49 1015.35 168.13 Oug 283 94 0.364 0.289 325.26 229.91 95.35 

21732 21717 0.173 0.133 163285.71 3643 3454 0.413 0.338 10218.93 

17139 17124 0.156 0.116 147620.69 3387 3198 0.305 0.23 13904.35 

0.25ug 15905 15890 0.157 0 .117 135811 .97 148906.12 9586.39 0.25ug 4050 3861 0.356 0.281 13740.21 12621 .17 1601.49 

45717 45702 0.163 0.123 371560.98 
43317 43302 0.143 0.103 420407.77 

5562 5373 0.322 0.247 21753.04 

0.5ug 30550 30535 0.136 0.096 318072.92 370013.89 34627.31 
0.5ug 4173 3984 0.288 0.213 18704.23 20228.63 1524.41 

47774 47759 0.114 0.074 645391 .89 2396 2207 0.18 0.105 21019.05 
39501 39486 0.115 0.075 526480.00 0.75ug 3148 2959 0.281 0.206 14364.08 17691 .56 3327.48 

0.75ug 585935.95 59455.95 

3492 3303 0.343 0.268 12324.63 
51585 51570 0.106 0.066 781363.64 4350 4161 0.346 0.271 15354.24 
62499 62484 0.136 0 .096 650875.00 1.0ug 3373 3184 0.278 0.203 15684.73 14454.53 1419.94 

1.0ug 62224 62209 0.124 O.D.84 740583.33 724273.99 48932.66 

3300 3111 0.212 0.137 22708.03 
61940 61925 0.109 0.069 897463.77 3255 3066 0.243 0.168 18250.00 
60739 60724 0.108 0.068 893000.00 1.25ug 20479.01 2229.01 

1.25ug 58562 58547 0.105 0.065 900723.08 897062.28 2708.19 
6450 6261 0.203 0.128 48914.06 

60384 60369 0.106 0.066 914681 .82 7176 6987 0.188 0.113 61831 .86 
61924 61909 0.121 0.081 764308.64 1.5ug 6909 6720 0.188 0.113 59469.03 56738.32 5216.17 

1.5ug 57603 57588 0.095 0.055 1047054.55 908681 .67 96248.68 
6279 6090 0.162 0.087 70000.00 

60714 60699 0.078 0.038 1597342.11 7392 7203 0.152 0.077 93545.45 
61655 61640 0.085 0.045 1369777.78 2.0ug 81m.73 11772.73 

2.0ug 1483559.9 11 3782.16 

Blank 15 0.040 
Blank 189 0.075 

Summary 
~ Construct Relative 

added jug) Average Ave Dev Activity %Error 
Construct Relative 
added (ug) Average Ave Dev Activity o/cError 

Oug 1015.4 168.1 0.3 23.4 Oug 229.9 95.3 1.1 58.6 
0.25ug 148906.1 9586.4 40.2 9.3 0.2Sug 12621 .2 1601 .5 62.4 16.5 

0.5ug 370013.9 34627.3 100.0 13.8 0.5ug 20228.6 1524.4 100.0 10.7 
0.75ug 585935.9 59456.0 158.4 14.4 0.75ug 17691 .6 3327.5 87.5 26.6 

1.0ug 724274.0 48932.7 195.7 9.2 1.0ug 14454.5 1419.9 71.5 12.8 
1.25ug 897062.3 2708.2 242.4 0.4 1.2Sug 20479.0 2229.0 101.2 15.4 

1.5ug 908681 .7 96248.7 245.6 15.6 1.5ug 56738.3 5216.2 280.5 12.1 
2.0ug 1483559.9 113782.2 400.9 10.8 2.0ug 81772.7 11772.7 404.2 20.4 

201 



Transfection #3 

-1357wt Luciferase Luciferase B-Gal B-Gal value Normalised 
construct Maxima minus Blank (405nm) minus Blank (Luc/B-Gal) Average Ave Dev 

270 133 0.511 0.443 300.23 
232 95 0.658 0.590 161 .02 

Dug 230.62 69.60 

13440 13303 0.513 0.445 29894.38 
14418 14281 0.504 0.436 32754.59 

0.25ug 14384 14247 0.598 0.530 26881 .13 29843.37 1974.82 

6140 6003 0.485 0.417 14395.68 
6858 6721 0.521 0.453 14836.64 

0.5ug 6421 6284 0.388 0.320 19637.50 16289.94 2231 .70 

19520 19383 0.516 0.448 43265.63 
24263 24126 0.547 0.479 50367.43 

0.75ug 24532 24395 0.584 0.516 47277.13 46970.06 2469.63 

31090 30953 0.639 0.571 54208.41 
35574 35437 0.637 0.569 62279.44 

1.0ug 31752 31615 0.593 0.525 60219.05 58902.30 3129.26 

32626 32489 0.515 0.447 72682.33 
25567 25430 0.378 0.310 82032.26 

1.25ug 27316 27179 0.415 0.347 78325.65 77680 .08 3331 .83 

38665 38528 0.440 0.372 103569.89 
39030 38893 0.416 0.348 111761.49 

1.5ug 29010 28873 0.284 0.216 133671 .30 116334.23 11558.05 

28278 28141 0.254 0.186 151295.70 
33352 33215 0.245 0.177 187655.37 
40058 39921 0.323 0.255 156552.94 165168.00 14991 .58 

2.0ug 137 0.068 

Blank 137 0.068 

Summa!)£ 
Construct Relative 
added jug) Average Ave Dev Activit:i ¾Error 

Dug 230.62 98.44 1.42 42.68 
0.25ug 29843.37 2937.06 183.20 9.84 
0.5ug 16289.94 2907.44 100.00 17.85 

0.75ug 46970.06 3560.85 288.34 7.58 
1.0ug 58902.30 4193.54 361 .59 7.12 

1.25ug 77680.08 4708.28 476.86 6.06 
1.5ug 116334.23 15562.97 714.15 13.38 
2.0ug 165168.00 19651 .23 1013.93 11 .90 
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5.2 Topoisomerase IIP promoter construct activities in HeLa cells 
Ir1n1t11a 1on #4 Transfection #5 

Lu clfera11 Luc lfe ra se B-Gal B -Gal value Normalised Luciferase Luc iferase B - Gal B -Galvalue Normalised 
con 1tr~ ,t M 1xlm a m inus Blank (405nm} min I,! I B If n k ,Luc/8-Gal} Averag e Ave Dev construct Ma xima m in l,!s Blank {405nm} minus Blank (Luc /B -Gal} Average Ave Dev 

185 -1 3 0.804 0 .750 -17 .33 4 5 3 0.720 0 .648 4 .63 
217 19 0.686 0 .632 30 .06 51 9 0 .633 0 .561 16 .04 

pG l3 B asic 0 -198 0.636 0 .582 -340 .2 1 -109 . 1 6 1 54 .03 pG L 3Basic 1 0.34 5 .71 
Blank 198 0 .054 Blank 42 0 .072 

9134 8936 0 .5 49 0 .495 18052 .53 7735 7693 0 . 763 0 .691 111 33.14 
10488 10290 0 .582 0 .528 19486 . 64 7698 7656 0.760 0 .688 11127 .91 

-1357 9877 9679 0 .590 0 .536 18057 .84 18533 .00 637 .09 -1357 7717 7675 0 .745 0 .673 11404 .16 11 221 .7 4 121 .62 
B tank 198 0 .05 4 Blank 42 0 .072 

20599 20401 0.319 0 .265 76984 . 91 37229 37187 0 .830 0 .758 49059 .37 
22366 22168 0 .367 0 .313 70824 .28 40276 40234 0 .914 0 .842 47783.85 

-1 228 21026 2082 8 0 .301 0 .24 7 84323 .89 77377 .69 4630 .80 -122 8 39573 39531 0 .848 0 .776 50942.01 49261 .74 1120 . 18 
B lank 198 0 .054 8 lank 42 0 .072 

14792 14594 0 .581 0 .52 7 27692 .60 51383 51316 0 .8 72 0 .800 641 45 .00 
14717 14519 0 .6 37 0 .583 24903 .95 44288 44221 0 .801 0 .729 60659 .81 

·1 051 14242 1 4044 0 .657 0 .603 23290 .22 2 5 2 9 5 .5 9 1598 . 0 1 ·1 051 45144 45077 0 .813 0 .7 41 60832 .66 61879 . 16 151 0 .56 
Bla nk 198 0 .054 8 lank 67 0 .072 

18417 1 8219 0 .592 0 .538 33864 . 31 22916 22849 0 .777 0 . 705 32 4 09.93 
19705 19507 0 .568 0 .514 37951.36 23761 23694 0 .7 71 0 .699 33897 .00 

-901 17391 17193 0 .4 93 0 . 4 39 39164 . 01 36993 .23 2085 .94 -90 1 21524 21457 0 .706 0 .634 33843 .85 33383 .59 649 . 11 
8 lank 198 0 .054 Blank 67 0 .072 

20598 20400 0 .7 67 0 . 713 28611 .50 7008 6941 0 .82 4 0 .752 92 30 .05 
20130 199 32 0 .809 0 . 7 55 26 4 00 .00 6 4 07 6340 0 . 7 88 0 .716 8854 .75 

- 654 17541 1734 3 0.868 0 .8 14 21305 .90 25439 .13 2755 .49 -654 61 74 6 107 0 .794 0 .722 8458. 4 5 88 47 .7 5 259 .53 
B lank 198 0 .054 8 lank 67 0 .072 

2493 2295 0 .4 77 0 .42 3 5425 .53 3939 3897 0 .795 0 .723 5390.04 
2462 2264 0 .423 0 .369 6135 .50 4186 4144 0 .7 49 0 .677 6121 . 12 

-456 2123 1925 0 .392 0 .338 5695 .27 5752 10 255 .60 ·456 4078 4036 0 .752 0 .680 5935 .29 5815 .49 283 .63 
B lank 198 0 .054 Blank 42 0 .072 

1076 878 0 .560 0 .506 17 35 . 1 8 6338 6338 0 .773 0 .701 9041 . 37 
1225 1027 0 .512 0 .458 2242 .36 5816 5816 0 .695 0 .623 9335 .47 

- 1 3571 0 1173 975 0 .52 7 0 . 4 73 2061 . 3 1 2012 .95 1 85 . 18 ·1 357 ID 56 4 8 5648 0 . 754 0 .682 8281 .52 8886 . 12 403 .07 
B Ian k 198 0 .054 Blank 67 0 .072 

286 88 0 .262 0 .208 423 .08 160 118 0 .551 0 .4 79 246 .35 
188 146 0 .574 0 .502 290 .84 

-122 810 291 93 0 .253 0 . 19 9 467 .34 44 5 .2 1 22 . 1 3 -122810 142 100 0 .430 0 .358 279 .33 272 .17 17 .22 
8 lank 198 0 .05 4 B Ian k 42 0 .072 

262 64 0.351 0 .297 215 .4 9 4784 4742 0 .666 0 .594 7983 . 16 
267 69 0 .3 70 0 .316 2 18 .35 4709 4667 0 .655 0 .583 8005 . 15 

·10511 0 216 .92 1 .43 ·1051 ID 4176 4134 0 .590 0 .518 7980 .69 7989 .67 1 0 . 32 
Bla nk 198 0.054 Blank 67 0 .072 

1671 1473 0 .2 82 0 .228 6460 .53 4 8 6 0 .449 0 .377 15 .92 
1615 1417 0 .2 85 0 .2 31 6134 .20 52 1 0 0 .370 0 .298 33 .56 

-90 110 1886 1688 0 .2 68 0 .214 7887 .85 6827 .5 3 7 0 6 .88 -901ID 24 .74 8 .82 
B lank 198 0 .054 Blank 42 0 .072 

s Mm m l[ll li.lil..Jil..i. 
Relative Re la tive 

Construct Avera ge Ave Dev Activit~ % Error Cons t ruc t Average Ave D e v Act ivit ~ % Error 
pGLJBasic -1 09 .2 154 .0 -0 .6 ·141 . 1 pG L3Basic 10 . 3 5 .7 0 .2 55 .2 

-1 357 18533 .0 637 . 1 100 .0 3 .4 -135 7 1122 1. 7 121 .6 193 .0 1 . 1 
-1228 77377 .7 46 30 . 8 417 .5 6 .0 ·1228 49261 . 7 1120 .2 84 7 . 1 2 . 3 
·1 051 25295 .6 1598 .0 1 36 .5 6 . 3 • 1 051 61879 .2 1510 .6 1 064 .o 2 .4 

