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Abstract

In mammalian cells. the loss or down-regulation of tumour-suppressor genes and/or the
mutation or overexpression of proto-oncogenes. whose products promote unregulated
proliferation in cells. characterise the process of malignant transformation. This
generates mitogenic signals that promote abnormal cell growth resulting in tumour
progression.  Topoisomerase lla (topo lla) is an enzyme present in elevated
concentrations in highly proliferating cells due to the requirement for untwisting and
unknotting of the DNA which is essential for replication. Because of this requirement. a
number of anti-cancer drugs have been designed with topo lla as their primary target.
The effectiveness of these drugs however is limited by the development of resistance.
One factor linked to drug resistance is the down-regulation of topo Il at the transcription
level. Expression of topo lla appears to be regulated through various transcription

factors with members of the Sp1 family having a major contribution.

Previous work has shown down regulation of topo lla can occur at the level of
transcription. Nucleotide sequencing of the topo lla promoter in drug-resistant cell lines
has not revealed any mutations thus far. Three known proteins and one uncharacterised
protein are capable of interacting with the proximal topo lla promoter region. The
uncharacterised protein may act as a co-activator or a co-repressor depending on the
complement of transcription factors associated with the DNA in this region. Because
drug resistant cell lines showed modulated expression of these transcription factors. it is
important to identify the unknown protein and characterise its role in regulating topo lla

expression.

This research aimed to identify the minimal binding site and DNA elements required for
the uncharacterised protein to bind. as well as introduce mutations into this proximal
region and examine their functional significance. The results of this study could provide
insights into the molecular mechanisms responsible for the development of drug
resistance. contributing to more efficient and effective methods for the treatment of

cancer.



cpm
CTD
DMSO
DNA
dNTP
EDTA
EMSA
FCS

GCl1
GC2
GCG
GFP

G segment
HAT
Hela
HTETOP
ICB

kb

LB

MCS
MDRI
MEM

mt

Abbreviations

Ampicillin

Adenosine triphosphate

[-galactosidase

Base pairs (DNA)

Bovine serum albumin

Cell-cycle dependent element

counts per minute

C-terminal domain

Dimethyl sulfoxide

deoxyribose nucleic acid

deoxynucleoside triphosphate (dATP. dTTP. dGTP.dCTP)
Ethvlene diamine tetra-acetic acid
Electrophoretic mobility shift assay

Fetal calf serum

GGGCGGG box

GGGGCGGGG box

Genetics computer group

Green fluorescent protein

Gated segment (DNA)

Histone acetyl transferases

Human cervical carcinoma cells (Helen Lane)
Human fibrosarcoma cell line HT180. tT A-expressing topo lla
Inverted CCAAT box

kilobases

Luria Bertani bacteriological media

Multiple cloning site

Multidrug resistance gene

Eagle’s minimal essential media

mutated/mutant



NES nuclear export signal

NLS nuclear localisation signal

NF-Y nuclear factor Y

ONPG o-Nitrophenyl B-D-Galacto-pyranoside
PAGE Polvacrylimide gel electrophoresis

ps3 Tumour suppressor protein

PBS Phosphate buffered saline

PBSE Phosphate buffered saline plus EDTA
PCR Polymerase chain reaction

pGL3B pGL3 Basic vector

PIC preinitiation complex

RNase Ribonuclease

RT Room temperature

Spl Specificty protein |

Sp3 Specificity protein 3

STET Sucrose. Tris. EDTA and triton-X buffer
SV40 Simian virus 40

T segment Transport segment (DNA)

TAE Tris acetate EDTA buffer

TAFs TBP associated factors

TATA TATA box: conserved A/T rich septameter transcriptional sequence
TBE Tris borate EDTA

TBP TATA binding protein

TE Tris-EDTA buffer

TEMED N.NN N -Tetramethylethylenediamine
TEN Tris-EDTA buffer with sodium

TIFs Transcription initiation factors

TFIID Transcription initiation factor complex: TBP and TAFs
TF Transcription factor

uv Ultra-violet light

wt wild type



List of Figures

Page Number

Figure 1.1: Model of topoisomerase [l QCiVILY. cooiiieiieiieie i ee e

o B o))

