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Abstract 

In mammali an ce ll s. the loss or down-regulati on of tumour-suppresso r genes and/o r the 

mutation or ove rexpress ion of pro to-oncogenes. whose products promote unregulated 

pro liferati on in ce ll s. ch aracte ri se th e process of mali gnant transformati on. This 

generates mitogenic signals th at promote abnorm al ce ll gro wth resulting in tumour 

progress ion. Topoisomerase Ila (topo Il a) an enzyme present in e levated 

concentra ti ons in hi ghly pro liferating ce ll s due to the requirement fo r un twisting and 

unknottin g of the D A \vhich is essenti al fo r replicati on. Because of thi s requirement. a 

number of anti-cancer dru gs have been de igned \\'ith topo Il a as their primary targe t. 

The effecti ve ness of these drugs however is limited by the deve lopment of res istance. 

One factor linked to drug res istance is the down-regulati on oftopo Ila at th e transcription 

leve l. Expre sion of topo Il a ap pear to be regulated th rough vari ous transc ription 

fac tor \\ ith member of th e Sp I fam il y havi ng a majo r contribut ion. 

Prev ious work has shown down regulation o f topo Ila can occur at the leve l of 

transc ription. Nucleotide sequenc in g of the topo Ila pro moter in dru g-res istant ce ll lines 

has not revea led any mutations thus fa r. Three kn own pro teins and one unch arac terised 

protein are capab le of interacting \\ ith the proxima l topo Il a promote r reg ion. The 

uncharac teri sed prote in may ac t as a co-ac ti vator or a co-re pressor depend ing on the 

co mplement of tra nsc ript ion fac tors assoc iated \Vith the D A in thi s reg ion. Because 

drug res i tant ce ll lines showed modul ated exp ression of th ese tran cript io n fac tors. it is 

important to identi fy the unknown pro te in and charac teri se it s ro le in regulatin g topo Il a 

express ion. 

This research aimed to identi fy the minimal bindin g s ite and D A elements required fo r 

the uncharacteri sed prote in to bind , as we ll as introduce mutations into thi s proximal 

reg ion and examine their functi onal significance . The results of thi s stud y could provide 

insights into the molecular mechani sms responsible for the deve lopment of dru g 

res istance, contributing to more effici ent and effecti ve methods fo r the treatment of 

cancer. 
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Chapter 1: Introduction. 

1.1 Cancer. 

D A replication and cell di vision in vol ves a seri es of coordinated events. Each step in 

the cell di vision cycle is care full y re gul ated and responsive to the needs o f the o rgani sm. 

No rmal human somatic cells are mortal.di vidin g into approx imatel y 50 generations 

befo re they enter a peri od of sene cence, and then fin ally d ie . Occas ionally. th e 

mechani sms which regul ate ce ll di vision break down. all O\\ ing ce lls to become immortal 

and proliferate un controllabl y. This results in the deve lopment of tumour . otherwise 

known as cance r. 

Cancer is a di sease of inapp ropriate ce ll pro liferation. fund amentall y permitting the 

ex istence of too many ce ll s. This ce ll number excess is linked in a vic iou s cyc le \\ ith a 

reduction in sensiti vity to di ffe renti ati on. or apoptoti c signa ls (Co ll ins et al.. 1997). 

Tumours are unlimited in size as they induce the fo rmation of new blood vesse ls from 

surro und ing capillari es: thi s is termed angiogenes is. \\'hi ch prov ides nourishment 

th roughout the tumour. Angiogenesis is indi spen sable to growth. in va ion and metastas is 

(Du et al. . 2004). Without it tumours wo uld be limited in size . as th e ra te of ce ll 

pro liferati on on the outside would be eq ual to the rate of ce ll death with in the centre of 

the tumour. due to inadaqu ate suppl y of nutri ent (Fo lkman. 1996). nfo rtun ately most 

tumours undergo angiogenes is. which then allows them to secret hormones and 

metastas ize (the spreadin g of tumour ce ll s). 

Cancer is generall y caused by mutations or tran slocations in DNA that result in the loss 

or down-regulati on of tumour-suppresso r genes and/or the mutation or overexpress ion of 

pro to-oncogenes. Due to the high proliferation rate of cancer ce ll s, enzymes essential fo r 

ce ll growth and replication are up-regulated. One such enzyme is topoiso merase Il a 

(topo Il a) , which is required to facilitate the untwisting and separati on of D A (Robert 

and Larsen, 1998 ). 
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1.2 Topoisomerases. 

DNA topoisomerases are essential enzymes required for chromosome segregation during 

mitosis. Each cell has D A organised in a three-dimensional structure. the topology of 

which influences the expression of the genes contained within. Therefore enzymes which 

alter D A topology are crucial for correct gene expres ion or replication. Utili sation of 

D A for normal mitogenic functions causes knotting. twisting. and interlinking of the 

helical strands to occur. The general role oftopoisomerase is to rel ax DNA. preventing 

such topological problems that wi ll inhibit normal cell functions. ultimately causing 

apoptosis. 

There are three types oftopoisomerase found in eukaryote . topo I. topo II. and topo Ill. 

Each isoform has a special cav ity in its structure which accommodates DNA and allov,1s 

passage throu gh the enzyme after the specific catalytic activity has taken place. This 

catal ytic activity va ri es dependin g on the class oftopoisomerase. but the mechani sm o f 

each is essentially the same. These enzymes introduce a break in the sugar-phosph ate 

backbone of DNA . and fo rm a phosphate ester bond between a tyrosine residue in the 

catalytic site of the protein and either a 3· or 5' phosphate of the broken DNA end (Baird 

el al .. 1999). Once thi s has occurred. intact DNA is then passed through the break 

relax ing a supercoil. The DNA is religated and the topo isomerase is then released. 

The first topoisomerase to be discovered \\ a E.coli topoisomerase I (topo I). which has 

roles in tran scription and D A repair. By creatin g a sing le-strand break in D A. topo I 

fro m E.coli rel axes negative upercoil s. whilst in eukaryote cel ls it can relax both positive 

and negati ve superco il s. Type one topo isomerases are di vided into two subfamili es. IA 

and IB based on structural and mechani st ic differences (Redinbo el al .. 1998). 

Depending on the type, the torsional strain of the DNA is reli eved by one supercoil eac h 

cata lytic cycle with topo IA or severa l supercoi ls each catalytic cyc le with topo IB. 

Topo I does not require the hydrol ys is of ATP or any other external energy source for 

cata lysis (Wang. 1996). 
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Eukaryotic topoisomerase II (topo 11) is a ubiquitous enzyme essential fo r ce ll surviva l. 

Without topoi somerase II cells peri h, whereas, without topo I cells can remain viable. 

This is because topo II is critical for the process of chromosomal condensation and 

segregation, D A supercoiling. decaten ation. and unlinkin g of intertwined chromosomes 

during mitos is and meios is. Topo II ac hieves these impo11ant roles by utilising AT P. 

which enables it to cut both strand s of double-stranded D A. pass another double 

strand ed portion through and then resea l the break. Depending on the D A substrate thi s 

effectively turns a pos itive supercoil into a negative. or increases the number of negative 

uperco il s. Bacte ri al topo II (D A gyrase) compri es two ubunits. GyrA and GyrB 

which have seq uence similarity to eukaryotic topo II. In mammals. topo II ha two 

isofo rms a and~ which are differentially expressed (d isc ussed Section 1.2 .1 ). while 

in ve rtebrates posse sonl y a si ngle form of the enzyme . 

Topoiso merase Ill (topo Ill ) was di scovered more recently and is catego ri sed as a 

ubfamily of type IA topoisomerases . Like topo II. it also has two isoform a and ~ 

encoded by different genes which have distinct ti ssue peciticities (Ng et al .. 1999). 

Topo Ill has been shown to have a trong preference for single-stranded DNA (Kim et 

al.. 1998). It partially relaxes negatively su percoi led DNA during replication. requiring 

AT P hydrolysis to catalyze this activi ty. Mutation oftopo Ill in Schi::osaccharomyces 

pomhe showed it is essentia l for ce ll viab ility as it has a ro le in nuclear divi sion 

(Goodwin et al .. 1999). 

1.2. I Topoisomerase Ila and f). 

Topoisomerase II is a homod imeric nuclear enzyme. Each isoform. topo Il a and topo II~. 

is encoded by separate genes located on different chromosomes. Topo Ila and~ hare 

strong amino acid sequence identity and are functionally closely re lated. however they 

are regulated differentl y. The topo Ila gene encodes a protein of 170 kDa (Chung et al., 

1989b) and is located on chromosome I 7q2 l-22; if s express ion is controlled and fo und 

to be differentiall y expressed in a cell-cycle dependent manner. Maximum express ion 

occurs during the G2/M phase. predominately in the nuclei of highly proliferating ce ll s 
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(Chung et al.. 1989b: Giaccone et al .. 1995; Lang et al., 1998) The topo II~ gene is 

found on chromosome 3p24. is constitutively expressed by virtually all cel ls in the body, 

and the protein (approximately 180 kDa in size (Chung et al.. 1989b: Satherley et al .. 

2000)) is found predominantly in the nucleolus (Giaccone et al.. 1995). 

The human TOP2B gene (encoding topo II~) is alternatively sp liced in different cell 

types. however it is not known if the resultant proteins have different physiological roles 

(Davies et al. , 1993). Lang et al. ( 1998) performed sequence alignments of the TOP2A 

and TOP2B genes which revealed high conservation. except at the ends ofN-tenninal 

and (-terminal regions. This suggests the isofonns evo lved by a duplication of an 

ancestral gene (Lang et al .. 1998). The additional intron in the TOP2B C-terminal region 

is the most divergent of the two isoform s. and may be respon sib le for the subnuclear 

localisation and po sibly other regulatory functions (Meye r et al.. 1997). 

The topo II protein contains three functional domain . These are the -terminal domain. 

the central catalytic domain. and the C-terminal domain. The -terminal domain is 

homo logous to Escherichia coli gyrase B (Jensen et al. . 1996) and contains an AT Pase 

active site. The central catalytic core domain is homologous to gyrase A (Jensen et al., 

1996) and contains the active si te tyro si ne for D A binding. cleavage and religation. as 

well as the primary dimerization interface (Baird et al .. 1999). The C-terminal domain is 

requi red for nuclear locali ation. and may be involved in regulation oftopo II ac tivity but 

not for catal yt ic activity (Adachi et al .. 1997: Jensen et al.. 1996: Mirski and Co le. 1995). 

Adachi et al. (1997) fused the C-terminal region oftopo Ila and topo II~ to GFP (green 

nuorescent protein) and found the GFP signal loca li ed to the nucleus irrespective of 

\\·hich isoform CTD ((-terminal domain) was used. When the upstream region of the 

CTD was added the locali sation became cell-cycle dependent. \,vith topo lla-GFP present 

in the mitotic nucleu s. but absent from the interphase nucleus. The localisation oftopo 

11~-GFP was the opposite. being predominantly een in the interphase. and le in the 

mitotic nucleus. This shows cells can distingui sh between the two isoform s and localise 

them appropriately. Taken together, these observations suggest different fonctions for 

the two isoforms. 
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Mirski et al. (2003) carried out similar experiments fu sin g a potential NES (nuclear 

export signal) with GFP. and found both topo Ila and~ have an active ES NH2-terminal 

proximal to the LS (nuclear locali sat ion signa l). The positions of the functional NES in 

topo Ila and~ are con erved between all known vertebrate sequences. signi fy in g a 

functionally important role (M irski et al .. 2003). Recentl y. Turner et al. (2004) not only 

confirmed Mirski 's re ults. but di scovered topo Il a actually has two functional ES in 

the full-length protein . The implications of th e ES will be discussed further in section 

1.4. 

Potential phosphorylation si tes are also found within th e ( -terminal region. wh ich may 

have regulatory roles on enzyme activity. Th is regulation however, cannot be essential as 

the phosphorylati on s ites can be deleted with no significant effect. This indicates the 

phosphorylation may be to fine-tune ac ti vity or to a ll eviate negative regulation (Jensen et 

al .. 1996). 

The mechani sm oftopoisomera e II is kno\,n to involve several steps and associated 

prote in conformational changes (F igure 1.1 ). The upper jaws of the topo iso merase II 

enzyme binds the D AG -segment. inducin g a conformational change which brings 

active-si te tyrosines into position. ATP binds the A TPase domain s. and a eries of 

conformati onal changes traps the T-segment D A. The DNA G-segment is cleaved by a 

tran sesteri fication bet\\ een a pair of tyrosy l re sidues and a pair of DNA phosphod iester 

bonds four base pair apart (Berger et al .. 1996). These tyrosine re sidues become 

covalentl y linked to the phosphoryl gro ups at the 5' ends of the broken G-segment D A. 

The base pairs then separate and the tyrosine-linked 5' D A end move away from each 

other. forming the ·gate· for the transport of another double- trand ed D A segment. The 

ATPase domains dimerise. and the T-segment is passed through the break in the G­

segment into the lower jaws. The G-segment is reli gated, and the lower jaws open to 

release the T-segment. The A TPs are hydrol ysed and ADP + P, is released resetting the 

enzyme to its startin g state The G-segment may be released unless it is req uired for 

another reaction. in which case it is retained in the complex. 
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A cond itional-lethal D A topoisomerase Il a mutant human ce ll line has been generated 

by Carpenter and Porter (2004). under the contro l of tetracycline which di srupt the 

endogenous topo Il a by gene targeting fro m a transfected plasmid . The topo Ila -depleted 

ce ll s still enter mitos is and go th ro ugh chro mosome condensation with delayed kinetics. 

however norm al anaphases and cytokineses are inhibited, which results in cell death . 

These cell s can be rescued by ex press ion of a GFP fu sed topo Ila. This supplies new 

ev idence that topo Ila has an essenti al catalytic ro le in chro mosome segregation. but is 

redundant in chromoso me condensation (Carpenter and Po11er. 2004). 

1.3 Anti-cancer Drugs & Topoisomerase Ila. 

Because topoiso merase Ila is present at hi gh leve ls in pro liferating ce ll s. and i essenti al 

fo r ce ll surviva l. a number o f anti -cance r drugs have been des igned with topo II as th eir 

primary targe t (Co rn arotti et al .. 1996; Isaacs et al.. 1995). These anti-cancer d ru gs ac t as 

either catalyt ic inh ibitors or poisons. Inhibitors in terfere \\ it h normal topoisomerase II 

func tion caus ing topo log ical problem s result ing in apoptosis. The po ison func tion by 

stabilizing the topoisomerase enzyme in the c leavable co mplex form (th e transient 

in termediate of double-strand nicked D A covalentl y bound to topo Ila) (Figure I. I in 

brackets). This produces many double-strand breaks in the D A of the ce ll. whic h leads 

to apoptosis. The efficacy of dru gs is lim ited however by tox ic ity and the deve lopment of 

resistance . 

There are many topo II targe ting dru gs. uch as ; epipodophyll otox in s etoposide and 

tenipos ide . anth racyc lines doxo rubici n and mi toxan trone. and amsacr ines. wh ic h act to 

stab il ise the c leavabl e co mplex. Stab il izati on o f thi s complex is either suffi c ient to 

inh ibit ce ll pro li fera ti on, or is perce ived as a lethal signal fo r ce ll s which enter apoptos is 

as a response. The dru gs fun ction by conve rtin g topo II into a ce llular poison unable to 

re li gate the breaks it creates in the DNA (F igure 1.2) (Rorer, 1999). Therefo re. the 

cellu lar levels o ftopo Ila correlate with the ce llular sensiti vity to topo Ila targeting 

drugs. The content of topo Ila in ti ssues and tumours can be used as a prognostic fac tor 

fo r drug treatment, facilitatin g targeted therapy. 
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Inhibitory topo II drugs function by halting normal topo II activity in a number of ways. 

Some trap the DNA-enzyme complex in a closed clamp form. others interfere with the 

ATPase domain or phosphorylation of the enzyme. The result ofthi i the accumulation 

of topological problems that result in cell death. The drug efficiency relies on the ability 

to block normal topoi somerase 11 activity. 
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1.4 Development of Res istance. 

Resistant cell lines have been sho,,n to have a IO\,\er amoun t oftopo Ila . which correlates 

with decreased drug-induced DNA damage (Hazlehurst et al.. 1999: Haz lehurst et al .. 

200 I: Matsumoto e t al.. 1997: Saleem et al .. 1997: Takano et al.. 1999: Wang et al.. 

1997a). Therefore. the down-regulation oftopo Ila activity has been proposed to 

circumvent the cytotoxic effec t of chemotherapeutic agents. resu ltin g in re sistance (Kim 

et al.. 1996). Poss ible mechanisms oftopo Ila down-regulation are a reduction in topo II 

RNA stability. mutations in the promoter region or catalytic region of the protein. change 

in cellular localisation or the pho phorylation statu of the protein. or an alteration in 

protein interactions at the promoter to reduce tran scription (Kubo er al .. 1995: Magan et 

al., 2003). 
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R A isolation and northern blot as ays have shown that the topo Ila mRNA levels were 

decreased in resistant cell lines. and that this decrease was not due to changes in mR A 

tability (Asano et al.. 1996; Kubo et al.. 1995). Analysis of the promoter sequence 

found no mutations present. however transcription of the gene occurred at a level ofone 

fifth of the parent cell line. This demon trates that the topo Ila gene is repressed in 

resistant cell lines at the transcriptional level (Kubo et al .. 1995). In 1996 however. Kubo 

et al. were the fir t to discover point mutations in clinical tumours. Mutations occur 

preferentially in two domains. either the nucleotide binding domain. or the active site 

tyrosine domain involved in D A binding (Khelifa et al .. 1999: Renodon-Comiere et al.. 

2003: Suda et ct!.. 2004 ). There have been no mutations reported to date in the promoter 

region. 

Phosphorylation has been shown to both increase or decrease topo Ila activity depending 

on the differential effects at divergent phosphorylation sites (Wells et ct! .. 1995). This is 

reflected in \\Ork carried ou t in resi tant cell lines\\ ith some shO\\n to have an increa e 

oftopo Ila phosphorylation (Takano et al.. 1991 ). and other a decrease (Ganapathi et al .. 

1996) which may s low topo Ila activity for re sistant cells in the absence of reduced 

enzyme expression. It is known that both topo Ila and topo II~ have many 

phosphorylation ites. with the majority resid ing in the C-terminal domain of each 

enzyme where th e presumptive nuclear localisation signa l re sides. Phosphorylation may 

affec t the cellular loca li sation of topo Il a. possibly transpo11ing it from the nucleus to the 

cytoplasm and influencing the response to topo Ila drugs . 

The distribution oftopo Ila could be due to either nuclear export or decreased nuclear 

import. Engel et al. (2004) however. used leptom yc in B to effectively block cytosolic 

accumulation oftopo Ila. which proves it i exported from the nucleu s. Topo Ila ha 

been found to contain two functional NES (Turner et al .. 2004 ), the implications of this 

are large in regards to resi tance to anti-cancer drug . Transpo1tation oftopo Ila out of 

the nucleus was found to generate resistance to etoposide in human leukemic cells 

(Valkov et al., 2000). The mechanisms of this resistance could be due to either the 

decrease of target enzyme in the nucleus. or the topo Ila acting as a cytosolic drug sink. 
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In vitro topo I la has been shown to bind etopos ide in the absence of D A. so hav in g topo 

Ila in the cytoso l could cause a bu ffe r effect. limiting the amount of dru g which reaches 

topo Ila in the nucleus (Burden et al .. 1996). Thi s would then decrea e the amount of 

drug-induced D A damage . Th erefore. bloc king the export of topo Ila with dru gs such 

as leptomyc in B may increase sensitivity to topo Il a poisons (Turner et al. . 2004). 

Interestingly. an in vesti gation in ce ll-ce ll adhes ion fo und that ce ll-adhes ion mediated 

protection from dru g-induced apoptos is by topo II inhibitors as a result of dec reased 

drug-induced damage. poss ibly caused by changes in the nuclear loca lisation (Haz lehurst 

et al.. 200 I). Th is co incides with the observa ti on that topo I la express ion is dec reased in 

confluent ce ll s (I aacs et al.. 1996). 

All these studies indicate dru g res istance i ac hieved by ce ll using more th an one 

mechani sm. Mec hanisms vary between di ffe rent ce ll s and types of cancer. ho,-veve r 

reduced express ion and activity oftopo Il a has usually been the fi rst change observed in 

the process. Other adaptations fo llo,, this. contributing to a higher degree ofre istance . 

Therefo re. a more thorough under tanding of th e mechanisms in vo lved in regulatin g topo 

Ila express ion may lead to the development of intervent ion strategies to prevent dru g 

resistance. 

1.5 Eukaryotic Transcription . 

Transcription of eukaryo ti c genes proceeds through multiple steps referred to a 

preinitiation. ini tiation. elongation. and terminati on. The initi ation of transcription is the 

primary control point of gene express ion. Basa l transc ription begins with fo rmation of 

the preinitiation complex (PI C). which in vo lves the binding of RNA polymera e II (Pol 

11 ) and a number of genera l tran sc ription initiation factors (T IFs) to the transcription­

control region (promoter) of th e gene . 
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Eu karyotic cells have three types of R A polymerases which each have different roles in 

tran scription. RNA polymerase I and Ill are involved in the transcription of rRNAs and 

tR As respectively. RNA polymerase II recognise class II promoters and synthes ises 

mRNAs of these eukaryotic genes. Class II promoters may contain any of the fol lowing 

e lements: a TATA box. an upstream element (GC box or CCAAT box). an initiator. and a 

downstream element. Many promoters lack one or two of these elements. Other gene­

specific DNA e lements may also be fo und. recruiting addit ional tran sc ription fac tors 

(TFs). Components bound to these elements tightly control expression leve ls of the 

genes through protein-prote in interactions. 

TATA boxes are hi ghly conserved sequences found approximately 25 -30 bp upstream of 

the transc ription tart site. This is the most common e lement in most promoters, with the 

consensus sequence T ATAAAA. An aptly named protein. the TATA-binding protein 

(TBP) binds to the minor groove of the TAT A box, bending the DNA to allow the 

recruitment of ge neral tran scription initiation factors forming a multip rotein complex 

(Goodrich et al.. 1996: Kim et al .. 1993 ). This complex phosphorylates the C-terminal 

domain of Pol II all owing the initiation of transcription (Cramer et al .. 2000). 

TA TA-less promoters do exist ho\Yever. in hou sekeepi ng genes and developmentally 

regulated genes. Housekeeping genes are constitutively active as they control common 

biochemical pathways es en tial for cell survival. These promoters have GC-rich regions 

,vh ich compensate for the lack of a TAT A box. These require the same general TFs as 

the promoters which contain TAT A boxes uti I ise (Goodrich et al .. 1996 ). To form the 

PIC howeve r. it is necessary for TSP-associated factors (T AFs) to assist TBP to bind 

TATA- less promoters (Verrijzer et al .. 1995). This is achieved through protein-protein 

interac tions with protein bound on upstream elements (GC box or CCAAT box) or 

initiator elements. 

GC boxes and CCAAT boxes are found in a vari ety of promoters. u ually upstream of the 

TATA box (te rmed cis-acting elements). Eac h has its own spec ifi c TFs (termed trans­

acting factors) which bind to these elements contro lling transcription initiation. TFs can 
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be either activators or repressors which can bind D A elements directly or through 

protein-protein interactions. These proteins are not part of the PIC but are required to 

promote or inhibit its formation. therefore influencing transcription initiation. 

Initiators are conserved sequences around transcription start sites . Additional elements 

are occasionally found downstream of the transcription start site . Both in itiators and 

downstream elements are required for optimal transcription (Yerrijzer et al.. 1995). 

T AFs are required to endorse TBP binding to an initiator. 

1.6 Topoisomerase Ila Transcription. 

Topo Ila transcription is under the control of a TATA-less promoter which is moderately 

GC-rich and contains a high frequency of CpG dinucleotides. all characteristic of the 

promoter of a housekeeping gene (Hochhauser et al .. 1992). A number of potential 

sequence motifs were identified within a 650 bp region 5' to the ATG tran slation start 

codon. Compared to the full-length (2 kb) topo Ila promoter ho\,eve r. maximal 

expression is observed \\ith a truncated version of -617 bp. indicatin g upstream negati ve 

regulato ry elements may be present (Hochhauser et al.. 1992). Analysi of the -617 bp 

region revealed 5 inverted CC AA T boxes ( ICB 1-5). two GC-rich regions (GC I and 

GC2). an activator protein-2 (AP2) site . a consen us sequence for an activatin g 

transcription factor (ATF) binding site. a cell-cycle re sponsive element CDE/CI IR. a 

Myc/Max site. and a Myb binding site (F igure 1.3). The Myb binding site is the most 

proximal to the transcription initiation site. however it is not well characterised . It is 

known that the binding of the proto-oncogene product c-Myb causes trans-activation of 

the topo Ila promoter. which is lymphoid and mye loidlineage dependent (Brandt and 

Kroll. 1997); however. it does not play a role in the cell cycle regulation oftopo Ila 

expression (Adachi et al .. 2000). Just upstream from the Myb site is the Myc/Max site, 

which may bind the proto-oncogene c-M yc as a heterodimer with the transcription factor 

Max. Together these have been implicated in activation of genes involved in cell cycle 

regulation , however it is not known if they are functiona l in the topo Ila promoter. The 
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ATF and AP2 sites are also undefined in their role in topo Ila transcription . Although. 

Isaacs et al. ( 1996) deleted the ATF binding site. and found it has no affect on 

confluence-regulated topo Ila transcription . The cell-cycle re ponsive element 

CDE/CHR lies between the second and third inverted CCAAT boxes also in an inverted 

orientation. This is known to control expression of genes required in late S-phase of the 

cell cycle. in conjunction with TFs bound to regulatory elements such as GC boxes and 

CC AA T boxes (Isaac et al .. 1998 ). 

Transcriptional control oftopoisomerase Ila is regulated through binding ofTFs to these 

important elements (I aacs et al. . 1996). TFs such as F-Y and members of the 

Specificity protein family. in particular Sp! and Sp3. are known to play a role . 
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1.6. I CCM T Elements. 

CCAAT boxes are th e most co mmon conse rved sequence regulatory elements fo und in 

app rox im ately one third of eukaryotic housekeeping and lineage-spec ifi c gene promoters. 

CCAAT boxes are fo und in the direct or in ve rse orientation ATTGG (termed an in ve rted 

CCAAT box (ICB)). and are important fo r basa l-l eve l tra nsc ription. They are usuall y 

located upstream of the transcription start site and often fo und in multiple copies or in 

conjunction with GC boxes. Spec ifi c pro te ins known to have the ability to bind CCAAT 

boxes are p5 3. Y-box binding pro tein (YB- I). ICBP90. and F-Y. 

Alth ough a num ber of studies show CCA T boxes have a po it ive ro le in gene 

acti va ti on. thi s is not always the case . The ro le o f CCAAT boxes can be depende nt on 

the stage of development (Fang el al. . 2004: Isaacs el al .. 1996). ce ll cycle ph ase (Adachi 

e l al.. 2000). and environmental stresses (Furu kawa e l al.. 1998). 