-901 36993 .2 2085 .9 199 .6 5 .6 -90 1 33383 .6 649 . 1 57 4 .0 1 .9 
-654 25439 .1 2755 .5 137 .3 1 0 .8 -654 8847 .8 259 .5 152 .1 2 .9 
-456 5 752 . 1 255 .6 31 .0 4 .4 ·456 5815 .5 283 .6 1 00 .0 4 .9 

- 135710 2012 .9 1 85 .2 1 0 .9 9 .2 ·135710 8886 . 1 403 .1 152 .8 4 .5 
-122810 445 .2 22 . 1 2 .4 5 .0 -122810 272 .2 17 .2 4 . 7 6 .3 
·105110 216 .9 1 .4 1 .2 0 .7 . , 05110 7989.7 1 0 . 3 137 .4 0 . 1 

-9011 0 6827 .5 706 .9 36 .8 1 0 .4 ·90110 2 4 .7 8 .8 0 .4 35 .7 
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Icao1f1cllao II Icansfectian #7 
Luclferase Luclferase B - Gal B •Gal value Normal ised Luc l ferase Luc ife ra se B -Gal 8-Gal value Normali se d 

~a~nuri.u;a Mi!i lmil m1au1 l!lilnk {405nm) mlnu1 l!lilnk (LU ~1 B •I, ii I) AvtriQ t Av t 0 1:v ~Qn~t ru~t Mixlmi min~ § Bl i nk {405n ml m in~§ Blink (L U~IB•I, ii I) Avtrig§ Avt Ogv 

20 -32 0 .423 0 .366 -87 .43 212 158 0 .549 0 .4 90 322 .45 
26 -28 0 .326 0 .269 -96 .65 39 -15 0 .535 0 .4 76 -31.51 

pG L 3 Ba sic 47 -5 0 .384 0 .307 -16 .29 -66 .79 33 .67 pG L3Bas ic 171 117 0 .556 0 .4 97 235.41 175 .45 137 .97 
B lank 52 0 .057 Blank 54 0 .059 

95 44 9 4 92 0 .371 0 .31 4 30229 .30 23997 2387 1 0.558 0. 4 99 47837 .68 
8431 8379 0 .296 0 .239 35058 .58 27748 27622 0.641 0 .582 47460 .48 

-1357 7322 7270 0 .279 0 .222 32747 .75 32678 .54 1632 83 - 1 357 25602 25476 0 .510 0 .4 51 56487 .80 50595 .32 3928 .32 
B lank 54 0 .057 Blank 126 0 .059 

34884 34832 0 .346 0 .289 119833 .91 45 634 45508 0 .409 0 .350 130022 .86 
32041 31989 0 .326 0 .269 118918 .22 54432 54306 0 .45 3 0 .394 137832 .49 

-1228 31190 31138 0 .341 0 .284 109640 .85 116130 .9 9 4 326 .76 -1228 49625 49499 0 .380 0 .321 154202 .49 140685 .95 9011 .03 
B lank 54 0 .057 Blank 126 0 .059 

34070 34018 0 .292 0 .235 144757 .45 62848 62722 0.621 0 .562 111604 .98 
340 4 0 33988 0 .273 0 .216 157351 .85 62675 62549 0 .677 0 .618 101211.97 

-1 051 34114 34062 0 .287 0 .230 148095 .65 150068 .32 4855 .69 -1051 62762 62636 0 .698 0 .639 98021 .91 103612 .96 5328.02 
B lank 54 0 .057 B lank 126 0 .059 

20915 20863 0 .260 0 .203 102773 .4 0 58763 58637 0 .533 0 .4 74 123706 .75 
21179 21127 0 .259 0 .202 104589 . 11 51803 51677 0 .4 71 0 .412 125429 .61 

-901 20737 20685 0 .257 0 .200 103425 .00 103595 .84 6 6 2 . 18 -901 54371 54245 0 .504 0 .445 121898 .88 123678 .41 1186 .36 
B lank 54 0 .05 7 8 lank 126 0 .059 

815 1 8099 0 .287 0 .230 352 13 .04 30004 298 78 0 .697 0 .638 46830.72 
8196 8144 0 .315 0 .258 31565 .89 31702 31576 0 .668 0 .609 51848.93 

-654 8721 8669 0 .341 0 .284 30524 .65 32434 .53 1852 .3 4 -654 2759 4 27 4 68 0 .640 0 .581 47277 . 11 48652 .25 2131 . 12 
B lank 52 0 .057 Blank 126 0 .059 

56 4 3 5591 0 .259 0 .202 27678 .22 1336 0 13234 0 .265 0 .206 64242 .72 
5255 5203 0 .267 0 .210 24776 . 19 15239 15113 0 .281 0 .222 68076 .58 

-4 56 5956 5904 0 .270 0 .213 27718 .31 26724 .24 12 9 8.70 -456 13491 13365 0 .263 0 .204 65514 .71 65944 .67 1421.27 
Bl ank 54 0 .05 7 Blank 126 0 .059 

6858 6808 0 .317 0 .260 26176 .92 15059 15005 0 .525 0 .466 32199 .57 
8398 8344 0 .27 4 0 .217 29235 .02 15950 15896 0 .51 4 0 .455 34936 .26 

-135710 58 4 1 5789 0 .277 0 .220 26313 .64 27241 .86 1328 .77 - 13571D 13082 13028 0 .410 0 .351 37116 .81 34750 .88 1700 .87 
Blank 54 0 .057 Blank 126 0 .059 

1075 1023 0 .349 0 .292 3503 .42 16136 16082 0 .210 0 . 151 106503 .31 
1119 1067 0 .365 0 .308 3 4 64 .29 15137 15083 0 .234 0 . 175 86188 .57 

-12281 0 753 701 0 .254 0 . 197 3558 .38 3508.70 33 12 -122810 15836 15782 0 .213 0 . 154 102480 .52 98390.80 8134 .82 
B lank 52 0 .057 8 lank 54 0 .059 

81 42 8090 0 .330 0 .273 29633 .70 12 97 1243 0 .245 0 . 186 6682.80 
78 11 7759 0 .31 4 0 .257 30190 .66 1270 1216 0 .261 0 .202 6019 .80 

-10511D 7556 7504 0 .332 0 .275 27287 .27 29037 .21 1166 .6 3 - 10511D 1448 1394 0 .262 0 .203 6887 .00 6523 .20 335 .60 
Blan k 54 0 .057 Blank 5 4 0 .059 

6789 6663 0 .230 0 . 171 38964 .91 
126 74 0 .265 0 .208 355 .77 4717 4 591 0 .1 77 0 . 118 38906 .78 

-90110 100 48 0 .269 0 .212 226 .42 291 .09 64 68 -90110 6164 6038 0 .210 0 . 151 39986 .75 39286 .15 467 .07 
Bl ank 54 0 .057 8 lank 126 0 .059 

~ ~ 
Re la tlve Relative 

Construct Average Ave Dev Actlvit~ % Error Construct Av e rage Ave D ev Activ it~ •;.Error 
pG L3 Ba sic -66 .8 33 .7 -0 .2 -50 .4 pG L3Basic 175 .4 138 .0 0 .3 78 .6 

-1357 32878 .5 1632 .8 100 .0 5 .0 -1357 50595 .3 3928 .3 100 .0 7 .8 
- 1228 116131 .0 432 6 .8 355 .4 3 . 7 -1228 140685 .9 9011 .0 278 .1 6 .4 
-1051 150068 .3 4855 .7 459 .2 3 .2 -1 051 103613 .0 5328 .0 20 4 .8 5 . 1 

-901 103595 .8 662 .2 317 ,0 0 .6 -901 123678 ,4 1186 .4 244 ,4 1.0 
-654 32434 ,5 1852 .3 99 ,3 5 .7 -654 48652 .3 2131 . 1 96 .2 4 .4 
-458 26724 .2 1298 .7 81 .8 4 .9 -456 65944 .7 1421.3 130 .3 2 .2 

-135710 27241.9 1328 .8 83 .4 4 ,9 -1357 10 3 4 750 .9 1700 .9 68 ,7 4 ,9 
-12281D 3506 ,7 33 . 1 1 0 .7 0.9 - 12281D 98390 ,8 8134 .8 19 4 .5 8 ,3 
-105110 29037 .2 1166 .6 88 ,9 4 .0 - 1051 ID 6523 .2 335 .6 12 .9 5 .1 

-90110 291.1 64 ,7 0 .9 22 .2 -901 ID 39286 . 1 467 .1 77 .6 1 .2 
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Trs1n1t1,liQn #§ 
Luciferase Luclferase B-Gal B-Gal value Normalised Transfection #9 

,2n1lrM,t Maxima minMI Blank (405nm} minus Bl51nk (L~c /B-G al) Average Ave D ev Luciferase Luciferase B-Gal B-Gal value Normalised 
1469 169 0 .312 0 .251 673 .31 

construct Maxima ninus Blank (405nm} ninusBlank (LlJc/8-0al} Averaae Ave Dev 1396 96 0 .422 0 .361 265 .93 
pG L3Basic 1363 63 0 .524 0 .463 136 .07 358 .43 209 .91 509 39 0.379 0.318 122.64 

Blank 1300 0 .061 501 31 0.364 0.303 102.31 
3736 2301 0 .525 0 .464 4959 .05 pGL3Basic 490 20 0.340 0.279 71 .68 98.88 18.13 
3967 2532 0 .507 0 .446 5677 . 13 Blank 470 0.001 

-1357 3893 2458 0 .625 0 .564 4358 . 16 4998 . 11 452 .68 
Blank 1435 0 .061 

1391 913 0.342 0.281 3249.11 
8735 8179 0 .515 0 .454 18015 .42 1513 1035 0.390 0.329 3145.90 12387 1183 1 0.662 0 .601 19685 .52 

-1228 10945 10389 0 .619 0 .558 18618 .28 18773 .07 608 .30 -1357 1299 821 0.351 0.290 2831 .03 3075.35 162.88 
B lank 556 0 .061 Blank 478 0.001 

11534 10856 0 .564 0 .503 21582 .50 
11942 11264 0 .610 0 .549 20517 .30 -456 1021 534 0.165 0.104 5134.62 

-1051 11825 11 14 7 0 .613 0 .552 20193 .84 20764 .55 545 .30 
B lank 678 0 .061 

1047 560 0.181 0.120 4666.67 4900.64 233.97 
25860 25052 0 .717 0 .656 38189 .02 Blank 487 0.001 
23752 22944 0 .674 0 .613 37429 .04 

-9 01 26549 25741 0.767 0 .706 36460 .34 37359 .47 599 42 
Blan k 808 0 .061 -13571D 1218 661 0.203 0.142 4654.93 

11703 11255 0 .395 0 .334 33697 .60 1103 546 0.199 0.138 3956.52 
10611 10163 0 .337 0 .276 36822 .46 1185 628 0.202 0.141 4453.90 4355.12 265.73 

-654 14044 13596 0.4 75 0 .414 32840 .58 34453 .55 1579 .28 Blank 557 0.001 
Blank 448 0.061 

3534 2205 0 .461 0 .400 5512 .50 -12281D 527 35 0.360 0.299 117.00 
3257 1928 0 .440 0 .379 5087 .07 541 49 0.373 0.312 157.05 -456 3213 1884 5299 .79 212 . 71 

B lank 1329 0 .061 517 25 0.332 0.271 92.25 122.12 23.29 

2863 1302 0 .354 0 .293 4443 .69 
Blank 492 0.001 

2990 1429 0 .373 0 .312 4580 . 13 
-135 71D 2874 1313 0 .366 0 .305 4304 .92 4442 .9 1 9 2 .00 -10511D 529 17 0.176 0.115 147.83 

B lank 1561 0 .061 

1691 228 0 .624 0 .563 404 .97 521 9 0.206 0.145 62.07 104.95 42.88 
1702 239 0 .767 0 .706 338 .53 Blank 512 0.001 

-1 228 1D 1477 3 71 . 7 5 33 .22 
Blank 1463 0 .061 

-9011D 963 428 0.395 0.334 1281 .44 
1861 156 0 .207 0 . 14 6 1068 .49 

948 413 0.419 0.358 1153.63 1813 108 0 .226 0 .165 654 .55 
-10511D 1852 147 0 . 183 0 .122 1204 .92 975 .99 214 .29 909 374 0.388 0.327 1143.73 1192.93 59.00 

B la nk 1705 0 .061 Blank 535 0.001 
2726 901 0 .724 0 .663 1358 .97 
2511 686 0 .620 0 .559 1227 . 1 9 Summary 

-9011D 2540 715 0 .621 0 .560 1276.79 1287 .65 4 7 .55 
Relative B lank 1825 0 .061 

