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Abstract

Topoisomerase Il is a ubiquitously expressed enzyme, which is required for cell survival. It
has the ability to alter the topological states of DNA by introducing transient double-stranded
breaks in DNA. Humans have two topoisomerase II isoforms, o and B, and both are
differentially expressed and localized. Tissues with rapidly proliferating cells exhibit
elevated topoisomerase Il gene expression whereas the 3 isoform is ubiquitously expressed

amongst tissues.

In addition to a role in cell survival, a number of anti-cancer drugs have been shown to target
human topoisomerase Il in vivo. However, the development of drug resistance is a major
clinical problem; for example, approximately 60% of breast cancers treated with the
topoisomerase Il poison doxorubicin become resistant to this drug. Down-regulation of
topoisomerase Il is thought to be one of the factors involved in the development of drug
resistance, where the relative levels of topoisomerase [l and topoisomerase IIf3 in cells is

thought to effect drug efficacy.

The expression of topoisomerase Ila and 3 is regulated at the transcriptional level, through
binding of transcription factors to specific elements within the promoter sequence. Therefore
investigating the transcriptional regulation of both isoforms could lead to an understanding of
the mechanisms involved in the development of drug resistance. The initial aim of this study
was to isolate a fragment of the upstream regulatory sequence of the topoisomerase 113 gene
and carry out systematic analysis of this sequence. However, this could not be pursued, as

the clones that were examined did not contain the required topoisomerase IIf3 sequence.

This study progressed to examine the relevance of three elements (GC1, ICB1 and GC2)
within the topoisomerase [la minimal promoter and the importance of the cognate
transcription factors NF-Y, Spl and Sp3 in regulating the expression of the topoisomerase
Il gene. Electrophoretic mobility shift assays and transient transfection assays were used to
study protein/DNA interactions and the functional significance of these interactions,
respectively. Both NF-Y and Spl were shown to activate the transcriptional regulation of
topoisomerase Ila by binding to their respective elements; in addition functional interactions

between the two proteins bound to the promoter was observed.
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Chapter 1: Introduction.

1.1 Overview.

DNA topoisomerases are essential nuclear enzymes that can adjust the topological states of
DNA by introducing transient double-stranded breaks into the DNA helix. Topoisomerases
are classified according to their mechanism of action as either type I or type II. Human type
I topoisomerase II has two isoforms a and 3, where both enzymes appear to share the same
catalytic function. However, both Human topoisomerase Il isoforms are differentially
regulated and localized (Chung ef al, 1989; Zandvliet er al, 1996); topoisomerase lla is cell-
cycle regulated and mainly nuclear (Grue et al, 1998), whereas topoisomerase IIf3 is not cell-

cycle regulated and predominantly nucleolar (Cowell et al, 1998).

A number of anti-cancer drugs have been shown to target human topoisomerase Il in vivo.
The drugs act by interfering with the normal action of topoisomerase II, either as
topoisomerase Il poisons or topoisomerase II inhibitors. Topoisomerase Il catalytic inhibitors
generally engender DNA topological problems causing cell death, whereas topoisomerase 1
poisons generate an accumulation of double-stranded breaks causing cell death. The
development of drug resistance is a major clinical problem; for example, approximately 60%
of breast cancers treated with the topoisomerase Il poison doxorubicin become resistant to
this drug. Both topoisomerase Ilo and topoisomerase I3 have been shown to be targets for
chemotherapeutic agents and changes in expression have been correlated with drug

sensitivity.

Several studies have revealed that resistant cell lines and tumors have decreased levels of
topoisomerase llo and topoisomerase 113 (Son ef al, 1998; Dingemans er al, 1998; Lage et
al, 2000). Thus, the down-regulation of topoisomerase II is thought to be one of the factors
involved in the development of drug resistance. Other cellular events implicated in the
development of drug-resistance are; mutations in the catalytic region of the protein
(Dingemans et al, 1998; Robert and Larsen, 1998), phosphorylation status of the enzyme
(Burden and Sullivan, 1994) and topoisomerase II RNA stability (Goswami et al, 1996).
Interestingly, the ratios of topoisomerase Ila and B present in tumors have been suggested to
effect drug efficacy (Padget er al, 2000, reviewed in Isaacs et al, 1995). To date, the relative

contributions of each topoisomerase isoform to drug resistance is not fully understood.