Figure 1.2: Topoisomerase 11 poiSOn aCUON. ....oiviiieiiinciiieicieieec st
Figure 1.3: Schematic representation of the topoisomerase llu promoter region............ 13
Figure 1.4: Schematic representation of ICB1. GC| and putative transcription factors. 22
Figure 1.5: Models of transcriptional regulation of topoisomerase Ildt. .....cc.cccvecieeenn. 25
Figure 3.1: Schematic representation of electrophoretic mobility shift assays. .............. 47
Figure 3.2: Schematic representation of the uncharacterised protein binding probes. .... 49
Figure 3.3: Schematic representation of uncharacterised protein recruitment probes..... 50
Figure 3.4: Gel purification X-ray film of **P labelled binding probes for EMSAs........ 51

Figure 3.5: Gel purification X-ray film of P labelled recruitment probes. .................... 52

Figure 3.6: Double element COMPELitor @SSAY. ..vovvviieieiverreereie e sesneeseersseesssesseeseseens 90
Figure 3.7: Single element COMPELILOT @SSAY . ocieviriirieiieriiiaienniessiesessieesessessesssesesrsesasss DO

Figure 3.8: EMSA of the uncharacterised protein DNA binding probes.......cccocevvireernn. 60
Figure 3.9: PSL profiles of proteins binding respective DNA probes in EMSAs. .......... 6]
Figure 3.10: Antibody supershift with uncharacterised protein binding probes. ............. 64
Figure 3.11: EMSA of the uncharacterised protein recruitment probes.........cccccovcveveeee. 66
Figure 3.12: Antibody supershift of uncharacterised protein recruitment probes............ 68
Figure 3.13: Antibody supershift of uncharacterised protein recruitment probes............ 69
Figure 4.1: Schematic representation of PCR mutagenesis......coiecncnivininisiivncaenns 13
Figure 4.2: First PCR mutagenesis samples and subsequent quantification gel. ............. 76
Figure 4.3: Second PCR mutagenesis samples and subsequent quantification gel.......... 79
Figure 4.4: Haelll Qlagnostic iest. ... .ommsimmmsimmmsmssismsisssassimssisssimsisiss O
Figure 4.5: Kpnl and Ncol restriction endonuclease digests and quantification gel........ 82

-

Figure 4.6: Schematic representation of ligation Srate@y. .....oocevvveeiineiicinesicnniciaene 83

Figure 4.7; Plasmid dentity serect WithuSgek «suumnssmmnsimmonsmmisisrsssanis OO
Figure 4.8: Chromatograms of the new topo lla promoter mutants. ..........ccccceecreierneneen. 89

Figure 4.9: Chromatograms of the double GC2 and ICB1-GC1 centre mutants. ............ 91
Figure 5.1: Schematic representation of a transient transfection. ........occocvcvevnvcriiicinnen. 94

Figure 5.2: ONPG is hydrolysed by B-galactosidase. ..........cccoveviiniriiiinnncneceneiesiernenens 94

Vi



wh

Figure 5.3: Liciferase assady reaction equation: viswmsssimsinnaismiiimiidamasie
Figure 5.4: Equation used to normalise transient transfection data. ..o 96
Figure 5.5: The influence of cell confluence and harvest times on luciferase activity.... 99

Figure 5.6: Transient transfection titrations of control and reporter DNA construct

Figure 5.7: Transfection control for the effect of the B-gal vector on the activity of

Figure 5.8: Control to test effects of different B-gal vectors on luciferase activity from
ATRTENT PIOMOLETS. ceoiieiieeieeiieeeiieiieiae et sreersere s e seeesseeseesseseesssesssssesaessnessnssnenens | 04

Figure 6.1: Summary of EMSA results with uncharacterised protein binding probes. . 109

Figure 6.2: Summary of EMSA results with uncharacterised protein recruitment probes.
s 1