Construct Average Ave Dev Activi~ %Error 
~ummiJc~ pGL3Basic 98.9 18.1 3.2 18.3 Relative 
Construct Average Ave Dev Actlv11~ % Error -1357 3075.3 162.9 100.0 5.3 
pGL3Bas ic 358 .4 209 .9 7 .2 58 .6 -456 4900.6 234.0 159.4 4.8 

-1357 4998 . 1 45 2 .7 100 .0 9 .1 
-13571D 4355.1 265.7 141.6 6.1 -1228 18773 . 1 608 .3 375 .6 3 .2 

-1051 20764 .5 545 .3 415 .4 2 .6 -12281D 122.1 23.3 4.0 19.1 
-901 37359 .5 599 .4 74 7 .5 1 .6 -10511D 104.9 42.9 3.4 40.9 -65 4 34453 .5 1579 .3 689 .3 4 .6 
-456 5299 .8 2 12 .7 106 .0 4 .0 -9011D 1192.9 59.0 38.8 4.9 

-13571D 444 2 .9 92.0 88.9 2 .1 
-12 281 D 37 1 .8 33 .2 7 .4 8 .9 
- 10511D 976 .0 214 .3 19.5 22 .0 

-9011D 1287 . 7 4 7 .5 25 .8 3 .7 
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5.3 PgL3B-1357 concentration titrations in MDA-MB-231 cells 

TrinSfictiQn #1Q Transfection #11 
-1357wt Luciferase Luciferase B-Gal B-Gal value Normalised -1357wt Luciferase Luciferase B-Gal B-Gal value Normalised 
construct Maxima minus Blank {405nm} minus Blank {Luc/B-Gal} Average Ave Dev construct Maxima minus Blank {405nm} minus Blank {Luc/B-Gal} Average Ave Dev 

1056 136 0.271 0.224 607.14 1129 72 0.598 0.523 137.67 
1075 155 0.309 0.262 591 .60 1325 268 0.681 0.606 442.24 

0ug 1030 110 0.252 0.205 536.59 578.44 27.91 0ug 289.96 152.29 

1319 399 0.310 0.263 1517.11 1962 905 0.565 0.490 1846.94 
1399 479 0.367 0.320 1496.88 1861 804 0.668 0.593 1355.82 

0.25ug 1004.66 10.12 0.25ug 1884 827 0.672 0.597 1385.26 1529.34 211 .73 

1702 782 0.491 0.444 1761 .26 3300 2243 0.524 0.449 4995.55 
1718 798 0.541 0.494 1615.38 2897 1840 0.548 0.473 3890 .06 

0.5ug 1703 783 0.553 0.506 1547.43 1641.36 79.93 0.5ug 2582 1525 0.579 0.504 3025.79 3970.47 683 .39 

1895 975 0.622 0.575 1695.65 3003 1946 0.615 0.540 3603.70 
1918 998 0.634 0.587 1700.17 2994 1937 0.690 0.615 3149.59 

0.75ug 1987 1067 0.685 0.638 1672.41 2534.12 11.33 0.75ug 3312 2255 0.689 0.614 3672.64 3475.31 217 .15 

2212 1292 0.472 0.425 3040.00 3289 2232 0.523 0.448 4982 .14 
2122 1202 0.557 0.510 2356.86 3961 2904 0.588 0.513 5660 .82 

1.0ug 2282 1362 0.508 0.461 2954.45 2783.77 284.60 1.0ug 3260 2203 0.536 0.461 4778.74 5140 .57 346.83 

1978 1058 0.427 0.380 2784.21 4398 3341 0.387 0.312 10708.33 
1829 909 0.337 0.290 3134.48 3669 2612 0.384 0.309 8453.07 

1.25ug 1843 923 0.466 0.419 2202.86 2707 .19 336.21 1.25ug 341 3 2356 0.409 0.334 7053.89 8738.43 1313.27 

1953 1033 0.371 0.324 3188.27 4870 3813 0.382 0.307 12420.20 
1956 1036 0.465 0.418 2478.47 3887 2830 0.425 0.350 8085.71 

1.5ug 1974 1054 0.455 0.408 2583.33 2750.02 292.16 1.5ug 4311 3254 0.462 0.387 8408 .27 9638.06 1854.76 

2933 2013 0.446 0.399 5045.11 5824 4767 0.468 0.393 12129.77 
3134 2214 0.587 0.540 4100.00 5156 4099 0.530 0.455 9008.79 

2.0ug 2831 1911 0.522 0.475 4023.16 4389.42 437.13 2.0ug 5377 4320 0.568 0.493 8762.68 9967.08 1441 .79 

Blank 920 0.047 Blank 1057 0.075 

~!!m!lli!~ Sumrn.filY 
Construct Relative Construct Relative 
added {ug} Average Ave Dev Activi~ %Error 1dded {ug) Average Ave Dev Activit~ %Error 

0ug 578.4 27.9 35.2 4.8 0ug 2025 .6 152.3 51 .0 7.5 
0.25ug 1507.0 10.1 91 .8 0.7 0.:2 5ug 1529.3 211 .7 38.5 13.8 
0.5ug 1641.4 79.9 100.0 4.9 0. 5ug 3970.5 683.4 100.0 17.2 

0.75ug 1689.4 11 .3 102.9 0.7 0.75ug 3475.3 217 .1 87.5 6.2 
1.0ug 2783.8 284.6 169.6 10.2 1.0ug 5140 .6 346.8 129.5 6.7 

1.25ug 2707.2 336.2 164.9 12.4 1. :25ug 8738.4 1313.3 220.1 15.0 
1.5ug 2750.0 292.2 167.5 10.6 1.5ug 9638.1 1854.8 242.7 19.2 
2.0ug 4389.4 437.1 267.4 10.0 2.0ug 9967.1 1441 .8 251.0 14.5 
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Transfection #12 
-1357wt Luciferase Luciferase B-Gal B-Gal value Normalised 
construct Maxima minus Blank {405nm} minus Blank {Luc/B-Gal} Average Ave Dev 

85 25 0.578 0.495 50.5050505 

Oug 62 2 0.6 0.517 3.86847195 27.19 23.32 

484 424 0.568 0.485 874.226804 
538 478 0.582 0.499 957.915832 

0.25ug 916.07 41.84 

1228 1168 0.486 0.403 2898.26303 
1320 1260 0.574 0.491 2566.19145 

0.5ug 1287 1227 0.551 0.468 2621 .79487 2695.42 135.23 

1847 1787 0.696 0.613 2915.17129 
1784 1724 0.705 0.622 2771 .70418 

0.75ug 1906 1846 0.747 0.664 2780 .1 2048 2822.33 61.89 

2575 2515 0.607 0.524 4799.61832 
2648 2588 0.714 0.631 4101.42631 

1.0ug 2475 2415 0.781 0.698 3459.88539 4120.31 452.87 

2226 2166 0.469 0.386 5611 .39896 
2353 2293 0.533 0.45 5095.55556 

1.25ug 2257 2197 0.487 0.404 5438.11881 5381 .69 190.76 

2285 2225 0.471 0.388 5734 .53608 
2396 2336 0.576 0.493 4738.33671 

1.5ug 2483 2423 0.519 0.436 5557.33945 5343.40 403.38 

3415 3355 0.514 0.431 7784.22274 
3493 3433 0.542 0.459 7479.30283 

2.0ug 3555 3495 0.581 0.498 7018.07229 7427.20 272.75 

Blank 60 0.083 

§umma!:Jl 
Construct Relative 
1dded {ug} Average Ave Dev Activi!}'. %Error 

Oug 27.2 23 .3 1.0 85.8 
0.25ug 916.1 41 .8 34.0 4.6 

0.5ug 2695.4 135.2 100.0 5.0 
0.75ug 2822.3 61 .9 104.7 2.2 

1.0ug 4120.3 452.9 152.9 11 .0 
1.25ug 5381.7 190.8 199.7 3.5 

1.5ug 5343.4 403.4 198.2 7.5 
2.0ug 7427 .2 272.8 275.5 3.7 
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5.4 Topoisomerase II~ promoter construct activities in MDA-MB-231 cells. 

!rilD~IQD #13 Irl!!!l;fecti2n #14 
Luclferase Luclfarasa B-Gal B-Galvalue Normalised Luciferase Luciferase B-Gal B-GaJ value Normalised 

construct Maxima minus Blank {405nm} minus Blank {Luc/B-Oal } Average Ave Dev cons1Tuct Maxima rrinus Blank {405rm rrinus Blank {Luc/B-Oal} Aver;!Q! Ave Dev 
pGL3Basic 48 6 0.469 0.405 14.81 24.74 14.21 64 25 0.279 0.222 11 2.61 

63 21 0.520 0.456 46.05 52 13 0.100 0.129 100.78 
48 6 0.513 0.449 13.36 

pGl3Basic 65 26 0.247 0.190 136.84 116.74 13.40 Blank 42 0.064 
Blank 39 0.057 

-1357 1118 1076 0.537 0.473 2274.84 2260.61 167.67 
1226 1184 0.538 0.474 2497.89 939 900 0 .189 0 .132 6818. 18 
924 882 0.503 0.439 2009.11 1051 1012 0 .176 0 .119 8504.20 

Blank 42 0.064 -1357 1063 1024 0.241 0 .184 5565.22 6962.53 1027.78 
Blank 39 0.057 

-1228 2408 2366 0.376 0.312 7583.33 7122.16 307.45 
2484 2442 0.412 0.348 7017.24 2037 1983 0.216 0.159 12471.70 
2383 2341 0.410 0.346 6765.90 

2100 2126 0.213 0.156 13628.21 
Blank 42 0.064 

-1228 2873 2819 0.261 0.204 13818.63 13306.18 556.32 

-1051 4043 4001 0.462 0.398 10052.76 9606.07 297.79 Blank 54 0.057 

4221 4179 0.501 0.437 9562.93 
4404 4362 0.538 0.474 9202.53 2369 2315 0.178 0.121 19132.23 

Blank 42 0.064 2198 2144 0.186 0.129 16620. 16 
-1051 2067 2013 0.172 0.115 17504.35 17752.24 919.99 

-901 2352 2310 0.354 0.290 7965.52 7732.82 155.13 Blank 54 0.057 
2201 2159 0.346 0.282 7656.03 
2209 2167 0 .350 0.286 7576.92 1242 1188 0.143 0 .086 13813.95 

Blank 42 0.064 1239 1185 0 .144 0.087 13620.69 

-S54 1042 1000 0.769 0.705 1418.44 1694.92 184.32 -901 1377 1323 0.168 0. 111 11918.92 13117.85 799.29 

1296 1254 0.740 0.676 1855.03 Blank 54 0 .057 

1261 1219 0.737 0.673 1811 .29 
Blank 42 0.064 -456 535 481 0.212 0.155 3103.23 

412 358 0.189 0.132 2712 12 
-456 356 314 0.470 0.406 773.40 833.18 115.01 689 635 0.253 0.196 3239.00 3018.38 204.17 

395 353 0.415 0.351 1005.70 Blank 54 0.057 
310 268 0.436 0.372 720.43 

Blank 42 0.064 914 875 0.189 0 .132 6628.79 

92.68 
793 754 0 .194 0 .137 5503.65 -13571D 930 888 0.589 0.525 1691.43 1830.45 

-135710 999 960 0 .202 0 .145 6620.69 6251 .04 498.26 968 926 0.564 0.500 1852.00 
977 935 0.544 0.480 1947.92 Blank 39 0 .057 

Blank 42 0.064 
655 601 0 .212 0 .155 3877.42 

-105110 117 75 0.412 0.348 215.52 316.29 67.18 486 432 0.181 0. 124 3483.87 
186 144 0.444 0.380 378.95 -105110 660 606 0.21 1 0. 154 3935.06 3765.45 187.72 
171 129 0.428 0.364 354.40 Blank 54 0 .057 

Blank 42 0.064 

56 17 0.157 0.100 170.00 
-9011 D 140 98 0.335 0.271 361 .62 342.1 1 13.01 

47 8 0.131 0.074 108.11 
127 85 0.322 0 .258 329.46 

-90110 30.95 139.05 100 58 0.237 0 .173 335.26 
Blank 39 0.057 Blank 42 0.064 

~ ~ 
Relative Relative 

Construct Average Ave Dev Actlvi!}' %Error Construct Aver~e Ave Dev Activi!}'. %Error 
pGL3Basic 24.7 14.2 1.1 57.4 pGL3Basic 116.7 13.4 1.7 11.5 