The topo Il a promoter contain s five ICBs (Figure 1.3). Electrophoret ic mob ili ty shift 

assays using probes ,, ith each of ICB 1-5. from both exponential and con fl uent cell s. have 

hown there is bi ndin g of complexes to each ICB (To lner el al .. 200 I). However. ICB5 

was not ab le to compete fo r the same proteins a those th at bind ICB 1-4. whereas ICB 1-4 

all com peted fo r bind in g aga in st each other. indicating ICB 1-4 bind sim ilar pro te ins but 

ICB5 bi nds al ternative pro teins (Herzog and Zwe ll in g. 1997). The most dista l ICBs. 

ICB4 and ICB5 . are the least charac teri sed out of the five . but it is kno,rn that these are 

di spensab le fo r ce ll cycle regu lation oftopo Il a expression (Adachi el al.. 2000). In 

addition . IC B5 is not necessary fo r topo Il a reg ul atio n as constructs containing onl y 

ICB 1-4 had the same leve l oftopo I la express ion as those with all five ICB 1-5 

(Hoch hause r el al .. 1992). 

Isaacs e l al. ( 1996) fo und ICB2 is the element necessary fo r topo Ila down-regulation in 

confluence-arrested ce lls. Site-direc ted mutagenes is convertin g ATTGG to ATTCC 

completely obliterated the down-regulation normally seen in the confluent ce ll s, 

demonstrating thi s regulation is not simpl y due to the lack of binding of a pos iti ve 

regulator. Mutation of the ICB I element did not have the same effect, indicating they are 
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functi onally distinct. ICB I is kn own to have a role in heat shock induced topo Il a 

express ion. This was shown by mutatin g the ICB I which eliminated the increased topo 

Ila express ion normall y seen after heat shock treatm ent (F urukawa et al .. 1998). 

Therefo re. Furukawa et al. ( 1998) proposed a model in which under normal conditions a 

negati ve regulator was found associated with ICB I. After heat shock stress thi s regulator 

di sassoc iated. allowin g a pos iti ve regul ator to bind and thu s increase tra nscription. More 

recent stud ies with ICB I mutants however. fo und thi s element was es ential to achieve 

normal basal regulation leve ls (Magan et al., 2003). indicati ve of a pos iti ve factor 

a oc iated with ICB I under norm al conditions. 

The p53 protein i a tra nscription factor in vo lved in regul atin g cell-cyc le progress ion and 

ce ll survival. It is normall y expressed at low leve ls. but upon D A damage it 

accumulates in th e nuc leus where it induces ce ll-cycl e arrest to all ow D A repair. or 

tri gger apoptos is (U llri ch el al .. 1992) . The p53 pro te in is a sequence- pec ifi c D A 

binding protei n \\ hich is ab le to positive ly regu late tran cri ption from promoters \\ hich 

contain a p53 con en sus element (Farmer et al .. 1992 ). Promo ters \\·hich lack th is 

consensus element are usuall y negatively regul ated by p53 (Merce r et al .. 1991 ). The 

topoisomerase Ila pro moter does not harbour any known p53 consensu e lement . and 

has therefore been fo und to be negative ly regulated by p53 (Sandri et al .. 1996). The 

suppress ion of th e topo Ila pro moter \\ as al leviated by con secut ive de letion of the five 

ICBs. in di cating there may be a functional interac ti on \\ ith spec ifi c ICBs. resulting in p53 

med iated dO\rn-regul ation (Wang et al.. 1997b). It is know kno\,n that p53 can 

negati ve ly regulate transcription th ro ugh a spec ific DNA-p rotein complex containing the 

F-Y transcription fac tor which fo rm s at a CC AT element (Matsui et al .. 2004; Yun et 

al.. I 999). 

The transcription factor Y-box binding protein (YB-I ) is also known to bind ICB 

elements. It is expressed in a range of different ce ll types and has been implicated in the 

express ion of genes in volved in ce ll proliferation. YB-I targets inc lude genes such as the 

multidrug resistance gene (MDR I). proliferatin g ce ll nuclear antigen (PC A), P­

glycoprotein (P-gp). and topo Il a. YB-I expression has been fo und to significantly 
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correlate with topo Il a express ion (G u et al., 200 I; Oda et al.. 2003). Co-tran sfection o f 

an antisense YB- I express ion construct and a topo Ila promoter-luc ifera e repo1ter 

resulted in a reduction o f promoter activity (Shibao et al.. 1999) This indicates that 

YB-I normall y plays a pos iti ve regulatory role in topo Il a express ion. 

Another novel protein recently identified is the in ve rted CCAAT binding protein of90 

kDa (ICBP90 ). It is predomin antl y fo und in hi ghly pro liferating cells. although in 

tumours such as HeLa .. it is present even when conflu ence has been reached. Hopfner et 

al. (2000) identifi ed thi prote in using a one-hybrid system. and fo und it' s express ion is 

concomitant with topo Il a express ion. Co mpet itor assays have shown it binds 

spec ificall y to ICB2 in th e topo Il a promoter. Two un identifi ed pro te in s of 90 kDa and 

140 kDa have been shown to bind the ICBs in the topo Il a promoter (Herzog and 

Zwe lling. 1997). therefo re one may poss ibly be ICBP90 (Hopfi1er et al .. 2000). 

Overexpress ion of ICBP90 increases topo Il a express ion and the rate of ce ll pro liferati on 

(Hopfner et al .. 2002). Overexpression in confl uent ce ll s prevented the normal down­

regulation oftopo Il a . suggestive ofa ro le in carcinogene i . Recent ly it ,, as fo und 

phosphorylation of ICBP90 enhances bindin g to topo I la and therefore increases 

expression (Tro tz ier et al .. 2004). ICBP90 express ion is ce ll cycle regulated and is 

es en tia l fo r S phase entry: because of thi s it is one of the targets at the DNA-damage 

checkpo int whose ac ti vity i down -regu lated. impo rtant fo r ce ll cycle arrest (A rima et al. . 

2004). The model proposed by Arim a et al. (2004) imp lies that upon D A-damage p53 

is tab ili sed and ac ti vates p2 I c ,p i WA I whi ch causes ICBP90 protein degradation th rough 

the ubiquitin/pro teasome-med iated pathway . Therefo re. deregulation of ICBP90 may 

impair control of the G 1/S transition. leadin g to genomic in stabil ity or carci nogenes is 

(Ari ma et al. , 2004 ). 

Adachi et al. (2000) perfo rmed mutational analys is of ICB 1-3 and fo und both ICB I and 

ICB2 are required fo r full ac ti vation of topo Ila express ion in the Gi M ph ase of the ce ll 

cyc le, as when both are mutated this activation is complete ly aboli shed. Interestingly, 

ICB3 is able to full y compensate when either ICB I or ICB2 is mutated. This indicates 

that th ey have equi va lent ac ti vation fun ctions. and that eith er two of the three are 
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sufficient for thi s activation. These authors also suggest that the normal G0/G1-specific 

repression seen is most likely from deacetylation activity. By usin g trichostatin A (TSA) 

a hi stone deacetylase (HDAC) inhibitor. the y saw an increase in expression in the G0/G1 

phase. which signifies the existence ofhistone acetyl tran sferase (HAT) ac tivity. Thi 

activity may be mediated by a protein found associated with ICB I and ICB2. as when 

these were mutated there was a dramatic decrease in the TSA-induced act ivation seen. 

The tran scription factor nuclear factor Y ( F-Y) has been found to bind these ICB 

elements and has also been shown to interact with p300. a tran scriptional coactivator with 

intrin sic HAT activity (Li et al .. 1998). This uggests a model in which F-Y binds the 

ICBs and recruits the HAT ac ti vating tran scription in G2/M phase. and then HDACs 

repress express ion in Go/G1 (Adac hi et al.. 2000). 

Overa ll. the ICB s of the topo Il a promoter have functionally di stinct ro le in regulati ng 

topo I la during the cell cyc le. but work with each other to produce basal tran sc ription. A 

variety of different proteins can bind these elements. and a number of other proteins have 

been seen in complexes\\ ith them . So the function of ICBs in different conditions\\ ill 

va ry accordin g to the associations occ urring. Although in the case of to po Ila . th e 

tran scription factor F-Y is thought to play the primary role of bindin g ICBs and 

influencin g topo Il a transcription (as di scussed 1.6.2). 

1.6.2 NF-Y. 

Nuclear factor Y F-Y) al o termed CBF. CP I. YEBP and ACF is ubiquitously 

expressed in all mammalian ti ssues. with hi gher amounts in pro liferatin g cells (Isaacs et 

al.. 1996). Theyaretrimericproteinswiththe3 ubunits. F-Y A. F-YB and F-Y C. 

al I required to bind D A (Maity and de Crombrugghe. 1998 ). They bind DNA at 

spec ific CCAAT pentanucleotide sequences ( ection 1.6.1) either in the forward or 

reverse orientation. which are usuall y located up tream of tran sc ription start points in 

many eukaryotic promoters including topo Ila (F igure 1.3 and Figure 1.4) (Herzog and 

Zwelling, 1997; Isaacs et al., 1996; Wang et al. , 1997a). NF-YB and NF-YC dimeri se 

ti ghtl y. a prerequisite to enable F-Y A to bind (La in g and Maity. 1998). This complex 

can then bind D A. The sequences flankin g the CCAA T box are also important for F-
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Y binding. as mutation or deletion of these abolishes F-Y binding (Bi et al.. 1997). 

NF-Y cannot activate tran scription alone however, and so it has been suggested that F­

Y may bind to the CCAA T box and encourage other transcription factors to associate 

with their targets (Hu et al.. 2002). 

Adachi el al. (2000) identified F-Y as the inverted CCAAT box (ICB)-binding 

tran sc ription factor using antibody supershift experiments. The F-Y proteins have been 

shown to positively regulate topo Ila expression (.Joshi et al.. 2003). They may achieve 

thi s positive affect by being able to distort/bend DNA upon binding by angles up to 62-

820 and twi st rotationally by I 00° (Ronchi el al .. 1995). Thus facilitating interactions of 

proteins assoc iated on di sta l elements with those assoc iated with more proximal 

elements. Topo Ila express ion is repressed upon inhibition of F-Y bindin g the topo Ila 

promoter. either by mutation s in the ICB s ites (Magan el al .. 2003). exp ress ion ofa 

domin ant negative NF-YB mutant (Hu and Maity. 2000). or by p53 (Jo hi el al.. 2003). 

It is essential for F-Y to bind for cell cycle-dependent activation of the topo Il a 

promoter (Hu el al .. 2002). The express ion profile and binding capacity of F-Y 

howeve r is constant throughout the cell cycle. suggesting a more global mechanism in 

topo Il a promoter regulation (Adachi el al.. 2000). p53 can inhibit F-Y binding the 

ICB in topo Il a resu lting in down-regulation (Joshi el al.. 2003 ). NF-Y is also the target 

of p53 mediated repression of the Chk2 gene. ,\11ich like topo Il a is ce ll cyc le regulated. 

has a CCAAT box. and does not contain a p53 consensus (Matsui et al .. 2004). p53 al o 

inhibits NF-Y binding the ICB in the topo Il a promoter after trea tment with topo Ila 

targeting anticancer dru gs (Jo hi el al .. 2003). In cells deficient in p5 3 howeve r. NF-Y 

bindin g was still inhibited upon drug treatment. indicatin g a p5 3-independent mechanism 

may ex ist. poss ibly involving p53 transcriptional targets such as p2 I w ari tcip (Joshi et al .. 

2003). This may in part explain some of the instances where resistance has developed 

through a down-regulation of topo Ila . It also highli ghts the fact that F-Y may be a 

common target of p53 . Therefore. the impo11ance and reliance of F-Y binding for topo 

Ila transcription need s to be deciphered for a better understanding of the factors that 

modulate topo Ila expression. 
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Coustry el al. (200 I ), perfo rmed Micrococcal nuclease (Mnase) analys is on cloned linea r 

topo I la promoter DNA (wild type and mutated CC AA T e lements) asse mbled in a 

regular nucleosoma l array. These arrays we re treated either with or without NF-Y. and 

subjected to Mnase diges ti on. The results howed different panerns of digestion when 

NF-Y was present. indicating it had facilitated nucleosomal rearrangement. This result 

wa lost when the mutant !CB elements ,, ere u ed. and enhanced when multiple !CB 

boxes were present. demonstratin g that multiple CCAAT boxes are fun cti ona ll y 

important. Therefo re. NF-Y is thought to be able to di srupt the chromatin organi sati on o f 

pro moters. where the speci fie pro moter stru cture may have a ro le in N F-Y -mediated 

transc ription acti va tion of topo I la (Coustry el al.. 200 I). Coustry el al. (200 I) a lso 

de leted the glutamine (Q)-rich domains and found D A binding and nucleosomal 

di sruption still occurred. however tran scription was not activated. These results indicate 

F-Y contro ls topo Ila pro moter ac ti vity with two mechani sms. nucleoso mal di s111ption 

and direct transcrip tion activation. Also. the glutamine (Q)-rich domain s must be 

necessary fo r transcri pt ion ac tivation. poss ibly th rough rec111 it ment of other TFs. 

As shown by Coustry el al. (200 I). the glutamine (Q)-rich acti vation domain s may be 

important fo r interac tions with addi tional TFs. F-Y may rec ruit hi stone 

acetyltran ferases (HA Ts) with these domain s to the pro moter region. HA Ts have been 

suggested to pl ay a ro le in which NF-Y rec rui ts them to the pro moter region. ,,·here they 

stimulate hi stone acety lati on and ac ti vate transc ri ption (Adac hi el al .. 2000: Li el al .. 

1998). Hi stone ace tylation activates transc ript ion by addi ng an acetyl gro up to lys ine 111 

the hi stone prote in . which cau es them to relax their hold on the D A enabling binding 

o f ac ti vating tra nsc ript ion factor . It is kn own F-Y phy ica ll y interacts with HAT 

homologues in both yeast and Arabidopsis (Stockinger et al .. 200 I) and the HAT prote in 

p300 (Sa lsi et al. , 2003). Therefo re. it was proposed F-Y stimulates transc ription 

th rough th e recruitment of HAT chro matin-modi fy ing complexes to the pro moters of 

target genes. 
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Collectively. these results show F-Y does not act alone in topo Ila transcriptional 

regulation, and it is mainly a promoter organising protein. interacting with the likes of 

p300 or TF IID to help initiate transcription (Bellorini et al .. I 997). Interactions ofNF-Y 

and p300 have also been seen to involve the tran sc ription factor Specificity protein I 

(Sp I) (Xiao et al .. 2000). In accordance with this. F-Y and Sp I binding s ites (CCAA T 

boxes and GC boxe ) are located in close proximity to each other in a number of genes. 

including topo Ila and topo II ~. 

J.6.3 GC boxes. 

GC boxes are commonly found flanking ICB elements in many TAT A-les promoters. 

and are often located in clo e proximity within the proximal promoter. Their general 

consensus sequence is GGGCGGG. This is the case in the topo Il a promoter (Figure 

1.3). which contains two GC boxes (termed GC I and GC2). GC I is located within the 

minimal promoter region. They are the second most frequent element found in promoters 

and are often present in multiple copies. where each box is proposed to have different 

functions. As the y are so common and identified in all types of promoters. it is thought 

their function is not linked to any specific cellular process or mechani sm of regulation 

(Hapgood et al.. 200 I) . This implies they may bee sential for basal transc ription. and 

have been shown to be involved in both positive and negative regulation . 

The topo Ila GC2 element in rats (equ ivalent to GC I in humans) has been shovm to have 

a positive affect on transcription (Yoon et al.. 1999). Mutations in either GC I or GC2 do 

not reduce transc ription leve ls significantl y in human topo Ila; mutations in GC2 actually 

increased promoter activity (Magan et al.. 2003 ). Co-transfection of Sp I increases 

expression with a wt topo Ila promoter. however if GC I or GC2 is mutated thi s increase 

is lost (Magan et al .. 2003). These results confirm Sp I can be an activator which binds to 

GC boxes. and indicates each element has a different role. Whether the element acts 

posi tively or negatively on expression may be dependent on mutually exclusive binding 

of different proteins to the GC box. Both Spl and Sp3 are known to bind the GC boxes 

in human topo Ila (discussed section 1.6.4 and 1.6.5 re spectively). 
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1.6.4 Specificity protein 1. 

Specificity protein I (Sp I) was found to bind multiple GGGCGGG sequences (GC 

boxes) in the SY40 early promoter (Dynan and Tj ian, 1983) and stimulate tran sc ription 

from promoters containing this element (Kadon aga et al. . 1987). Sp I is ubiquitous ly 

expressed. and shown to up-regulate transcription in a variety of promoters. including 

topo Ila (Yoon et al.. 1999). EMSA have shown Sp I binds specifically to the GC I box 

(Figure 1.4) (Magan et al. . 2003) and the GC2 bo x (Yoon et al. , 1999) oftopo Ila. Sp I 

contains three zi nc finger structures responsible for DNA binding. and Q-rich regions 

(activati on motifs) which are req uired for ac ti vating tra nsc ription. Synergi tic ac ti vation 

can be observed either with it el for other member of the Spl protein family. due to 

protein-protein interactions between the Q-rich domain s (Kadonaga et al.. 1987). 

The Sp I family protein s can also di stort the DNA. inducing a bend from the 3' end of the 

GC box towards the major groove (Sjostrom el al.. 1997). DNA bendin g hovvever was 

not suffic ient by it elf for tran criptional ac ti vation. consisten t \\ith the Sp I-family 

protein Sp3. also inducing distortion but not acting a an activator. This is evidence 

D A distort ion may onl y enhance the tran scription potential of Sp I. and speci fi e protein­

protein contacts need to be established through act ivati on domains fo r a combinatorial 

effect (Sjostrom el al .. 1997). The topo I la GC I and GC2 box are at ei ther end of the 

promoter. therefore DNA looping may be neces ary fo r basa l transcription . Also. GC I 1s 

close to ICB I which bind F-Y and can distort DNA like Sp I . so their combi ned effect 

may bend D A all O\\ing proteins to ac t synerg istically fo r normal leve ls oftran cription. 

Sp 1 · general role is as an ac ti vator of transcription. Recently ho wever. it has been fo und 

Sp I interacts \vith p5 3 to repress cyclin BI expre ion. Mutation of both the Sp I binding 

sites (GC boxes) eliminated the p53 mediated repres ion. and co-immunoprecipitation 

revealed Sp! is bound to p53 ( lnnocente and Lee. 2005). Sp! can also target downstream 

TFIID general transc ription components through if s Q-rich domain (Chen el al .. 1994). 

therefore activating promoters transcribed by RNA polymerase II by assist ing in 

transcription initiation complex positioning. It is thought p53 repression acts by binding 

Sp I preventing this interaction with the TFIID components. therefore resulting in 
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repression of the promoter (lnnocente and Lee, 2005). Interestingly. the Sp I gene 1s 

positively autoregulated by its own gene product (Nicolas el al., 200 I). 

Confirming the work of Yoon el al. ( 1999). Sp I has a positive affect on topo I la 

transcription as cotransfection of Sp I with the topo I la promoter increases expression. 

and thi s induction is lost when the Sp I-binding sites are mutated (Magan el al .. 2003). 

Further confirmation came from research on drug resistant cancer cell lines. which have 

decreased leve ls of both topo Ila levels and Spl levels (Allen el al. . 2004). 

As Sp I is ubiquitously exp ressed. post-translational modifications may be impo11ant 

mechanisms to control it" regulatory function. Phosphorylation of Sp I can have either a 

posit ive or negative affect on transcription. It is thought it positively affects transc ription 

by increasing the binding affinity to the GC box. therefore facilitating promoter 

activation for a number of genes (Ge el al.. 200 I). 

Forward5'- CGAGTCAGGGATTGGCTGGTCTGCTTCGGGCGGGCTAAAGGAAG - 3· 

Reverse 3· - GCTCAGTCCCTAACCGACCAGACGAAGCCCGCCCGATTTCCTTC - 5· 

Fi!,!Lll'l' IA: .._dll'lll:ltic l'l'IH'l''l'lltation ofl( Bl.(,( I and putatiH' tran,lTiption factor,. 

ll \ \ green ) 11 t lL ,, !fl' l-lt' 

,li:;-,11,Lkll; l n·,,hl.'Ll'>l'd inlil'Ll'\'J'lll'l.'lil n,1
11ilit) -.,J1ill'1'>'>,,) j-.,-.,hll\ 11,llll11.'lllJ1 lhl' llBI 

'><:LjlllllCI.' h 1 1 blue ,rnd ( ,t I '>l'ljU('llC" i-., 111 pin!,, 1,1d,111ll.'d frt1m ls.1,1c-.,, 1 ,ii. \ tl9(11 
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1.6.5 Specijicty protein 3. 

Sp3 is a protein in the Sp I- famil y which is similar to Sp I in many ways; it is a zinc 

fin ger protein ub iquitously expressed in mammalian ce ll s. th at can cause DNA di storti on 

upon bindi ng (Sjostro m et al .. 199 7). can be phosphorylated to increase D A binding 

affinity (Ge et al.. 200 I). and is bi functi onal bein g able to re press or ac ti vate 

transc ription. There are three isoform s of Sp3 due to internal translat ion initi ati on sites . 

which has made in vesti gati ons into its fun ction di fficu lt. 

The majo rity of ev idence to date indicates Sp3 fun ctions as a repressor at th e topo Ila 

promoter. Sp3 is also ab le to spec ifica ll y bind the same sequences a Sp I does . 

Therefo re. the re lat ive leve ls of Sp I and Sp3 are thought to play a role in the response of 

a promoter to these transc ription fac tors. If Sp3 is the same leve l as p I. it may not ac t 

as an ac ti vator as it can compete fo r binding \Vith Sp I. consistent with sugges tions th at 

Sp3 represses Sp I-med iated transc ription (Hagen et al.. 1994) . Birnbaum el al. ( 1995) 

performed coexpress ion assays which con fi rmed Sp3 does repress Sp I trans-ac tivation . 

in a manner respo nsive to the Sp I/Sp3 ratio. and also dependent on the number ofGC 

boxes present in the promoter reg ion. Pro moters conta ini ng two GC boxes are muc h 

more sensit ive to Sp3 repression of Sp I act ivation. th an promoters \\' ith on ly a ing le GC 

box (B irnba um el al .. 1995). Topo Ila contains two GC boxe . therefo re Sp3 repress ion 

of Sp I activation is like ly to occ ur. In support of these suggestions. resistant cance r ce ll 

lines have an up-regulated exp ression ofSp3 (Ku bo et al .. 1995) (and a decrease in Sp l 

(A ll en et al.. 2004 )). corre lating with a decrease in topo Ila gene express ion. 

1.6.6 Protein Interactions. 

NF-Y and Sp I bo th have Q-rich domain s and can interact with parti cul ar T AFs within 

TF IID (Coustry et al .. 1998). They have been shown to interact on a va ri ety of promoters 

(Ge et al. . 200 I ; Inoue et al., 1999), and thi s may explain why the specific D A elements 

assoc iated with these two proteins are fo und in clo e prox imity to each other. In vivo 

in terac tions between F-Y A of F-Y and Sp I have been shown to occur in the Q-rich 

domai ns using the yea t two-h ybrid system (Roder et al .. 1999). 
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Recentl y. Magan et al. (2003) carried out an in vesti gation of the interactions of the 

proteins associated with topo Ila transcription. A number of electrophoretic mobility 

shift assays were performed usin g wild type ICB I /GC I topo Ila promoter e lement 

oli gonucleotides. or mutated versions of these oli gonucleotides. The EMSAs clearly 

showed four specific protein complexes can form with th e ICB I /GC I e lements of the 

topo Ila promoter. Antibody supershift assays were carried out to identi fy which protein s 

were forming these complexes with the spec ific promoter e lements. Only 3 could be 

identified hovvever. these were:NF-Y, Spl and Sp3 (F igure 1.4). The fou1th 

uncharacteri sed protein wa fou nd to specificall y bind to the o li gonucleotide containing 

the ICB I and GC box (d iscussed secti on 1.6.7) (Magan, 2002). 

Competitor assays with a wild type ICB I /mutant GC I o li gonucleotide showed that Sp I 

and Sp3 were still assoc iated with th e oligonucleotide despite the GC box bei ng mutated. 

Therefore. it was suggested th at there is a functional interaction occurrin g bet,veen the 

F-Y protein bound at the ICB I element. and the Sp I and Sp3 protein associated 

together with the GC box. This correlates wi th other evidence that F-Y recruits other 

transcription proteins to promoters. Also. the proximity of the GC I box to the IC B I box 

suggests it may be important in allowing interactions betv.een proteins associated with 

these elements. as thi s occurs in many other promoters (Jean et al. . 2002). 

Transient transfection assays con firmed F-Y · s role as an activator of basal transcript ion 

at the ICB I element. Cotransfections with Sp I showed activated transc ription fro m 

binding GC I and po sib le cross talk with F-Y bound at ICB I may occ ur. Models of th e 

possible interaction s and role of the proteins associa ted with specific D A e lements 

were proposed (Figure 1.5). Figure 1.5 A) show norma l basal transcription of th e topo 

I la promote r. F-Y bind the ICB I e lement and interacts with Sp I /Sp3 bound at GC I . 

It also binds ICB2 poss ibly bendin g th e D A a ll owing Spl /Sp3 bound at GC2 to interact 

with the other protein s bound closer to the transcription s ta1t point. Figure 1.5 B) shows 

that when GC2 is mutated th ere is an increase in tran scri ption. This sugge ts the 

interaction of protein s normall y bound to thi s element pl ay a negati ve regulatory role in 

basal transc ription . When ICB I is mutated (F igure 1.5 C) there is a dec re ase in 

24 



... ............... .. .......... ... .. .... ..... .... ........ ... ... ..... ................... ... .... .... ....... ..... .... ...... ..... .. .. .... .. .. ... Chapter I: !111rod11ction 

express ion, demonstratin g the importance of thi s element and the associ ated NF-Y fo r 

normal transcription. Overexpress ion of Sp I increased the ac ti vity of the promoter 

(F igure 1.5 D). These models demon strate the poss ible interactions between these fo ur 

proteins bound close to the transc ription start site and other transcription factors bound to 

di stal elements are criti ca l fo r both basa l and acti vated transcription oftopo Il a (Magan et 

al.. 2003). 
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1.6. 7 The Uncharacterised Protein. 

The uncharacterised protein found by Magan et al. (2 003) predominantly associated with 

the topo Il a promoter in a GC I-dependent manner. but required both ICB I and GC I 

elements to bind to GCI. which suggests both NF-Y and Sp l/3 may be required for 

bindin g. Alternatively, the sequence in between ICB I and GC I may recruit the protein. 

1.7 Research Aims. 

Human topoisomerase Ila regulation is relati ve ly well understood. except for the down­

regulation mechani sm seen in drug resistant cancer cells. A recentl y di scovered 

uncharac terised protein poss ibly mediates a functional interaction between seve ral known 

transc ription factors bound at proxima l and di stal elements of the topo Ila promoter. This 

functional interaction may have direct relevance to the development of drug resistance 

seen in cancer cells treated with topoisomerase targetin g anti -cancer drugs. 