The topoisomerase Ila promoter has been partially characterized in a number of DNA-
binding and functional studies (Hochhauser et al, 1992; Isaacs et al, 1996a, reviewed in
Isaacs et al, 1998; Bakshi er al, 2001) but in comparison little is known about the
topoisomerase IIB promoter, therefore investigating this area is of particular interest. This
thesis focuses on the transcriptional regulation of human topoisomerase Il and
topoisomerase 113 as a means of understanding the mechanisms involved in down-regulation

associated with drug resistance.

1.2 Topoisomerases.

Topoisomerases have a general role in relaxing DNA, which entails correcting normal
topological problems that are generated during DNA replication, transcription, recombination
and chromatin remodeling. They act by introducing transient breaks in the sugar-phosphate
backbone of DNA to enable the passage of an intact DNA strand through the break (refer to
figure 1.1). DNA cleavage by all topoisomerases is accompanied by the formation of a
transient phosphate ester bond between a tyrosine residue in the protein and one of the ends
of the broken DNA strand (reviewed in Capranico and Binaschi, 1998). DNA topology is
altered whilst the covalent intermediate remains and the topoisomerase enzyme is released as
the DNA is religated (Champoux, 2001). Topoisomerases have channels or cavities within
their structures to accommodate DNA binding and enable specific catalytic activity

(Orphanides and Maxwell, 1994).

Eukaryotes have three types of topoisomerase: I, Il and IIl. Topoisomerase | was the first
topoisomerase discovered and it can catalyze the removal of both positive and negative
supercoils within DNA by introducing a transient single-stranded DNA break.
Topoisomerase | mitigates torsional strain by relieving one supercoil during each catalytic
cycle and is independent of ATP (reviewed in Nitiss, 1998). Human topoisomerase Il was
only recently discovered and has two isoforms, o and . Topoisomerase III is thought to
partially relax negatively supercoiled DNA in an ATP-dependent manner during replication
(Nitiss, 1998) with a strong preference for single-stranded DNA (Kim er al, 1998).
Topoisomerase Il is the only topoisomerase that is essential for cell viability. It can relax
negative and positive supercoils by making transient double-stranded breaks in DNA at a
precise site and religating the nicked strand after the conformational alteration (refer to figure
1.1). It is thought that the process of chromosome condensation and segregation during

mitosis and meiosis requires the activity of topoisomerase II, whereas other topological DNA
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modifications, such as DNA relaxation can be performed by topoisomerase I (Marsh ef al,
1997). Topoisomerase Il may also have a role in maintaining the structural integrity of

chromosomes as a scaffold protein (Kimura ef al/, 1996 and references within).

Mammals have two topoisomerase II isoforms; lla and 1If encoded by separate genes on
different chromosomes (Tan er al, 1992; Isaacs et al, 1998). Topoisomerase Il o and B
display strong amino acid sequence identity and are functionally closely related, however
they are regulated differently (Austin er al, 1993). Topoisomerase Ila is expressed in a cell-
cycle dependent manner and is found predominantly in highly proliferating cells (Woessner
et al, 1990), whereas topoisomerase II} expression remains constant throughout the cell-

cycle (Austin et al, 1995).

Three functional domains have been recognized within type Il topoisomerase enzymes: the
ATP-binding domain located near the N-terminus, a central catalytic core domain, followed
by the C-terminal domain. The central catalytic core is composed of two constituents, one
that is required for the dimerization of topoisomerase Il and the other required for DNA
binding, cleavage and religation. The DNA cleavage and religation domain encompasses a
putative active tyrosine residue involved in DNA break stabilization in addition to amino
acid motif(s) that have been implicated in the binding of drugs to the cleavable complex
(Lang et el, 1998). The binding of ATP to one of the ATP-binding domains has been
suggested to orchestrate a conformational change within the enzyme that leads to binding of
a second ATP molecule to the other ATP-binding domain (Champoux, 2001). Hydrolysis of
these ATPs leads to the presumptive release of ADP instigating the enzyme to be arranged
back into its original conformation, where upon DNA capture can reoccur (refer to figure
1.1). The C-terminal end of topoisomerase Il contains the largest amino acid sequence
divergence between the two isoforms (Austin et al, 1995; Cowell et al, 1998) and this region
is thought to be responsible for distribution and targeting of the protein within cells (Adachi
et al, 1997). Both isoforms can be phosphorylated, and it has been demonstrated that
phosphorylation of the C-terminal domain of topoisomerase IIf could be involved in