-1357 2260.6 167.7 100.0 7.4 -1357 6962.5 1228.5 100.0 17.6 
-1228 7122.2 307.5 315.1 4.3 -1228 13306.2 556.3 191 .1 4.2 
-1051 9606.1 297.8 424.9 3.1 -1051 17752.2 920.0 255.0 5.2 

-901 7732.8 155.1 342.1 2.0 
-901 13117.9 799.3 188.4 6.1 -S54 1694.9 184.3 75.0 10.9 
-456 3018.4 204.2 43.4 6.8 -456 833.2 11 5.0 36.9 13.8 

-13571D 1830.4 92.7 81.0 5.1 -135710 6251.0 498.3 89.8 8.0 

-10511D 316.3 67.2 14.0 21 .2 -105110 1194.0 97.6 17.1 8.2 
-90110 342.1 13.0 15.1 3.8 -90110 139. 1 30.9 2.0 22.3 
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T[i!nlf!!!;!iQn #15 Transfection #16 
Luclferase Luclferase B-Gal B-Gal value Normalised Luciferase Luciferase B-Gal B-Gal value Normalised 

construd Maxima minus Blank {405nm) minus Blank {Luc/B-Gal) Average Ave Dev construct Maxima minus Blank {405nm) minus Blank {Luc/B-Gall Average Ave Dev 
180 59 0.353 0.297 198.65 85 31 0.318 0.259 119.69 

82 -39 0.398 0.342 -114.04 86 32 0.322 0.263 121.67 
pGL3Basic 99 -22 0.428 0.372 -59.14 8.49 126.77 pGL3Bas,c 36 120.68 0.99 

Blank 121 0.056 Blank 54 0.059 

5435 5314 0.354 0.298 17832.21 8700 8646 0.375 0.316 27360.76 
5717 5596 0.407 0.351 15943.02 8083 8029 0.423 0.364 22057.69 

-1357 4801 4680 0.459 0.403 11612.90 15129.38 2344.32 -1357 6927 6873 0.300 0.241 28518.67 25979.04 2614.23 
Blank 121 0.056 Blank 54 0.059 

-1 051 12180 12059 0.345 0.289 41726.64 12098 12044 0.279 0.220 54745.45 
13550 13429 0.390 0.334 40206.59 16148 16092 0.365 0.306 52588.24 
13528 13407 0.402 0.346 38748.55 40227.26 999.59 -1228 9736 9682 0.266 0.207 46772.95 51368.88 3063.95 

Blank 121 0.056 Blank 54 0.059 

-901 5674 5553 0.259 0.203 27354.68 15722 15668 0.301 0.242 64743.80 
6134 6013 0.311 0.255 23580.39 14251 14197 0.284 0.225 63097.78 
5891 5770 0.345 0.289 19965.40 23633.49 2480 79 -1051 13881 13827 0.317 0.258 53593.02 60478.20 4590.12 

Blank 121 0.056 Blank 54 0.059 

-654 4035 3914 0.508 0.452 8659.29 9181 9127 0.271 0.212 43051 .89 
4893 4572 0.569 0.513 8912.28 10331 10277 0.300 0.241 42643.15 
4216 4095 0.481 0.405 10111.11 9227.56 589.03 -901 8126 8072 0.239 0.180 44844.44 43513.16 887.52 

Blank 121 0.056 Blank 54 0.059 

-456 2239 2118 0.410 0.354 5983.05 5413 5359 0.394 0.335 15997.01 
2497 2376 0.468 0.412 5766.99 6788 6734 0.452 0.393 17134.86 
2536 2415 0.516 0.460 5250.00 5666.68 277.79 -654 4599 4545 0.279 0.220 20659.09 17930.32 1819.18 

Blank 121 0.056 Blank 54 0.059 

-1357ID 2395 2274 0.352 0.296 7682.43 -1357I D 6773 6719 0.346 0.324 20737.65 
2310 2189 0.346 0.290 7548.28 7826 7772 0.383 0.256 30359.38 
2526 2405 0.436 0.380 6328.95 7186.55 571 .74 6455 6401 0.315 0.289 22148.79 24415.27 3962.73 

Blank 121 0.056 Blank 54 0.059 

-1228ID 477 356 0.451 0.395 901 .27 -1228ID 1385 1331 0.342 0.283 4703.18 
573 452 0.425 0.369 1224.93 999 945 0.250 0.191 4947.64 
447 326 0.401 0.345 944.93 1023.71 134.15 873 819 0.260 0.201 4074.63 4575.15 333.68 

Blank 121 0.056 Blank 54 0.059 

-1051ID 275 154 0.338 0.282 546.10 -1051ID 330 276 0.288 0.229 1205.24 
264 143 0.386 0.330 433.33 321 267 0.273 0.214 1247.66 
268 147 0.311 0.255 576.47 518.63 56.87 320 266 0.288 0.229 1161.57 1204.83 28.84 

Blank 121 0.056 Blank 54 0.059 

-901ID 3001 2880 0.394 0.338 8520.71 4058 4004 0.270 0.211 18976.30 
3003 2882 0.386 0.330 8733.33 4528 4474 0.370 0.311 14385.85 
2714 2593 0.395 0.339 7648.97 8301 .00 434.69 -901I D 3739 3685 0.255 0.196 18801.02 17387.73 2001.25 

Blank 121 0.056 Blank 54 0.059 

~ Summary 
Relative Relative 

Construct Avwage Ave Dev Actlv~ ¾Error Construct Avera9e Ave Dev Activi!}: •I.Error 
pGL3Basic 8.5 126.8 0.1 1492.7 pGL3Basic 120.7 1.0 0.5 0.8 

-1357 15129.4 1228.5 100.0 8.1 -1357 25979.0 1228.5 100.0 4.7 
-1051 40227.3 999.6 265.9 2.5 -1228 51368.9 3064.0 197.7 6.0 

-901 23633.5 2480.8 156.2 10.5 -1051 60478.2 4590.1 232.8 7.6 
-654 9227.6 589.0 61 .0 6.4 -901 43513.2 887.5 167.5 2.0 
-456 5666.7 277.8 37.5 4.9 -654 17930.3 1819.2 69.0 10.1 

-1357ID 7186.6 571.7 47.5 8.0 -1357ID 24415.3 3962.7 94.0 16.2 
-1228ID 1023.7 134.1 6.8 13.1 -1228ID 4575.2 333.7 17.6 7.3 
-1051ID 518.6 56.9 3.4 11.0 -1051ID 1204.8 28.8 4.6 2.4 

-901ID 8301 .0 434.7 54.9 5.2 -901ID 17387.7 2001 .2 66.9 11 .5 
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Tlcl1Sfectial #17 Transfection #18 

l..uciferase l..uciferase B-Oal B-Oal value Jlbrrelised Luciferase Luciferase B-Gal B-Gal value Normalised 
anstru:t MIXirTB nirusllai< (40Cmi nirusllai< (l...lxJB-Oall ~ /Jt,e[)ey construct Maxima minus Blank {405nm} minus Blank {Luc/B-Gal} Average Ave Dev 

~ -358 Q_J;!} 02'21 -1212.67 714 205 0.107 0.043 4767.44 

178 -125 0.211 0.112 -1116.07 

~c 167 -1~ 0.300 0.294 --462.!!l -ml.44 311.00 pGL3Basic 605 96 0.105 0.041 2341.46 3554.45 1212.99 

Bai< 3J3 a.cm Blank 509 0.064 

4709 3887 0.110 0.046 84500.00 
4003 3705 o.:m 0.213 18251.23 5157 4335 0.105 0.041 105731 .71 
3776 3473 0200 0.100 18278.gi -1357 4821 3999 0.100 0.036 111083.33 100438.35 10625.56 

-13.57 4483 4100 0271 0.172 243J2.33 ZJZT!fJJ ;:ml,22 Blank 822 0.064 

Bai< 3J3 a.cm 7614 7383 0.131 0.067 110194.03 
7267 7036 0.123 0.059 119254.24 

8100 7'o:EJ 0.449 Q,38) 22moo -1228 7453 7222 0.126 0.062 116483.87 115310.71 3411 .12 
gm 9J32 0.437 0.338 35721 .00 Blank 231 0.064 

-1228 9404 9101 0.300 0.281 32387.00 27rn.oo 3fiJJ.'o1 
Bai< 3J3 a.cm 20359 20016 0.118 0.054 370666.67 

25122 24779 0.127 0.063 393317.46 
-1051 28813 28470 0.133 0.069 412608.70 392197.61 14353.96 

::n:246 2Bl3 0.454 0.355 rrJ78.'o1 Blank 343 0.064 
28400 28106 0.537 0.438 64168.gi 

-1~1 27751 27448 O.!ID 0.401 68448.00 fJ.ffJ551 3'.re.'o! 13399 12985 0.097 0.033 393484.85 

Bai< 3J3 a.cm 16410 15996 0.112 0.048 333250.00 
-901 16870 16456 0.114 0.050 329120.00 351951 .62 27688.82 

Blank 414 0.064 
27412 27100 0.571 0.472 57434.32 

29761 29458 0.651 0.552 5.'m.5.~ 7595 7022 0.105 0.041 171268.29 
-001 29127 28824 O.!Rl 0.497 57'HJ.OO ffia'o.41 1932.00 7999 7426 0.108 0.044 168772.73 

Bai< 3J3 a.cm -654 8101 7528 0.111 0.047 160170.21 166737.08 4377.91 
Blank 573 0.064 

882 579 0.'317 0278 AB2.73 2681 2527 0.114 0.050 50540.00 
1oa:J 717 0.300 0.200 2472.41 3032 2878 0.117 0.053 54301.89 

-12281D 841 538 0.345 0246 21ffi.OO 2247.~ 1!:£l.02 -456 2575 2421 0.111 0.047 51510.64 52117.51 1456.25 

Bai< 3J3 a.cm Blank 154 0.064 

$3 29) 0.378 0.279 1039.43 
1438 443 0.125 0.061 7262.30 
1394 399 0.121 0.057 7000.00 

544 241 0.338 O.E 005.91 -12281D 1417 422 0.127 0.063 6698.41 6986.90 192.33 
-1~11D 518 215 0.'317 0278 m.~ 002.91 91.01 Blank 995 0.064 

Bai< 3J3 a.cm 

~ Summary 
IElative Relative 

Ccnslruct ~ /Jt,e Dev Activity o/c&-a- Construct Average Ave Dev Activi~ %Error 

~c -ml.4 311.9 -4.6 -33.5 pGL3Basic 3554.5 1213.0 3.5 34.1 

-13.57 ZJZT!.5 12213.5 100.0 6.1 -1357 100438.3 14060.0 100.0 14.0 

-1228 271~.6 3f[JJ.9 133.8 12.9 
-1228 115310.7 3411 .1 114.8 3.0 
-1051 392197.6 14354.0 390.5 3.7 

-1~1 fJ.ffJ5.6 3Xll.9 338.1 4.4 -901 351951 .6 27688.8 350.4 7.9 
-001 ffillS.4 1933.0 277.5 3.4 -654 166737.1 5822.3 166.0 3.5 

-12281D 2247.4 1!:£l.O 11.1 6.7 -456 52117.5 1456.3 51 .9 2.8 

-1~11D 002.9 91 .0 4.5 10.1 -12281D 6986.9 282.2 7.0 4.0 
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5.5 Addition of Spl and Sp3 with topoisomerase np ICBl and ICB2 mutant constructs. 