Figure 6.3: Schematic representation of future DNA probes. .......ccocovvvvvrcicincavnn. 116

vii



List of Tables

Page Number

Table 3.1: Scintillation counts of "'P radioactivity inCOrporation. .........c.oceeereeesereeeeenenss

h

3
Table 4.1: Ligation reactions and transformation resultS.........cocevvciiiieccrncnsieciccenene. 84
Table 5.1: Students t-test p-value descripltions. .....c..vveveveciinieniniieiee s eseseessasrees 91
Table 5.2: Significant differences from Figure 5.5. .o oiiiiiiiiiiinie e 99
Table 5.3: Significant differences from Figure 5.6. ..cc.cocoovniiniiciiccincceecnvienceees 100

Table 5.4: Significant differences from Figure 5.8. ..o, 104

viii



Table of Contents

Page Number
ACKDOWICUETBNIS cimismmsuvmmismisssmssiimssiin S m———— sxeu
PRBIBERIEE o cnsnmmun i s o e Koo AN RS S SRR AR IR SR e iii
Abbre"iatio“s """ .tt".."0"00000'0‘00.0"0.00...00".'.0!Q'4...'O".0.4'..."CO‘OOO...00.00...OOOOOOOOOOOOCOODi‘?

List Of Figu resC.-......0...0..00’.0.“.00...000..0040......0‘0‘....0...‘0.4.0.’....0‘0‘....0.’-...l"..ll..--.l.--vi
LT O LR DI0E st it s it e S e s S AR S S s viii
TRble OF COMtEHES unnnimasinmsnsssvinssimis i o ss i iaes s ix

Lhapter Lintraduetibilcmecassanscranmosemerssnsssonmmes SOTR— PRSP

L1 CHICOE  svsissossiomnsins s iisssimsne s os s avA s A oo s v NS B RS U AT SRS SVRSEResiT AR 1
1:2 TOPOBOMErASES: sinsuncaimaiaimmianiaabs s raaaee 2

1:2.1 Topotsomerase Hoawid P...ocuvnnsinimvicanaimnsiissssssissisisininis O
1.3 Anti-cancer Drugs & Topoisomerase L1@. .........iiiiviiirinssnncsnecsnesens 7
1.4 Development of ReSISUANCR . cuvssnsvasmsiisesmaississssssssmsnisssamsio 8

1.5 EnkGiryotic TEaBSCRIPIon. .cwaunismnsinsasnnassammisasissassisssss 10

1:6 Topoisomerase I1a Transcriplion. .ovvisenarmnaiasnnmsmssai 12
161 CCAAT EIRMENIS, sivssvisswiasivississmssasasssisamisspwismmmsasanssse 14
Li6.4 SpeollIeity DRORH L csesssonvussommssscssinwmsmssimissmine i srssnisnievssin il
6.5 SPECTIICIY PROICIR 3. wisusvsisvsiswivsiassvssiicns: iriristensas st s sssasssiveiiss 20
1.0:6 Proteln IRICraclions. .ciicaasaeiinsirisiosismmismssipimuensneiiimsisiimssmsns 20
L:6. 7 The Uncharaclerised PLOIBIR. «.wesrmmmononsmmanmonsmrossmmsomamvsssssssusssss 20

1.7 RESEATCN AIMNS cciiiscasnisinniimsiamimiissssnbssmsisissismsisaiiaissamsaissvss .26



Chapter 2: Materials and Methoos, oo:uismmnirinmsismesasisossassmsississiin 27

T L g L | 27

2.2 DNA modification, purification and binding assays. .......ccceceevuerunees 29
2.2, 1 OlPontclellfesivivinnminiiisisininisismsveisstiisiosnsesmiisiisisminiine 29
2.2.2 Electrophoretic Mobility Shift ASSAYS. ..wsisisissismismssssssisiissnsssassssssasissss 29