Characterisation of th e protein with respect to its function in modulat in g the transcription 

of human to po Il a. was investigated by performing electrophoretic mobility shift assays 

and transient transfection assays with topo Ila promoter constructs that had been mutated . 

This gave an indication of the requirement for the uncharacterised protein to assoc iate 

with th at region. and show the affect on transcrip tion from the promoter. By deducin g 

the activity of these tran sc ription factors at their pec ific DNA regulatory e lements and 

the role of the unch arac teri sed protein. a better understanding of topo Ila tran sc ription 

will be gained. Thi s in turn. could assist with improving treatment for cancer patients 

and preventing dru g resi stance developing. 

The specific objectives of thi s research were: 

@ Carry out EMSAs to identify a minimal region within the topo Ila ICB 1-GC I 

region required for specific binding of the uncharacteri sed protein . 

To systematically mutate th is region within an existing topo Ila promoter­

reporter gene construct and test for fu nctional significance in reporter gene assays . 
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Chapter 2: Materials and Methods. 

2.1 Materials. 

Oligonuc/eotides and Plasmids 

Oligonucleotides we re all made by SIGMA " Genosys Australia Pty. Ltd. NSW . 

Australia. pGL3 Basic. pSV~-ga lac tos idase plasmids were purchased from Promega 

Corporati on. WI. USA. pCMV-Spo rt-~-galactosidase was purchased from lnvitrogen 

Corporati on. lnvitrogen Z limited. Penrose. Auckland. ew Zealand. pBluescript was 

purchased from Stratagene. LA. SA. The -6 17 topoisomerase Ila in pGL3 Basic vec tor 

was origi nall y generated by Samuel McLenachan and Agnieszka Szremska (In stitute of 

Molecu lar BioSciences. Massey University. Palmer ton orth. ew Zealand). 

EMSAs 

y33 P-[ATP] radioactive i otope and po ly (d l.dC ) was purchased from Amersham 

Pharmaci a Biotech. K Ltd. England. Polyacrylamide (40% \\-/v) and N ·_ 

methylenebisacry lamid e in v,ater (Acryloge l) was purchased from BDH Laboratory 

Supplies. Poo le. England. TEM ED. EDTA. DTT and ficoll were all obtai ned from 

Sigma Chemical Company. St Loui s. MO. USA. Ant ibod ies NF-Y A. Sp I. and Sp3 were 

purchased from anta Cruz Biotechno logy.CA. SA. Scinti ll ation 2.5 cm filt ers. DE-81 

and 3MM paper \v ere purchased from Whatman. Maidstone. England . 

DNA Man ipulation and Purifica tion. 

T4 D A polymerase . Taq and P11 ·0 polymerase . rest ri ction endonuclea es (Sac l. Hindi II. 

Kpnl. Nco l. Hae lll ) and buffers. DNA qu antification standards. were purchased from 

either ew England Biolabs. MA. SA or Roche. Mt. Wellington. ew Zealand . 

Primer RV3 and GL2. dNTPs. and BSA were all purchased from Sigma Chemical 

Company. Agarose. I kb plus D A ladder. and T4 DNA ligase were purchased from 

lnvitrogen Corporation. Thermosensitive alkaline phosphatase (TsA P) was purchased 

from Life Technologies GIBCOBRL. Auckland. NuSeive agarose was obtained from 

Bio Whittaker Molecul ar Applications, ME, USA. Parafilm M'" was from Pechiney 

Plastic Packagin g, WI , USA. QIAquick PCR purification kits and Midiprep plasmid kits 
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\Vere both purchased from QIAGE , ew Zealand distributers: Biolab Scientific Ltd .. 

Albany. ew Zealand . Nu Sieve R GTG R Agarose was from Cambrex Bio Science 

Rockland . Inc .. Rockland. USA . 

Tran.~formalions 

The Escherichia co li XL-I blue strain wa purchased from Stratagene. La Jolla. CA. 

USA . The genotype for thi s strain is F. ::Tn / 0 pro A +B+ lacf1 !:. (/acZ)M 15/recA I endA I 

gyrA 96 (Nal ') !hi hsdR 17 (r,."m K "') g in V-1-1 re/A I lac (NEB cata logue). Bacteria logical 

agar. and Luria Bertani broth base were purchased from lnvitrogen Corporation. 

Ampicillin. tetracycline. R ase. lysozyme. triton X-100. P G. and SOS were all 

purchased from Sigma Chemical Company. Quantum R Prep Plasmid Miniprep Kits were 

purchased from BioRad Laboratories. CA. U A. 

Tissue Culture 

Original He La cells v.-ere donated from Dr. Rache l Page (Depa11men t of Biochemistry. 

Univer ity of Cardiff) . All sterile ti ss ue culture plastiC\\are (fla ks. cell scrapers. tube . 

plates) were purchased from unc Inc. Naperville. IL. USA. Opti -MEM. tryps in. 

penici llin-streptom yc in. and foetal calf se rum were purchased from lnvitrogen 

Corporation. Acrocap Filter Uni t (0.2 µm) sterili sation filters for cell media and 

crodi k Syrin ge Fi lters (0.45 ~Lm and 0.2 ~Lm) \\ere from Pall Corporati on. Ml. U A. 

Comp lete rt-- i Mini EDT A-free protease inhibitor cocktail tablets \\"ere purchased from 

Roche Molecular Biochemical . IN . SA. Bradford protei n assay dye reagent was 

purcha ed from BioRad Laboratories. CA. USA. DMSO was purchased from Sigma 

Chemical Company. 

Trans ient Tran~fecl ions 

FuGeneTM6 tran sfection reagent and ONPG were purchased from Roche Diagnostics. 

The luci ferase assay system was from Pro mega Corporation. FL Ostar galaxy system 

and computer software was purchased from BMG Labtechnologies Pty. Ltd. Melbourne, 

Australia. 

All other materials and reagents were of an analytical grade or better. 
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2.2 DNA modification , purification and binding assays. 

2.2. I O/igonucleotides. 

All o li gonucleo tides we re synthes ised by Sigma Geno ys Austra li a Pty. Ltd . The 

o li gonucleotides were prov ided in a dry powder fo rm . whi ch was then resuspended in Ix 

TE bu ffe r ( IO mM Tris. pH 7.5 -8 .0. I mM EDTA) to produce a fi na l concent ra tion o f I 0 

µg/µL (0.65-1.4 nmol/µ L). which was then stored at -20°C. From these ori ginal stocks. 

working stock of I ~tg/~tL . I 00 ng/µL and 50 ng/µL we re prepared. fo r use in competitor 

assays . EMSAs. and PCR reac ti ons. These working stocks we re then stored in either 

-20°( or -4°C accord in g to the frequency of the ir use . 

2.2.2 Electrophoretic Mobili(11 Sh ift Assay s. 

i) Radioactive(1• labelling O/igonucleotide Probes. 

The oligon ucleotide probes were labelled \\ ith y3 3P-[A TP] radioactive isotope. The y­

phosphate ,,·as attached to the 5 ' -hydroxyl terminus of eac h D A strand using T4 

po lynuc leotide kin ase (PNK). The reagents li sted be low were mi xed toge th er in 1.5 ml 

microcentrifu ge tubes. and incubated at 37°C fo r 45 minutes. 

Fo n, ard oli gonuc leotide I 00 ng/µL (6.5x I 0-3 
- I .4x I 0-2 nmol) I µL 

!Ox PNK buffer (0.5 M Tris-HC I. pH 8.0. 

0. 1 M MgCb. 50 mM DDT. 0.5 mg/ml BSA) 

y33P-[AT P] ( IO ~LC i/~tL. Amersham Biosc iences) 

T4 PNK ( IO U/µL. Roche) 

H20 

I µL 

5 ~LL 

I µL 

2 µL 

The labelled fo rward o ligonuc leotide was then added to a 6x excess of unlabe ll ed reverse 

oli gonucleotide as fo ll ows . 
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Reverse oligonucleotide I 00 ng/µL (0.039-0.084 nmol) 6 ~LL 

KCI (I M) 2.5 µL 

31.5 µL 

The resultant mixture was heated in a water bath at 95°C for 5 minutes. The water bath 

was then switched off; oligonucleotides were left to remain in the bath for ~ I hour 

cooling slowly to room temperature. which enables annealing to occur. 

Gel shift buffer (GSB. 40 mM Tris pH 7.6, 16% ficoll. 100 mM KCI. 0.4 mM EDTA. and 

I mM OTT) was added in an equal volume (50 µL) to each of the annealed 

oligonucleotide . These were then gel purified immediately on a 10% polyac rylamide 

ge I. 

ii) Purification ofRadioactil'ely Labelled Oligo1111cleotides. 

To purify the double-stranded labelled oligonucleotides from contaminants and any 

unlabelled. or ingle-stranded oligonuc leotides. the total reaction volume (50 µL 

annealed oligon ucleotide plu s 50 µL GSB) were loaded into a I 0% polyacrylamide ge l 

(37 cm long. 0.4 mm spacers) in Ix TBE (0.09 M Tris. 0.09 M boric acid. 0.02 M EDT A 

pH 8.0). and electrophoresed at 30 W for I 1/2 hours. After electrophoresis. th e ge l wa 

\\rapped in Saran wrap and expo ed to X-ray (Kodak) film for 15 minutes . The labelled 

oli gonuc leotide bands ,, ere vi sualised on the X-ray film. and matched up with the ge l. 

and the corresponding frag ments excised. The excised ge l bands were immersed in 300 

µL of50 mM KCI and incubated overnight at 37°C to elute the DNA. The 

microcentrifu ge tube was then mixed using a vortex and centrifuged at 12.000 g for 5 min 

after which the su pernatant was transferred to a new 1.5 mL microcentrifuge tube . 

Aliquots of I ~LL were removed from each for sc intillation counting. and the remaining 

sam ples were stored at 4°C in a radioactive safe Perspex container until required. 

iii) Scintillation Counting 

The degree of labe lling for each probe was estimated by scintillation counting. This was 

necessary to ensure approximately equal amounts of the probes were used in each assay, 

so the required X-ray exposure times were identical. for visualising consistent ge l bands. 
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An amount of I µL removed from each probe was applied to the centre of a glass 

microfibre filter (Whatman H 2.5 cm, GF/A). and left to dry. The filters were then placed 

in a sc intillation vial with 3 ml of sc intillation flu id (OptiPh ase ·SuperMix· . Wallac 

Scintillation Products, Liquid Scintillation Cocktail). The sc intillation fluid contains 

flu ors ,vhich are excited by the ~-rays causing them to emit light after this exc itat ion. 

The light was measured usin g a sc inti I lation counter (Beckman LS380 I Sc inti I lation 

Counter) as counts per minutes (cpm). If necessary. probes were diluted accordingly in 

50 mM KCI. 

iv) Double-stranded Competitor O/igonucleotides. 

Competitors were sometimes used in gel shift assays to identify spec ific and non-speci fic 

DNA -protein interactions. The competitor o ligonucleo tides were produced by adding 5 

µL (0.32 -0.7 nmo l) of each of th e complementary single-stranded oli gonucleotides ( I 

~tg/~tL). heatin g to 95°C fo r 5 minutes in a Hybai d Omn-E thermal cycler. and a ll owing 

them to annea l by cooling them step,, ise by I 0°C every 5 minutes. It was not necessary 

to use any other reagents to assist in the anneali ng step. as the single-stranded 

o li gonucleot ides were present in relat ive ly hi gh concentrations. so annea ling would occur 

without th e req uirement of additional sa lts. Once the samples reached 25°C the double­

stranded compet itor were stored at -20°C until required. 

1') Electrophore tic Mobility Shifi Assays. 

Elec trophoretic mobility shift assay reacti ons were set up in a 0.4 mL microcentrifuge 

tube in a tota l vo lume of 20 µL. A non-biolog ical polymeric nucleic acid. poly dl.dC. 

was added in excess to each reaction. This acts as a co mpetitor to red uce non-specific 

protein binding to the o li gonucleotide probes. 

The fo ll owing components were pre incubated on ice for IO minutes: 

GSB (40 mM Tris pH 7.6. 16% fico ll. 

100 mM KCI , 0.4 mM EDTA, and I mM DTT) 

Poly dl.dC (I mg/ml) 

H20 (to a total vo lume of20 µL ) 

He La nuclear extract(~ IO µg protein) 

10 µL 

I µL 

X ~LL 

2-4 µL 
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Competitor double-stranded D A (5-100 ng) or antibodies (2-3 µL of 200 µg /mL) were 

added at this stage depending on the type of assay being performed. After incubation. 1-

4 ~LL of labelled oligonucleotide (~ I 00000 cpm, ~ I ng D A) was added. and the mixture 

was left at RT for 15 minutes. 20 ~LL of each reaction was loaded onto a non-denaturing 

4% polyac rylamide gel in 0.25x TBE and electrophoresed at 200 V for approximately I 

hour (BRL V 15.17 apparatus with titted 0.75 111111 spacers). Loading dye (~5 ~LL) was 
\ -,<::'.. 

added to a control lane to visual the distance travelled through the gel during 

electrophoresis. The gel was then transferred onto DE-81 paper and dried for 

approx imately 20 minutes at 80°C in a Bio-Rad Gel Drye r 583. and exposed to a 

phosphoimager plate overnight. The phosphoimager plate was then scanned in a Fujifilm 

FLA-5000 phospho imager. The ge ls were then also exposed to X-ray film (Kodak) for at 

least 60 hours at -70°C within a radioactive sa fe cassette. The X-ray films were then 

developed using a I O0PlusTM Automatic X-ray film processor in a dark room. 

,·i) LVISA Photo Stimulated Luminescence Quantification Profiles. 

To measure the signal intensity of bands obse rved in EMSAs. PSL (photo stimulated 

luminescence) profiles \\ere performed using th e Fujifilm FLA-5000 phosphoimager 

Image Gauge 4.0 software. Within the lane of interest. an area containing the desired 

bands fo r quantification \\as boxed off and PSL counts were collected per 111111
2

. A blank 

area the same size was also measured and subtracted from the PSL counts. to e limin ate 

background noi se. This \\ as repeated for other lanes using the exact same area sizes to 

allow comparison between the profiles. Quantification result were then graphed using 

the average PSL counts across the width of the boxed area on the y-axi and the len gth of 

the boxed area (mm) on the x-axis. 

2.2.3 Agarose Gel Electrophoresis. 

Agarose ge ls were made with I% agarose and Ix T AE (40 mM Tris-acetate , 2 mM 

ethylene diamine tetra-acetic acid (E DTA), pH 8.0) according to the methods in 

(Sambrook and Russe ll , 200 I). Electrophoresis was carried out for ~ I hour at 80 V. 

Ethidium bromide (0.5 µg/mL) was incorporated into the gel to allow visualization of the 
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D A bands. The ge l was then pl aced in a transilluminator where the DNA bands we re 

visuali sed under UV li ght. 

2.2.4 Purification of DNA Frag ments by Freeze-squeeze. 

D A frag ments we re separated by electrophoresis in I% agarose gel (section 2.2.3). Th e 

bands of interest were visualised under UV light and th en precise ly exci sed vvith a sca lpe l 

blade . The agarose was then wrapped in para film and frozen at -70°C fo r at least I hour. 

The edges o f th e para film were wrapped over and placed on a hard se rvice where it was 

then squeezed, to squash all the agarose. The liquid that came out was co ll ec ted and 50 

~LL TAE was added to the agarose. which was then re frozen fo r 30 min . This was then 

squeezed aga in and the remainin g liquid which was expe ll ed was pooled with the first lot. 

Traces ofagaro se we re removed by centrifugation at 12.000 g fo r ~ I0 min : the 

supernatant was then transferred to a fresh mic rocentrifuge tube. Ethanol prec ipitation 

\\ as then carried out to increase the D A concent ration in so lu tion. 

2.2.5 Ethanol Precipitation. 

D A was eth anol precipitated according to the methods in (Samb roo k and Russe ll. 

200 I). The pe ll ets \\ ere re uspended in ei th er TE buffer or\\ ate r. 

2.2.6 Po(rmerase Chain Reac tion 

PCR (polymerase chain reac tion) is a method used to amp I ify pi eces of D A between 

predetermined sites. Oligonucleotid es complementary to each site are des igned and used 

as primers fo r DNA synthes is. Each PCR cyc le doubles the amount of DNA present. so a 

large qu antity is produced. which can then be used fo r a number of different assays . 

The fo ll owing components were mi xed to gether in a 0.2 mL microcentri fuge tube : 
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Forward primer (50 ng/~tL. ~30 pmol) 

Reverse primer (50 ng/µL. ~30 pmol) 

dNTPs (3 mM ) 

(a mixture o f dATP. dTTP. dGTP. and dCTP) 

!Ox PCR buffer 

5 µL 

5 µL 

5 µL 

( I 00 mM Tris-HCI. 500 mM KCI. pH 8.3 . Roche) 5 µL 

Polymerase (5 U/µL. Roche) 0 .25 µL 

Template ( I nghtL ) I µL 

H2O (to make a total vo lume of 50 µL ) 28.75 µL 

The polymerase was added last to each of the tubes and then mi xed well. The 

po lymerase used in thi s work was Pwo (Roche) polymerase as it has a higher fid elity than 

others. The tubes we re then put into the Applied Biosystems. GeneAmp • PCR System 

2700 PCR mac hine fo r thermocyc ling. Annea lin g temperatures were spec ific to the 

primers used (Ap pendi x 4). 

Th e PCR conditions were: 

2.2. 7 PCR Mutagenesis. 

95°C fo r 5 min 

Denaturin g 

Annea ling 

Extension 

95°C fo r I min . :} 

50-60°( fo r I min. 

72°( fo r I min . 

30x cyc les . 

PCR mutagenes is (Ho et al .. 1989) was used to create mutations in a wild-type D A 

sequence. Thi s was ac hieved by designin g intern al o li go nuc leotide primers containin g 

spec ific mutati ons. Separate PCR reactions we re used to ampli fy DNA on either side of 

the mutati ons. The products from each were ge l purified (2.2 .4). then poo led together 

and used as templates with onl y th e extern al primers to amplify the who le length of 

D A. This resulted in the whole length o f DNA being amplified with the mutations 

created internally. 
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2.2.8 PCR Purification. 

PCR products we re purified usin g QI Aquick PCR purification kits (QI AGEN) according 

to the manu fac turer· s instructions. These have sili ca-based spin cartridges which bind 

double-stranded DNA whilst the unwanted products. such as excess d TPs. primers and 

buffer sa lts are \vashed out. The PCR products were then qu antifi ed using either agarose 

ge l elec trophores is or spectrophotometry. 

2.2.9 DNA Quantification. 

(i) Gel Electrophoresis DNA Quant(fica tion. 

Gel elec trophoresis can be used to quanti fy D A by running samples along side known 

D A quantification standard s. Varyin g dilutions of the query sample we re made up with 

TE bu ffe r. and I µL of each was mi xed with 10% loading dye and loaded into a I% 

agarose ge l (section 2.2 .3). Along sid e the query sample . 5 µL of each of the standa rd 

were loaded (5 ng/~tL. IO ng/µL. 20 ng/~1L. 50 ng/µL. and I 00 ng/µL ) into the gel. The e 

DNA standard s were prod uced fro m linearised plasmid D A (pBluescript SK-11 ). A ft r 

elec tro phoresis. the flu orescence intensity of the query sample \,vere compared to the 

knO\\n quanti fi cation standards. \\ hereby the concent ra ti on of the origin al sample was 

estimated . 

(ii) Spectrophotometric DNA Quantification. 

The concentration of DNA sam ples \\as a lso measu red using the Nucleic Ac id Sample 

progra m in th e Nanodrop • ND-I 000 . anodrop Technolog ies co mputer software. 

Without any dilu tions. 2 µL of the query ample was loaded direc tly onto th e pedesta l. 

and absorbances we re read at in terva l between 230-350 nm . The concentration was then 

automatica lly calculated using the relationship : A260x 50 ~1g/111 L (at 260 nm the 

abso rbance of 50 µg/mL double-stranded D A is 1.0). The purity of th e D A was also 

analysed by ca lculating the rati o of A260/ A2so. A ra ti o of 1.8 indicates pure DNA. < 1.8 

indicates protein contamination, > 1.8 indicates R A (ribonucleic acid ) contamination. 
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2.2.10 DNA sequencing. 

DNA sequencing was carried out on an Applied Biosystems 3730 automated DNA 

anal yzer by Lorraine Berry from the Allan Wil son Centre at Massey Uni ve rsity ( Institute 

of Molecular BioSciences). Thi s used dideoxy cyc le sequencing with BigDyeTM 

Te rminator v3. I Cycle Sequenc ing Kit (A pplied Biosystems Inc .. USA) accordin g to the 

manufactu rers protocol. Plasmids were sequenced using 300 ng/~tL of template. whil st 

PCR products we re sequenced using I ng/ 100 bp of templ ate. RV3 and GL2 primers 

were used at a concentration of 0.8 pmo l/~tL . 

2.2.1 I A1w ~1•s is of DNA Sequences. 

Analyse of D A sequ ences and res triction endonuc lease maps were ca rri ed out on GCG 

oft wa re (Version 9. 1: Wi sconsin Genetics Computer Group . USA). The sequence 

a li gnments were pe rfo rmed using th e ClustalW database (Version 1.82: European 

Bio in fo rmatics In stitute. UK: www.ebi.ac.uk/c lustah, /index.htm I). 

The TRA SF AC " database (hnp ://its-gcg I .massev.ac. nz/gcg-bin/seqweb.cg i) analyses 

eukaryo ti c transc ri ption fac tors. their genomic bindin g sites and D A-binding pro fil es in 

silica. This database was used to analyse th e new mutations generated in th e D A 

seq uences. to ensure no new pro tein-bind ing motifs \\·ere prod uced. 

2.2. 12 Restriction End on uclease Digests 

Restri ction endonuclease digests prepared on ice in 1.5 mL tubes. 

Steril e water (to make total vo lum e 30 ~LL ) 

I Ox buffer (specified by manu fac turer) 

DNA (500- 1000 ng) 

Enzyme ( IO /~tL) 

X ~LL 

3 µL 

X µL 

1- 10 U 

Each ample was then vo rtexed. pul se centrifuged at 13,000 rpm and incubated at 37°C in 

a dry block for 1-2 hours. After digestion. rapid bo il plasmid DNA samples had 2 µL of 

R ase ( IO mg/mL) added and were incubated at 37°C for 2 min . 
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2.2.13 NuSeive Gel Electrophoresis. 

Nu Sieve agarose ge ls were made with 3.5% uSieve J< GTG ~ Aga ro se and Ix T AE ( 40 

mM Tri s-acetate. 2 mM eth ylene di amine tetra-acetic acid (E DTA). pH 8.0). Thi s gel has 

high reso lution and ,vas used to visualise D A fragments from 50-1000 bp. 

Electrophores is was carri ed out fo r ~6 hours at 30 V. Ethidium bromide (0.5 µg/mL) was 

incorporated into the ge l to all ow vi ualization of the DNA bands . The ge l ,vas then 

placed in a transilluminator where th e D A band s are visualised under UV li ght. 

2.2. 14 Thermosensitive Alkaline Phosphatase Treatment of Vectors. 

After restri ction endonuclease di ges ti on. vectors ,vere treated with thermosensiti ve 

alkaline phosphatase (TsA P) to hydro lyse 5"-phosphates from the vector ·ends.which 

prohib its the vector from self-ligatin g. The vector treatment ,, as carri ed out according to 

the TsA P manu fac turer" s instructi ons (G IBCO BRL ). As TsA P contain s no 

contaminating endodeoxyribonu clease. or exodeoxyribonuc lease it is not necessary to 

purify th e D A aga in before li gations. 

2.2. 15 Ligations. 

Both vector (pGL3 B) and in se rt DNA end s were cut wi th the same restricti on 

endonucleases to produce co mpati ble and sticky ends. ,, hi ch are ab le to ligate toge ther. 

Ligations rely on the ra ti o of insert ends to be higher than the vector end (Berger and 

Kimmel. 1987). so the concent rati on and calcul ation of these ends needs to be accura te. 

This increases the chances of the vector li gating with an in se rt ra ther than one vector 

li gatin g with another. 

The amount of vector used in the li gations was 40 ng. to which insert DNA was added at 

a3: I or 4 :I molarratioofin serttovector. Theamount o fin se11D Awas calcul ated 

with the fo llowing fo rmula: 

Amount of in se11 D A(ng) = Amount of vector D A(ng) x size ofinse rt (bp) x insert 

Size ofvector(bp) vector 

(mo~~ ~at,:J 
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Ligations were carried out using T4 D A li gase and th e manu facturers rapid li gation 

protoco l (G IBCOBR L). After incubation on ice fo r 5 min. half the fi nal vo lume of the 

ligation was added to E.coli XL-I blue competent cell s for tran sfo rmati on. 

2.3 Transformation of E.coli XL-I blue cells. 

2.3. J Transformation of Escherichia coli (E.coli) XL-I cells. 

All bacterial work was carried out u ing stri ct aseptic technique and autoc lav ing all 

media and materi als prior to their u e. A sampl e of E.coli XL- I blue bacteria from a 

glycero l stock. was streaked onto Luri a Bertani (LB ) aga r ( 15 g/L bacteri olog ica l aga r. 20 

g/ L LB bro th mi x: IO g/L tryptone. 5 g/L yeast extract. 5 g/L NaC l) plates containing 

tetracycl ine ( IO mg/mL) antibiotic to produce s in gle co lonies. Thi s was repeated again 

using a sin gle co lony to re-streak another plate. to ensure the co lonies we re orig ina lly 

fro m a sin gle ce ll. A sing le co lony from the second streak plate \\'as then used to 

inocu late a 5 mL LB broth (20 g/L LB broth mix) containi ng tetracycline (IO mg/mL). 

thi s was incubated with shakin g at 37°C overn ight. From thi s bro th. E.coli "Grow-on­

the-Day" ' co mpetent ce ll s (C hung et al.. 1989a) were prepared on the day of the 

transfo rmati on as fo l lo,, s. 

Fresh 5 ml LB broth s contain ing te trac ycline we re inocul ated ,, ith I 00 µLeac h of the 

overni ght E.coli XL- I cu lture. These ,, ere then incubated with shak ing at 37°C until the 

optica l de nsity of the culture measured between 0.4-0.5 at 600 nm . A single spare LB 

bro th was used to monitor th e growth as it can take anywhere fro m 3-6 hours dependin g 

on the stra in . Once optim al density was reached. the culture was dispensed in I mL 

a liquots into 1.5 mL microcentrifu ge tubes. and centrifuged at 12.000 rpm fo r I min . Th e 

supern atant was removed. and ce ll in the pellet we re gently resuspended in I / IO vo lume 

o f ice co ld Tran sformation and Storage Solution (TSS - 1.0 g Tryptone. 0.5 g Yeast 

extrac t. 0.5 g aC I. I 0.0 g PEG-4000, 5 mL DM SO, 5 mL MgCb. 70 mL H20 , adjust pH 

to 6.5 with HCI or NaOH, th en filter sterilised). The resuspended cells we re then placed 

on ice fo r up to a max imum of3 hours. to awa it the addition of the ligation reaction. 
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Hal fo f the tota l I igation rn ix (IO µL ) was added to each I 00 µL of£. coli X L-1 

competent cells. mixed gently and incubated on ice for IO min . The tran sfo rmed cells 

(50-100 ~LL ) we re then spread onto LB agar plates containing arnpicillin ( I 00 mg/rnL). 

and incubated overnight at 37°C. Arnpicillin was added to the agar as the selection 

control. which allows onl y those cells to grow that have been successfull y tran sfo rmed 

with plasmids that confer resistance. The agar pl ates were ob erved the next day and 

scored for any colony growth. indicating potentially tran sfo rmed cells. Plasmids we re 

then iso lated for characterisation and sequencin g. to check if the li gation and 

tran fo rmati on was a success. 