9901 9231 0.598 0.536 17222.01 
11482 10812 0.639 0.'ST7 18738.30 Tra,sfection 

ICB2m 0.25 11351 10081 0.604 0.542 19700.64 18555.65 889.09 
#19 Luciferase Luciferase 8Gal BGalvalue N:lrmalised Blank 670 0.062 

construct Maxima minus Ba-. {405rm) minus Ba-. {Luc/SGal) Average Aw Lev 

179 101 0.352 0.200 348.28 13754 12854 0.650 0.588 21860.54 
15450 14550 0.661 0.599 24290.48 

101 Z3 0.434 0.372 61.83 
ICB2m 0.5 14126 13226 0.656 0.594 22265.99 22805.67 989.87 

pG...38asic 101 Z3 0.418 0.356 64.61 158.24 126.00 Blank 900 0.062 
Bai< 78 0.062 

21651 20577 0.720 0.658 31272.04 
28007 26993 0.804 0.742 36378.71 

1:m3 12813 0.431 0.300 34723.58 ICB2m 1 27899 26825 0.700 0.734 36546.32 34732.35 2306.88 
14352 13002 0.447 0.385 36109.09 Blank 1074 0.062 

-ffi4 13144 12004 0.443 0.381 33317.!il 34716.75 932.78 

Bai< 400 0.002 5273 4057 0.374 0.312 13003.21 
4621 3405 0.352 0.290 11741 .38 

ICB2m 0.25 3834 2618 0.295 0.233 11236.05 11993.55 673.11 
17003 1TTZ1 0.441 0.379 46773.09 Blank 1216 0.062 

21001 21815 0.448 0.386 56515.54 

50024.10 53104.24 4220.77 
3813 2535 0.262 0.200 12675.00 

KB1m 23426 Z3Zi) 0.477 0.415 
4105 2827 0.344 0.282 10024.82 

Bai< 176 0.002 ICB2m 0.5 3825 2547 0.300 0.244 10438.52 11046.12 1085.92 
Blank 1278 0.062 

KB1m 28211 zrm 0.381 0.319 8f.6J8.15 
2661 1378 0.160 0.098 14001 .22 

+0.25ug~ 34904 34002 0.394 0.332 102415.66 2530 1247 0.174 0.112 11133.93 
31004 31002 0.352 0.200 107179.31 98401 .04 8528.!:B ICB2m 1 2595 1312 0.162 0.100 13120.00 12771. 72 1091 .86 

Bai< 002 0.002 Blank 1283 0.062 

Sunvnary 
KB1m 16354 15551 0.258 0.196 79341.84 Relative 

+0.5ug~ 16400 15677 0.287 0.225 00675.fx> Conslruct Se1 (uc 5~ (LI! Avera~ Ave Dev Activi!}'. o/cError 
18500 17757 0.294 0.Z32 76538.79 75185.40 3673.23 pGL.3Basic 138.5 88.7 0.4 64.0 

-654 34716.8 932.8 100.0 2.7 Bai< 003 0.002 
ICB1m 53104.2 4220.8 153.0 7.9 
ICB1m 0.25 98401 .0 8528.6 283.4 8.7 

KB1m 7041 5840 0.162 0.100 58400.00 IC81m 0.5 75185.4 3673.2 216.6 4.9 

+1.0ug~ 6673 5472 0.167 0.105 52114.29 ICB1m 1 53109.1 3527.3 153.0 6.6 
ICB2m 14085.6 003.1 40.6 6.4 

6424 5223 0.100 0.107 48813.00 53109.12 3527.25 
ICB2m 0.25 18555.7 889.1 53.4 4.8 

Bai< 1201 0.002 ICB2m 0.5 22805.7 989.9 65.7 4.3 
ICB2m 1 34732.4 2300.9 100.0 6.6 

!'x389 5487 0.493 0.431 12730.86 ICB2m 0.25 11993.5 673.1 34.5 5.6 
ICB2m 0.5 11046.1 1085.9 31 .8 9.8 

0035 6733 0.516 0.454 14830.40 ICB2m 1 12771.7 1091.9 36.8 8.5 
KB2m ff£f2. 5700 0.4fx> 0.394 14005.43 14005.562 903.14 
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Sp1 Sp3 l.11:ifera;e l.11:ifera;e BGal BGal vali.e torrelised 
~ (Ld (Id MJcirra rrirus Elaic (405rn1 rrirus Elaic (l..oo'BGal) ~ /lt/e[e/ 

179 101 0.362 0.2ll 34828 

101 23 0.434 0.372 61.83 
~c 101 23 0.418 0.3ffi 64.61 158.24 164.58 

Bai< 78 0.002 

1445 1140 0.431 0.E :Im.43 
1529 1224 0.447 0.3ffi 3179.22 

-ffi4 1-rn 1125 0.443 0.381 ~76 :m:3.8) 114.04 
Bai< :n5 0.002 

1002 1703 0.441 0.379 44ffi.40 
233) a'A1 0.448 0.300 52IJT.ffi 

ICB1m 2573 2284 0.477 0.415 ffil3.61 trn4.83 531.00 
Bai< 200 0.002 

325) m, 0.538 0.476 6170.17 
3:m 2m 0.512 0.4f.O 6462.22 

ICB1m 0.25 3427 31a5 0.510 0.448 fffi).00 ffi21 .03 383.72 
Bai< 32'2 0.002 

Zim 2am 0.700 0.Ere 35531.35 
ZTT13 27412 0.755 0.Em 'H:HJ.ffi 

ICB1m 0.5 22)19 21ffi8 0.fm 0.Effi 34ffi3.46 :nHl.12 2847.ffi 
Bai< :£1 0.002 

5Zll 4m) 0.57'3 0.511 OCfil.47 
5831 5485 0.62'2 0.ffi) ~-64 

ICB1m 1 ff:51 4711 0.535 0.473 0000.83 9774.65 195.95 
Bai< 346 0.002 

&mnrv 
IElaive 

On;tru::t SP1 (Lal 5D3 (Lal~ /lt/e[e/ Activity "/d:mr 
~c 138.5 00.7 4.5 64.0 

-ffi4 :m:3.8 00.7 100.0 26 
ICB1m trn4.9 401.0 165.8 7.9 
ICB1m 0.25 ffi21.1 273.2 2121 4.2 
ICB1m 0.5 :nHl.1 2117.0 1183.6 5.8 
ICB1m 1 9774.6 133.8 318.0 1.4 
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Transfedial Sp1 Sp3 uiciferase UJciferase B-Gal B-Galvalue Normalised 

#20 Sp1 Sp3 w:iferase w:iferase SGal SGal vali.e t-brrelised ll!!ll ll!!ll Maxima minus Blank {405nm) minus Blank fluc/B-Oall ~ Ave Dev 

anslruc:t (Lg) (Lg) MDcirre rrirusBri («l!im] rrirusBri (l.m'SGal) A.eage Ale!Rv 1708 992 0.300 0.229 4331.88 
1653 937 0.286 0.215 4358.14 

95 17 O.:.BB 0.217 78.34 
ICB2m 1786 1070 0.295 0.224 4776.79 4488.93 191.90 
Blank 716 0.071 

p].:Easic 87 9 0.2:)4 0.223 40.33 Bil.3.'i 1899 

Bai< 78 0.071 4491 3598 0.365 0.294 12238.10 

4883 3990 0.415 0.344 11596.84 

ICB2m 0.25 5258 4365 0.41 1 0.340 12838.24 12225.056 417.48 
75 33 0.512 0.441 58.00 

Blank 893 0.071 
63 14 0.8)3 0.'135 3218 

p].:Easic 0.5 of 8 0.48) 0.379 21 .11 37.42 14.33 5236 4512 0.536 0.465 9703.23 

Bai< 49 0.071 5076 4352 0.492 0.421 10337.29 

ICB2m 0.5 4450 3726 0.501 0.430 8665.12 9568.54 602.29 

5319 5221 0.356 0.2134 18:m.8'.J 
Blank 724 0.071 

5Z12 5174 0.376 o.n; 1tm3.93 6153 5067 0.427 0.356 14233.15 
-654 4722 46::J4 0.331 0.32) 1448:J.OO 16!:ffi.25 143283 7047 5961 0.476 0.405 14718.52 

Bai< 00 0.071 ICB2m 1 6040 4954 0.493 0.422 11739.34 13563.67 1216.22 
Blank 1086 0.071 

7446 7143 0.547 0.476 150C6.3'.l 
890 811 0.292 0.221 3669.68 

7468 7165 0.58'.J o.:ro 14076.62 
1015 936 0.336 0.265 3532.08 

-654 0.5 7479 7176 0.646 0.575 1248'.J.OO 1:ffi.4.31 916.21 -1357 885 BOO 0.307 0.236 3415.25 3539.00 87.12 
Bai< 3'.)3 0.071 Blank 112 0.072 

8179 7929 0.357 0.21£ ZT7Z3.78 1243 1194 0.456 0.385 3101.30 

1417 1368 0,442 0.371 3687.33 
8ffi3 a:m 0.330 0.200 2873'.l.10 

-1357 0.5 1271 1222 0.445 0.374 3267.38 3352.00 223.55 
ICB1m 0042 77W. o.:m 0.233 33J16.95 ~ .61 2128.89 Blank 79 0.072 

Bai< :a) 0.071 
Summary 

11703 11$3 0.414 0.343 33798.83 Relative 

14546 0.400 0.329 43878.42 
Construct Sp1 {ug) Sp3 {ug) Average Ave Dev Activity %Error 144al 
pGL3Basic 59.3 19.0 0.4 32.0 

ICB1m 0.25 12103 11003 0.343 o.m 44001.91 40ffi9. 722 4527.33 pGl.3Basic 0.5 37.4 14.4 0.2 38.4 
Bai< 110 0.071 -654 16599.2 1432.8 100.0 8.6 

-654 0.5 13854.3 916.2 83.5 6.6 

14756 14333 0.538 0.467 3'.J676.ffi ICB1m 29823.6 2128.9 179.7 7.1 

0.523 0.452 33374.78 
ICB1m 0.25 40589.7 4527.3 244.5 11.2 1fffil 15221 
ICB1m 0.5 32540.9 1242.8 196.0 3.8 

ICB1m 0.5 141m 14107 0.495 0.424 33271.23 32540.89 124282 ICB1m 1 46094.0 3251 .3 277.7 7.1 
Bai< 429 0.071 ICB2m 4488.9 191 .9 27.0 4.3 

ICB2m 0.25 12225.1 417.5 7.3.6 3.4 

163)7 15334 0.412 0.341 45847.51 ICB2m 0.5 9568.5 602.3 57.6 6.3 

18107 17534 0.415 0.344 Em70.93 
ICB2m 1 13563.7 1216.2 81.7 9.0 

R.Hlative to -1357% 
ICB1m 1 15417 14844 0.4al O.:fil 4146300 ~ -04 3251.al -1357 3539.0 87.1 100.0 2.5 
Bai< o/3 0.071 -1357 0.5 3352.0 223.6 94.7 6.7 
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Traisfectia1 3448 Affi 0.:a:J 0.184 11aB.78 
1121 ~ ~ l..uciferase L.uciferase BG1I BGllvalue l'bmalised ~ 3)16 o.:m 0.240 12:ffi.67 
<Xll1Struct (ug) (ug) l\facima nioosBai< (4lfnn) nillJS Bai< (L.oo'BGII) A.er~ MIRY Km,, 44ffl 3)46 0.328 0.232 11EQ3.ffi 11m:J.8) 543.91 

848 ffi 0.323 0.251 33'.J.74 

7ifl 24 0.371 O.:ni 78.ffi 
Bai< 1413 0.Cffi 

~ 781 18 0.373 0.3'.)7 EB.63 1:602 116.48 

Bak 763 0.003 82:6 ffiJ2 0.400 o.:m 157raoo 

ffJ72 6419 0.428 O.:E2 17732.04 
794 9 0.515 0.449 aJ.04 K:IDn 0.25 7fH5 [£)43 0.440 0.374 1!:&l.37 1(ID7.13 616.61 
!ffi 81 0.5'19 0.483 167.70 

Bai< 1ffi3 0.Cffi 
~ 0.5 B.l4 ~ O.ffi4 0.400 78.31 !BOO 5268 

Bak 785 0.003 
7r:JJ1 ffil3 0.500 0.533 10333. 00 

8210 7&:J 0.433 o.~ 2:E::B.73 6846 '52£1 0.564 0.400 10076.31 
9310 8753 0.425 O.:fil 24:m.33 K:IDn 0.5 7331 5152 0.roi 0.539 10671.61 10527.29 128.a:l 

.ffi4 7ro5 6154 0.385 0.319 19:'91.54 21:m.53 ~ .al Bai< 1579 0.Cffi 
Bak ffi1 0.003 

1~ 11300 O.ffi8 O.SJ2 Z'ffl7.'Z5 4921 3461 0.645 0.579 fHTT.'35 

14419 1~ 0.004 0.521 ::5318.18 5100 3731 0.Ece 0.$3 6:Ili.23 

.ffi4 0.5 148:Jl 13788 O.tffi 0.6aJ zml.71 23414.71 1338.93 K:IDn 1 4612 3152 O.ffil 0.621 SJ75.ffi 57ffi 15 473.ffi 
Bak 1a;1 0.003 Bai< 1400 0.Cffi 

1813'.J 17147 0.337 0.221 77ffi8.24 
~ 17!03 1ffi:5 o.:m 0.270 62314.81 

K:B1m 1712, 16146 O.ll> O.E fil1223'.) ff:641 . 78 7237.63 ~iw 

Bak 933 0.003 Qinstruct Sp1 (ug Sp3 (ug A~ Ave O!v Mivity "/cB"rcr 

~ 1ffi.0 116.5 0.7 74.7 
ZE8:3 .:;mJJ 0.400 0.334 731gj.43 ~ 0.5 ffi.7 52.7 0.4 ffl.4 
27:l42 33:Rl o.:re 0.332 79512CB -ffi4 21:n:l.5 2:m.2 100.0 9.6 