controlling protein localization (Cowell et al, 1998).
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Figure 1.1: Schematic representation of the catalvtic cycle of topoisomerase 11.
B) The topoisomerase 11 homodimer (blue. red. orange and vellow subunits 1)
binds to a region of double-stranded DNA called the gated (G) segment (green). C)
ATP binds and dimenization of the ATPase domains (1) occurs, which traps the
transfer (T) segment (purple). D) A seccond ATP molecule binds and a double-
stranded break is introduced within the G segment. E) Passage of the T scgment
through the G segment and the DNA break is religated. F) The T segment is released
from the enzyme. The G segment can be released (A). or retaned (B) if further
conformational changes are required. A) ATP hydrolysis with release of ADP is
required to reset the enzyme to an open conformation (Figure created from sources:

Baird et al. 1999: Champoux, 2001).



1.3 Anti-cancer drug action and the development of resistance.

Anti-cancer drugs that target topoisomerase Il generally fall into one of the following two
classes: catalytic inhibitors and topoisomerase II poisons. Anti-cancer drugs generally act by
stimulating cell death brought about by an accumulation of DNA damage. The drugs
themselves do not damage the DNA, but the presence of topoisomerase Il-targeting drugs in
cells has the ability to convert normal topoisomerase Il to a cellular toxin by inhibiting
normal topoisomerase Il enzyme action (reviewed in Robert and Larsen, 1998). The
topoisomerase Il poisons have been associated with down-regulation of topoisomerase Il

expression and consequently the development of drug resistance (reviewed in Larsen and
Skladnowski, 1998).

1.3.1 Drugs and topoisomerase II.

Topoisomerase Il poisons such as doxorubicin, amsacrines and anthracyclines act by forming
a ternary complex of DNA, drug and enzyme, thereby halting the enzyme mid-cycle. These
drug-stabilized cleavable complexes (refer to figure 1.2A) are toxic to cells, as normal
cellular processes such as replication and transcription convert them into irreversible double-
stranded breaks (Austin and Marsh, 1998). Stabilization of this complex is thought to be
sufficient to inhibit cell proliferation perhaps by being perceived as a lethal signal, which in
turn triggers cells to enter apoptosis (Walker er al, 1991). Therefore, the cleavable complex
represents a state of intense fragility for the DNA molecule. Drug-induced stabilization of the
cleavable complex is actually reversible if the drug is removed from cells before the cellular

replication and transcription machinery has a chance to act (reviewed in Baguley and

Ferguson, 1998).

The amount of DNA damage accumulated in cells depends on both the amount of drug
available and the amount of topoisomerase Il present. In cellular conditions where high levels
of topoisomerase 11 is found, there is an accumulation of cleavable complexes hence a greater
number of double-strand breaks (refer to figure 1.2B) inducing high cellular toxicity. The
ability of the enzyme to form cleavable complexes as well as the degree of interaction
between drug and topoisomerase Il will also influence cellular sensitivity to the

topoisomerase Il interfering drugs.



Figure 1.2: Schematic representation of topoisomerase 11 poison action.

In general. the magnitude of drug-induced DNA strand break production directly
correlates with the magnitude of drug-induced cytotoxicity. A) Left: Topoisomerase
[l poison (orange) associates with the (green) DNA-enzyme (pink) complex. Right: A
double-stranded break is introduced by topoisomerase 1l and the drug stabilizes the
cleavable complex. B) Cells that contain high levels of topoisomerase I n the
presence of anti-cancer drug will sustain an accumulation of double-stranded breaks
leading to cell death. C) whereas cells that have low levels of topoisomerase Il in the
presence of drug will have lewer breaks (adapted from Shide: Rhone-Poulenc Rorer

Pharmaceuticals. 1999)