2.3.2 Plasmid Isolation. 

Depending on the quantity and quality of DNA plasmids required. one of two techniques 

was u ed to iso late plasmids from th e tran sfo rmed E.co li XL-I blue cell . Both 

technique begin ,,ith inoculating 5 mL LB broth contai ning 5 µL arnpici llin ( I 00 

mg/mL) ,, ith one in gle colony from the se lected agar plate. These are incubated 

overni ght at 37°C with shak in g. 

(i) Rapid Boil Plasmid Preparations. 

Rapid boil plasmid preparations ,, ere used to iso late plasmids from E.coli XL-I blue 

cells to preliminarily check if the li ga tion and transformat ion seemed success ful. These 

were ca rri ed out fo lio,, ing method s developed by (Ho lmes and Quigley. 1981 ). The 

D A samples ,ve re then resuspended in 50 ~LL TE bufTer and stored at -20°( until 

required. 

(ii) Small Sca le Plasmid Preparations. 

Before using large-sca le plasmid preparation kits. small- cale kits were used to iso late 

plasmid D A for sequencing, to e tabli sh if the li gation and transfo rm ations had been 

successful. Plasmid D A purification was ac hieved by pelleting 2 mL of the overnight 

cu lture to use in a Quantum® Prep Plasmid Miniprep Kit (Biorad) according to the 

manufacturer· s in structions. These kits use an alkaline lys is (containing SDS) method to 
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rel ease plas mid DNA from the cell. Qu antum has a patented matri x which contain s a 

di atomaceous earth that binds DNA whil st othe r impurities are washed out. 

(iii) large-scale Plasmid Preparations. 

Large-sca le plas mid preparations we re carri ed out to produce high quality and qu antity of 

DNA to use in transient tra nsfections. The 5 ml culture vvas used to inoculate a I 00 ml 

LB bro th containing I 00 ~LL ampicillin ( I 00 mg/ml ). which was incubated overnight at 

37°C with shakin g. Plasmid D A purification was achieved by pe lletin g 50 ml of the 

culture to use in a QI AGE Plas mid Midiprep Kit acco rding to the manu fac turers 

instruction . Thi s sy tem is based on an a lkaline lys is method simil ar to the small-sca le 

plasmid prep. The DNA is bound by an anion exchange res in whil st other impuriti es are 

washed out. 

2.3.3 G~rcero / Stocks of Transformed XL -1 blue cells. 

Glycerol stocks o f the transformed XL- I blue ce lls \\ ere prepared for long term storage 

and use. 5 ml of LB bro th (conta inin g 5 pl amp ic illin IO mg/ml ) was inoc ul ated with a 

single co lony and incubated overnight at 37°C with shakin g. 800 pl of thi culture wa 

then mixed with 200 pl of 40% glycero l in I ml steril e cryotubes (Nunc) and stored at 

-70°C. 
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2.4 Tissue Culture. 

All ti ssue cu lture was performed in a laminar fl ow hood (C rossfi ow 1800 with HEPA 

filter. Westinghouse) with aseptic technique. Cell extracts fo r EMSAs and ce ll lines used 

for transient transfections were He l a ce ll s or derived from Hel a cell s. These were 

grown in a 37°C incubator (J ouan IG 150. France) with 5% CO2. 

2.4.1 Hela Cell Media. 

Hela ce ll s were grown in Opti-minimal essential media (Opti-M EM) containin g non­

essential amino acid s (G IBCOBR L. lnvit roge n) ,vhich was made acco rding to the 

manu facturers protoco l and filt er (0.2 µm ) sterili zed into steril e bott les in 180 ml 

aliquots. Before use. 2% (4 ml ) foe tal calf erum (FCS) and I% (2 ml ) 

penicil lin /streptomyc in (Pen/Strep. 5000 /ml penicillin G sodium and 5 mg/ml 

streptomyci n sul fa te in 0.85% sa line) we re added to supplement the medi a. Media was 

stored at 4°C. but prior to use it was warmed to roo m temperature. FCS and Pen/Stre p 

,,·ere stored at -20°C. 

2.4.2 Beginning Hel a Cell Cultures. 

Hela ce ll s were sta11ed fro m frozen stocks ( I 0% DMSO in FCS . prepared by ati sha 

Magan. Institute of Mo lec ul ar BioSc iences) kept in liquid nitrogen. A I ml aliq uot of 

Hel a ce ll stock was th awed and mixed with 5 ml of supp lemented Opti-MEM. Ce ll s 

we re then pelleted by centri fugati on at 2.500 rpm fo r IO min . and the supernatant was 

removed. Another 2 ml of supplemented Opti-M EM was added to resuspend the ce ll s. 

I ml of th i \,\'as added to each of two mono layer T80 fl as ks containing 14 ml 

supplemented Opti-M EM. Ce ll s were left to gro w fo r 2-3 days depending on confluence 

befo re passag ing. 

2.4.3 Maintaining Hela Cell Cultures. 

Hel a ce ll s were grown in T80 fl asks until they reached 80-90% confluence , after which 

the ce ll s we re passaged into a new fl ask with fresh media . Ce ll s were passaged by first 
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removing the old media by aspiration. and washing cells twice with 2 mL of Ix trypsin 

( I mL I Ox trypsin (G IBCOBRL) in 9 mL phosphate buffered saline (PBSE) (0.14 M 

NaCl. 2.7 mM KCI. 4.3 mM aHPO-1.2H 2O pH 7.2 plu 0.5 mM EDTA)). Flasks were 

left flat whilst cells became dislodged from the surface: after a few minutes. 

dislodgement was encouraged further by sharply tapping the side of the flask. The ce ll s 

were then resuspended in 5 mL of supplemented Opti-MEM. 2 mL of thi s was either used 

to seed fresh T80 fla sks. or 150 mm plates for production of cell extracts both containing 

14 mL supp lemented Opti-MEM. 100 µL of the resuspended ce ll s was also used to seed 

each well in a 12-well transient tran fection plate containing 800 µL supplemented Opti­

MEM. 

2.4.4 Preparing Hela Cells/or Freezing. 

HeLa cell stocks were prepared after the first passage by resuspending 80% confluent 

cells in 5 mL FCS containing 10% DMSO. Aliquots of I mL ,,ere then dispensed into 

sterile I mL cryotubes and frozen slo,, ly (by ,, rapping the cryotubes in plenty of tissue 

paper) at -70°C. to avoid damage to the cell membrane. Once they were fro zen. the HeLa 

cell stocks were tran sfe rred into liquid nitrogen storage until required. 

2.4.5 Preparation of Hela Cell Extracts. 

HeLa cell extracts were used in EM A as the source of proteins which could potenti all y 

bind to the D A. He La cells ,,ere seeded into 150 mm plates ,, ith 14 mL of 

supplemented Opti-M EM. Once the necessary confluence (80-90%) was reached. the 

media was removed and cells were washed twice quickly with 5 mL PBS (0.14 M aC I. 

2.7 mM KCI. 4.3 mM NaHPO-1.21-hO pH 7.2). I mL TE buffer (40 mM Tris-HCI 

pH7.4. I mM EDTA, 0 .15 M aCI) was then added and cells we re craped off the plate 

using a cell scraper. and transferred into 1.5 mL microcentrifuge tubes. These were 

centrifuged at 12.000 g for I min to pellet the ce ll s. The supernatant was discarded, and 

cells were resuspended in 300 ~LL of extraction buffer (containing Comp lete Mini EDTA­

free Protease inhibitor cocktail (Roche), 40 mM Hepes pH 7.9 , 0.4 M KCI. I mM OTT 

and 10% glycerol). The tubes were then freeze-thawed 3 times in liquid nitrogen which 
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completely disrupts the cell membranes releasing the contents. To remove debris. the 

tubes were centrifuged again at 12.000 g for 5 min at 4°C. The supernatant was then 

dispensed in 40 µl aliquots into 1.5 ml microcentrifuge tubes. and immediately snap 

frozen in liquid nitrogen. Extracts were then stored at -7 0°C until required. 

2.4. 6 Bradford Protein Assay. 

The Bradford protein assay dye reagent concentrate (Biorad). was used to quantify the 

protein concentration in Hela cell extracts. The reagent was diluted I :5 in H2O and 

200 µl was added to each well of a 96-well microplate unc). Each well contained 

either BSA protein standards ( I mg/ml diluted in H2O to produce a range from 0-2.5 µg) 

or IO µl Hela extract (undiluted. I :2. I :5. I : I 0. I :20. I :50. and I :75 dilution s in H2O). 

After the Bradford reagent was added. the sample were left at room temperature for at 

least IO min to allow the colour to develop . The plate was then read in the 96 well plate 

spectrophotometer (an thos reader HT2 type 12 500. anthos lab tech instruments. 

Australia) at 595 nm . A protein standard curve \\ as constructed using the absorbance 

readin gs of the BSA protein standard (Appendix 2). and the amount of protein in the 

HeLa cell extracts calculated . 
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2.5 Transient Transfections. 

2.5. I Transient Transfections. 

Transient transfections were carried out in 12-\ve ll plates. Eac h well contained 800 ~LL of 

supplemented Opti-MEM and was seeded with 100 µL HeLa cell suspension (from 5 ml 

80-90% confluent cell stocks). These were grown overnight so they reached 50-80% 

confluent on the day oftransfection. Cells were transfected using Fu Gene TM6 \vhich is a 

multi -component lipid-based reagent that complexes \Vi th D A and transports it into the 

cell. Each transfection was performed in triplicate using a ratio of3:I FuGene™6: D A 

according to the manufacturer" s in trnction s. After 48 hou rs. He La cells were harvested 

and the cell extract were assayed for luciferase and B-galactosidase activity. 

2.5.2 Harvesting Hela Cell Extracts for Luciferase and P-ga lactosidase Assays . 

Media \\as removed from each well by aspira ti on. and cells were washed twice with 

I ml PBS. 160 µL ofcell lysi s buffer (25 mM Tris-phosphate pH 7.8 . 2 mM OTT. 2 

mM 1.2-diarninocyclohexane- .. N·. ·-tertaacetic ac id. I 0% glycero l. I% Triton X-

I 00) wa added to each well. and plates were left at room temperature for 15 min . Cells 

were then scraped off the su rface using a cell scraper and transferred into \\ell s of a 96-

well plate. Plates were then centrifuged at 2000 rpm for 5 min to remove cell debris. 

The supern atant was then stored in a 96-well plate at 4°C until req uired for luciferase and 

B-galactosidase assay . 

2.5.3 p-ga/actosidase Assays. 

The plasmid pCMV Sport was used as the B-galactosidase intemal control. which enabled 

the tran sfec tion efficiency to be checked . IO ~LL of tran sfected He La cell extract was 

transferred into a well of a 96-well flat-bottom rnicrotitre plate. with 50 µL ONPG (o­

nitrophenyl-B-D-galactopyranoside. 2 mg/ml in 60 mM aH2PO2. 40 rnM a2HPO2) 

and I 00 ~LL B-galacto idase assay buffer (60 rnM aH2PO4, 40 mM a2HPO2. IO mM 

KCI. I rnM MgCb). The plate was then incubated at 37°C for 0.5-2 hours until ye llow 

colour developed. To stop the reaction and enhance the yellow colour, 50 µL of I M 
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a2C0 3 was added. Abso rbances of each we ll were measured in the 96-well plate 

spectrophotometer at 405 nm against a b Ian k prepared using IO µL ce 11 lys is buffer . 

2.5.4 Luciferase Ass~)ls. 

The reporter gene used to measure the transcriptional effects of the D A alteration s. was 

firefl y luciferase. To measure promoter ac ti vity the amount of luciferase express ion was 

measured usin g a FLUOstar ga laxy microplate reader (BMG Labtechno logie Pty. Ltd. 

Melbourne. Austra lia). IO ~LL of tran sfected HeLa cell extract was tran sfe rred into a well 

of a white 96-we ll microtitre plate. with 20 ~LL of luciferase reagent (Pro mega). The 

amount of li ght emitted from each extract was detected by fibre optics in the FLUOstar 

reader and conveyed as actual photon counts. A flash of li ght proportional to the quantity 

of enzyme is re leased upon addition of the luciferase reagent. thi s is followed by a rapid 

decay giving a period of low-intensity em iss ion. The leve l of luminescence was 

measured every second for 3 minutes. Data was accessed directly from an Exce l 

(M icroso ft 97) sp readsheet to find the maximum read ing for eac h \\·ell. This represents 

the maximu m amount of expression from the promoter durin g the 3 minute assay. and 

\Vas therefo re u ed fo r subsequent analyses. The blank contained IO ~LL ce ll lys is buffer. 

2.6 GM O a pprova l codes 

Approva l for thi s wo rk was granted by the ERM A regul atory au thority. 

The GMO approva l codes were: 

'9 Topoisomerase Il a promoter plasmids (pGL3 B): GMO 98/MU 53 
,:i, xpress ion plas mids: GMO 00/MU 40 
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Chapter 3: Protein Binding Assays of the ICB1-GC1 
Region from Topoisomerase Ila. 

3.1 Introduction. 

The down-regulation of topoisomerase Ila transc ription (topo Ila) is known to confer 

drug res istance to standard chemotherapy re gimens. The mechanisms respon sib le for thi s 

down-regulation are of great impottance in des ign of new more effective treatments. 

Regulation oftopo Ila has been relatively well documented. but the actual molecular 

determinants of tran scriptional modulation in response to drug treatment are unclea r. 

Recentl y. an uncharacterised prote in with the potential to interac t with components of the 

tran scription machinery was found associated with known transc ription factors F-Y. 

Sp I and Sp3 bound at the topo I la promoter (Magan. 2003 ). These proteins bind the topo 

Il a promoter within the minimal promoter region (-6 17 bp ). which contains the spec ific 

regulatory sequences ICB I and GC I. A number of seq uence specific oligonucleotide 

probes \\ere designed. and used in e lectrophoretic mobility shift assays (EMSAs) to 

characterise the spec ilic region of D A or the protein requirements which all ow binding 

of thi s unch arac teri sed protein. A know ledge of these requirements was necessary to 

physically and functionally characterise thi s protein . 

An EMSA is a technique used to exami ne protein-DNA interactions depending on the 

elec trop horetic mobility of DNA fragments under non-denaturin g condi ti on s. When 

proteins as ocia te with D A and pec itic protein-D A complexes are all owed to form 

prior to electrophoresis. a mobility shift of the ori g inal D A band will be seen. as the 

complex is now larger th an the D A oli gonucleot ide alone (refe r Figure 3. 1 ). Addit ion 

of antibody aga in st a spec ific prote in results in an even greater shift of the band. This is 

termed an antibody supershift a say and is useful in identifying proteins that bind 

specifically to D A equences. nother modificati on of the EMSA. ca lled a competitor 

assay. can also aid in the identification of prote in s and their spec ific DNA binding 

elements. Th is is acheived by the addit ion of excess unlabelled oligonucleotides, which 

effectively compete fo r avail able protein s in the reaction mixture, resultin g in the 

di sappearance of specific band s. Competitor assays are also use ful for determining 
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relative affinities for proteins and D A binding sites . 
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3.2 DNA-protein binding assays of the I CBI-GCI region. 

The ICB 1-GC I region of the topo Ila minimal promoter has been shown to bind the 

tran sc ription factors F-Y. Sp I. Sp3 and an uncharacteri sed protein (Figure I .4). F-Y 

associates specifically with the ICB I box. and Sp I and Sp3 were found associated with 

the GCI box (Magan et al .. 2003). This study did not differentiate between the ability of 

the protein to bind DNA directly or a a result of recruitment by F-Y. Sp I or Sp3. A 

number of different oligonucleotide probes were designed for this specific region of DNA 

(Figure 3.2 and Figure 3.3). to tud y the binding patterns of the uncharacteri sed protein . 

The oligonucleotide probes were double-stranded and approximately 44 bp in len gth. 

with the exception of the deletion. in se rtion and centre probes (refer to Appendix 1.1 for 

full sequences). The mutant oligonucleotide sequences were analysed using the 

TRA SFAC " database(http :// its-gcgI.massev.ac.nz/gcg-bin/seqweb.cgi) to ensure no 

new protein-binding motifs were produced (section 2.2. 11 ). The first et of 

oligonucleotides ,, ere designed to alter the centre region bet,,een the ICB I and GC I 

elements (Figure 3.2). as this ,,as a potential binding site for the uncharacteri sed protein. 

Therefore. these probes specifica lly te sted ,vhere and whether the uncharacterised protein 

could bind to the D A. they ,,ere aptly named the ··uncharac teri sed protein binding 

probes ... A second set of oligonucleotides ,vas designed to test ,,hether the 

uncharacterised protein was poss ibly being recruited by anothe r tran scription factor 

bound at an adjacent si te (Figu re 3.3): the e were termed the ··uncharacterised protein 

recruitment probes··. 

The TRA SF AC " databa e was also used to search for putative transcription factor 

binding sites within the 12 bp centre region between the ICB I and GC I elements. 

however none were identified . 
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WT - Wild type 

ICBl 

+---+-+-------------------1--------+ 

I O bp 5 bp 12 bp 7 bp 

MT - Mutation 

ICBl 

De l - De leti on 

ICBl 

.. • 
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ICBI ----
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Cen - Centre 

Figure 3.2: "-lchcmatic rcpn·-.l·11tation of lhl· uncharacll'ri..,cd protein binding prohc..,. 
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3.2.1 Producing the 33 P radioactive~)! labelled O/igonucleotide Probes . 

Each DNA oligonucleotide was commercia ll y synthesised. The single-stranded forwa rd 

oligonucleotides were radioactively end -l abe lled with y33 P-[ATP] (refer 2.2.2(i)). and 

annealed to their unlabelled complementary reverse strands. These double- tranded 

o li gon ucleotide probes were then ge l purified using PAGE (polyacry lamide gel 

electrophoresis) (refer 2.2.2(ii)). to remove any contaminating single-stranded 

oligonucleotides or double-stranded oligonuc leotides resul ting from failed synthesis 

(Figure 3.4 & Fig ure 3.5). There are unmeasurable losses wh ich occu r during the ge l 

purification process. so the amount of DNA probe can on ly be estimated. The amount of 

radioactivity incorporated in to the probes could be measured using scintillation counting 

(refer 2.2.2(iii)) with the counts ranging from 20.000-200.000 cpm (Table 3.1 ). Before 

their use in EMSA ·s each probe was diluted to give a cintillation count of approximately 

I 00.000 cpm/µL (approximately 1-2 ng D A) so the autoradiography exposure time ,vas 

equivalent for all probes. 

WT MT Del In 

hgun.· 3..t · (,cl purification \:-ra~ film o f Bp lah<:lkd binding prohc, for [\I~\,. 

I Ii,: ld\\.!Id II 11,d , 1 c ... h lie.,' ll kt !Ide ,1.1, c•id-1 thL cd II 1tl• l'-1 \ I l'j l II'..! 1-t I' il;",Ilk, tldL 

I,. 11,l"L' \ ltc'I .llllh'.'ii ,,. :,, ·l•c IL\,I,, ,tldllli I 'c' d,>L [, c- {I.I ldLd p ,>he·, l\cl"l J'.II" r,d 11 .I l 1)• 1 ll'­

d.:l' lit r 11::;! I'\( I I th I \ I HI .It \t1 \\ 1,,r I lwur l'r,•hc, 11u.: 11,1 ,d,,c·d 111 the '-LI h; c' p,,._, l"L t,1 -

ra; lil111 \ 11 IP 11 lh. l)",,1c·d II L' i11di-"t.: r.:~i, 1 c , Ld th1.. ,)'\ \ pr 1h.:, IIL'l"L eluted 11\1111 the" 

re~1,11, 111 ,tHI u l .:-O 111 \ l 1'.( I -1\<:rI11~ht. 
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c,c,-,ed. tl'l' I) \ 11n1hc, 11ere eluted 11\1111 thc,c rL·~1\111, "' ,tJtl ul .:;o 111\l f....l I 1'1 crrn:=-h 

52 



.. ............ .... ............... .. .......... ......... .......... .... .... Chapter 3: Protein Binding Assa,1 :s 

D A Probe Counts per minute (1 µL) 

Blank 4 1 

WT 11 0.634 

MT 50.83 1 

Del I 09.252 

In s 127.836 

Centre 223.390 

ICBl ½GC I 20.038 

ICBI 150.520 

GC I 'l2 ICBI 125.402 

GC I 146.1 33 

rahle 3.1 : Scintillati on count-. o f ;·1p radioarti, it~ incorporation . 

L 11\ ,lllil' ll Ill' I:,, \\,h c I icJ <ll ,,111_ I <.:, L •' l 'L 11 

t l .. ( 1.. l1.,_ I 1 ... t t1,,. \.. I" \ ~ 1 ) I' \II' l'J\l'L' 'cl,' cl ll 111.(1()11 

\I ..,,, \ I < ' q \ 

- 1 l 

3.2.2 Hela Cell Extract Preparation. 

I-l eLa cell s we re used fo r all experiments as they are known to contain the transc ription 

fac tors NF-Y , Sp I and Sp3 (Hagen et al .. I 994 ), and were also the ori ginal ce ll s used 

when the uncharacteri sed protein was first di scovered (Magan et al .. 2003). I-l eLa 

ex tracts were prepared as described in section 2.4.5 , and quantifi ed usin g the Brad fo rd 

protein a say as desc ribed in section 2.4.6. The approx imate protein concent rations used 

were 5.5 µg prote in /µL with the binding probe (Fi gure 3.2). and 3.7 µg protein /µL with 

the recruitment probes (F igure 3.3). HeLa extract was stored at -7 0°C prior to use. 
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3.2.3 Competitor Assays. 

To verify the results shown by Magan et al. (2003) single and double competitor EMSAs 

were performed using the wild-type probe. WT. which spans the ICB 1-GC I region of the 

topo Ila minimal promoter. Competitor assays involved the addition of unlabelled 

double-stranded DNA ol igonucleotides at increasing concentrations (0-100 ng) to the 

standard EMSA reactions (2.2.2(v)). The competitors were prepared as described in 

section 2.2.2(iv). and used with approximately IO µg protein extract in conjunction with 

1-2 ng of radioactively labelled WT DNA probe in each reaction. 

(i) Double Element Competitors. 

The double-stranded double element competitors to oligonucleotides were exactly the 

same length as the WT probe. 44 bp. encompassing the ICB 1-GC I element and the 

centre region between them (refer to Appendix 1.2 for sequences). The mutated versions 

of this o li gonucleot ide contained point mutation in either th e ICB I or GC I elements or 

both (refer to Append ix I for each seq uence ). These mutation have previous!) been 

shov,n to prevent F-Y and Spl /Sp3 interactions with the DNA (Magan. 2002). 

The re ult s shown in Figure 3.6 confirm those found by Magan (2002). Four spec ific 

DNA-protein complex bands were seen using the WT probe (lanes 2. 7. 12. 17). These 

were most likely Sp I. NF-Y. the uncharacteri ed protein. and Sp3 (in descending order). 

and were labelled as such after confim1ational results from Figure 3.10. The homologous 

wtlCB I /wtGC I competitor almost totally abolished all four of the D A-protein complex 

bands een in the normal EMSAs (lanes 2-5). A decrease in band intensity was seen 

when as little as 5 ng of competitor DNA was used (lane 3). The reverse of thi s was seen 

when the double mutant mtICB I /mtGC I competitor was used (lane 17-20). Thus 

indicating, the proteins binding were specific for the wt DNA equence. If they were 

binding non-specificall y. the mt competitors al o would have decreased the bands· 

intensities. Non-specific protein binding is seen below the dashed red line. as the 

intensity of the bands diminish regardless of the competitors used. 
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The band thought to represent the transcription factor F-Y remains relatively intense 

compared with the other three bands upon addition of the mtICB 1 /wtGC I competitor 

(lanes 7-10). The strong competition for the other 3 bands indicates those proteins (Sp I. 

the uncharacterised protein. and Sp3) have a strong affinity for the wt GC I sequence or 

the flanking seq uences. The remainin g F-Y band signifies and confirms it has a 

specific binding affinity for the wt ICB I sequence. When a competitor containing a wt 

!CB I and mt GC I was added. the only band strongly competed for was the second band 

down. again corresponding to the NF-Y band (lanes 12-15). Comparing lanes 12 and 15 

it is clear some competition has occurred for the top and bottom bands (Sp I and Sp3 ). as 

the intensity has slightly decreased. Magan (2002) also observed this occurance. and 

suggested it may be due to an interaction between NF-Y bound at ICB I and Sp I/ p3 

bound at GC I . 

Competition for the uncharacteri sed protein onl y occurred when a competitor \\ as used 

\\·hich contained the wild-type GCI element (lanes 3-5 . 8-10). For that reason. it v.as 

thought the uncharacterised protein associates with Spl /Sp3. the GCI elemen t. or it· s 

fl anking equences. 

This experiment confirms the results reported by Magan (2002) and illustrates that 33 P 

can be used as a radiolabel as all previous experiments were carried out using 32 P. 
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(ii) Single Element Competitors. 

Single element competitors were ICB I or GC I in either wt or mt form (refer to Appendix 

1.2 for each sequence). These were designed to test protein binding affinity for the single 

elements themselves and the dependence on flanking DNA sequences . The results shown 

in Figure 3.7 concur with those of Magan (2002). 

As with the previous EMSA. Figure 3.7 has four specific DNA-protein complexes 

observed in the same locations. and non-specific binding is shown below the dashed red 

line . The wtlCB I competitor showed competition for the F-Y band (lanes 2-5) . 

however. this competition wa lost with the mtI CB I competitor(lanes 7-10) indicating 

F-Y has specific affinity for the ICB I element. It is interesting to note the Sp I and Sp3 

bands were also weakly competed by the \vtlCB I competitor (lanes 2-5). This coincides 

with results from the double competitor assays (Figure 3.6. lanes 12-15). supporting the 

notion o fan interaction or synergi 111 between F-Y and Spl/Sp3 . 

Weak competition was observed fo r the Sp I and p3 bands upon the addition of the 

wtGC I competitor (lanes 12-15). Consequently. Sp I and Sp3 must prefe rentially bind 

the longe r probe pos ibly relying on the flankin g sequences. Alternatively F-Y or the 

uncharacterised protein may be requ ired to increa e their binding affi nity fo r the GC I 

e lemen t. The mtGC I competitor \\ as unable to compete fo r any protein binding (lanes 

16-20). The intensity of the uncharacterised protein· s bands remai ned the same 

regardless of competitors used (lanes 2-5. 7-10. 12-15. 17-20). 