K:B1m O.'Z5 affi4 25ra:J 0.413 0.347 74121.04 ?ffi'.ll.51 :ID'l .ffi 
..ffi4 0.5 23414.7 1:Hl.0 109.7 5.4 

Bak 844 0.003 
ICB1m Effi41.8 7297.6 3123 11.0 

37ml 35716 0.514 0.448 79723.21 ICB1m 0.25 7':fJ:f:3.5 E1.7 354.3 3.4 

3l275 37001 0.001 0.4:!5 87128.74 ICB1m 0.5 8:2!m.6 3:03.8 E'.0 3.7 
K:B1m 0.5 37947 3:67'.3 0.518 0.452 iro13.72 82ffl.E6 3'.J33.79 ICB1m 1 ~-3 6137.2 448.9 6.4 
Bak 1374 0.003 K:IDn 117fil.8 513.9 55.1 4.6 

K:IDn 0.25 1(ID7.1 616.6 78.8 3.7 
44785 43418 0.5'19 0.483 l!m234 

0.5al OA63 1CfilXl.OO 
K:IDn 0.5 10527.3 128.9 49.3 1.2 

ffll2 40015 

K:B1m 1 '°213 :ml6 0.4ffi 0.4aJ 9249'.)48 !fil94.27 6137.15 K:IDn 1 57ffi2 473.6 27.1 a2 

Bak 1337 0.003 
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Trcnd'ectia, #22 2686 1919 0.414 0.342 5611 .11 

5p1 Sp3 Luciferase Luciferase BGal B-Galvalue tbrrelised 2756 1989 0.418 0.346 5748.55 

ccnstruct (ug) (ug) MlxilTII niru; Elai( («l5m1 niru; Elai( (Lt.cJB.Gal) ~ /!lwlRII 
ICB2m 2589 1822 0.385 0.313 5821 .09 5726.92 77.20 

Blank 767 0.072 
224 100 0.270 0.100 ro:l.00 
252 ~ 0.238 0.100 1001.2'2 3226 2160 0.325 0.253 8537.55 

~c 100 64 0.278 o.;m 310.68 700.33 'Ed.77 3936 2870 0.442 0.370 7756.76 

Bai< 44 0.072 
ICB2m 0.25 6367 5301 0.675 0.603 8791.04 8361.78 403.35 

Blank 1066 0.072 

79 6 0.4ffi 0.384 15.63 3573 2704 0.516 0.444 6090.09 
4117 3248 0.550 0.478 6794.98 

~ 0.5 00 7 0.445 0.373 18.77 17.al 1.57 ICB2m 0.5 3688 2819 0.575 0.503 5604.37 6163.15 421 .22 

Bai< 73 0.072 
Blank 869 0.072 

5210 4306 0.637 0.565 7621 .24 

4~ 4577 0.400 0.414 11CE5.95 5946 5042 0.648 0.576 8753.47 

5464 5249 0.514 0.442 11875.57 ICB2m 1 5166 4262 0.583 0.511 8340.51 8238.41 411 .45 

~ 5100 4003 0.552 0.400 1(rn1.25 11104.12 514.29 Blank 904 0.072 

Bai< 215 0.072 2863 1302 0.278 0.217 6000.00 
2990 1429 0.250 0.189 7560.85 

6400 00:D 0.519 0.447 1:ID'l.79 -1357 2874 1313 0.266 0.205 6404.88 6655.24 603.74 

6475 6146 0.549 0.477 12004.70 Blank 1561 0.061 

~ 0.5 fill1 $78 0.524 0.452 13225.00 13237.38 2429'1 
Bai< 329 0.072 

2988 1540 0.290 0.229 6724.89 
2710 1262 0.259 0.198 6373.74 

-1357 0.5 2718 1270 0.282 0.221 5746.61 6281 .74 356.76 

11ro1 11552 0.415 0.343 n,?9_3) Blank 1448 0.061 

12738 124/il 0.442 0.370 '.m12.W 
ICB1m 12m 12311 0.472 0.400 ?JJTTT.'3.J 32700.92 12138.28 3359 1486 0.354 0.293 5071 .67 

3173 1300 0.373 0.312 4166.67 
Bai< 279 0.072 3585 1712 0.366 0.305 5613.11 4950.48 522.55 

-1357 0.5 1873 0.61 

mm 10797 0.387 0.315 34276.19 Blank 

~1 8845 0.317 0.245 33102.04 
ICB1m 0.25 10031 1006 0.339 0257 333J?.12 l3951.78 1roo.22 

Summary 
Relative 

Bai< 133 0.072 Construct S111 (ug) S~ (ug) Avera~ Ave Dev Activi!:f %Error 
pGL3Basic 760.3 299.8 6.8 39.4 

13122 12594 o.:m 0.316 ~ -43 pGL3Basic 0.5 17.2 1.6 0.2 9.1 

10171 0043 0.319 0.247 :m40.49 -654 11104.1 514.3 100.0 4.6 

ICB1m 0.5 14tm 14002 0.4CX3 0.331 42453.17 40449.33 1335.87 
-654 0.5 13237.4 242.9 119.2 1.8 

ICB1m 32709.9 1288.3 294.6 3.9 
Bai< 528 0.072 ICB1m 0.25 36561 .8 1830.2 329.3 5.0 

ICB1m 0.5 40449.4 1335.9 364.3 3.3 

1aRi 18'.Xll 0.582 0510 3529'1.12 ICB1m 1 35582.1 968.9 320.4 2.7 

17435 16740 0.524 0.452 37035.40 ICB1m 0.5 30819.3 3372.2 277.5 10.9 

ICB1m 1 151'3.J 14455 0.492 0.4:!l 34416.67 3558200 938.89 
ICB2m 5726.9 77.2 51 .6 1.3 
ICB2m 0.25 8361 .8 403.4 75.3 4.8 

Bai< a:E 0.072 ICB2m 0.5 6163.1 421 .2 55.5 6.8 
ICB2m 1 8238.4 411 .4 74.2 5.0 

17489 1679'1 0.957 0.495 n:fZT.27 Relative to -1357% 

15343 14648 0.519 0.447 32769.57 
-1357 6655.2 201 .2 100.0 3.0 
-1357 0.5 6281 .7 118.9 94.4 1.9 

ICB1m 0.5 14271 13576 0.tm 0.527 25700.91 3ll19.25 337223 -1357 0.5 4950.5 174.2 74.4 3.5 

Bai< 670 0.CID 
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Transfedion#ZI IC82'n 1324 817 0.224 0.163 f,()12.27 4284.77 485.00 
Sp1 Sp3 l..udferase Ludferase B-Oal B-Oal value Normllised 1361 854 0.269 0.2J8 4105.77 

cxnslruct (!!9l (!!II Mama nilLISBan< (405rm nilLIS !Ian< (I.J.c/B-Oal} Aleracle /Jttellev 1187 600 0.243 0.182 3736.26 
400 28 0.338 0.3J7 91 .21 Blank f,()7 0.061 

JG..:Easic 493 25 0.38'.l 0.319 78.'ST 84.79 6.42 IC82'n 1047 672 0.197 0.136 4205.88 4250.al 44.32 
Bai< 471 0.061 1102 627 0.'2!J7 0.146 4294.52 

0.25 

331 12 0.2:l2 0.231 51.95 Blank 475 0.061 

341 22 0.237 0.176 125.00 

JG..:Easic 0.5 88.47 36.53 IC82'n 728 285 0.147 0.086 3313.95 28f,()_53 463.43 

Bai< 319 O.OOJ 665 222 0.154 0.093 2387.10 
0.5 

-654 3834 a'Jil 0.277 0.216 1243l.81 Blank 443 0.061 

4:fil 3182 0.272 0.211 18:ro.67 
IC82'n 826 274 0.093 0.032 8562.f,() 5320.83 581 .25 3570 zm 0.256 0.195 12271 .79 1:la34.06 1211.01 

Bai< 1177 0.061 
1 1033 481 0.126 0.065 7400.00 

-654 4338 4116 0.2:l2 0.22:J 18700.00 17744.12 1001.13 
Blank 552 0.061 

4510 4:!38 o.:m 0.234 16242.42 -1357 8208 7408 0.252 0.1f,() 49300.67 47497.04 2707.70 
0.5 4518 4293 0.3J7 0.235 18.Bl.85 OOJ2 7'2!J2 0.247 0.145 49668.97 

Bai< 222 0.072 6186 5386 0.226 0.124 43435.48 
Blank OOJ 0.102 

ICB1m 7fB2. 7034 0.281 o.:m 35170.00 31247.96 2814.68 
00)1 6383 0.282 0.221 2888235 -1357 6339 5499 0.228 0.126 43642.86 41085.96 2176.86 
6872 6354 0.275 0.214 2!m1 .Sl 6733 5893 0.243 0.141 41794.33 

Bai< 518 0.061 0.5 6324 5484 0.247 0.145 37820.ffi 
Blank 840 0.102 

ICB1m 'i¥Jl2 8751 0.352 0.291 nJ7216 3)764.001 1064.34 
13136 12815 0.457 o.:m 3ZE1.11 -1357 6448 f,()82 0.252 0.1f,() 33800.00 34300.40 944.90 

0.25 11008 11347 0.441 0.38'.l 29800.53 6195 4829 0.247 0.145 33303.45 
Bai< 321 0.061 0.5 5795 4429 0.226 0.124 35717.74 

Blank 1366 0.102 
ICB1m 11533 1cre3 o . .ai 0.428 2fil1.12 E31.95 2173.57 

10036 1mi5 0.463 0.40'2 25012.44 
0.5 123:o 11775 0.451 o.:m 3J192.31 §!!!m!y 

Bai< 500 0.061 Relative 
eor-uc:t So1 (ulll So3(!!1l Ater!!!!!! Alellev 11<:tiv!!}: %Error 

ICB1m 10076 186ffi 0.579 0.518 35822.:ll :Jl467.43 213283 pQ_38asic 84.8 6.4 0.6 7.6 

17775 17255 0.493 0.435 -:Rffi.67 pQ_38asic 0.5 88.5 36.5 0.7 41 .3 

17714 17194 0.568 0.f,()7 3:ll13.21 -664 13264.1 1211 .0 100.0 9.1 

Bai< 53J 0.061 -664 0.5 17744.1 1001 .1 133.8 5.6 
IC81m 31248.0 2614.7 235.6 8.4 

ICB1m 3448 3J36 0.3)2 0.141 21531 .91 22)19.48 487.56 
IC81m 0.25 ~764.6 1064.3 231.9 3.5 
IC81m 0.5 269320 2173.6 '2!J3.0 8.1 3872 34ID 
IC81m 1 :Jl467.4 21328 274.9 5.8 

0.25 3X6 3195 o.:m 0.142 22507.04 IC81m 0.25 2'2!J19.5 487.6 166.0 2.2 
Bai< 412 0.061 IC81m 0.5 26213.9 2099.8 197.6 8.0 

IC81m 1 24144.9 1086.2 182.0 4.5 
ICB1m 3400 3118 0.182 0.121 25768.00 ::6213.888 2'.m.83 IC82'n 4284.8 485.0 32.3 11 .3 

3279 '8)7 0.100 o.cm 29:n3.64 IC82'n 0.25 4250.2 44.3 32.0 1.0 
0.5 2864 2492 0.167 0.106 Zlfill.43 IC82'n 0.5 28f,()_5 463.4 21 .5 16.3 

Bai< '3T2 0.061 IC82'n 1 5320.8 581 .3 40.1 10.9 
Relalive to 1540% 

ICB1m 1003 1573 0.124 0.063 24938.25 24144.00 1086.18 -1357 47497.0 35'2!:J.2 100.0 7.4 
1942 1522 0.122 0.061 249!:IJ.82 -1357 0.5 41086.0 2975.0 86.5 7.2 
1&51 1441 0.125 0.064 22515.63 -1357 0.5 34300.4 1260.9 72.2 3.7 

Bai< 4'2!J 0.001 
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Transfection 1cmn :am 13B 0474 o.m :ml.10 
tQ,4 Sp1 Sp3 Ludferase Ludferase BGal BGalvalue N:rmalised 2172 1477 0470 o:m 3701.75 
oonstruct (ug) (ug) Maxima mirus Balk (405ml) mirus Balk (L.uc/BGal) Awrage Awll!v 