i) Radioactively Labelling Oligonucleotide Probes...............cccocovevveciiieiceninnn. 29
i) Purification of Radioactively Labelled Oligonucleotides................................... 30
TiE) SetntIHATION COWNTIRG ..civivsivimniissmmas i ionsvasi i i s He S s 30
iv) Double-stranded Competitor Oligonucleotides.....................c.cccoovvcviiiiniininnn. 31
v) Electrophoretic Mobility SRift ASSAVS. .....ccoovveviieiiiieeiiiiee e 31
vi) EMSA Photo Stimulated Luminescence Quantification Profiles........................ 32
2.2.3 Aparose Gel BleCiropRoPesiS. caimiviivsinsvmrisicosonsiorsscvessrsssssseissinsiss b
2.2.4 Purification of DNA Fragments by Freeze-squeeze. .. vcnniecscrivicenne 33
2.2.5 Ethanol Preciplltion issoisiissmmsissamiiisiiss i s aasrasi s aess
2.2.6 Polymerase Chain REACHON ........coveevuecuieriiisiisicsiiisisisisissssiessssssssssssssssssasssssesss 99
2o 7 PCR-MUIAGCHESIS, ciivivsiinasiniamssissmssnissssscisivisinnsisimsisissiverssssssisivonisasmaxsonns S
2. 2.8 PCR PRITIICAIION: s cnsvsissnisvimmissmsinassoama s s senasissssass sy asasisauns s iouinias s asny o0
2:2.9 DINA OBoatiIICH oM. i siinmi i i i s s s s

th 'h

Y]
N

(i) Gel Electrophoresis DNA Quantification
(ii) Spectrophotometric DNA QUantification. .................cccovciveiincsinnsceiviinsnns 35
2,210 DNA SGUBHCIID cianismmaiiicssinasseis s iaaisiisisiaisiniiie SO
2:2. 1T Analysis of DINA SEquUeHCes. iviniviwnivissmmissiisimsiisisinasinsisivas S0
2.2.12 Restriction ERdORUCIEASE DIGESIS ....nunennneeeeerseereeeresiriessineesassssssssasssssassassss 30
2.2.13 NuSeive Gel ElectropRoresiSicausssnasisunssmsisomssssssssisssssssososnsssoosnsssssa: B 1
2.2.14 Thermosensitive Alkaline Phosphatase Treatment of Vectors..........uneee 37
2.3 Transformation of E.coli XL-1 blue cells.......cccccceciirursnnsniicsnrirennes 38
2.3.1 Transformation of Escherichia coli (E.coli) XL-1 cells.....uuiiirnrrncsinirnane. 38
2.3, 2 Plasmiid ISOIOION, cusumenssesssnsvassmssssmssinsssiomosaisssosissmassmssssssmssossssssusassssonss 39
(i) Rapid Boil Plasmid PreDarations, s st 39



(ii) Small Scale Plasmid Preparations. .................cccccviioeiiiinaiincineniesiiiiesies 39
(iti) Large-scale Plasmid Preparalions. ... ..wsaasansisisnisisissiseiimeiissii 40

2.3.3 Glycerol Stocks of Transformed XL-1 blue cells. ............eevvcnnivncniecrinaninnns 40
2.4 Tissue Culture. .. suwanamnminssimmisesissssssssemsssiidl
2.4.1 HeLa Cell Medi. .....iiiiiininnniinisinssissasssssssssssssssssssssssssssssssssssssessssssssssasssass 41
2.4.2 Beginning HeLa Cell CUltures. .. siosmssocisnssissmisinissssesisssssssasissssnsis 41
24.3 Maintaining HeLa Cell CUIUTES. iviiwisasssiimsissmsisssassississisensnossansssssanisisssasic B 1
2.4.4 Preparing HeLa Cells for Freeging.....iiviiiionsisiisiisnsiisssssisicassissivorsissns 2
2.4.5 Preparation of HeLa Cell EXIFUCES....uuuureeviseeieesiessieresnssssssisssssssssssssssssssssens 32
2.4.6 Bradford Protein ASSQY. ....ssissvossssssssisisosismnssassssisssosissnsssassssmssasasssianunssess B
2.5 Transient TranSTECHONS cinriomimmsasnsisimsisisssissinopisiimsemisssanis ER
2.5.1 Transient TranSfectionS.uiuinwininiviisssnsinsivissiimissinssvnsssisssisie 34
2.5.2 Harvesting HeLa Cell Extracts for Luciferase and [-galactosidase Assays.. 44