Topoisomerase Il inhibitors function by impeding normal topoisomerase Il activity without
stabilizing the cleavable complex and they can act in a number of different ways. Some
inhibitors act by trapping the DNA-enzyme complex in a closed clamp configuration in the
presence of ATP; for example the dioxopiperazines (Roca ef al, 1994). Novobiocin, another
topoisomerase Il inhibitor directly interferes with the ATPase domain of topoisomerase Il
(Reviewed in Isaacs ef al, 1995) and Suramin inhibits topoisomerase Il activity by reducing
enzyme phosphorylation. Generally cell death brought about by the presence of
topoisomerase II inhibitors is accredited to an accumulation of topological problems in cells,
therefore drug efficiency is dependent on its” ability to prevent normal topoisomerase Il

activity.




While it has been shown that amsacrines may preferentially target topoisomerase IIf3
(Dereuddre er al, 1997, Gao et al, 1999), other drugs such as etoposide can target both
isoforms (Willmore et al, 1998). It is possible that both topoisomerase 11 isoforms could vary
in relative drug sensitivities, but current knowledge suggests that most topoisomerase [la
poisons also act as topoisomerase I poisons. However, if isoform-specific drugs were
developed tumors could be targeted according to the specific expression of either isoform
thus increasing efficacy of chemotherapy. Resistance to drugs that target topoisomerase Ila
and B can be developed in malignant cells and this has been shown to occur in vivo and in
vitro (Lang et al, 1998 and references therein). Consequently, a decrease in topoisomerase 11

expression or ability to interact with anti-cancer drugs may be responsible for the resistance

to these drugs.

1.3.2 Decreased topoisomerase Il expression and protein activity.

To date most reported cases of drug resistance have been attributed to a decrease in
topoisomerase Ilo. expression (Robert and Larsen, 1998). However, the a isoform was
identified much earlier than the B isoform, therefore the role of topoisomerase IIp in drug
action should not be excluded. Topoisomerase IIP has been shown to interact with drugs at
the same DNA sequences as the o isoform (Austin and Marsh, 1998). In addition, the B
isoform has been shown to be decreased or even absent in some resistant cell lines, such as
human small lung cancer cells resistant to mitoxantrone (Gao et al, 1999 and references
therein), Chinese hamster lung cells (DC-3F) resistant to 9-OH-ellipticine (Dereuddre et al.
1997) and human leukemia cell line (HL-60) resistant to amsacrine (Herzog et al, 1998).
Consequently, current knowledge suggests that topoisomerase I is targeted by most of the

same drugs that target topoisomerase Ilo.

Many different studies have shown that reduced levels of topoisomerase Ila can be found in
resistant cell lines and tumors (Wang er al, 1997a; Dingemans et al, 1998; Takano et al,
1999). This reduction in topoisomerase lla has been directly correlated with a decrease in
topoisomerase [la mRNA, where the mRNA decrease has been accredited to transcriptional
activity being repressed and not due to the integrity of mRNA being compromised (Kubo er
al, 1995; Asano et al, 1996). Studies utilizing anti-sense RNA fragments (genetic suppressor
elements) have shown that down-regulation of topoisomerase lla expression can generate

drug resistance to etoposide in mammalian cells (reviewed in Isaacs et al, 1998). The



presence of anti-sense RNA fragments inhibits normal topoisomerase Ila mRNA processing,
which in turn brings about a reduction in the production of cellular topoisomerase Ila protein

and consequently generates drug resistance.

Phosphorylation of topoisomerase Ila. enzyme has been shown to inhibit the enzymes
catalytic activity and influence its vulnerability to topoisomerase II-targeting drugs (reviewed
in Isaacs ef al, 1998). It has been suggested that the different phosphorylation states of the o
and B isoforms may affect the enzymes ability to bind to chromosomes, thereby affecting its
activity (Burden and Sullivan, 1994; Kimura er al, 1996). Many phosphorylation sites have
been mapped within the o and B isoforms, with most of the sites residing in the least
conserved C-terminal domain of the enzymes where the presumptive localization signal
resides (Adachi er al, 1997; Cowell er al, 1998). One particular study has demonstrated that
cellular localization of topoisomerase Ila is important, as trafficking of topoisomerase Ila to
the cytoplasm from the nucleus was found to generate resistance to etoposide in human
leukemic cells, without changes in the relative amounts of topoisomerase Il (Valkov er al,

2000). Therefore, it is possible that phosphorylation could regulate nuclear import of the

topoisomerase Il enzymes.