05 1ffi2 1Z37 042'2 OJ51 ~22 J515J5 1:!l.17 
13) !l) Olm 0.7o1 104.:Jl 

9'I 54 0.871 0.!lJO 67:£) Bai< EIE non 
~ 104 64 0828 0.7'S1 84.54 85.45 1257 

Elrt 40 0.071 1cmn 80 2B OCIJ7 ocm 9153.ffi 

fill a:13 0117 006 6:134.78 

~ E 0118 000 ffi31.91 -0018 14'.811 
78 5 0.433 0.335 13.70 Bai< Er2 oon 

~ 0.5 78 5 0.428 0357 14.01 13.85 015 

Elrt 73 0.071 
1ffill 18¾1 0782 0711 ~CE 

10010 1ffi46 0.80'.l 0.!m 1~7.14 1ffi31 1~ 0125 075i a:m353 

18832 1flm 0.832 0.761 24fill.88 -1N 175'0 173J3 0ml 0743 23101.47 ~4.{B 131881 

-654 1582:l 1Effi5 0.ffi4 0.783 axni.33 21374.!ll 2104.05 Bai< N oon 
Elrt 164 0.071 

1CD19 gjj5 0481 0410 2IDUB 
6878 f:'BJl 0451 0.3!ll 171Zl.68 

7433 7(ffi 0404 0.333 21186.19 
1CB18 1(ffi4 0533 O<l2 ~1123 

-654 0.5 6635 6:a34 0452 O:ll1 16440.94 182:iJ27 1957.28 -1N 05 g,;:,4 g?1() 04ffi 0414 2?&6J3 ZIDi.17 433.81 

Elrt 371 0.071 Bai< ~ OCJ71 

13:Hi 133:ll 0.575 0.ro! :;ro:x,_35 ~ 
~ 

ICB1m 025 1:llSl 13700 0.634 0.513 3370565 a34ffi.OO 249.65 
Q:rsrui ~ (Lg ~(Lg Ml¥ AA31lw A1Mty "/lira 

Elrt 157 0.071 
i:G-33iEic ffi4 126 04 14.7 

ICB1m 62151 T1IB 0.287 0.216 :H:85.19 p]..lmc 05 13.9 Q2 01 1.1 

834'3 7784 0284 0.213 33544.00 .ffi:i 21374.8 21™.1 1CD.O 98 

7431 eJr72 o.:m o.a:e 3288'.l 38 3.f(Hl_ 72 1437.56 -@ 05 18fil3 1gjl.3 ffi4 1Q7 

Elrt 56:l 0071 ICB1m 025 ~o :all? 123.8 09 

ICB1m 1 Jiffi7 1437.6 163.9 4.1 
5100 4493 o.im 0.768 fffiJ.26 1cmn 5153.1 'E2.7 2:i.5 4.8 
4/Rl 4100 0.841 0.770 5441.56 

raa-n 4351 :I,45 0.789 0718 5076.00 5456.14 26275 
1cmn 025 43312 1ffi3 213 4.3 

Elrt 706 0.071 1cmn 05 J5154 1:n2 164 3.7 

1cmn 1 "002 14'.B1 329 210 

raa-n :Jl26 2248 0.003 0532 422556 R:Jail.€1o-1J57% 

3'.l71 ZID 0.ffi8 0497 461368 -1N ~4.7 13188 1CD.O 50 
025 2l6 2127 0.583 0.512 4154.:Jl 4331.18 188.~ -1N 05 Zffi42 433.8 ffi7 1.9 

Elrt 778 0.071 
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TiaEhmi KJ32m 7107 5ffi3 0.514 0.453 1294260 
ti2i 

~ ~ l..&.dfa'cl!e l..&.dfa'cl!e BGII BGllvat.e lmnllised 
7150 ~ 0.449 0.388 152'21.65 

a:nlru:t. {Id {Id Mlciml nirusB.rk {«mrl nirus Berk ,~ Anam A.ell!v 0033 5419 0.449 0.388 139E.49 14043.58 785.38 

ffi3 161 0437 0376 428.19 Elrt 1244 0.061 

479 82 o:m 0319 ZST.06 

~ fIJl 110 O«xl 0339 3;¾.48 3.n58 61.CB KB2m 4003 34ffi 0.339 0.278 12539.57 
Bai< '3Jl 0061 5320 3913 o.:m 0.312 129ffi.95 

ffi2 ffi 0273 0212 «xl.94 0.25 4930 3523 0.354 0.200 13I23.89 12506.00 321.94 

ffi4 87 OZT7 0216 ~78 Elcn< 1407 0.061 

~ 05 518 51 0278 0217 Zn02 :IB.2i 74.15 
Bai< tt3T 0061 KB2m 3379 1954 0.333 0.2)2 <J513.27 

1:m3 12757 0482 0421 :mn.ffi 
3254 1829 0.238 0.177 10333.33 

13:91 12715 04ffi QJ:B 32100.87 0.5 3325 1ml 0.238 0.177 10734.46 10247.02 382.50 

-6.54 15132 145ffi OS 0475 JB4421 310fi25 7filC8 Elrt 1425 0.061 

Bai< ~ 0061 
KJ32m 2407 1141 0.165 0.104 10971.15 

-6.54 6411 :BE 0281 OZ!) 25131.82 24ffi 12!) 0.1!B a.ere 12448.00 
6Z21 ~ 02B QZ32 Z:3297.41 

Q5 am 5187 0339 0278 aB16.ffi 23181.ffi 15713.92 
1 Z3ffi 112:J 0.160 a.cm 11313.13 11577.75 500.82 

Bai< 816 Q061 Elcn< 1dXi 0.061 

ICB1m ~ 'ZZlfJ1 Off¾ QSZ3 43416.83 ~ 
1ffi2'i 18131 045) Q:HJ <am2i lelaiw 
Z!J71 21377 OSE 04T7 44815.51 4400.al 11CB04 

Bai< 004 OCE1 
Coostruc:t ~1 (ug) Sp3 (~ Average Ave O!v ActMty o/c&ror 
pG..3Basc 335.6 61.1 1.1 1a1 

ICB1m 149<6 143>1 O:Bi Q333 4.TI6.10 pG..3Basc 0.5 346.2 74.2 1.1 21.4 
15Hl 14764 Q372 0311 47472.67 -654 31045.2 763.1 100.0 25 

02i 16407 1ffi12 0'3Jl Q3'.E 47Cfil52 4ffiiu. 10 1ffi3.33 -6.54 0.5 23181.9 1576.9 74.7 6.8 
Bai< ~ OCE1 KE1m 44947.2 11oao 144.8 25 

ICB1m 9142 ffffi 02D 02)4 :m34.31 KE1m 0.25 45876.1 1853.3 147.8 4.0 

97!D 87m 0248 0187 4:xi<0.11 KE1m 0.5 43344.7 2540.3 139.6 5.9 

05 9325 8748 02D 0193 4'.RB.00 43344.74 :B0.28 KE1m 1 ffil07.2 25422 '2£5.7 29 
Bai< 1077 0061 KB2m 14043.6 785.4 45.2 5.6 

ICB1m 12m 11757 01!B Q1213 91ffi1.ffi 
KJ32m 0.25 12506.8 321.9 40.3 26 

12m 112)3 01ffi 0132 81!m.94 
KJ32m 0.5 10247.0 382.5 33.0 3.7 

1Z3J1 11172 01ffi 012i !R376.CD ffWT.17 :5:1215 KJ32m 1 11577.8 500.8 37.3 5.0 

Bai< 11al OCE1 
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T[i!Olif!!!;!IQn #26 
Sp1 Sp3 Luciferase Luciferase B-Gal B-Gal value Normalised 

construct (ug) (ug ) Max ima m inus Blank (405nm ) minus Blank (Luc/B-Gal) Average Ave Dev 
142 69 0.420 0.349 197.71 
138 65 0.385 0.314 207 .01 

pGL3Basic 202.36 4.65 
Blank 73 0.071 

6113 6068 0.340 0.269 22557 .62 
7754 7709 0.41 4 0.343 22475 .22 

-654 6124 6079 0. 403 0.332 18310.24 211 14.36 1869.41 
Blank 45 0.07 1 

1853 1 18496 0.382 0.311 59472 .67 
19959 19924 0.379 0.308 64688 .31 

ICB 1m 17677 17642 0.363 0.292 60417.81 61526.26 2108.03 
Blan k 35 0.07 1 

47199 46981 0. 408 0.337 139409.50 
4977 1 49553 0.409 0.338 146606 .51 

ICB 1m 0.25 47450 47232 0.530 0.459 102901 .96 129639.32 17824 .9 1 
Blan k 218 0.07 1 

37266 37210 0.500 0.429 86736 .60 
38789 38733 0.529 0.458 84569 .87 

IC B1m 0.5 34718 34662 0 .487 0.41 6 83322 .12 84876.19 1240.27 
Blan k 56 0.071 

35892 35845 0.523 0.452 79303 .10 
37300 37253 0. 459 0.388 96012 .89 

ICB1m 1 35589 35542 0.540 0.469 75782.52 83699.50 8208.92 
Blank 47 0.071 

16700 16615 0.305 0.234 71004.27 
15721 15636 0.294 0.223 70116.59 

ICB1m 0.25 15264 15179 0.320 0.249 60959.84 67360.23 4266 .93 
Blank 85 0.071 

11200 11094 0.26 1 0.190 58389.47 
11950 11844 0.287 0.216 54833.33 

ICB1m 0.5 10103 9997 0.255 0.184 5433 1.52 55851 .44 1692.02 
Blan k 106 0.07 1 

7379 7273 0.196 0.125 58184.00 
7566 7460 0.183 0.112 66607 .14 

ICB1m 1 7057 6951 0.183 0.112 62062.50 62284 .55 288 1.73 
Blank 106 0.071 

~ 
Relative 

!:;Qn~tr!!CI S111 {u1 S113 (u1 Average Ave Dev Actlv it~ ¾Error 
pGL3Basic - 202.4 4.6 1.0 2.3 

-654 • 2111 4.4 1869 .4 100.0 8.9 
ICB1m - 61526 .3 2108 .0 291 .4 3.4 
ICB1m 0.25 • 129639 .3 17824.9 614 .0 13.7 
ICB1m 0.5 • 84876 .2 1240.3 402 .0 1.5 
ICB1m 1 83699 .5 8208 .9 396 .4 9.8 
ICB1m 0.25 67360 .2 4266.9 319.0 6.3 
ICB1m 0.5 5585 1.4 1692 .0 264 .5 3.0 
ICB1m 1 62284 .5 2881 .7 295.0 4.6 
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5.6 Addition of Spl and Sp3 with pGL3Basic promoter- topo 
II~ 180 bp construct. 

Ic1a1f1s.liQD #27 I!.fillstection #28 
Sp1 Sp3 Luclferase Luclferase B-Gal B-Gal value Normalised Sp1 Sp3 Luciferase Luciferase B-Gal B•Gal value Normalised 

~2n1tr~~1 (ug} ,~g} M@ximt m ln~1 Blank (405nm} mlnu§: Blank (Luc/B:§al} Average Ave Dev con !;truct (ug) (ug) Maxima minus Blank (405nm) minus Blank (Luc/B-Gal} Aver1g1 Ave Dtv 
966 763 0.213 0 .154 4954 .55 1908 1619 0 .412 0 .341 4747 .80 

pGL3Basic 1140 937 0.188 0 .129 7263 .57 pGL3Basic 2037 1748 0 .415 0.344 5081.40 
Promoter 1089 886 0.185 0 .126 7031 .75 6416 .62 1271 .49 promoter 1889 1600 0.429 0 .358 4469.27 4766.16 306.47 

Blank 203 0.059 Blank 289 0.07 1 

631 566 0.221 0 .162 3493 .83 2534 1074 0 .375 0.304 3532.89 
pGL3Basic 631 566 0 .21 4 0 .155 3651.61 pGL3Basic 2508 1048 0.390 0 .319 3285.27 

Promoter 0.5 602 537 0.218 0 .159 3377 .36 3507 .60 137 .64 Promoter 0.5 2315 855 0 .376 0 .305 2803.28 3207.15 371 .03 
Blan k 65 0 .059 Blank 1460 0 .071 

657 525 0 .214 0 .155 3387 .10 1809 1523 0.538 0 .467 3261.24 
pGL3Basic 774 642 0 .215 0 .156 4115.38 i:GL3Bas1c 1782 1496 0.523 0 .452 3309.73 

Promoter 0.5 651 519 0 .239 0 .180 2883.33 3461 .94 619.43 Promoter 0.5 1655 1369 0.495 0 .424 3228.77 3266.58 40.74 
Blank 132 0 .059 Blank 286 0 .071 