2.5.3 [-galactoSidase ASSAYS. cuweinicsinriisieisiisisissnsssssssissssssssssssssssssssssssssssssssassssssnes 44

&
n

2.5 4 Lutiferase ASSays: cusssssasissasss

h

246 GNVID approval COAES cisusmonsmmmmisissrssmsiss s s 4

Chapter 3: Protein Binding Assays of the ICB1-GC1 Region from
Topoisomerase lla.......... e e 11

3l IO EION . crnmmsomssmmnarsossssss s s s s s E e A SR SR EI SRR NS 46
3.2 DNA-protein binding assays of the ICB1-GC1 region. .......cccceeuuue. 48
3.2.1 Producing the Pp radioactively Labelled Oligonucleotide Probes................ 51
3.2.2 HelLa Cell Extract Preparalion. ceisiswaissamsissisassssnsisssisossisoanisn S
3.2, 3 Compellior ASSAPS: ciuiivinnniisismavissmasninissismsisisiaas i O
(i) Double Element COMPEIIOFS. .............c..ocoooeiieiiiieeeeeeeieeie e 54
(ii) Single Element COMPELIOES. .............ccoociveeiiiiiiiiiiniiiseieeiiseseseseeieeee e eieseee s 57
3.2.4 EMSAs of the Uncharacterised Protein Binding Set of Oligonucleotide
3.2.5 Antibody Supershift Assay of the Uncharacterised Protein Binding Probes. 62

3.2.6 EMSAs of the Uncharacterised Protein Recruitment Set of Oligonucleotide

Xi



3.2.7 Antibody Supershift Assay of the Uncharacterised Protein Recruitment

3-3 Chapter Summa r}ro 000aououa.-nonouooou00000000oocooo.oo00oonot“aooo“oooooonootuoo.tuoot70

Chapter 4: Generation of Mutant Topoisomerase Ila Promoter
LI OMBENEIRIR. et e e TS S oy e B R e S ses W -

4.1 IErOdCHON: susrimaiimssinisras s G v s 72

4.2 Generation of the ICBI-GC1 Centre Region Mutant Constructs. 73
4.2.1 PCR - MUtagenesis. . avisumsivamiinsinsssnssisisivisiisnsassnaisimmie 19
4.2.2 Diagnostic Restriction Endonuclease Digests. .......urerreresrieseevereeersosssorsens 17
4.2.3 Restriction Endonuclease Digests. ... inincrinsessiersssasesssassssssssssssssssssssssssans 31
A DI L IOTTTITIS: coveersness coovtrevomsssmnssmmes s sose4is s oo s asams e asmimmisesessiemesiesmsprmsimsaom 9

4.2.5 Transformation of E.coli XL-1 Blue Cells with Ligation Reactions. ............. 84

]

4.2.6 Identifying Plasmids SeqUENICES. ........couvsisorssansissssssiassisansssassssssssssssassssassasssnss &

(i) Plasmid Identity Screen with Diagnostic Restriction Endonuclease Digest...... 85

(ii) Plasmid Sequence Identity ANGIVSIS. ..o, 87
4.3 Combining the GC2 Mutation with the ICB1-GC1 Centre Region

Mutations. ......ccoeeveene T iR sraavinaa90

4.4 Chapter SUMMATY. ciieininissoissessssssssmmssssssssssssssssssssssssss )

Chapter'd Transienit TeanSTeCTIONS: . ciavsnaonssssssomsissomsoaississisoitsasinises 92
Do) ISR OOICIDI, cossssonsmncomminvinmssssmmasnensss RO R—— RIRPRPR. . )1
3.2 Transient Translections. i asmsassmsosmsisamvmiisevivessiiss 93

5.2.1 f-galactoSidase ASSAYS. .uuuvicersesssssissisisissnsssssissssssssisisssesssssssssssssssssassssssnssss 994