The fac t that the uncharacteri sed protein was not competed fo r by any of the ingle 

element competitors indicates it may be bindin g to the flankin g sequences or is poss ibl y 

recruited to the region through protein-protein interactions. 

Both these experiments confirmed results obtained by Magan (2002). no ne w information 

was obtained. 
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Competitors wtlCB I mt lCBI wtGC I mtGC I 

~ ~ ~ 
Lanes 2 3 • 5 6 7 8 9 I O I I 12 I 3 14 I 5 16 I 7 I 8 19 20 
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I I .... --
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+­
+­
+­
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l "--,., "\ 
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3.2.4 EMSAs of the Uncharacterised Protein Binding Set of O/igonuc/eotide Probes. 

Results of the double and sin gle competitor assays indicated there are protein-protein 

interactions occurring bet,veen the proteins bound at the ICB I and GC I elements. The 

uncharacterised protein does not seem to bind speci ftcall y to either of these elements. but 

does tend to have an assoc iation with Spl and/or Sp3 bound to the full-length double 

element probes containing a wt GC I (Figure 3.6. lanes 2-5 and 7-10). The single element 

wtGC I competitor was unable to compete for the unch arac teri sed protein at all (Figure 

3.7, lanes 12-15). It is therefore poss ible the uncharacterised protein is binding the 

flanking sequence in the centre region between th e two e lements. or may be recruited to 

the region by Sp I and/or Sp3. The interplay suggested between N F-Y and Sp I /Sp3 may 

be mediated by th e uncharacterised protein by increasing their binding affi nities through 

correctly positionin g them. 

The first set of probes were des igned to delineate the cognate DNA sequence for th e 

uncharacterised protein. and to inve tigate the D A sequence requirement for 

interact ions between proteins bound at ICB I and GC I. These probes had the centre 

region altered e ither by two base pair substitutions (MT) to test the signifi cance of th e 

sequence : sho11ened by a six base pair deletion (Del ) to test the importance of the spac ing 

between the t\\O elements: or ex tended by a six base pair insertion to test the requirement 

for interactions across the cen tre region . A sma ll ( 12 bp) probe of the cen tre region alone 

was produced to test ifthe uncharacterised protein cou ld bind specifica ll y to this region 

(refe r Figure 3.2) without req uirin g addi ti onal fl anking seq uence. 

Figu re 3.8 hows th e results of an EMSA carried out using these probes . Lane 2 shows 

the four DNA-protein complexes normall y seen with WT probe. thought to be Sp I. F­

Y. uncharacte ri sed protein. and Sp3 (in descending order). It is interesting to see the 

third band down (which is thought to be the uncharacteri sed protein) is absent using both 

the MT and Del probes (compare lane 2 with 4 & 6 red circles). This indicates the centre 

reg ion sequence is important for binding. however. the centre region alone is not 

sufficient for binding (lane I 0). The In s probe has all four DNA-protein complexes. with 

a relative increase in binding of the uncharacterised protein (lane 8). 
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Quantification of EMSA signal intensities from each lane were carried out using 

phosphoimager analysis (refer to section 2.2.2(vi)). After background subtraction, the 

PSL values (photo stimulated luminescence) for each lane were plotted over di stance to 

give the overa ll profile. and an indication of whether bands (representing proteins bound 

to the specific DNA probes) are present or absent (refer to Figure 3.9). 

PSL 
Protein : Spl NF-Y Uncharacterised Sp3 

363 .48 ~------------------------~----~ 

) i'·~. '· 
, , ... '1 

II I \ 

290 .79 -

218.09 -

145 .39 -

// (r\~\ 
I '1\ I /, \ r I 

;'.- I ··\ °:; WT _ 1 i j -~ . "lil. /' . '• '. ·, 
.:' 1 l / 1. .. r~·"\, Ins 

/ / \~'. .,: ;v: L\ 
// .\\ , / ./ ... ,J I.\ \ 

! I -.. ,. r ...___ \ \ ./' --- . I ·.... . ... 
,/ /'--./ '·.:-:":',' / \, \. "-='~~ . ',. 

n.7o - .l / ' MT \ . ,·.. . / ~ ... _ ,._.,, '"\ ,,-· ·,, 
y / ', ·, . 

. ·.-·- .. .__I) I '-: ~ - -
l' ' . 

0.00 -+-------~1-----~1------1------1--------< mm 

0.00 4.32 8.64 12 .96 17.28 21.60 

Pl, 'I ,-L ) l ' ' I I I "' L ' I ,I I - p \ L I I 

I' , 11. 1l b 1 ,I 111_ I'', 1 i h.. 1 LI , L 1 ,, 1 L red 

blac k I .tL ,,,. 11 u r· ,•,,1,, 1l, 1-1 .i 11, lld " 1 L _, \\ 1111. 1 

The profile for the WT probe indicated in red has four peaks produced by the PSL of the 

bands in the EMSA gel lane. representing Sp I. NF-Y. the uncharacterised protein and 

Sp3. The F-Y and uncharacteri sed protein peaks are not very di stinct as the bands are 

quite close together on the actual ge l. The MT (blue) and Del (green) profiles lack the 
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uncharacteri sed protein peak and have a small NF-Y peak, thu s indicating the 

uncharacteri sed prote in is not present and less F-Y protein has bound th an with the WT 

probe. Sp I and Sp3 appear to bind a ll 4 of the D A probes with s imilar affinity 

regardless of the D A alterati ons. Th e Ins profile shows a higher and more di stinct peak 

fo r th e unch aracteri sed pro te in. indicating more of the pro tein has been able to bind. The 

F-Y peak is low as fo r the MT and Del pro fil es . indicatin g less N F-Y binds to eac h of 

these a ltered D A sequences. 

3.2.5 Antibody Supershift Assay of the Uncharacterised Protein Binding Probes. 

The uncharacteri sed pro tein showed an affinity fo r th e spec ifi c DNA sequ ence within the 

centre reg ion. howeve r. thi s was not suffici ent itse lf to all ow the uncharacteri sed protein 

to bind . As obse rved in Figure 3.8 and Figure 3.9 bindin g of the unch aracteri sed pro te in 

seemed to be lost when the DNA sequence wi th in the centre reg ion was mutated or 

de leted (lanes 4 & 6) . and no bin d in g was seen with the centre reg ion alone (lane I 0) . To 

con fi rm these res ul ts antibod) supershiA:s \-\ ere performed to confirm th e identity o f' the 

pro te ins present in the band een in the EMSAs (refe r to 2.2 .2(v)) . Th e antibodies added 

bind to thei r respecti ve targe t pro teins pecifica ll y. in creasi ng the mass of the D A­

pro te in co mplex. which in turn causes the relati ve band to appear higher in the ge l. 

therefore diminishin g the in tensi ty of th e ori gin al band . 

The ant ibody supershifi: (F igure 3.10) confirmed th e results seen in Figure 3.8 and Figure 

3.9 . The probes used and the antibodies added are indicated across the top. Contro l lanes 

are I. 6. I I. and 16 which contain probe alone. and lanes 2. 7. 12. and I 7 which have 

probe and HeLa ex tract, used as contro ls to show the standard EMSA band s befo re the 

addition of any antibodies. The bands in these lanes are th e same as what was seen in the 

ori g inal EMSAs (F igure 3.8) (th e Cen probe was not used as it does not appear to bind 

prote in ). The remainin g lanes have had 2-3 µL of the respecti ve antibody added each at a 

concentration of200 µg/mL . 

The WT probe produ ces fo ur di stinct D A-prote in compl exes (lane 2): upon addition of 

the NF-YA antibody the intensity of the second band has dimini shed and a faint DNA-
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protein-antibody co mplex is seen hi gher in the ge l (lane 3. blue circle). This result is also 

ev id ent with MT. Del, and In s probes (compare lanes 3. 8. 13, and 18), ve ri fy in g this as 

the NF-Y protein band . The Sp I antibody res ulted in a shift o f the top band and the 

appearance of a D A-protein-antibody complex (lane 4. pink circle). Again . thi s was 

ev ident with all fo ur probes used ( lanes 4. 9. 14. and 19). confirm ing the top band as Sp I . 

The Sp3 protein was shown to be the fo urth band down (lanes 5. I 0. 15 and 20), as the 

presence o f th e Sp3 antibody almost totall y abo li shed thi s band (compare lanes 2 & 5. 7 

& I 0, 12 & 15 , and 17 & 20). and a faint DNA-protein-antibody complex appears just 

above the Sp I band (lane 5. purple c ircle). 

The result s from Figure 3.8 and Figure 3. 10 show F-Y. pl and Sp3 can bind the ICBI 

and GC I elements in the absence o f the uncharacteri sed protein (F igure 3. 10. lanes 7 & 

12). The uncharacteri sed pro tein can not bind the centre region alone. however the DNA 

sequence is impottant fo r it to assoc iate with the reg ion. When the In s probe is used. 

the re ap pears to be more bind ing of th e uncharacterised protei n (F igure 3.8. compare 

lanes 2 & 8. Figure 3.10. compare lanes 2 & 17). This suggest the spacing between the 

elements may also be a fac tor. or the prote in preferenti all y binds the inse rted seq uence 

(\\hi ch was a repeat of the original sequence \\ithin th e centre region). 
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3.2.6 EMSAs of the Uncharacterised Protein Recruitment Set of O/igonucleotide 

Probes. 

From the information gained from Figu re 3.6-Figure 3. 10. a second set of D A 

oligonuc leotide probes were designed (refer to Figure 3.2). These we re termed the 

··uncharacterised protein recruitment probes··. intended for identifying any specific 

recruitment of the uncharacteri ed protein. or any reliance on specific D A elements. 

Alth ough the resolution of the bands is poor. it can be seen in Figure 3. 11 there is a 

difference in binding between the WT and the new probe (compare lanes 3. 6. 9. 12. 15). 

There is no di fTerence howe ve r in binding patterns between ICB I ½GC I and ICB I probes 

(lanes 6 & 9). or any difference between GC I ½ ICB I and GC I probes (lanes 12 & 15 ). 

Both the ICB I probe seem to bind on ly F-Y and may possibly have a sma ll amo unt of 

Sp I associated (lanes 6 & 9). The GC I probes seem to bind onl y 3 proteins Sp I. Sp3 and 

NF-Y. 
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3.2. 7 Antiboc~v Supershifl Assay of the Uncharacterised Protein Recruitment Probes. 

Antibody supershifts were perfo rm ed as described (2 .2.2(v)) to clari fy results obse rved in 

Figure 3 .11 . The Figure 3. 12 shows results from the ICB I probes (refer to Figure 3.3). 

The WT probe shows Sp I. NF-Y. the uncharacteri sed protein. and Sp3 (lane 2). Addition 

o f th e respecti ve antibodies confirmed the identity of the Sp I. F-Y and Sp3 bands 

(lanes 3-5). Both the ICB I ½GC I and !CB I probe showed a clear supershift with onl y 

the F-Y antibody (compare lanes 7 & 8 blue c ircle. and 12 & 13 blue circle). Although 

no o th er supershifted bands we re obse rved, NF-Y seems to be able to rec ruit Spl and Sp3 

to the reg ion as faint bands we re obse rved at the correc t mobiliti es fo r th ese prote in s (see 

co loured arrows. lanes 7 & 12). Upon addition of the respect ive anti bodies these bands 

di sappeared. which is sim ilar to the supershi fts seen fo r Sp I and Sp3 in Figure 3. 13 . The 

uncharacteri sed pro te in does not seem to be associated with F-Y. ne ither is it able to 

bind when onl y half the GC I e lement is present or \Vhen there is onl y small amounts o f 

Sp I or Sp3. There is a fa int band howeve r. fo und in between where the F-Y and th e 

uncharacteri sed protein bands are usuall y located (lanes 8 & 13 111!.!L a1TO\VS). This 

band cou Id be resid ual F-Y protei n not shifted by ant i- F-Y. al though th is \\ as not 

obse rved in Figure 3.8. The mobilities do not completely correspond to e ither F-Y or 

the uncharacteri sed pro tein. therefore it may po sibly be another uncharacteri sed pro te in . 

Figure 3. 13 is the anti body supe rshi ft perfo rmed \Vith the GC I ½ICB I and GC I probes 

(re fe r Figure 3.3). Aga in the WT probe c learl y shows the fo ur prote in bands (lane 2). and 

the re lati ve supershi fts \\'ith Sp I. F-Y. and Sp3 an ti bodies (lanes 3-5). The GC l 1/2ICB I 

and GC I probes both showed a super hi ft with Sp I and Sp3 antibodies (lanes 7-1 0 

arrows and 12-15 arrows respectively). o shift was een wi th the addition of the NF-

y A antibody, suggesting that F-Y does not bind these sequences . The middle band 

seen with these probes is most likely to be the uncharacteri sed prote in . These results are 

in acco rd ance with the combined res ults fro m Figure 3.6-Figure 3. 12. all of which 

suggest th e uncharacteri sed pro te in is a GC I associated protei n, poss ibl y recruited to the 

reg ion by Sp l /Sp3. 
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3.3 Chapter Summary. 

A range of different DNA oli gonucleo tide probes were designed to test protein binding 

behaviour and/or recruitment to the ICB 1-GC I region of the topo Il a minimal promoter. 

As previously shown by Magan et al. (2003 ). four di stinct DNA -protein complexes are 

fo rmed in EMS As. with Sp I. F-Y. and Sp3 identi fted in antibody supersh ift assays. 

The fourth unidentified protein was origin all y thought to bind the 12 bp centre reg ion 

between ICB I and GC I. Mutating or deleting thi s reg ion does indeed aboli sh binding of 

thi s protein. however a probe consisting of th e centre region seq uence alone did not 

appear to bind any protein (refer to Figure 3.8). Co mpet itor assays with a double e lement 

probe possess in g a wt GC I successfu lly showed competition for the uncharacteri sed 

protein. but on the other hand. the single wt GC I element did not (refer to Figure 3.6 and 

Figure 3.7). Interest ingly. a probe consistin g of th e ICB I box. the full centre region and 

hal fof the GC I box did not bind uncharacte ri sed protein . These re ult indicate the 

uncharacteri ed protein requires the centre reg ion seq uence in conjunction with the full 

wt GC I box sequence to bind. or possibly the presence of Sp I and/or Sp3. Sp I and/or 

Sp3 may help rec ruit th e uncharac teri ed pro tein to the DNA or ,·ice ,·ersa. The relative 

amo unt of unch arac te ri sed protein observed bound to the probes remains at the same 

level regardless of the amount of Sp I or Sp3 bound. as seen in the ingle competi tor 

assays and anti body supershi fts. Therefore. a mall amount of each. or j ust the presence 

of either of the two protein s. may be sufficient to induce binding of the uncharacteri sed 

protein . 

Furtherm ore. the probe that contains an insert within the centre region appear to bind 

more strongly to the uncharacteri sed protein (refe r to Figu re 3.8 and Figure 3.9): thi s may 

be due to the fact the sequence used as the insert was a repeat of the original sequence 

seen within th e centre region . In spite of thi s. it has been shown that the cen tre region 

sequence alone is not sufficient for the prote in to bind . Fo r that reason, the increase in 

bindin g may be because there is more space between the ICB I and GC I elements. 

poss ibly increas ing access of the protein to th e region . 
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It has been suggested that the NF-Y protein interacts with and possibly recruits Sp! 

and/or Sp3 to this region of the topo I la promoter (Magan, 2002). The probe 

encompassing the ICB I box. centre region. and half the GC I box showed faint Sp I and 

Sp3 protein bands which supports this notion. In addition, a re sidual band close to the 

position of the F-Y band is also observed (Figure 3.12). This is unlikely to be the 

uncharacterised protein as the mobility is slightly less; it could be residual NF-Y protein 

not shifted by the NF-Y antibody. however thi was not observed in Figure 3.10 (lanes 8. 

13. and 18). and the mobility does not completely correspond to the normal position of 

the F-Y band. These resu lts sugge t that yet another uncharacterised protein may be 

associated with the DNA in this region . 

On the other hand. the probe that encompasses the GC I box, centre region. and ha! f the 

ICB I box did not bind F-Y (refer to Figure 3.13). These two probes consistently show 

Sp I, Sp3 and the uncharacterised protein do not recruit F-Y. but NF-Y appears to 

weakly recruit small amount of Sp I or Sp3. The results of the competitor assays also 

show there is an interaction bet\\een 'F-Y and Spl /3. as the single ICB I element 

competitor competed slightl y for Sp I and Sp3. This effect was also observed with the 

double element ,vt lCB I /mtGC I. 

To test the functional significance of the differential binding of the uncharacterised 

protein observed,, ith the binding probes. a series of mutated promoter reporter gene 

constructs were prepared as described in Chapter 4. for u e in tran sient transfection 

assays (Chapter 5 ). 
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Chapter 4: Generation of Mutant Topoisomerase Ila 

Promoter Constructs. 

4.1 Introduction. 

A number of mutant promoter constructs were generated to deduce the functional role in 

which the uncharac te ri sed protein pl ays in regard s to topoisomerase I la tran scription . 

These constructs contai ned an altered 12 bp centre reg ion which li es between the two 

regulatory elements (ICB I and GC I). which was a potenti al binding s ite for the 

uncharacteri sed protein. PCR mutagenes is (section 2.2.6 and 2.2 .7) was used to create 

the base pair substitutions, deletions and in serti ons within the ICB 1-GC I region of the 

topo Ila promoter. These mutations re ulted in alteration of th e distance bet\veen the two 

elements. Di stances between regulato ry elements has been shown previously to be 

important in the topo isomerase promoter and also the cycl in B2 promoter (Isaacs. 1996: 

Lok el al. . 2002: Sa lsi el al.. 2003). If a lterati ons in the distance bet\\een elements 

resu lts in changes in tran scription le ve l . thi s could suggest that the proteins may be 

interactin g with each other in a D A-dependent manner. and/or causing a lteration in 

DNA topo logy which affects functional interactions of proteins bound to th e promoter. 

Protein binding assays with oligonucleotides encompass ing these same mutations have 

been shown to either inhibit or increase bindin g of the uncharacteri sed protein (C hapter 

3). Therefore. poten tia l effec ts on transc ription observed from each con struct may help 

determine the role of the uncharacterised protein in transc riptional reg ul ation of topo I la. 

The aim of the work described in thi s chapter was to produce DNA con tructs of the topo 

Ila promoter containing mutations known to affect th e binding of the uncharacterised 

protein . By linking these mutated promoter regions to the luciferase repo rter gene. 

functional effec ts of these mutations could be tested. All the constructs produced were 

inse rted into the luciferase reporter vector pGL3 Basic , for use in functi onal transient 

transfection experiments which are described in Chapter 5. 
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A second set of promoter-repo11er constructs were also prepared where each promoter 

proximal mutation (in the ICB 1-GC I region) was combined wi th a mutation in the more 

di stal GC2 element. GC2 is known to bind Sp 1 /Sp3. and has been sho\\'n to have a 

highe r affi nity fo r Sp 1 th an the sin g le GC I element (Szremska. 2000). This has not been 

tested in the presence of F-Y bound at ICB I. ,,vhich may affect the bindin g affinity of 

prote ins to GC I. Synergy between the two GC boxes ,,vas observed by Magan. et. al 

(2003 ). when both GC I and GC2 are mutated tra nscription leve ls increased even further 

than single GC box mutants. The proximal mutati ons made within the ICB 1-GC I reg ion 

may affect any interplay occurin g between prote ins bound at the t,, o GC boxes . 

Therefo re. any ad ditive effec ts on transcri ption leve ls seen when these proxi mal 

mutat ions are combined with a mutant GC2 box will indicate synergism between the GC 

boxes. These constructs were also used in fun ctional transient transfecti on experiments 

which are desc ri bed in Chapter 5. 

4.2 Generation of the ICB 1-GC I Centre Region M utant Const ructs. 

4.2.J PCR Mutagenesis. 

The topoisomerase Il a mini mal promoter region (-617 bp upstream ofthe tran scrip tion 

sta11 site) has been de fin ed (Hoch hauser el al.. 1992: Isaacs. 1996) and previously cloned 

in to a pGL3 Basic vec tor (McLen achan . 1998) (Append ix 3 for map). Three speci fi c 

interna l primers we re man ual! ) designed (refer to Ap pendix 4 fo r fu ll primer equences) 

fo r use in PCR mutagenesi (Ho e t al .. 1989) to introduce mutated sequences within th e 

topo Ila promoter region. PCR mutagenesis in vo lves two PCR reac tion (Figure 4.1 ): th e 

first PCR reaction was pe rfo rmed with spec ifi ca ll y designed inte rn al primers contain ing 

the mutations intended fo r inse rtion. in two separate reactions (F igure 4. 1 A). An extern a l 

primer was added in each reaction in conjunction with the topo I la -6 I 7wt pGL3 Bas ic 

vector as the D A template. The PCR produ cts fro m both these tubes contain onl y pa11 

of th e whole topo I la pro moter sequence with the mutati ons incorporated at the pos ition 

of th e intern al primers. The second PCR reaction (F igure 4. 1 B) was carri ed out usin g the 

PCR products fro m both of the fi rst reactions as the D A templ ates . together with the 
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two extern al primers to ampli fy th e entire -617 topo I la promoter incorporating the 

mutation introduced in the first set of reacti ons. 

PCR mutagenes is was carried out as described in sections 2.2.6 and 2.2.7 . The PCR 

products fro m the first PCR reac tions were analysed on a I% agarose ge l (F igure 4.2A) 

and purifi ed using a PCR purification kit (section 2.2.8). As predicted from sequence 

analyses. a band of app rox imate ly 250 bp was seen when the fo rward inte rn al primer was 

used in conjuncti on with th e reverse GL2 prim er (Fi gure 4.2A lanes 3. 5 & 7). A band 

approximate ly 650 bp was een with the intern al reve rse primer and the fo rward R V3 

primer (F igure 4.2A lanes 4. 6. & 8) as expected. The GL2 and RV3 primers bind to 

sequences fl ankin g the MC (multiple c lonin g site) within the pGL3 Ba ic vec tor. The 

PCR products we re ge l quantified (section 2.2 .9i) by compari son with quantifi ca ti on 

standard s prior to use in the second round of PCR mutagenes i (F igure 4.2 8 ). The 

qu anti ties we re estim ated as ; mutant A an d de letion A both - 20 ng/µL. in se11 A - I 0 

ng/µ L (lanes 5. 7 & 9). and mutant. de letion. in sen Ball - 50 ng/µL (lanes 6. 8 & I 0). 
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Products from the second PCR reactions were also analysed on a I% agarose gel (Figure 

4.3A) . The mutant, deletion and insertion products all appeared as strong bands 

approximately 860 bp in size (Figure 4.3A lanes 3. 4 & 5 respectively). however. there 

were two faint band present in each sample at 1650 bp and 2000 bp. The e bands cou Id 

have been concatamers of each DNA sample. which concurs with their estimated sizes. 

To e liminate these products prior to cloning. gel extraction and ethanol prec ipitation was 

ca1Tied out as described in sect ions 2.2.4 and 2.2.5 respectively. The purified PCR 

prod ucts were then gel quantified (section 2.2.9i) by comparison with quantification 

standards (Figure 4.3 B). The quantities were estimated as mutant ~40 ng/µL. deletion ~3 

ng/µL. and in se rtion ~20 ng/µL (Figure 4.38 lanes I. 2 & 3 respectively). 

4.2.2 Diagnostic Restriction Endonuc/ease Digests. 

The mutated topo I la promoter sequences produced by PCR mutagenesis in sec tion 4.2.1 

,,ere analy ed using diagnostic restriction endonuclease digests to see if the promoter did 

in fact contain the intended mutation . The restriction endonuclease digests \\ere carried 

out as described in sec tion 2.2.12 with Haelll endonuclea e. as the mutation (MT) 

seq uence created a ne\\' Haelll restriction site. therefore enabling it's identification. The 

deletion (De l) and insertion (Ins) sequences ,,ere identified by size comparisons on a 

high resolution NuSieve K agarose ge l (sec tion 2.2.13). 

Figure 4.4A is a schematic represe ntation of the estimated fragment sizes re sulting from 

the Hae lll diagnostic digestion of each different PCR mutated construct. A wild-type 

promoter was used for size comparisons. The novel Hae II I restriction site in the MT 

construct is shown in red . The actual DNA fragments from the digestion ,-vere run on a 

uSieve K gel for better reso lution of bands (refer to Figure 4.48). A band representing 

uncut wild-type promoter is shown in the uncut lane (~850 bp). with cut wild-type bands 

in the WT lane approximately 360. 340. I 00 and 70 bp (in descending order). The 340 

bp band is absent from the MT lane, but is replaced by a band of approximately 250 bp. 

indicating the sequence must contain the mutation generating the novel Haelll restriction 

site. 
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The smaller fragments in the MT lane are harder to define than in the WT lane, which 

may be due to the existence of the new 90 bp fragment which resu lts in poor resolution 

by ge l electophores is due to the size similariti es. The Del lane contains the bands from 

the digested deletion promoter. By comparing the two largest bands (360 and 334 bp) 

with the largest bands of the WT lane (360 and 340 bp). although slight. the difference in 

size between these two bands can be seen. This becomes more ev iden t when the space 

between the two bands is compared with one another (larger in the Del lane as the 

fragment is smaller, thus travelling further). This is ev idence the deletion has been 

introduced in thi s sequence. The 346 bp band in the In s lane is shown to be large r than 

that of the 340 bp WT band. again evident through compari sons with wi ld-type and more 

obviou ly with the Del band. The space between these top two bands is clearly smaller 

compared with the space between th e top two bands of the WT. Therefore the In s band is 

larger indicating the inse11ion was most like ly incorporated into the sequence. Although 

fai nt. the sma ll er fragments in the Del and In s lane are both the same as those in the WT 

lane ( I 00 and 70 bp) as expected. 

These results implied the PCR mutagenesis had been uccessful. so the products were 

then prepared for li gat ion into the pGL3 Basic vec tor. 
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4.2.3 Restriction Endonuclease Digests. 

The mutated topoisomerase Ila promoter sequences (PCR products) were in serted into 

the pGL3 Bas ic luci fe rase reporter vector. to test functional affect s of mutations in future 

experim ents. The pGL3 Bas ic vector wa digested using two different restriction 

endonuclea es, which should prevent elf-reli gat ion and encourage inse rts to li gate in the 

correct ori entation (direction al c lonin g). The enzymes used were Kpnl and Nea l. both of 

which recognise and cut within a 6 bp sequence. \Vith the Kpnl ite located at the start of 

the multiple cloning site. and the Nea l site lying at the start of th e luciferase reporter gene 

(re fer to Appendi x 3 fo r vector maps). The ge l photo o f the vector di gestion is shO\vn in 

Fi gure 4 .5A. Lane I i the control uncut pGL3 Bas ic . with the two band s representin g 

supercoiled and relaxed fo rm s of the pl asmid . The vector was first cut with Kpnl 

fo llowed with the addition of Nea l and NaC l. as Nea l required a higher sa lt concentration 

than contained in the buffer for Kpnl. Each enzyme was first te ted if it could cut under 

these condit io ns indiv idua ll y. as shown in Fi gure 4.5A. Lane 2 Nea l alone and lane 3 

Kpn l alone show that the enzymes were both capable of d ige ting th e vec tor. producin g a 

4818 bp linea r fo rm . Lanes 4 and 5 both show the vec tor which has been cut with both 

Kpnl and Nea l whose restriction s ites were 81 bp away from eac h other. The band has a 

sli ghtl y hi gher mobility (4737 bp ) th an the cont ro l band in lane 2 and 3 indicating both 

have cu t co rrec tly: however. thi s ize diffe rence is hard to di stinguish as the overa ll 

plasmid size i so large. All di gest have gone to completi on compared to lane I as there 

are no relaxed or uperco il ed band s remainin g in any of th e di gestion lanes. 