1147 1087 0 .355 0 .296 3672 .30 2306 917 0.328 0 .257 3568.09 
1108 1048 0 .360 0 .301 3481 .73 2371 982 0.365 0 .294 3340.14 

pGL3BP-179 1146 1086 0 .349 0 .290 3744 .83 3632 .95 135.89 pGL3BP-179 2317 928 0 .373 0 .302 3072 .85 3327.03 247.88 
Blank 60 0 .059 Blank 1389 0.071 

1699 1596 0 .611 0 .552 2891 .30 2296 827 0.448 0 .377 2193.63 
1892 1789 0 .652 0 .593 3016.86 2299 830 0.422 0 .351 2364 .67 

pGL3BP-179 0 .25 1812 1709 0 .638 0 .579 2951 .64 2953 .27 62 .80 pG,L3BP-179 0.25 2278 809 0 .413 0 .342 2365.50 2307 .93 98.99 
Blank 103 0 .059 Blank 1469 0.071 

1960 886 0 .514 0 .455 1947.25 2851 978 0.481 0 .410 2385.37 
2124 1050 0 .576 0 .543 1933.70 2761 888 0.480 0 .409 2171 .15 

pGL3BP-179 0.5 1976 902 0 .562 0 .499 1807 .62 1896.19 77 .01 pGL3BP-179 0 .5 2698 825 0.473 0.402 2052 .24 2202 .92 168.82 
Blank 1074 0 .059 Blank 1873 0 .071 

2441 2272 0.589 0 .530 4286.79 2456 791 0 .298 0.227 3484 .58 
2749 2580 0.602 0 .543 4 751 .38 2550 885 0 .401 0.330 2681 .82 

pGL3BP-179 1 2499 2330 0.558 0 .499 4669 .34 4569 17 247 .96 pGL3BP-179 1 2388 723 0.342 0.271 2667 .90 2944 .77 467.55 
Blank 169 0.059 Blank 1665 0 .071 

630 548 0.287 0 .157 3490 .45 2606 1112 0 .355 0.284 3915.49 
pGL3BP-179 0 .25 732 650 0.285 0 .194 3350 .52 pGL3BP-179 0.25 2804 1310 0 .376 0 .305 4295.08 

Blank 664 582 0.299 0 .182 3197 .80 3346.25 146 .37 Blank 2915 1421 0 .391 0.320 4440 .63 4217.07 271 .12 
82 0.059 1494 0 .071 

1935 749 0 .223 0 .164 4567.07 2318 266 0 .151 0.080 3325.00 
pGL3BP-179 0.5 1900 714 0 .226 0 .167 4275 .45 pGL3BP-179 0.5 2414 362 0 .181 0 .110 3290.91 

Blank 1774 588 0 .209 0 .150 3920 .00 4254 .17 324 .06 Blank 2553 501 0 .197 0 .126 3976 .19 3530.70 386.18 
1186 0 .059 2052 0.071 

890 890 0 .216 0 .157 5668. 79 2470 270 0.133 0 .062 4354 .84 
pGL3BP-179 1 921 92 1 0 .253 0 .194 4747 .42 pGL3BP-179 1 2490 290 0.134 0 .063 4603.17 

Blank 876 876 0 .241 0 .182 4813.19 5076 .4 7 514 .02 Blank 2476 276 0.141 0 .070 3942 .86 4300 .29 333.52 
362 0 .059 2200 0.071 
362 0 .059 

~ ~ 
Relative Relative 

Con1truct §~1 {u, 5~3 {u1 Average Ave Dev Actlvl!Y: %Error Construct 5~1 {u1 Sg:3 {u1 Average Ave Dev Activitt o/.Error 
pGL3BP 6416.6 1271 .5 176.6 19 .8 pGL3BP 4766.2 306.5 143.3 6.4 
pGL3BP 0.5 3507.6 137.6 96.5 3.9 pGL3BP 0.5 3207.1 371 .0 96.4 11 .6 
pGL3BP 0.5 3461 .9 619.4 95.3 17 .9 pGL3BP 0.5 3266.6 40.7 98.2 1.2 

pGL3BP-179 3633.0 135 .9 100.0 3.7 p3L3BP-179 3327 .0 247.9 100.0 7.5 
pGL3BP-179 0 .25 2953.3 62 .8 81 .3 2.1 p3L3BP-179 0.25 2307.9 99.0 69.4 4.3 
pGL3BP-179 0.5 1896.2 77 .0 52 .2 4.1 pGL3BP-179 0.5 2202 .9 168 .8 66.2 7.7 
pGL3BP· 179 1 4569.2 248 .0 125.8 5.4 pGL3BP-179 1 2944.8 467.5 88.5 15.9 
pGL3BP-179 0 .25 3346.3 146 .4 92 .1 4.4 pGL3BP-179 0.25 4217 .1 271 .1 126.8 6.4 
pGL3BP-179 0 .5 4254 .2 324 .1 117 .1 7.6 pGL3BP-179 0.5 3530.7 386.2 106.1 10.9 
pGL3BP-179 1 5076.5 514 .0 139 .7 10.1 pGL3BP-179 1 4300.3 333.5 129.3 7.8 
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Transfectlon #29 
Sp1 Sp3 Luclferase Luclferase B-Ga l B-Gal value Norma li se d Trandection 

construct !uol 1u11l Max ima m inu s Blank 1405nm} m inu s Blank !Luc/ B-Gall Average Ave De v 
5600 4325 0 .403 0 .337 12833 .83 #30 Sp1 Sp3 Luciferase Luciferase B-Gal B-Gal valll! Nonmlised 

pG L3Basic 4418 3143 0 .357 0 .291 10800 .69 
Promoter 4697 3422 0 .373 0 .307 11146 .58 11593.70 826 .75 construct (ug) (ug) Mallirre rrill.lS Blanc ! 405r'rTl rrill.lS Blan( !LuciB-Gal) Average Ave Dev 

B lank 1275 0 .066 
4517 4473 OB3 Q1~ 2mi70 

2373 1014 0 .365 0 .299 3391 .30 
pG L3 Basic 237 1 1012 0 .376 0 .3 10 3264 .52 1J3..33a;ic 4637 4fil3 ~ O.aI3 Z52i62 

Promoter 0 .5 2439 1080 0 .330 0 .264 4090 .91 3582 .24 339 .11 
Bla n k 1359 0 .066 p-orrote- 423:) ~ 0278 0219 1!Im.13 2161115 :mi23 

1775 355 0 . 182 0 .116 3060 . 34 Bai< 44 Q(H) 
pGL3 Ba sic 1799 379 0 .174 0 .108 3509 .26 

Promote r 0 .5 1804 384 0 .171 0 .105 3657 .14 3408 .92 232 .38 
Blank 1420 0 .066 

4733 4614 Q007 0548 841971 
2861 963 0 .199 0 .133 7240 .60 

pG L3 BP -179 2607 709 0 .180 0 .114 6219 .30 ~ c 4570 4451 Q700 QOO 6ffm4 
B lank 2592 694 0 .216 0 .150 4626 .67 6028 .86 934 .79 

1898 0 .066 p-orrote- Q5 ~ 4810 Qffi3 (}fill 8ll7.61 7791.ffi ~ .42 

Bai< 119 Q(H) 
pGL3 BP-179 0 .25 3008 1357 0.357 0 .291 4663 .23 

B lank 3252 160 1 0 .421 0 .355 4509 .86 4586 .54 76 .69 
165 1 0.066 

~ 1975 Q~ 0270 7314.81 
2990 154 1 0 .465 0 .399 3862 .16 

pGL3 BP-179 0 .5 2779 1330 0 .367 0 .301 4418 .60 ~ :l<l57 21CB Q314 02ffi 7.m.49 
Bla nk 2800 135 1 0 .374 0 .308 4386 .36 4222 .37 240 .15 

1449 0 .066 p-orrote- Q5 18a3 1479 Q2ffi om 64ffitQ 7(ffi.61 51957 

2803 456 0 .420 0 .354 1288. 14 Bai< 349 Q(H) 
pG L3 BP-179 1 2939 592 0.418 0 .352 1681 .82 

Blank 2862 515 0 .485 0 .419 1229. 12 1399.69 188 09 
2347 0 .066 

'3:JTl :HD Q-01 Q3f2 100393 

pG L3 BP -179 0 .25 3216 872 0 .476 0 .410 2126 .83 4~ 4342 QSJ2 Q443 ffil1.:E 
Bla nk 3149 805 0 .382 0 .316 2547 .47 

3335 991 0 .430 0 .364 2722 .53 2465 .61 225 .85 ~G..:EP-179 4aB 3795 Q4c) Q370 102!B~ 10161.ffl 372&1 2344 0 .066 

pGL3 BP-179 0 .5 34 16 957 0 .260 0 .194 4932 .99 
Bai< 412 Q.(H) 

Bla nk 3343 884 0 .281 0 .215 4111 .63 
345 4 995 0 .286 0 .220 4522.73 4522 .45 273 .88 
2459 0 .066 =~ 

pG L3 BP -179 1 3257 756 0 .238 0 . 172 4395 .35 Rllaiw B lank 3175 674 0 .278 0 .212 3 179 .25 
3163 662 0 .253 0 .187 3540 .11 3 704 . 90 460 .30 Gmstn.d $)1 (ll ~(1.4 ~ Aell!Y J!ctMtyO/lmr 
2501 0 .066 

Summary ~ · 21Em1 3Ili2 213.5 92 Relative 
Construct 51:!1 {u1SE!3 {u 1Average Ave Dev Actlv lt~ %Error ~ · 0.5 7791.9 ~ -4 76.7 10.6 pG L3 BP 11593 .7 826 .8 192 .3 7 .1 

pGL3 BP 0.5 3582.2 339 .1 59 .4 9 .5 ~ · 0.5 itffi.6 519.6 ffl4 7.4 pG L3 BP 0 .5 3408 .9 232 .4 56 .5 6 .8 
pG L3 BP -179 6028 .9 934 .8 100.0 15 .5 p3..:1F179 10161.6 3?2.6 1mo 3.2 pGL 3BP -179 0 .25 4586 .5 76 .7 76 .1 1.7 
pGL3BP-179 0 .5 4222 .4 240.1 70 .0 5 .7 
pG L3 BP-179 1 1399 .7 188.1 23 .2 13 .4 
pG L3BP-1 79 0 .25 2465.6 225 .9 40 .9 9 .2 
pGL3 BP -179 0 .5 4522 .4 273 .9 75 .0 6 .1 
pG L3BP -179 1 3 704 . 9 460.3 61 .5 12 .4 
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Transfection 

#31 Sp1 Sp3 Luciferase Luciferase 8-Gal 8-Gal value Normalised 

construct {ug) {ug) Maxima minus Blank {405nm) minus Blank (Luc/8-Gal) Average AVE! Dev 

1199 72 0.070 0.004 18000.00 

pGL3Basic 1160 33 0.069 0.003 11000.00 

Frorroter 9666.67 4!l49.75 

Blank 1127 0.066 

3379 2315 0.437 0.371 6239.89 

pGL3Basic 3268 2204 0.445 0.379 5815.30 

Frorroter 0.5 3427 2363 0.484 0.418 5653.11 5902.77 :::03.01 

Blank 1064 0.066 

3363 2320 0.608 0.542 4280.44 

pGL3Basic 3178 2135 0.591 0.525 4066.67 

Frorroter 0.5 3204 2161 0.605 0.539 4009.28 4118.80 ' 42.90 

Blank 1043 0.066 

2542 1436 0.362 0.296 4851 .35 

2508 1402 0.321 0.255 5498.04 

pGL3BP.179 2408 1302 0.317 0.251 5187.25 5178.88 :123.43 

Blank 1106 0.066 

2071 985 0.178 0.112 8794.64 

.3Basic Frorroter 0.5 2066 980 0.251 0.185 5297.30 

Blank 1969 883 0.264 0.198 4459.60 6183.85 2299.49 

1086 0.066 

1725 682 0.163 0.097 7030.93 

pGL3BP-179 0.5 1675 632 0.164 0.098 6448.98 
Blank 1707 664 0.186 0.120 5533.33 6337.75 754.97 

1043 0.066 

Summa!Y 
Relative 

Construct Sp1 (u{ Sp3 (u{ Average Ave Dev Activity o/cError 
pGL3BP 9666.7 4949.7 186.7 51 .2 
pGL3BP 0.5 5902.8 303.0 114.0 5.1 
pGL3BP 0.5 4118.8 142.9 79.5 3.5 

pGL3BP-179 5178.9 323.4 100.0 6.2 
pGL3BP-179 0.5 6183.8 2299.5 119.4 37.2 
pGL3BP-179 0.5 6337.7 755.0 122.4 11 .9 
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