5:2.2 LULLIOTUSE ASSHYS: sisiinisssisussivssessssssssverivminussiassasssasissniserinssossonasvsirsasssssvesiasnivines 3

h

3:2:3 Data ANGIPSES. viviviivinpsssiviimsmnnaimisararaniaisissiasssiinciasin 9

th

5.3 HeLa Cell TransfeCtions. .o iiiierniecsssssissesssssssssssssssssssess E— 97
St CONIOIS i i e 97

xii



5.3.2 Trouble:SROOTIRG: . wivvanvnsiowmmimiasimmsmsesinsisissmsnieissaavviviiie BOL

5.4 Chapter SUMMATY. coccvieeciiiiinsinininnnessneenineesnsmesmmssssssssssessssssses | 03

Chapter 6: Discussion and Future Research........ccccovcevvvieviiiciiccnnnennnee.. 106
B0 T RN APASHRARRSREG—GC——— | | .
6.2 Summiry of ReSUMS. uiuunsinisnumsnsniminismssnsnesmmsissuasan LT

6.2.1 Results of DNA Binting ASSAYS..o.oemsossmussissmanmuasossasssnassasssnansuassnsssinasonnsss A0 7
6.2.2 Protein Interaolions. uisuisissaiisisinssisssissssnsasaissisiise 711

6.2.3 Funclional ASSAYS.ciiiisnsiosinuvsiiaiamioisimisaasimsawiasasminsansins 113
6.3 FUuture ReSeArChH. .cuuciiiiiiiiiiiiiiiiiiicneisciesesssssssssnssssssssssssssssesssssssssassess | 14

6.3.1 Protein-DINA Binding ASSQYS. cossnssnsessssmasassonssorsossnssnssssnssonsorssnorssssassosansnss. 114
0:3.2 FInclionalASSAYS: cieamosssnmmssesmssssissssessisiarsssamasssssesssnssipsessssasonssassass: 119

6:3.3 Protein PUHTTIICAION. «civiusssissiisiisisiissisisisismiiainssssssviiss 11T

0.4 CONCIUSION....cieeeeicerniretreeaersessarasesressessosesssssessssssessassrsssasssssssasssssssasasse | 1 7

RETREONCES iiviviirmmnsnnnninisssmisimsinmmsnaariniminmaimnsmmnsanesanananl 18

ADPPRHAICES scnsnurarsirrsasiws i s i e s s L 2

Appendix 1: Oligonucleotide SeqUENCes. .....ovvevvirercesinsccenrsnssessssssssnnnene. 1 33

1.1 Topoisomerase lla Oligonucleotide Sequences used in EMSAS. ......uvieenne. 133
1.2 Topoisomerase Ila Competitor Oligonucleotide Sequences used in EMSAs. 134
Appenadix Z: P rotehn ASSAYS «auwismmsnssismsan st 1 D
2.1 HelLa Extract Protein QUantificQtion ASSAYS. c...cvsisisisississseissssossassinissssiss 135

Appendix 3: Vector Maps....eiimimismsssssssssssesesss | 30

Tl pGLI-BaSIE VRBIDT ssssssnoncivssvssinisasinsansiswimmsoisssesssmaciimsensasssssissssnss 100

3.2 pCMYV Sport-Potl VeCIor ..cunainnmimsisiisssnissnsaninsasiis 100

Appendix 4: Primer SEqUences. i sinssissssssssssissssssssssscssasssissssssiviasd S 1

xiii



Appendix 5: Sacl Diagnostic DIZests. ccuiwinmiissnsissiisisisnsissmivasiss 138
Appendix 6: Alignment of SEGUENCES. suicsneississsnisnsssssesnsossssssiniss 139
Appendix 7: Transient Transfection Data Example. ........coeveneenninnnnenne. 141

Appendix 8: Statistical Formulas: casonnnuuiaumimsasvaimmassisss 142

8.1 Average deVIGlion. .iuivicviawisiiswisiadsisisismesiisnsimsiavonisissnmississsmmssiss 1O

8.2 STHUACHIS T-10S crirrrreeeeeerrrreeresrrssssssesessssmsssssssssssssssssnsssnssssssssnssssssssssansnssnssssssssssns |42

X1V