The vec tor \Vas ge l purifi ed as desc ribed in section 2.2.4 and 2.2 .5 . The 5' phosphate 

groups from the vector were removed u ing therm osensiti ve alkaline phosphatase (TsA P) 

as described in section 2.2. 14. which prevents the vector se lf-li gating. Th is was then ge l 

quantifi ed as described in section 2.2.9 i (Figure 4.5 B) at approximately IO ng/µL . 

The PCR products of the topo Il a pro moter intended fo r in se11ion into the pGL3 Bas ic 

vector ends cut by Kpnl and Nea l were column purified (section 2.2 .8 ) and ge l quantifi ed 

(section 2 .2 .9i) as shown in Figure 4 .5 B. 
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4.2.4 DNA Ligations. 

The mutant topoisomerase Il a promoter fragments were inserted into the pGL3 Basic 

vector by a li gation usin g T4 D A ligase (section 2.2.15) at the Neal and Kpn l re striction 

sites. which were digested in both the vector and in se 1t DNA sequences prior (refer to 

Figure 4.6 for schematic diagram). The concentration of DNA ends in the ligation 

reaction i the important component in ligations. The molar concentration o f the insert 

must be higher than the vector to favour inter-molecular li gati ons rather than intra­

molecu lar. Ligations were prepared with a 3: I in se rt:vector molar ratio. IO µL of each 

reac tion (refer to Table 4.1 for reaction contents) was used to transform competent E.coli 

XL-I Blue cells (sect ion 4.2.5). 

Restriction 
Endonuclease Digestion 

Kpnl 

)l 
! 

! 

pG LJ topo Ila 
-617 mutant 

promoter 

Mutated Topo Ila 
Promoter PCR Product 

,\'co l 

Restriction 
Endonuclease Diges tion 

Ligation between pCL3 
Bas ic and mutated Topo 

Ila Promoter 

F'igu, e -L6: ~chematk npre,(:ntation of ligation ,trateg~. 

p(,i ~ I~. IL ,LLt111 \\,1, pr1..11,11-..·d ': di::-1;--!i,111 "i•l1 A.;, I 111, \ I ,.._.,'nLtll'll lClld,, llLk i--,.: 

L 1/: me . _._,1 pu 1j.._ 11 ,,11 ,rnd I, \I' tr"' t 'l<-" t t1' r1..11H, .... " ph',J'h, !1; ::- 1' II'" fr,,111 11e, ccwr 

1..llL1 I h1..· 111u, 11Ld 101', I lu pl"<' lll>t.:r Pl R 1wdu'-t \\ere di:...c,lLd i': •he ,,1rn1; l'Lq•il..l llll 

ell/: ll11;, ,111d u1lu11rn I' 1ri1icd. 13\lth \\Crc ;,.cl qu.11'1lic,I, 11d 1;,_.tlL'd ll1get 1c1· 1i-.,111:,: I-+[)'\\ 

'.2,hc I ,, \I - I 131LIL' ,tr,1i1' \\,h 1!1L·n •r llhl11r 111L'd ,, th the 11c1, I)'\\ u>1',truch. ,111d c>I: L·c1·,,1 
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Sample 
Vector In se rt T~ T~ H20 

Volume Plate No. 
(ng) (ng) Buffer Ligase Cells Plated Colonies 

+ Control - - - - - 50 pL LB Lawn 
+ Control - - 4pL lpL 15 pL 50 pL LB Lawn 
- Control - - - - - 100 pL LB Amp 0 
- Control - - 4pL lpL 15 pL 100 ~IL LB Amp 0 

neut 
Vector 20 ng 

19 pL 100 pL LB Amp Lawn ( conn·ol) ( I p L) 
- - -

Cut Vector 
100 pL LB Amp 0 -no li gase 20 ng 

(-control) ( I p L) 
- 4 ~IL - 15 pL 100 pL LB Amp 0 

Cut Vector 
100 pL LB Amp 0 + Lioase 20 ng 

(-control ) ( I p L) 
- 4pL I pL 14 pL 100 pL LB Amp 0 

MT Insert 
50 pL LB Amp 54 + Vector 20 ng 12 ng 

(3: I) ( I p L) (6 pL) 
-I pL I pL 8 pL 50 pL LB Amp 47 

Del lnser1 
50 ~IL LB Amp 42 + Vector 20 ng 12 ng 

(3: I) ( I p L) (6 pL) 
-I pL I pL 8 pL 50 ~IL LB Amp 50 

Ins Insert 
50 ~IL LB Amp I 01 + Vector 20 ng 12 ng 

(3: I ) ( I ~1 L) (6 pL) 
-I pl lpL 8 pL 50 ,uL LB Amp 11 9 

I L' I ' \ , --1 _ ll ,, "d, 1 , 1 ~ 1, I. I ,>t t , I I \.l \I ' 11 !, ' 

I l I " Ll\ll )l'[l t / \I - [{ L u.:11, l L , L'I', 1 , ,'J ,,m,, I I~ d_, 1 , 1 I H \ • 1 L 1 

' p l I ' • I Ill L _\.'. ' 

I ... .' 1...l 1t 1 \\ .._ .._ \. \.' 11 \. \. .... 1r..t \ ,. \ ti 

l I ' 11 

4.2.5 Transformation of E.coli XL-I Blue Cells with Ligation Reactions. 

The new topo Il a promoter vectors were introduced into chemica lly competent £.coli 

XL-I Blue cells by tran sformati on (refer to sect ion 2.3. 1) fo r amplification. Co mpetent 

XL-I cells are thought to be ab le to take up foreign DNA through cell-surface proteins or 

enzymes that promote the DNA binding. The pGL3 Basic vector used in the li gation s 

contained an ampicillin res istance gene which was used for se lection of bacterial colonies 

containing an intact plasmid. ntran sformed XL-I cells grow on LB plates. howeve r 

without the ampicillin resistance gene conferred by the plasmid they were un ab le to grow 

on LB Amp plates, as seen in Table 4.1 I st row. These act as positi ve and negative 
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controls. showing the cells were both viable , and that there were no spontaneous mutants 

able to grow on ampicillin plates. 

Transformation with undigested vector produced a lawn of growth. compared with no 

growth on LB Amp plates with lineari sed vec tor (Tab le 4.1 2nd & 3 rd row). therefore 

confirming the intact plasmid was necessary for the XL-I cells to grow on LB Amp 

plates. and that there was no uncut vector remaining in the prepared vector stock. 

Another control carried out was performed \,vith the digested vector and T-1 D A ligase 

(Table 4.1 4th row). thi s tested whether any intramolecular re-ligation was occurring. 

There was no growth on these pl ates indicating the vec tor was unable to re-ligate. 

consistent with the cloning strategy chosen . 

The in se rts \Vere each added at a 3: I insert to vector molecular ratio. which produced 

reasonable results (Table 4.1 5th
- 7th row). with 42-1 19 poss ible tran s formant colonies. A 

number of colonies from each plate were chosen to be screened for each of the pGL3 

Basic topo Ila mutated promoter con tructs ( ect ion 4.2.6) . 

4.2.6 Identifying Plasmids Sequences. 

The E.coli cells which succe fully grew on the ampicillin plates were screened for the 

presence of pGL3 Basic containin g correctly in erted D A sequences. The identities of 

plasmid s were checked using a crude extrac t for a preliminary diagnostic digest sc reen 

which was anal ysed by agarose ge l electrophoresis. Upon the presence of the correct 

pla mid. a refi ned ex traction \Va carried out to produce purer DNA for automated 

sequencing to be performed. A large r sca le plasmid preparation was then performed to 

acq uire large amounts of the plasmid D A fo r functional as ays. 

(i) Plasmid Identity Screen with Diagnostic Restriction Endonuclease Digest. 

Individual colonies representing each of the three different mutant topo Ila promoter 

clones (MT. Del. and Ins) were elected and grown in LB broth for rapid boil pla mid 

extractions (refer to section 2.3.2i) . The extracts were treated with RNase and then 

di gested with Sacl re triction endonuclease and analysed using agarose gel 

electrophoresis , to check if the plasmid contained an insert (refer to Figure 4.7). 
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The pGL3 Basic vector contains one Sacl restriction si te within the multiple cloning site 

(refer to Appendix 3). therefore digestion with this enzyme produces only a single band 

at approximately 4800 bp (refer to Figure 4.7 lane 2). The preparation of thi s vector for 

the li gation involved digestion at the Kpnl and Nea l si tes. thereby removing the Sac l site. 

however the inse rtion was PCR-amplified from primers that lie outside of the Sacl site in 

the pGL3 Basic vector. therefore. the Sacl site of the vec tor was also amplified and 

because Kpnl lies outside of the Sac I site it was inse rted back into the construct along 

with the new topo Ila sequence which includes if s own Sac/ site (refer to Appendix 5 for 

chematic diagram). Therefore. digestion of th e three pla mid s (MT. Del. and Ins) 

resulted in an approximately 640 bp band and an approximate ly 4900 bp band (F igure 4.7 

lanes 3-8). the large band is sli ghtl y longer than the sing le band seen when the co ntrol 

vector wa di gested due to the Sacl restriction s ite from the topo Ila sequence being 

located approxi mately I 00 bp from the end of the insert sequ ence. The presence of the 

inse11 alone was not suffi cient to guarantee the seq uences were correct. therefore 

automated sequencin g \\a carri ed out to confirm the correct mutati on had been 

introduced and no additional mutati ons had been introduced by PCR. 

(ii) Plasmid Sequence Iden tity Ana~rsis. 

Colonies wi th plasmids fou nd to con tain an in se rt were grown and the plasmid s were 

purified u in g a Quantum " Prep Plasmid Miniprep Kit (section 2.3.2ii) fo r purer D A for 

use in direct automated sequencin g reactions (section 2.2 .10). Eac h sequence \\as 

ana lysed to confirm the presence of the desi red mutations (F igure 4.8) and a sequence 

ali gnmen t \Vas carried out aga inst the ori g inal wild type seq uence (refer to section 2.2.11 

and Appendi x 6 fo r the full sequence ali gnment ). Seq uence ali gnment was performed to 

ensu re no ra ndom mutations had occurred during the cloning process. Once the 

sequences were confirmed correct. the colonies were grown at a much large r scale for 

plasmid extraction usin g a QIAGEN Pia mid Midiprep Kit (refe r to section 2.3 .2iii ). 

This was necessary to obtain higher amounts and concentrations for future use in 

functional assays (Chapter 5). The concentration of each plasmid was measured by 

spectrophotometry (sec tion 2.2.9ii). Concentrations from 50 ml cultures we re as 
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fo llows: mutant (MT) topo Ila promoter construct. 1.59 µg /µL ; deletion (Del) construct 

2.84 µg/µL; and the inse1t (Ins) construct was 4.18 µg /µL. 

Glycerol stocks were produced for lon g term storage and future production of the 

plasmid s. These were prepared as described in section 2.3.3 and stored at -70°C. 
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Chromatograms of the ICBt-GCJ Region of the Topoisomerase Ila Promoter 
Constructs 

5· IC BI GC I 3· 

Wild-type C A GGG.A. TT GG C T GG T C T G C TT C!GGG C GG GJ C T A.A.A 

MT 

Del 

1 1 

C A GGG A TT GG C T GG~C T~ C TT C ~ GG C GG ~ C T ~AA 

t 

1 
C A GGG A. T T G G C T GTT CIGGG C GG Gj C T . :-• .. . ~. 

1 
Ins C A. GG GA T T G G C TGG T C IG T A T GCIT G C T T CI GGG C GGGIC T AAA 

Figure -L8: Chromatogram-. o fthr nr" topo llo prom oter mutant-. . 

\,1,111,lkL' ~L'LJLll ... llu.: Lh·,, ldl•'~,.llh 1'1 h. .. 01,,, d - -~ ~1r,rnd~ .:11,011111,~ I'~ lllL' llBl-l,l l 

r<:~l\\ll~ lu11111,n,,111 hcl\\L'L'll thL· \\Jk~-l~i,L' llm111ull1::-r.1111 (t111'1 .t'd t11.: 111.11,1 h rL'\L',d :Ii<: 

,rut ll101h prt1dL1lcd 111thi11 tile t11p,,i,u111.:r,hL 111111r1111 lllL'l'(-11-r,111,J 
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4.3 Combining the GC2 M utation with the ICBl-GC l Centre Region 

Mutations. 

A topoi somerase Il a GC2 mutant had been previously prepared (McLenac han. 1998: 

Szremska. 2000). and introducin g thi s mutation into the newly generated !CB 1-GC I 

centre reg ion mutants wo uld a llow in vesti gati on of any combined affect on transcription . 

Functional assays using the double mutants may provide insights into putat ive 

interac ti ons occurring between prote in s bound at this distal e lement and those associated 

with the ICB 1-GC I reg ion. 

Generation of these double mutants was achieved usin g the same process as that of the 

s in gle !CB 1-GC I centre reg ion mutants (refer to section 4.2) . The only di ffe rence being 

that the first PCR mutagenes is reaction was carried out using the topo Il a GC2 mutant 

pro moter as the template D A. The intern al centre region primers wo uld there fore 

inco rporate their mu tation wi th in this eq uence already conta inin g th e GC2 mutation . 

producing the doub le mu tan ts. The process fro m here \\ as exac tl y the same. wi th the 

same restriction endonuc lease enzymes used and purificati on methods carried out. The 

tra nsfo rmati on of E.coli XL-I Blu e cell s \\'ith the double mutant plasmids \\ as success ful 

and pos iti ve co loni es we re gro wn fo r pl as mid extraction and automated sequencing. 

Result of the automated seq uencing react ions sho\\'ed the GC2 mutant v, as present in 

conj unction with the ICB 1-GC I cente reg ion mutati ons (refer to Figure 4.9 for 

chro matograms and Appendix 5 for th e sequence ali gnments). Glycero l stocks \-Ve re also 

produced \Vith these new c lones for long term storage and future production o f the 

pl asmid s. Th ese were prepared as desc ribed in sec tion 2.3.3 and stored at -70°C. 

4.4 Chapter Summary. 

ew topoisomerase Ila mutant promoters we re successfull y cloned usin g PCR 

mutagenesis to introduce mutations. deletion . and in se 11ions into the wild -type promoter 

construct and GC2 mutant promoter con struct. All in serts were completely sequenced to 

confirm identity of th e introduced mutations, and absence of additional errors introduced 

by PCR due to the inherent infid elity of the polymerase. These pla mid s could then be 
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used in functional assays to investigate the role of these sequences and their associated 

proteins (refer to Chapter 5). 

GC2 Wild-ty pe !CBI GC I 
r. lGG GGG C G GGGITT c ,. GGG • TT G G C T GG T C T G C TT c k; G GC GGGIC TA: . .c.)' 

GC2 mt MT l 
C ~ GGG • .t.. TT GG C T G~C 'lQC TT C k; GG C GG GjC T .:...A.A. 

Del 
.A. Ji. lGG T G C G T GGjT T c :. GGG . .:..__ TT GG C T G TT CIGGG C GG Gj C T .A.i, .. ;,, . 

Ins 

.JGG T G L G I GQT T C GGG 1 TT GG C TGG T C~ T, T GC~ GCTT C~ GG C GG ®CT AA, 

figure -L9: (hromatogn.1m.., of the double(;(:? and I( Bl-(,( t crntrc mutanh. 

\utl1m,1tcd '>l'l]Lll'llCl' chrl)lll,llll~r, lh \ll thl· l11r\\.1rd "' - ~ ,tr:111d-., t:11u11111),i-.,,111g till' ( ,l::: ,llld 

ll B 1-C 1( I r..:~1\111--, ( lllllJ),11·i-.,p11 hct\\l'l'll tl1L· \\ ild-t) J)l' t.hrllllldt11?2r,1111 (top 1 ,llld the mut,lllh 

r"\l',11 ti'L nuuti,w--. prl1dut:l'd \\ith111 the lllJ)l) ',\lllll.'ra,l' Jiu prt1llllltl'r(,11T\l\\, .,nd bL1d, ho,l',l. 
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Chapter 5: Transient Transfections. 

5.1 Introduction. 

The protein bindin g assays performed in Chapter 3 showed that F-Y. Sp I. Sp3. and the 

uncharacte ri ed pro te in a ll bind within the ICB 1-GC I reg ion of th e topoisomera e Il a 

(topo Ila) promoter. The 12 bp equence in the centre reg ion between th ese two DNA 

binding elements (ICB I and GC I) was shown to be an important requirement fo r binding 

of th e uncharacteri ed protein . Inhibition of bindin g was apparent when a two base pair 

mutati on o r a 6 base pair deleti on was generated within thi s centre reg ion sequence. 

confirmin g th e requirement of thi s sequence . A 6 base pair inse rt in th e centre of thi s 

sequence actuall y increased the binding of the uncharacteri sed pro te in . An in vesti ga ti on 

of th e fun ctional signifi cance of th ese alterati ons wo uld help to deduce the ro le of the 

unc haracterised prote in in transc ri ption from the topo Il a promoter. 

These mutated topo Il a pro moter sequences were therefo re inserted into the reporter 

pl a mid pGL3 Bas ic as desc ribed in Chapter 4. Double mutant were also created by 

inse rting each of th e centre reg ion mutati ons in conjunction with a topo Ila GC2 

mutation. kn o,,·n to prevent bind in g ofbo th Sp l and p3 to th is e lement. Combin ing 

these mutations should enab le observati ons of any additi ve effec ts that may occu r. as a 

re ult o f interac ti ons between pro te in s bound at the di stal GC2 e lement and the more 

prox imal ICB 1-GC I reg ion. 
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5.2 Transient Transfections. 

Transient transfections in vo lve the insertion of exogenous D A into livin g ce lls. which 

prov ides a convenient method for measuring transcriptional acti vity of a promoter in 

differe nt cell lines. Thi s occurs without DNA integrat ion and the success of the 

tra ns fecti on depends on the number of cell s which take up the vector and how well it is 

expressed. The promoter of interest is cloned into the vector d irect ly upstream of a 

repo rter gene. the cell is th en tran s fected with thi s who le construct and the acti vity of the 

promoter can be then measured by a reporter gene assay. Cell s are co-transfected with a 

second reporter vector as a cont ro l fo r transfecti on effi ciency (re fer to Figure 5. 1 ). The 

assumptions in this experimenta l system are that the cloned promoter control s the 

repo rter gene as it would endogenously. and that the effici ency o f th e tran sfection is the 

same fo r both the reporter and control vectors. Therefo re. th e acti vities of the enzymes 

encoded by th e reporter genes are directly pro porti onal to the effic iency of th e pro moter. 

As described in Chapter 4 the topo Ila promoter constructs generated \\ ere cloned 

directl y upstream of the fire fl y luci fera e gene in the pGL3 Bas ic vector (Promega. 

Appendix 3). the transfection effici ency cont ro l used was pCMV Sport-~ga l ( ln vitrogen. 

Appendix 3). FuGeneTl\16 (Roche). a li poso mal tra nsfection reagent. was used to 

tra nsport the D A into the ce ll s. Thi s meth od is ca ll ed lipofec ti on as it utili ses liposomes 

prepared from cationic lipids which spontaneously form cati onic-D A complexe . 

These are pos iti ve ly ch arged and fu e with the negati ve ly-ch arged plasma membrane o f 

cultured animal ce lls transfo rming the ce ll s with the exogenous D A. Th e tran sfections 

were carri ed out us in g He La ce ll s (refer to secti on 2.5. 1 ). and ce ll extracts we re harvested 

(re fer to sec ti on 2.5.2) for the subsequent assays. This was carri ed out approximately 48 

hours post-tran sfection as thi s is when the amount of prote in is at a max imum befo re 

express ion starts to decline due to the loss of ge ne express ion. 
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Reporter 
construct 

Lucifera e Assays 

0 Tran sfection 
control 

~-ga lactos idase 
Assays 

Figure 5. 1: "'chcmatic reprl•,t•ntation of a tra mient tran,frction . 

k t , , ..: \,. l"'-.... \,. l \ ..... I '- I_ l l ',I 

5.2.1 P-ga lactosidase Assays. 

An internal transfection control wa used to account for differences in D A uptake and 

express ion. cell density and integrity. The con trol vector used was pCMV Sport-~gal 

(lnvitrogen. Appendix 3) ,~hich constitutively expresses ~-galactosidase at high levels . 

The amount of ex pre ion was measured by the cleavage of colourless ONPG (o­

nitrophenyl-beta-D-galactopyranoside) to ye ll ow O P (o-nitropheno l) (Figure 5.2). 

which was measured spectrophotometrically (refer to section 2.5.3 ). 

o-n itrophenyl-~-D-galactopyranoside + H2O -n itropheno I + ga lactose 

P-ga lactos idase 

I \11 -._,._, ll'll kh·I" ,,t l1-::-,1lc1L'l\hid,h.' \\,'\'<.: L.l LIi "tcd h: 111..:,h, rlll,,: tl'c .i ''l'llllt ,,1 :'- Ill\\ 

-, Itr lj> l.'\l1ll h;clrnl;'>cd '\•Pl () >(1 I' ,he _i..,-,,l; '> '\l\\JJ. 
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5.2.2 Luciferase Assays. 

The luciferase gene is from the North American firefly Photisnus pyralis; the enzyme it 

encodes can catalyze the oxidation of lu ciferin into oxyluciferin which requires AT P and 

oxygen. This reaction emits a yel low-green li ght as a by-product which can be directly 

measured as the amount of luciferase ac ti vity (Figure 5 .3 ). and therefore relative 

promoter strength. 

Assays were carri ed out using the Promega luciferase assay kit and the FLUOstar ga laxy 

microplate reader (BMG labtechnologies) (refer to section 2.5.4). This takes a photon 

count every second over 3 mintues once the luciferase reagent is added. Photons are 

detected by the reading head which is automatically maneuvered over each microplate 
TM well. The counts are then relayed through Exce l (M icrosoft 97) and are actual photon 

counts over time. 

The addition ofthe luciferase reagent gives a flash of li ght relative to the quantity of 

enzyme present which th en rapidly decays. therefore the maximum reading over the 

whole measurement period \\as used for analyses . 

Luciferin + ATP + 0 2 _______ Oxyluciferin + AMP + PPi + CO2 + 

Luciferase 

I· igu r<.' 5.3: l.uc1frra,e a""a~ n.'al·tion equation. 

5.2.3 Data Ana{pses. 

To account for sli ght variations seen between transfection assays. each transfection was 

performed in triplicate and repeated at least 3 times to ensure accuracy. Three blank 

samples were assayed in both the luciferase and ~-galactosidase assays, and the averages 
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of these were subtracted from each of the actual sample readings to eliminate an y 

background signals (refer to Appendix 7 for example). The level of luminescence from a 

particular sample was norrnali ed to the ~-galactosidase activity of that same sample 

(refer to Figure 5.4). 

ormalised Value= Luminescence intensity 
~-galactosidase activity (As 10nm) 

Figure 5.-t: Equation used to normalisl' transient tran ... kction data. 

The averages of each triplicate were used for statistical analyses. These could also be 

expressed as a percentage of the ,, ild type promoter activ ity by dividing each va lue by 

the wild type value and multiplying the result by one hundred (refer to Appendix 7). An 

increase or decrea e relative to the wild type ,, ill illustrate if a particular promoter 

construct is stronger or weaker than the original promoter at initiating expression. 

The average dev iation was calculated for each triplicate and included in the graphs as 

error bars. This illu stra tes the amount of variation ,,ithin the data se ts from the 

calculated mean (refer to Appendix 8.1 ). Averages of each triplicate were also analysed 

usin g a one tailed. 2 sample equal vari ance Students T-te t (Append ix 8.2 and Tab le 5. I ). 

to assess and verify the statistical significance of any differences observed between data 

se t . 

Students T-tests were carried out using Microso ft Exce l 2002. This test employs a/­

distribution which accounts for small sample sizes, eliminating the problems associated 

with using a normal-distribution and a small sample size. It as umes the means of both 

data sets are equal and calculates the probability of them being identical , called a p-value 

(Table 5. I). 
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p-va lue Description Diffe rence 

p > 0.10 No significant difference between samples 0 

0.05 < p :S 0.I0 Slight evidence for a significant difference between sample Yes 

0.01 < p :S 0.05 Moderate evidence for a sign ificant difference between sample Yes* 

0.00 1 < p :S 0.01 Strong evidence for a significant difference between samp les Yes** 

p ::; 0.001 Very strong evidence for a sign ificant difference between samples Yes*** 

I able 5.1: ,tudcnh t-tl''-1 p-, aluL' dc,cription,. 

I hL 1'-\Jlt1L, :-L'11,.:r,1kd h~ tiiL' \ t 1dc•1h t-lL', t .11·L, 'ilL' 1'1·1.1h:1h1l1 t 1L, 1.1I the d,11.1 ,Lh hci11"" 1dc11tiL ,ii 

11 L''--' IIL'I", ,hnl lP \Cl' I~ ti"' ,t, l ,tiL, I ,t!!l'lliL·.t1 LL \l' ,Ill\ d1t't,·1L ,LL'"> L i',.__ncd ''Cl\\L'Cll d,il,1 

5.3 HeLa Cell Transfections. 

5.3. I Controls . 

He La cells \\'ere transfec ted in 12-,, el I plates at approximately 70% confluence with 

0.25 - 1.5 µg of the relavant D A constructs (refer to sections 2.5.1 and 2.5.2). Initiall y 

the wild type pGL3B topo Ila -617 promoter "'as used to establish optimal transfection 

conditions uch as cell harvesting time. D A amounts. cell confluence leve ls and the 

effects of the pCMV Sport ~-gal construct on lucifera e level . After harvesting the cells. 

~-galactosidase and luciferase assays were performed as described in section 2.5.3 and 

sect ion 2.5.4. 

HeLa cells were harvested at 24. 36 and 48 hours post-transfection to uncover the optimal 

time of incubation for the tran sfected cells . The highest amount of luciferase activity was 

recovered after a 48 hour incubation period (refer to Figure 5.5). There was an almost 

linear relationship seen between cell incubation time and luciferase activity for both 

confluent and non-confluent cells. 

97 



..... .... .... ...... ... ....... .... ............... ...... ......... .. .. ...... ... .. ...... Chapter 5: Transient Trans.feet ions 

Confluence levels of He La cells were thought to be optimal for transfection at 

approximately 70%. as the topo Ila promoter is known to be down-regulated once 

confluence is reached (Isaacs. 1996). The level ofluciferase activity could therefore 

decrease as confluence was reached compared with non-confluent cells. This was seen 

with cells incubated for 24 and 36 hours (refer to Figure 5.5). however the amount of 

luciferase activity from confluent cells was actually higher after an incubation period of 

48 hours compared with that of the 70% confluent cells. Transient tran sfec tions can 

cause cell death , which may have been why there was a higher amount of luciferase 

activity from the confluent cells as there were more cells to begin with. and so more 

could have survived the longer incubation period with the transfected DNA . The 

differences observed between the confluent and non-confluent cells at the relevant 

harvest times are each statistically significant (refer to Table 5.2), evidence cell 

confluence is an impottant factor to keep constant throughout tran fection experiments. 