Other studies have shown that topoisomerase Ila down-regulation is due to a number of
factors; such as histone deacetylation (Adachi e al, 2000), methylation of the gene (Tan er
al, 1992), mutations in the enzyme (Dingemans et al, 1998), RNA stability (Goswami ef al,
1996), binding of p53 to the promoter (Sandri er al, 1996) and altered expression of
multidrug resistance gene (Bredel, 2001). In addition, it has been shown that topoisomerase
[l can form heterodimers with topoisomerase 1B in vivo, which has been suggested to occur
as a means of maintaining the o« isoforms catalytic activity, where the proportion of
heterodimers in relation to topoisomerase Ila homodimers is also thought to have a role in

drug sensitivity (Gromova et al, 1998).

It should be noted that the mechanisms for the development of resistance could vary between
cell and cancer type. One such mechanism is that involving the membrane associated
chloride pump P-glycoprotein, which causes drug efflux from the cell due to over-expression
of the multidrug resistance (MDR1) gene (Bredel, 2001) or altered expression of multidrug

resistance-associated protein (MRP). Conversely, some proteins have been found to stimulate



topoisomerase lla activity. Proteins such as CREB, ATF-2 and c-Jun are thought to interact

with the topoisomerase [la. enzyme and increase its ability to decatenate DNA (Bhat er al,

1999 and references within).

1.4 Transcription in Eukaryotes.

The major control point of eukaryotic gene expression occurs at the initiation of
transcription, through a set of general transcription factors that assemble at a core promoter
to form a pre-initiation complex (PIC), which is required for basal transcription. Generally,
the promoter region of a gene consists of common core promoter elements that are
recognized by general transcription initiation factors (TIFs) as well as gene-specific DNA
elements that recruit additional regulatory factors. Interaction between all these components
is orchestrated by protein-protein contacts, which then can enable transcription by RNA
polymerase II (Pol II). The ability of sequence-specific transcriptional activators to associate
with DNA is dependent on a number of factors including DNA organization and
accessibility. The regulatory regions of a promoter vary between different genes allowing the

gene-specific assembly of transcription factors in a combinatorial fashion.

The TATA box is a specific sequence usually situated about 25 base pairs (bp) upstream of
the transcription start site and tends to be surrounded by GC rich sequences. The GC rich
sequences are thought to be a factor that assists the transcription machinery to determine the
mRNA start site. The TATA-binding protein (TBP) recognizes and binds to DNA at the
TATA box followed by recruitment of general TIFs as a multiprotein complex (Hoffmann er
al, 1997). TBP is essential for the recruitment of Pol Il and is thought to orchestrate the
bending of DNA at the TATA box (reviewed in Malik and Roeder, 2000) through its
exclusive contacts with the minor groove of the DNA double helix. This enables Pol II and
general transcription factors to be brought into closer proximity to each other. Other
transcription factors are also required and their recruitment to the complex may facilitate the
movement of Pol Il away from the promoter, or enable access to DNA by having a loosening

affect on the chromatin structure.

Any proteins that are required for the initiation of transcription but are not part of the Pol 1l
complex are known as transcription factors. Transcription factors (termed trans-acting
factors) are either repressors or activators, which act by binding directly to regulatory DNA

element(s) or indirectly through protein-protein interactions. Many transcription factors



recognize upstream DNA-binding elements (termed cis-acting elements) within the gene
promoter region and greatly influence the efficiency and rate of initiation of transcription by
interacting in a precise order to build a complex that associates with the basal transcription

complex and Pol II.