The amounts of the D A con tructs u ed in each transfection were titrated as shown in 

Figure 5.6. The pCMYSport B-gal vectors alone showed no background luciferase 

activity as expected. Increasing amounts of the B-gal vector combined with increasing 

pGL3B topo Ila -617 wild type repo11er constructs decreased the amount of luciferase 

activity. Cells transfected with 0.5 µg of B-gal vector ho wed a significant decrease in 

luciferase activity ,,hen compared with th ose transfected with only 0.25 µg B-gal vec tor. 

thi ,,as the case in co-transfections with 0.5 µg or 1.0 µg of the WT construct (refer to 

Table 5.3). The amounts of D A used ,vere all equalised with the empty vector 

pBluescript SK-II (Stratagene. USA). therefore eliminanting D A concentration as the 

cause of differing luciferase levels. The pattern of the luciferase expression is almost 

linear when onl y 0.25 µg ofB-gal vector is used. The highest luciterase readings were 

seen with 0.25 µg B-gal vector and 1.0 µg of repo11er construct. 

From thee re ults. all subsequent transfection were carried out using 70% confluent 

HeLa cells and an incubation period of 48 hours post-transfection . The amount of control 

pCMYSport B-gal vector used was 0.25 µg and the amount ofrepo11ercon tructs used 

was 1.0 µg. 
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Effects of Cell Confluence and Harvest Times on Luciferase Activity 
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Harvest Times p-va lue 
Significa nt 
Difference 

24 hours 0.005 Yes** 
36 hours 0.070 Yes 
48 hours 0.008 Yes** 

I able:- .:?: ~ignitkant differences from Figure 5.5. 
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construct Difference 
0.25 pg 0.126 No 
0.5 ~Lg 0.018 Yes* 
1.0 pg 0.054 Yes 

I a hie 5.3: ~ign1ficant difference, from Figure 5.6. 
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5.3.2 Trouble Shooting. 

It was noted that th e le ve ls of lucifera e ac ti vity we re ve ry low compared wi th that 

expected from previous experiments usin g the wild type topo Ila -617 promoter construct 

which had relative luciferase va lues ranging from 8000-50.000 (Magan, 2002). In order 

to see signific ant differences between th e various prom oter constructs luciferase ac tivity 

needed to be higher than the 4000-6000 relati ve luciferase va lues achieved in this current 

stud y. A number of trials were carried out in an attempt to ga in hi gher luciferase values 

including; reproducing all the DNA vec tors. requanti fyi ng the pl asmid D A bein g used 

for the tran sfections. and preparing new buffer and reagents for both the tran fection 

procedure and subseq uent luciferase and ~-galactosidase assays. 

Transfections \\ ere also carried out with and without pCMV po11 ~-gal control vector to 

determine any effect on the luciferase va lue s. As sho wn in Figu re 5.7 the ~-gal control 

vector significantly reduces the amount of luciferase expression seen upon add ition in 

conjunction with th e pGLJB topo Ila -617 wild type reporter construct (WT) (p-va lue = 

0.07. refer to Table 5.1 ). Eac h transfection conta ined exac tl y the same amount of DNA 

( 1.25 µg tota l) to eliminate effec ts on luciferase activity caused by cell death due to 

higher D A concentration in some tran sfection s. An empty vector (pBluesc ript SK-I I. 

Stratage ne. USA) \\ as used to eq uali se amo unts of DNA for each translection. The 

empty pGL3 Basic vector had no luci lerase ac ti vity as expected. The error bar is 

ex treme ly large in the tran sfec tion with wild type construct alone. showing vari ation of 

tran sfection ,, ithout a ~-galactosidase con trol vector. The tran fect ion with both the~­

ga l control vector and the wild type reporter con struct has a much smaller margin of 

erro r: however lucifera e activ ity is approxi mately 5 times lower than those tran sfections 

without the control vec tor. 
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To test if the effect of the pCMYSport p-gal vector on luciferase activity was specifically 

caused by the pCMYSport vector a second control experiment was performed. This 

involved usin g an a lternative P-gal vector. pSY P-gal (Promega. USA). A maspin 

promoter (pGL3B Maspin -2551 wild type). which is known to have high luciferase 

expression in He La cells. was also used to investigate whether the effect on luciferase 

expression from the P-gal vector was specific for the topisomerase Ila promoter 

construct. The re sults of the se experiments are shown in Figure 5.8. 

The pGL3B topo Ila reporter construct (WT) alone had a significantly higher luciferase 

expression compared to both co-transfections with pCMYSport P-gal (p -value 0.0089) 

and pSV p-gal (p-value 0.002) (refer to Figure 5.8 and Table 5.4). Both the p-gal vectors 

alone showed no luci ferase activity as expected . 

The Maps in promoter construct alone had 3 times the amount of luciferase activity as the 

topo I la promoter con truct (WT) alone (refer to Figure 5.8). Luciferase activity wa not 

significantly reduced '"ith the pSY ~-gal vector as a transfection control. ,,·hich is the 

opposite result seen \\ith the topo Ila promoter. Luciferase ac ti vi ty expressed from the 

maspin promoter hovvever. was significantl y lower when pCMYSport p-gal vector (p ­

val ue 0.015) (refer to Table 5.4) was used as a transfection control. 

Despite amounts of D A being exactly the same in the transfections there is less 

I uc i ferase ac ti vi ty seen ,, hen the reporter construct ,, as co-trans tected ,, ith a ~-gal 

vector. This was interesting as the two vectors do not share si milar transcription 

elements and so should not have a negative effect on one another. Overall luciferase 

values were lower when compared with experiments carried out previously using the 

same vectors. Sequencing analyses revea led an absence of mutation s from any of the 

constructs: therefore a more fundamental problem may exist. 
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Effect of B-galactosidase Vectors on Luciferase Activty 
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5.4 Chapter Summary. 

Transient transfection assays can be used to test the function of DNA elements or protein 

interactions in vim. These are often used to support in vitro data such as electrophoretic 

mobility shift a says. In this case. a difference in protein binding patterns was observed 

upon the introduction of mutations. deletions and insertions in a particular region within 

the topo Ila minimal promoter (refer to Chapter 3). To test the functional significance of 

these. transient transfections were to be carried out. 

Initial control transfect ions and titrations gave expected resu Its with linea r relationships 

seen between amounts of DNA and incubation times. however luciferase va lues were 

lower th an expected. A number of attempts we re made to impro ve the quality of these 

results and de fine the cau e of th e low readings. These included reproducin g all the DNA 

constructs. us in g new buffers and reagents. sequencin g all pl a mid s. and requantifying 

plasmid D A. 

Trouble shoot in g experiments showed the transfecti on of the ~-ga l vectors in conju nction 

with the luciferase reporter vectors significantly compromised th e amount of luciferase 

activi ty seen. Thi s effec t was not only seen , ... ith the topo Il a promoter construct. but a lso 

with an unrelated Maspin promoter construct. The reason for thi s phenomenon is. as of 

ye t. unknown . Unfortunately due to time re straints th e major issues were not reso lved 

and so the significance o f the protein binding beh av iour seen in Chapter 3 remains 

undefi ned. 
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Chapter 6: Discussion and Future Research. 

6.1 Overview. 

Cancer is caused by the breakdown of the mech anisms contro lling cell di vi ion. all owing 

ce ll s to become immortal and pro li fera te uncontroll ably vvhich results in the deve lopment 

of tumours. The hi gh proliferati on rate of the tumour ce ll s results in an upregul ation of 

enzymes essential fo r ce ll growth and di vision, such as topoisomerase Il a. The 

topo isomera e I la (topo Il a) gene encodes a ce ll cyc le regulated 170 kDa nuclear enzyme 

with max imum expres ion in the G2/M ph a e. This is due to it 's critica l requirement fo r 

chromosome condensati on and segregation. rel ax ing superco il ed DNA. and untwisting 

and unknottin g intertwined D A (Robert and Larsen. 1998). It ac hieves these ro les by 

utili zi ng AT P and introduc in g a double-stranded break in the D A. th en pass in g anoth er 

double-strand of D A th rough and resea ling the break (Berger e t al .. 1996). 

A number o f anti-cancer drugs have been des igned to primaril y target topo Ila 

(Cornarotti et a l. . 1996: Satherl ey et al .. 2000) due to the fac t it is essential fo r ce ll 

surv ival and d ivision. and also fo und at such high leve ls in pro li ferat ing ce ll s. such as 

tumou r ce lls. These anti-cancer drugs ac t as ei ther inh ibitors or po isons of topo Ila. 

Inhibi to rs interfere with norm al topo Ila functions causing topo logica l prob lems which 

result in apop tosis. The poisons prevent topo Il a from resea lin g the D A breaks it 

produces makin g itse lf a ce llul ar po ison. which causes many D A breaks and leads to 

apoptos is (Walker et al .. 199 1 ). Therefo re, th e amount of topo I la co rrelates with the 

sensiti vity to the topo Ila poisons. The success of these topo Ila targeting dru gs is 

limited by tox ic ity and th e deve lopment of res i tance. 

Res istant ce ll lines have been shown to exhibit down-reg ulation of topo Il a gene 

express ion. elimin ating the target fo r the drugs, therefo re decreas ing the sensitivity of the 

ce ll s (Wang et al., 1997a). Maximal express ion oftopo Il a is observed from a -617 bp 

truncated version of the ~2 kb TATA-less pro moter. \,vhi ch has a number of sequence 

moti fs . includin g 5-inverted CCAAT boxes (ICB 1-5) and two GC-rich reg ions (GC I and 
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GC2) (Hochhauser et al.. 1992 ). Transcription factors have been shown to bind to these 

DNA elements and regulate expression of the topo Ila gene. Nuclear factor Y (NF-Y) is 

a ubiquitou sly expressed trimeric protein known to bind the ICB elements in the topo Ila 

promoter (I saacs. 1996). The Specificity proteins Sp I and Sp3 are also ubiquitousl y 

expressed and known to bind GCI and GC2 (Yoon et al.. 1999). The results of in vivo 

functional assays have suggested complex protein interactions occuring between these 

proteins result in modulation oftopo Ila expression in response to vari ous external 

factors. Previous resea rch on the I 00 bp region closest to the tran sc ription start site 

encompassing the ICB I and GC I elements. sho wed F-Y binds to the ICB I element and 

Sp I binds to GC I box and both act ivate transcription of the topo Ila promoter (Magan et 

al.. 2003). Along with Sp I. the Sp3 protein was found also associated with the GC I box 

in vivo: however it appears to act as a repressor in functional assays. A fourth 

uncharac terised protein wa also fou nd to spec ifi ca ll y bind thi s reg ion ofthe topo Ila 

promoter (Magan. 2002). 

This unch aracteri sed protei n may have an influence on topo Il a transcription. and may 

possibly have a significant role in the down-regulation of topo Il a expression seen in 

drug-re istan t cells . It' s characteri sation and subsequen t identificat ion may provide 

useful information concerning topo Il a expression. and potentially contribute information 

use ful for improvin g anti-cancer drug treatments. Therefo re. the aims of thi s stud y were 

to identify the minima l DNA sequence or prote in s required for binding ofthc 

uncharacte ri sed protein. and to test the functional ignificance of it binding wi thin thi s 

specific reg ion ofthe topo Ila promoter. 

6.2 Summary of Res ults. 

6.2.1 Results of DNA Binding Assays. 

The uncharacteri sed protein was found. along with tran scription factors N F-Y. Sp I and 

Sp3 . associated with the two most proximal D A elements within the topo Ila promoter, 

ICB I and GC I (Magan. 2002). It was thought the uncharacterised protein may be 
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binding to the region between the ICB I and GC I elements. The distance between these 

two elements is 12 bp, which is just over one complete turn of the D A double helix , 

sufficient room to accommodate a transcription factor. Unfortunately. a database search 

us ing th is 12 bp sequence revealed no candidate protein bindin g motifs. On the other 

hand. the protein may not require the specific DNA sequence between the elements. but 

rather the specific di stance between the elements. for it to be recruited by either F-Y or 

Sp I /3 to the complex. It may play a synergi stic role mediating an interaction between 

NF-Y and Sp I /Sp3. and cou Id be acting as either a co-activator or a co-repressor 

dependin g on the complement of spec ific tran scription factors associated with the D A 

at each of these sites. 

Electrophoretic mobility shift assays were performed usin g a number of variations of the 

o ri g in al ICB 1-GC I region D A probe. to elucidate the specificity and seq uence 

requiremen ts for the uncharacteri sed protein to bind (Chapter 3) . Probe that could 

potentially bind the unch arac terised protein \Vere produced by introducing a 2 bp 

mutation. a 6 bp deletion. and a 6 bp inse rti on in the cen tre of th e 12 bp region bet\,een 

the ICB I and GC I elements (F igure 3.2). A 12 bp probe of the centre reg ion alone was 

a lso synth esised tote t if the uncharacterised protein could bind this sequence alone. 

The re sults of the D A binding assays performed with these probes are summarized in 

Figure 6. 1. The 44 bp wild type (WT) probe was hown to bind F-Y. Sp I. Sp3. and the 

uncharacterised protein as previou sly sho,,n by Magan. 2002. The mutant (MT) and 

deletion (Del ) probes bound onl y F-Y. Sp I. and Sp3 . The in se rtion (Ins) probe was 

found to bind all four prote in s. The probe encompassing only th e 12 bp centre region 

(Cen) did not exhibit any protein bindin g. Antibody supershift a says confirmed the 

identity of the proteins which we re binding to each probe (F igure 3.10). Quantification 

using phosphoimagin g of these bands revea led more unch aracteri sed protein was binding 

the in sert probe. and less F-Y was bound to the MT. Del and In s probes (F igure 3 .9). 

The reason for the apparent increase in uncharacterised prote in bound to the In s probe. 

may be explained by the fact that the sequence in se11ed was a repeat of the 6 bp sequence 

in the middle of the 12 bp centre region , except for one base which was altered to prevent 

the creation of a known equence motif. This explanation however, does not coincide 
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with the fact that the sequence alone did not bind prote ins. Therefo re , the other 

tran scription fac tors may be required to recruit and/or increase the uncharacteri sed 

protein ' s bindin g affinity. and the increased space between the ICB I and GC I elements 

may a llow more of th e prote in to assoc iate. 

WT 

MT 

Del 

In s 

Cen 

N F-Y. Sp I. Sp3 and the uncharacterised protein 
(X) bind the WT probe. 

NF-Y. Sp l . Sp3 bind the MT probe. 

F-Y. Sp! . Sp3 bind the Del probe. 

NF-Y. Sp I. Sp3 and a slightly higher amount of 
the uncharacterised pro tein bind the In probe. 

No binding to th e Cen probe. 

Figurl' 6.1: ~um mar~ of E\h \ rl',ttlt, "ith unl'haractl'ri,L·d protl'in hind in:.! prohl',. 

I \I'-.\ \h'IL l'--r1,,r 11cd d'>\ 1,; ,\ J.llll1l'--'1 ,,, lul'lll\1) ,11 l'L ,11·1L ll, ll 1{1-(,(' l'l..21( 1 \l I) \ 

1 \ 11 , .1 <i 'I' dL· ct 1, ,11 l 1)--•11. -1ml .i 11 hp 11hcrt1,111 l I h 1 1 1 ,hL ---:ntrt: , I the l::: hp r'-;,<111 hd\\ c<.'11 

tl'L I( I~ l ll1 ! Cr( I tk 1 L'll'-.. \ 1::: h1' pr,,ht (( <.'11) ,,t tl'L '-cnt -- ·L',;1,,11 ,!Inn'- \\,l'-, 1"11 lll.It'L ,11 
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To investigate the possible recruitment of the uncharacterised protein by other 

transcription factors present or DNA binding elements required , another set of probes 

were designed . These probes were deleted in half or all of each of ICB I and GC I (Figure 

3.3). The re su lts of the D A binding assays using these recruitment probes are 

summarized in Figure 6.2. 

NF-Y 

WT 

ICBl ½GC I 

ICB I 

GCl ½ICBI 

GCI 

N F-Y. Sp I. Sp3 and the uncharacteri sed protein 
(X) bind the WT probe. 

F-Y binds and recruits low amounts of Sp I. 
and Sp3 to the ICB I ' 2GCI probe. Poss ibly 

binding of the un charac terised protein. 

F-Y binds and recruits IO\\· amounts of Sp I. 
and Sp3 to the ICB I probe. Poss ib I) binding of 

the uncharacteri sed protein . 

Sp I. Sp3 and the uncharacterised protein bind 
the GC I ' 2ICB I probe. 

Sp I. Sp3 and the uncharacteri sed prote in bind 
the GC I probe. 

f igun· 6.:!. "-,11111111.11: of I· \I"-,\ rc,ult, "1th uncharactcri,cd protein tTlTUttllll'llt 

prolw,. 

I \1 \ \\c L l'c'"'llr'~d LI n,.. ,l ll,111h-:r ,it ,I .. ll,lh (1 ti'L <1";111.1 1 I( l~l-l1( I 1,';llll I) \ 

l'I" ,h .... ll' l..'illcl L1 1 e tllL L"kll'e1 h ,11 jll,'k'lh tell I rc,I Jl)t th,· 111Lh.ir, c'l,'i"l'>c'd l'l'PIL'lll Ill 

h;11d ,l'>'>tll..ld ~ \I 1thi11 tili-, 1\?~l\lll I lie l'L'Lf'lilllllL'lll l'rnhc-, \IL'l'c' 1'n1duccd h) -,ih 11lL'llll1~ the 

(lrt~ ,, 1 p,l'f,~ 'l' ·1:111l>1e u t ur ,iii nl .: tiler 1111:' It HI -.?k ",Ill t•r till.· tic l..'k l.'lll 11 11-,t 

k,, in~ ti -.? u .. 'll!rl..' I l.'c't\\t intcict 
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Again. the 44 bp wild type probe binds all four transcription factors. NF-Y. Sp 1. Sp3 and 

the uncharacterised protein. The identities of the proteins bound to this probe and 

successive probes were all confirmed by antibody supershift assays (Figures 3.12 and 

3.13). The F-Y protein was thought to possibly recruit Spl and/or Sp3 to this region of 

the promoter. The experiments with the lCB 1 ½GC I and lCB I probes suggest that this 

does occur. as \Vi th on I y hal for none of the GC I box there are faint bands seen with the 

same mobility as Spl and Sp3. Although faint. the addition oftheir respective antibodies 

cau es the disappearance of these bands. further identifying the presence of these proteins 

\Vithout their DNA binding element. Another faint band is seen when the F-Y protein 

has been supershifted by the F-Y antibody. This may be re sidu al NF-Y uncomplexed 

with antibody. however the mobility is higher therefore it could be the uncharacteri sed 

protein . Although the mobility seems somewhat higher than the band repre enting the 

uncharacteri sed protein. this seems the most likel y explanation. a the centre re gion 

equence which was shown to be important for it" s binding is intac t. and Sp I and Sp3 are 

present at low amou nts. The presence ofSp l and Sp3 with those probes is important. as 

they are sho\\n to poss ibly recrui t the uncharacterised protein in the assays using the 

GC I ½lCB I and GC I probes. These probes clearly sho\.\ the binding of onl y Sp I. Sp3 

and the uncharacterised protein . There is no NF-Y bound even to the GC I ½ICB I probe 

which has half the ICB I box . This was expected as the flanking sequences of the ICB 

boxes have been shO\\n to be important for F-Y binding (Ma ntovani . 1998). 

6.2.2 Protein Interactions. 

These EMSAs suggest th at the uncharacterised protein requires the correct centre region 

sequence and the presence of Sp I and/or Sp3 tran scription factor to as oc iate with the 

topoisomerase Ila ICB 1-GC I region. This wa clear a when th e sequence between the 

two elements had just 2 bp changed. the uncharacterised protein was prevented from 

bindin g. despite the presence of each of the other tran sc ription factors and DNA 

elements. The uncharacterised protein cannot bind the centre region alone however: 

therefore it mu st require either the presence of other proteins or D A elements. It was 

shown that it does not require the presence of an ICB I box or F-Y to bind as it binds 
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strongly without these. therefore it is most likely to be recruited by either the GC I box or 

the Sp I/Sp3 proteins bound to this element. A probe with only the ICB I box and the full 

centre region sequence had Sp 1 and Sp3 present at low amounts along with NF-Y. and 

another unidentified protein. This was possibly the uncharacterised protein 

binding/associating without the presence of a GC 1 box. All this evidence highlights the 

need for Sp I and/or Sp3 proteins. along with the centre region sequence. 

These results correlate with the competitor assays. where a double element probe with a 

mutated ICB I and wild type GC I element competes for all the proteins except the NF-Y 

protein (Figure 3.6), but the si ngle element wild type GC I probe only competes for the 

Sp I and Sp3 protein (Figure 3.7). confirming the requirement for the centre region 

sequence for the uncharacterised protein to bind. 

The NF-Y protein i able to weakly recruit Sp! and Sp3 to the region in the absence ofa 

fu II GC I box. The uncharacterised protein seemed to be recruited as \\·el I: however the 

recruitment is most likely caused by the presence of Sp I and/or Sp3. Although F-Y 

shows some recruitment of Sp I. Sp3 and therefore po sibl y the uncharacterised protein. it 

is not an essential requirement as these protein bind to thi s region in the complete 

ab ence of F-Y and an ICB I box. 

6.2.3 Functional Assays. 

Transient transfection assays were to be carried out to test the functional affect of the 

uncharacterised protein on the expression levels from the topo Ila promoter. D A 

alterations produced for DNA binding assays showed the uncharacteri sed protein ·s ability 

to bind the ICB 1-GC I region was inhibited when mutations and deletions were 

introduced between these two elements. and when an insert was added the amount of 

uncharacteri sed protein bound increased . These sequence alterations were successfully 

introduced into a -617 bp topoisomerase I la promoter and cloned into a reporter vector. 
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The mutation and deletion reporter constructs. which prevent the uncharacteri sed protein 

binding. may have shown i fthe protein acts to repress or activate transcription depending 

on the leve l of the reporter enzyme compared to that produced from the wild type topo 

I la promoter. The construct containing the inse11 sequence may have con firmed these 

re sults. as there is more of the protein bound. The deletion and in sert ion constructs may 

have shown a combination of transcriptional affects a removing and inset1ing DNA 

changes the di stances between elements. For example. the F-Y protein bound to ICB2 

is thought to bend the D A (Ronchi el al.. 1995) and brin g the Sp I /Sp3 protein s bound 

to the distal GC2 element into close proximity with the ICB 1-GC I region allowing 

protein-protei n interactions. By decreasing or increas ing the distance between ICB I and 

GC I. th e protein -protein interactions at these and the GC2 element may be prevented . 

Therefore. repot1er constructs were designed with GC2 mutants to observe any combined 

affect. If transcription le ve ls remained the ame between sin gle mutants and GC2 double 

mutant , thi s would imply GC2 is important for prote in interac ti ons and that these had 

been prevented by th e a lteration of th e distances between element . 

Unfo rtunately. the transient tran fection assays did no t give consistent va lues fo r any 

ign ificant comparisons of the mutants to the wild type topo Ila promoter to be made. A 

number of controls were performed to deduce the cause of th ese low value . however. the 

on ly clear negative affect \\as from the ~-galactosida e control vecto rs used. The reason 

for this is unexplained. and previous research used these ame control vectors \\ ith 

reproducible results. It is interesting to note. this previous work was performed on HeLa 

cells grown in a different medi a. Due to time restraints, the aftect of the different media 

on th e transfections could not be tested. and therefore the cause of the low va lues remain s 

unreso lved. 
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6.3 Future Resea rch. 

6.3. 1 Protein-DNA Bind ing Assays. 

A number ofother DNA binding probes would be useful to confirm results seen in thi s 

research . Schematic representations of these are illustrated in Figure 6.3. A probe 

encompassing only the centre region and a mutated GC I box would con firm the necess ity 

of Sp I and SpJ for th e uncharac teri sed protein to bind the centre region (F igure 6.J(a)). 

To investi gate if the extra band seen associated with th e ICB l 1/2GC I and ICB I probes is 

not just excess F-Y protein not shifted by the antibod y. the supershift needs to be 

repeated with a titrati on of F-Y antibody added. If the band remai ns upon saturation it 

will indicate it is not excess F-Y but another protein . To test whether the extra band is 

the uncharacteri sed protein. 2 bp mutations could be introduced into the centre reg ion of 

those two probes (Figure 6.3(b)) . The centre region sequence should be the ame as the 

MT probe which is known to inhibit the unch arac te ri sed protein binding. Therefore. the 

band disappearing from an EMSA usin g thi s probe \\ith the mutated centre region 

uppo11s the idea that thi s could be the uncharacteri sed protein: ifthe band remain s it is 

most like!) another unkJ10\\·n protei n. 

The increase in uncharac terised protein binding seen on the Ins probe. could be tested to 

inve ti gate whether thi s is due to extra space between the elements or becau se the 

sequence inse 11ed was nearly an exact repeat of the original sequence . Thi s could be 

done by designing a probe with an inse rt of a complete ly random cq ucnce (F igure 

6.3(c)). which had been checked for other protein motifs prior to use. If there is till a 

hi gher amount of uncharacteri sed protein binding to thi s new In probe. it could be 

concluded that additional pace is required for binding ra ther than the repeated sequence . 

The minimal sequence the uncharac teri sed prote in requires for binding is ye t to be 

defined. A set of D A binding probes des igned as a deletion se ri es removing one base at 

a time may show vvhen the uncharacteri sed protein is unable to bind . These probes would 

beg in with the full centre region sequence and full GC I box. one set would begin 

omitting a base from the centre region end and the other would begin omitting bases from 

the GC I box end (F igure 6.3(d)). Eventually the protein should not be able to bind , 
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therefo re reveal in g the minima l sequence it requires . The results fro m the dependence 

the uncharacteri sed prote in has fo r Sp I and Sp3 (Fi gure 6.3(a)) wo uld determ ine the 

success of thi s experimen t. This is due to the fac t that the protein may not be able to bind 

without Sp I and/or Sp3. th erefo re th e sequence identifi ed will be that required by a ll the 

prote ins combined . not the spec ific equence th e un charac teri sed protein itse lf recognises. 

6.3.2 Functional Assays. 

The fu nctional assays are of criti ca l im porta nce fo r characteri sin g th e ro le the 

uncharacteri sed prote in plays in topo Ila ex pression. The constructs designed fo r these 

experiments should how it' s ro le relati ve ly eas il y as two of th e constructs inhibit the 

bindin g ofo nl y the un charac te ri sed protein. The affect of an increase in th e 

uncharacteri ed protein 's b ind ing and the combined affec t of these in conjuncti on with a 

GC2 box mutan t \\Ou ld pa int a ve ry descriptive pictu re of the type of protein it is. These 

experiments were performed on HeLa cell s gro,, n in Opti-M M. ,,hereas previous 

successful tra nsient transfectio ns were pe rfo rmed on HeLa ce ll s grown in Eagle 's 

mi nimal essenti al media (MEM) media. Therefo re. it wo uld be of interest to repeat these 

wi th Eagle·s MEM to see if the diffe rent media had any affec t. The change fro m MEM 

to Opt i-MEM ,, a driven by financia l con straints a Opti-MEM requires considerabl y 

less FCS than Eag les MEM. 

The ~-ga lac tos idase internal contro l vecto rs we re shown to have a negati ve affect on the 

expre sion leve ls of the luciferase repo rter gene. The reason fo r thi s is currentl y 

undefin ed. and th e amounts of DNA used in each experiment were equali ed so di ffe rent 

amo unts of D A were not the cause . In future experimen ts it wou ld be of interest to use 

a di ffe rent intern al contro l suc h as the Renilla luc iferase reporter plasmid . Both 

luci ferase leve ls can be assayed simultaneously using the Dual-Gia™ Luciferase Assay 

System (Promega) and ratios between the Reni/la and fire fl y luciferases can be 

calcul ated. prov iding an altern ati ve cont ro l fo r the normali sati on o f transfecti on 

effici ency. 
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WT 

a) 

b) 

c) 

d) 

Nf-Y 

etc ... 

N F-Y. Sp I, Sp3 and the uncharacteri sed protein 
(X) bind the WT probe. 

Sp I and Sp3 proteins cannot bind the mutated 
GC I box. Can the uncharacterised protein bind 

withou t their presence? 

N F-Y binds and recruits low amounts of Sp I. 
and p3 to the ICB I probe. Is the extra band 

still seen up on introd ucti on of mutations in the 
centre region kn own to inhibit binding of the 

uncharacteri ed protein ') 

Another In probe with a random equence 
inserted. rather than a repeat o f the origi nal 

sequence within the centre region. Will there 
still be a higher amount of uncharac terised 

protein binding'l 

A one base deletion series fi-om each end of the 
GCI probe should reveal the minimal sequence 
required for the uncharacterised protein to bind. 

Figure 6.3: ~chematk repre,entation of future D -\ prohl·,. 
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6.3.3 Protein Purification. 

Th e ultimate goal o f thi s research would be to eventu ally purify th e uncharacteri sed 

pro te in and determine the amino acid sequence by N-tenninal microsequencing. Us ing 

databases a search fo r any sequence compari sons could be done. which may identify th e 

pro te in or at least speculate if s functi on or the fa mily o f prote ins it belong to. To purify 

the protein. more in form ati on needs to be obtained from experiments such as th ose 

desc ribed in section 6.3 .1 . lf it is fo und the prote in binds to Spl or Sp3. ag lutathione-S­

tra nsferase pu II-down assay cou Id be attempted using GST-Sp I /Sp3 fusion prote ins. 

Once the minimal bindin g sequence is determined. a DNA probe inco rporatin g 5-b ro mo-

2·-deoxyuridine (Brd ) could be des igned and th en used to bind the uncharacteri ed 

pro te in . The prote in could then be cross linked to the DNA using UV li ght and purifi ed 

fro m a ge l. The pro tein co uld then be run on a OS-PAGE ge l to determi ne if s 

molecular we ight which will a id in if s identification and des ignin g futu re purificati on 

methods. Once ident ified a range of fu nct ional assays cou ld be carried ou t to confirm a 

regulato ry ro le in transc ri pti on of topo Ila . such as dom in ant negati ve mutan t assays. 

6.4 Conclusion. 

There are a number of comp lex protei n interactions occurri ng wi thin thi s small reg ion of 

the topo Il a promoter. The tentative process is most like ly sta11ed ,, it h th e bind ing of 

NF-Y to the ICB I box. as F-Y is kn o,,n to bend D A and rea rrange nucleosomes. 

therefo re po ibly opening up th e DNA to all ow other tra nsc ript io n facto rs access to bind. 

The F-Y pro tein rec ruits a small amount o f Sp I and/or p3 to the reg ion which in turn 

rec ruits th e uncharacterised pro tein. These can then bind trongly to the reg ion if the 

co rrec t sequences are present. n fo rtun ately. the ro le of the uncharac teri sed prote in in 

tra nscription cannot be in fe rred due to un fo reseen problems with the functi onal assays. 

Results from these assays should have given a much clea rer understanding of the 

molecular interactions occurring at the proximal promoter region. and poss ibly provided 

in ights into the mechani sms causing the down-reg ul ation of transc ription seen in drug 

res istant cell s. 
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Appendix 1: Oligonucleotide Sequences. 

1.1 Topoisomerase Ila Oligonucleotide Sequences used in EMSAs. 

Strand 
Probe 

Sequence 
Name 
WT CGAGTCAGGGATTGG CTGGTCTGCTTCGGGCGGGCTAAAGGAAG 
MT CGAGTCAGGGATTGG CTGG~CTACTTCGGGCGGG CTAAAGGAAG 
Del CGAGTCAGGGATTGGCTGTTCGGGCGGG CTAAAGGAAG 

Forward Ins CGAGTCAGGGATTGGCTGGTCGTATGCTGCTTCGGGCGGGCTAAAGGAAG 

5'-3 ' Cent CTGGTCTGCTTC 
ICBI ½GCI CGAGTCAGGGATTGGCTGGTCTGCTTCGGGC 

ICBt CGAGTCAGGGATTGGCTGGTCTGCTTC 
GCl ½ICBI TGGCTGGTCTGCTTCGGGCGGGCTAAAGGAAG 

GCt CTGGTCTGCTTCGGGCGGG CTAAAGGAAG 

WT CTTCCTTTAGCCCGCCCGAAGCAGACCAGCCAATCCCTGACTCG 
MT CTTCCTTTAGCCCGCCCGAAGTAGGCCAGCCAATCCCTGACTCG 
Del CTTCCTTTAGCCCGCCCGAACAGCCAATCCCTGACTCG 

Reverse Ins CTTCCTTTAGCCCGCCCGAAGCAGCATACGACCAGCCAATCCCTGACTCG 

5'-3 ' Cent GAAGCAGACCAG 
ICBI ½GC I GCCCGAAGCAGACCAGCCAATCCCTGACTCG 

IC Bl GAAGCAGACCAGCCAATCCCTGACTCG 
GCl ½ICBI CTTCCTTTAGCCCGCCCGAAGCAGACCAGCCA 

GCt CTTCCTTTAGCCCGCCCGAAGCAGACCAG 
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1.2 Topoisomerase Ila Competitor Oligonucleotide Sequences used in EMSAs. 

Single element competitors: 

Strand Probe Name Sequence 
wtlCBt GAGTCAGGGATTGGCTGGTCTGC 

Forward 
mtlCBl GAGTCAGGGATT~ccTGGTCTGC 

5'-3' wtGCl CTGCTTCGGGCGGG CTAAAG 
mtGCl CTGCTTCGTGCGTGCTAAAG 

wtlCBt GCAGACCAGCCAATCCCTGACTC 
Reverse mtlCBl GCAGACCAGGGAATCCCTGACTC 

5'-3 ' wtGCl CTTTAGCCCGCCCGAAGCAG 
mtGCl CTTTAGCACGCACGAAGCAG 

Double element competitors: 

Strand Probe Name Sequence 
wtlCBI /wtGCl CGAGTCAGGGATTGGCTGGTCTGCTTCGGGCGGG CTAAAGGAAG 

Fo rward 
mtlCBl/wtGCl CGAGTCAGGGATT CTGGTCTGCTTCGGGCGGGCTAAAGGAAG 

5'-3 ' wtlCBl /mtGCt CGAGTCAGGGATTGGCTGGTCTGCTTCGTGCG ~GCTAAAGGAAG 
mtICBl /mtGCI CGAGTCAGGGATT CTGGTCTGCTTCG~GCG . GCTAAAGGAAG 

wtlCBt /wtGCl CTTCCTTTAGCCCGCCCGAAGCAGACCAGCCAATCCCTGACTCG 
Reverse mtlCBt /wtGCt CTTCCTTTAGCCCGCCCGAAGCAGACCAG ~GAATCCCTGACTCG 

5'-3' wtlCBl /mtGCI CTTCCTTTAGCACGCACGAAGCAGACCAGCCAATCCCTGACTCG 
mtlCBl /mtGCt CTTCCTTTAGCACGCACGAAGCAGACCAG ~GAATCCCTGACTCG 
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Appendix 2: Protein Assays. 

2.1 HeLa Extract Protein Quantification Assays. 

Standard Curve of Bradford Protein Assay 

y = 0.1478x + 0.0056 

03t--------------------~~-----------t 
E 
C: 
:£ 025 t------------------,;<----------------t 
II) 

Cl) 
U 02+--------------- ~ ------------------, 
C: 
IU 
.c 
0 015 +------------------------------------, 
VI 
.c 
<( 0 1 +-------- ~ -------------------------, 

05 1 5 25 
Amount of Protein (ug) 

BSA Absorbanee 
First HeLa Protein Second HeLa 

595 nm Protein Extract Protein Extract 
Standard 

(i1g) 
(Diluted I :75 , 10 ~tL) 

(Diluted I :5 . 10 µL) 

0 Absorba nce Amount of Abso rbanee Amount of 
595 nm Protei n µg 595 nm Protein i1g 

0.4 0.3 15 (o ff graph) (o ff graph) 

0.6 0.3-l I 0.3 50 0.65 I. I 18 5.8-l 

0.8 0.369 0.369 0.78 1.119 5.85 

1.0 0.405 
0.3 65 0.75 1.107 5.76 

1.5 0.490 
Average 0.73 Average 5.82 

2.0 0.542 
Original 

5.47 µg/µL 
Original 

3.67 µg/µL 
2.5 0.619 Cone Cone 
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Appendix 3: Vector Maps. 

3.1 pGL3-Basic Vector 

1'1,.,D,, I 5 
S"': I 11 
M,J I 15-
.'t-:v I 21 

((" pGl3-Baslc Sr. I 2B 
vector ~1\.i I 32 

;:;?-•' ll 31:, 
(49 12tp) , ct Il l 53 

pGL3 Bas ic vec tor (Prom ega) used for topo I la promoter functional assays. 

3.2 pCMV Sport-pgal Vector 

. pCMV SPORT-~gal 
7854 bp 

pCMV Sport-~gal (ln vitrogen) used as the internal control fo r tran sient tran fection 

assays. 
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Appendix 4: Primer Sequences. 

PCR mutagenesis internal primer sequences: 

Strand Probe Name Seq uence 
MT AGGGATTGGCTGGCCTACTTCGGGCGGGCT 

Forward Del GTCAGGGATTGG CTGTTCGGGCGGGCTAAA 
5'-3 ' Ins AGGGATTGGCTGGTCGTATGCTGCTTCGGGCGGGC 

MT AG CCCGCCCGAAGTAGGCCAGCCAATCCCT 
Reverse Del TTTAGCCCGCCCGAACAGCCAATCCCTGAC 

5'-3 ' 
Ins GCCCGCCCGAAGCAGCATACGACCAGCCAATCCCT 

Externa l primer sequences: 

Strand Probe Name Sequence 
Forward RV primer 3 CTAGCAAAATAGGCTGTCCC 

Reverse G L prim er 2 GAAATACAAAAACCGCAGAAGG 
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Appendix 5: Sacl Diagnostic Digests. 

Kp11I & Nco l Restriction 
Endonuclease Digestion 

Kpnl Sacl 

I I 
Sad Nea l 

I I 
Kpnl Sacl l 

":il ___ .... ------------------..,..r'9' ----

l 

pGL3 topo Il a 
-617 mutant 

promoter 

Mutated Topo Ila Promoter 
PCR Product 

Nea l 

JI' 

Sad 

Kp11I & Nco l Restriction 
Endonuclease Digestion 

& Ligation 

In sert cloned 
correctly in to 

plasmid 

Sad Sad 
~acl Diagnos tic Digest 

4800 bp 
With insert Sacl Sacl 

Sad \ '11£ I 

640 bp No in en 

Thi s schematic diagram sho,, how the Sac l diagnostic dige ts work to identify pla mids 

which contain an inse11 correctly c loned into the pGL 3 Basic pla mid. The plasmid 

contains a \acl (red ) site which was removed upon Kpnl and Nea l digestion. but the same 

site from another plasmid was replaced again within the inse rt (red ). however the inse rt 

also contains a \ad (green ) ite within the topo Il a promoter equence. Therefore Sacl 

digestion gives a single 4800 bp band if there is no in se rt. and a 4900 bp and a 640 bp 

band if there is a inse11 correctly cloned into the plasmid. Correct orientation of the insert 

was not an issue as different enzymes were used at each end. ote: this is not to scale. 
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Appendix 6: Alignment of Sequences. 

CLUSTAL W (1.82) multiple sequence alignment (5 ' -3 ' ) . 
Blue = wildtype sequence, Red = mutations/deletions. 
Oligonucleotides used to produce GC2 Mutant constructs : 

Sequence 
CC2m t forwa rd AGGGTAAAGGTG- CGTGGTTGAGGCA (mutated + I base de letion) 
CC2mt reverse TGCCTCAACCACG- CACCTTTACCCT (mu tated + I base de letion) 

MT 
Del 
WT 
Ins 
GC2-MT 

AGCCACCGCACACAGCCTACTTTTATTTCTTTGAAAAATGAATTCGAGGGTAAAGGGGGC 
AGCCACCGCACACAGCCTACTTTTATTTCTTTGAAAAATGAATTCGAGGGTAAAGGGGGC 
AGCCACCGCACACAGCCTACTTTTATTTCTTTGAAAAATGAATTCGAGGGTAAAGGGGGC 
AGCCACCGCACACAGCCTACTTTTATTTCTTTGAAAAATGAATTCGAGGGTAAAGGGGGC 
AGCCACCGCACACAGCCTACTTTTATTTCTTTGAAAAATGAATTCGAGGGTAAAGGTG C 

GC2-Del AGCCACCGCACACAGCCTACTTTTATTTCTTTGAAAAATGAATTCGAGGGTAAAGGTG C 
GC2-Ins AGCCACCGCACACAGCCTACTTTTATTTCTTTGAAAAATGAATTCGAGGGTAAAGSTG C 

******************************************************** * * 

MT GGGGTTGAGGCAGATGCCAGAATCTGTTCGCTTCAACCAAGCAGCCAGGCTGCCTGTCCA 
Del GGGGTTGAGGCAGATGCCAGAATCTGTTCGCTTCAACCAAGCAGCCAGGCTGCCTGTCCA 
WT GGGTTGAGGCAGATGCCAGAATCTGTTCGCTTCAACCAAGCAGCCAGGCTGCCTGTCCA 
Ins GGGGTTGAGGCAGATGCCAGAATCTGTTCGCTTCAACCAAGCAGCCAGGCTGCCTGTCCA 
GC2-MT GTGGTTGAGGCAGATGCCAGAATCTGTTCGCTTCAACCAAGCAGCCAGGCTGCCTGTCCA 
GC2-Del GTGGTTGAGGCAGATGCCAGAATCTGTTCGCTTCAACCAAGCAGCCAGGCTGCCTGTCCA 
GC2-Ins GTGGTTGAGGCAGATGCCAGAATCTGTTCGCTTCAACCAAGCAGCCAGGCTGCCTGTCCA 

* ********************************************************** 

MT GAAAGCCGGCACTCAGTTTCCTCAGGAAAACGAAGCTAAGGCTCCCATTCCCCTCGCTAA 
Del GAAAGCCGGCACTCAGTTTCCTCAGGAAAACGAAGCTAAGGCTCCCATTCCCCTCGCTAA 
WT GAAAGCCGGCACTCAGTTTCCTCAGGAAAACGAAGCTAAGGCTCCCATTCCCCTCGCTAA 
Ins GAAAGCCGGCACTCAGTTTCCTCAGGAAAACGAAGCTAAGGCTCCCATTCCCCTCGCTAA 
GC2-MT GAAAGCCGGCACTCAGTTTCCTCAGGAAAACGAAGCTAAGGCTCCCATTCCCCTCGCTAA 
GC2-Del GAAAGCCGGCACTCAGTTTCCTCAGGAAAACGAAGCTAAGGCTCCCATTCCCCTCGCTAA 
GC2-Ins GAAAGCCGGCACTCAGTTTCCTCAGGAAAACGAAGCTAAGGCTCCCATTCCCCTCGCTAA 

************************************************************ 

MT CAACGTCAGAACAGAGGACAGTTTTTAGATTTCAGGGATCTTAAATAGATTGGCAGTTCC 
Del CAACGTCAGAACAGAGGACAGTTTTTAGATTTCAGGGATCTTAAATAGATTGGCAGTTCC 
WT CAACGTCAGAACAGAGGACAGTTTTTAGATTTCAGGGATCTTAAATAGATTGGCAGTTCC 
Ins CAACGTCAGAACAGAGGACAGTTTTTAGATTTCAGGGATCTTAAATAGATTGGCAGTTCC 
GC2-MT CAACGTCAGAACAGAGGACAGTTTTTAGATTTCAGGGATCTTAAATAGATTGGCAGTTCC 
GC2-Del CAACGTCAGAACAGAGGACAGTTTTTAGATTTCAGGGATCTTAAATAGATTGGCAGTTCC 
GC2-Ins CAACGTCAGAACAGAGGACAGTTTTTAGATTTCAGGGATCTTAAATAGATTGGCAGTTCC 

************************************************************ 

MT TGGAGAATAAACATCCTTTGCTTTTCTCCTGCACACTTTTGCCTCAGGCCACCCCTTCCC 
Del TGGAGAATAAACATCCTTTGCTTTTCTCCTGCACACTTTTGCCTCAGGCCACCCCTTCCC 
WT TGGAGAATAAACATCCTTTGCTTTTCTCCTGCACACTTTTGCCTCAGGCCACCCCTTCCC 
Ins TGGAGAATAAACATCCTTTGCTTTTCTCCTGCACACTTTTGCCTCAGGCCACCCCTTCCC 
GC2-MT TGGAGAATAAACATCCTTTGCTTTTCTCCTGCACACTTTTGCCTCAGGCCACCCCTTCCC 
GC2-Del TGGAGAATAAACATCCTTTGCTTTTCTCCTGCACACTTTTGCCTCAGGCCACCCCTTCCC 
GC2-Ins TGGAGAATAAACATCCTTTGCTTTTCTCCTGCACACTTTTGCCTCAGGCCACCCCTTCCC 

************************************************************ 
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MT GCTTCCAAAGCCCATCTCTTCCAAGCTTTCCGCACGAGAAAACAAGTGAGCCCTTCTCAT 
Del GCTTCCAAAGCCCATCTCTTCCAAGCTTTCCGCACGAGAAAACAAGTGAGCCCTTCTCAT 
WT GCTTCCAAAGCCCATCTCTTCCAAGCTTTCCGCACGAGAAAACAAGTGAGCCCTTCTCAT 
Ins GCTTCCAAAGCCCATCTCTTCCAAGCTTTCCGCACGAGAAAACAAGTGAGCCCTTCTCAT 
GC2-MT GCTTCCAAAGCCCATCTCTTCCAAGCTTTCCGCACGAGAAAACAAGTGAGCCCTTCTCAT 
GC2-Del GCTTCCAAAGCCCATCTCTTCCAAGCTTTCCGCACGAGAAAACAAGTGAGCCCTTCTCAT 
GC2-Ins GCTTCCAAAGCCCATCTCTTCCAAGCTTTCCGCACGAGAAAACAAGTGAGCCCTTCTCAT 

************************************************************ 

MT TGGCCAGATTCCCTGTCAATCTCTCCGCTATGACGCCGAGTGGTGCCTTTTGAAGCCTCT-
Del TGGCCAGATTCCCTGTCAATCTCTCCGCTATGACGCCGAGTGGTGCCTTTTGAAGCCTCT-
WT TGGCCAGATTCCCTGTCAATCTCTCCGCTATGACGCCGAGTGGTGCCTTTTGAAGCCTCT 
Ins TGGCCAGATTCCCTGTCAATCTCTCCGCTATGACGCCGAGTGGTGCCTTTTGAAGCCTCT 
GC2-MT TGGCCAGATTCCCTGTCAATCTCTCCGCTATGACGCCGAGTGGTGCCTTTTGAAGCCTCT-. 
GC2-Del TGGCCAGATTCCCTGTCAATCTCTCCGCTATGACGCCGAGTGGTGCCTTTTGAAGCCTCT 
GC2-Ins TGGCCAGATTCCCTGTCAATCTCTCCGCTATGACGCCGAGTGGTGCCTTTTGAAGCCTCT 

************************************************************ 

MT CTAGTCCCGCCTCCCTAACCTGATTGGTTTATTCAAACAAACCCCGGCCAACTCAGCCGT : 
Del CTAGTCCCGCCTCCCTAACCTGATTGGTTTATTCAAACAAACCCCGGCCAACTCAGCCGT -
WT CTAGTCCCGCCTCCCTAACCTGATTGGTTTATTCAAACAAACCCCGGCCAACTCAGCCGT -~ 
Ins CTAGTCCCGCCTCCCTAACCTGATTGGTTTATTCAAACAAACCCCGGCCAACTCAGCCGT~ 0 

GC2-MT CTAGTCCCGCCTCCCTAACCTGATTGGTTTATTCAAACAAACCCCGGCCAACTCAGCCGT , 
GC2-Del CTAGTCCCGCCTCCCTAACCTGATTGGTTTATTCAAACAAACCCCGGCCAACTCAGCCGT 
GC2-Ins CTAGTCCCGCCTCCCTAACCTGATTGGTTTATTCAAACAAACCCCGGCCAACTCAGCCGT 

MT 
Del 
WT 
Ins 
GC2-MT 

*** *** *** ********** ** ** * ** * * **** * *************************** 

TCATAGGTGGATATAAAAGGCAAGCTACGATTGGTTCTTCTGGACGGAGACGGTGAGAGC 
TCATAGGTGGATATAAAAGGCAAGCTACGATTGGTTCTTCTGGACGGAGACGGTGAGAGC 
TCATAGGTGGATATAAAAGGCAAGCTACGATTGGTTCTTCTGGACGGAGACGGTGAGAGC 
TCATAGGTGGATATAAAAGGCAAGCTACGATTGGTTCTTCTGGACGGAGACGGTGAGAGC 
TCATAGGTGGATATAAAAGGCAAGCTACGATTGGTTCTTCTGGACGGAGACGGTGAGAGC 

GC2-Del TCATAGGTGGATATAAAAGGCAAGCTACGATTGGTTCTTCTGGACGGAGACGGTGAGAGC 
GC2-Ins TCATAGGTGGATATAAAAGGCAAGCTACGATTGGTTCTTCTGGACGGAGACGGTGAGAGC 

MT 
Del 
WT 
Ins 
GC2-MT 

****** * ************************* * *********************** ** * * 

GAGTCAGGGATTGGCTGGCC- - ----TACTTCGGGCGGGCTAAAGGAAGGTTCAAGTGGA 
GAGTCAGGGATTGGCTG TTCGGGCGGGCTAAAGGAAGGTTCAAGTGGA 
GAGTCAGGGATTGGCTGGTC- TGCTTCGGGCGGGCTAAAGGAAGGTTCAAGTGGA 
GAGTCAGGGATTGGCTGGTC -::TAT~CTGCTTCGGGCGGGCTAAAGGAAGGTTCAAGTGGA 
GAGTCAGGGATTGGCTGGCC- -- ---TACTTCGGGCGGGCTAAAGGAAGGTTCAAGTGGA 

GC2-Del GAGTCAGGGATTGGCTG TTCGGGCGGGCTAAAGGAAGGTTCAAGTGGA 
GC2-Ins GAGTCAGGGATTGGCTGGTC ~TAT CTGCTTCGGGCGGGCTAAAGGAAGGTTCAAGTGGA 

MT 
Del 
WT 
Ins 
GC2-MT 

***************** ******************************* 
r - tsp 

GCTCTCCTAACCGACGCGCGTCTGTGGAGAAGCGGCTTGGTCGGGGGTGGTCTCG 
GCTCTCCTAACCGACGCGCGTCTGTGGAGAAGCGGCTTGGTCGGGGGTGGTCTCG 
GCTCTCCTAACCGACGCGCGTCTGTGGAGAAGCGGCTTGGTCGGGGGTGGTCTCG 
GCTCTCCTAACCGACGCGCGTCTGTGGAGAAGCGGCTTGGTCGGGGGTGGTCTCG 
GCTCTCCTAACCGACGCGCGTCTGTGGAGAAGCGGCTTGGTCGGGGGTGGTCTCG 

GC2-Del GCTCTCCTAACCGACGCGCGTCTGTGGAGAAGCGGCTTGGTCGGGGGTGGTCTCG 
GC2-Ins GCTCTCCTAACCGACGCGCGTCTGTGGAGAAGCGGCTTGGTCGGGGGTGGTCTCG 

******************************************************* 
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Appendix 7: Transient Transfection Data Example. 

Max Luc- 13-gal - Normalise Avg Rel. to Rel. 
Construct 13-gal Avg Avg 

luc blank blank dluc Dev WT Dev 
Blank 109 0 0.067 0 

WT 2873 2764 0.719 0.652 4239.26 
WT 3047 2938 0.649 0.582 5048.11 4679 293 .6 100 6.27 
WT 3074 2965 0.691 0.624 4751 .60 
Ins 3308 3199 0.734 0.667 4796.10 
Ins 3104 2995 0.704 0.637 4701 .73 4744 34 .3 101 0.72 

Ins 3230 3121 0.726 0.659 4735.96 

This table is an example of the kind of data acquired from a tran sient transfecti on assay in 

He La cells. with the wi ld type topo Il a promoter reporter construct and the In s construct. 

Luciferase values were normalised by subtractin g the blank luciferase readin g from each 

maximum luc iferase va lue. The ~-gal blan k was subtracted from the ~-gal readin gs. The 

leve l of luminescence was then divided by the ~-ga l to gai n normalised va lues for each 

we ll. The average of th e triplicates was ca lcu lated. as wel l as the average deviation (refer 

to Appendix 8.1 ). The luminescence va lues of each mutant construct. or in this case the 

In s construct. were then divided by the WT lumin escence leve l and multipli ed by I 00. to 

produce the express ion leve l as a percen tage relative to wi Id type. These resu Its we re 

then displayed on a bar graph. The relative average deviation was also calculated for use 

as error bars on graph . Stat ist ical significance was calculated as described in Appendi x 

8.2. 
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Appendix 8: Statistical Formulas. 

8.1 Average deviation. 

The average dev iati on was used to ca lcul ate flu ctuati ons between data sets, illustrating 

the amount of variation between samples from the ca lcutlated mean. 

1 L X - x 
n 

Where n = the number of observations 

X = the indi vidu al obse rvation 

x = the average/mean 

8.2 Students T-test. 

Students T-tests were carri ed ou t using Microsoft Exce l 2002. to verify any signifi cant 

diffe rences between data sets. P-va lues are shown in Tab le 5.1. 

Fo rmula fo r Students T-test: 

I ] + -
n grp2 

n = number of data points within a population 
s2 = is the va iance of a populati on 
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