The same general transcription factors associated with TATA box-containing promoters are
required for TATA-less promoters, however other recognition mechanisms are requisite for
PIC formation. The TBP-associated factors (TAFs) are required for basal transcription and
determining promoter specificity. TATA-less promoters can still recruit TBP, as a wide range
of A/T-rich sequences are capable of functioning as TATA boxes. This is consistent with the
knowledge that TBP can recognize DNA primarily through sequences independent of minor
groove contacts (reviewed in Smale, 1997). It is also possible that TBP can interact indirectly
with the DNA by protein-protein interactions (White and Jackson, 1992) in a complex such
as TFIID (a TIF), binding with less affinity but still enabling Pol II to be positioned correctly
at the start site. TFIID is a multiprotein complex that directs PIC assembly and is composed
of TBP and TAFs. As evidence of this, it has been shown that TAFs can interact tightly with
TBP and mediate activation as part of the TFIID complex (Bellorini et al, 1997) and TFIID is
able to interact directly with Pol Il (Hoffmann er al, 1997).

The promoter of both topoisomerase Il and topoisomerase IIf3 are GC rich and neither
contain a TATA box. These characteristics have commonly been found in the promoters of
housekeeping genes (Yoon et al, 1999). Examining the mechanism(s) of transcriptional

regulation will assist in understanding how these genes are regulated.
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1.5 Topoisomerase lla.

Topoisomerase lla is an essential 170 kDa nuclear enzyme encoded by a gene located on
chromosome 17 at 17q21-22 (Tan et al, 1992). Expression of topoisomerase lla is cell-cycle
regulated and influenced by the proliferative status of cells, where topoisomerase Il
expression and activity reaches a maximum during cell division however, topoisomerase 1l
protein levels decrease as the proliferation of cells decrease (Woessner et al, 1990). Highly
proliferating tissues such as lymphoid tissue, basal layers of epithelial and glandular tissues
of colon, lung and testis exhibit increased topoisomerase lla expression (reviewed in Isaacs
et al, 1995). Phosphorylation of topoisomerase Il is also cell-cycle dependent and may serve

to regulate the activity of the topoisomerase Ila enzyme.

The minimal topoisomerase Iloc promoter encompasses a fragment approximately 650 bp
upstream of the ATG translation initiation codon (Hochhauser et al, 1992). Interestingly, it
has been found that a truncated topoisomerase lla promoter (up to —617 bp) exhibits
maximal expression of reporter genes in transient transfection studies. When this activity was
compared to full-length (about 2 kb) topoisomerase Ila promoter activity, the full-length
promoter exhibited decreased activity (Hochhauser ef al, 1992). This suggests that there are
possible upstream negative regulatory elements, which may serve to down-regulate
topoisomerase lla gene activity. Analysis of the —617 topoisomerase Ila sequence has
identified a number of important sequences that have been implicated in transcription of
topoisomerase Ila (refer to figure 1.3). These include five inverted CCAAT boxes (ICB1-5),
two GC rich regions (GC1 and GC2), a consensus sequence for an activating transcription
factor (ATF) binding site, a potential binding site for Myb, a Myc/Max site, an activator
protein-2 (AP2) site and a cell-cycle responsive element CDE/CHR, where the major
transcription site is numbered as +1. ATF binding sites were originally documented for their
role in regulating gene transcription in response to changing cyclic AMP levels (reviewed in
Isaacs et al, 1998). However the ATF binding site is probably not important for
topoisomerase lla regulation in confluence arrested cells, as a deletion of this element has
been shown to have no affect on confluence-regulated topoisomerase Ila transcription
(Isaacs et al, 1996a). The cell-cycle responsive element CDE/CHR located between ICB2
and ICB3 (in an inverted orientation) has been implicated in repressing glutamine-rich
transcription activators. Experiments done using the human cdc25C gene, have demonstrated

that the cell-cycle regulation of this gene is attributed to the presence of an upstream
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CDE/CHR element in conjunction with several upstream regulatory elements; such as
binding sites for transcription factors Spl and NF-Y (Zwicker et al, 1995). The Myb binding
site has not been well studied, however it has been shown that binding of the c-myb proto-
oncogene product (c-Myb) to the Myb binding site can activate the topoisomerase llo
promoter and that this effect is lymphoid and myeloid lineage dependent (Brandt ez al, 1997).
Located at position —21 is the partial consensus Myc/Max site, it is not known if this element
has any influence on topoisomerase Ila expression, but this interaction is thought to work in

conjunction with a second transcription factor, Max.

Transcriptional control of topoisomerase lla is thought to be regulated through binding of
factors to important elements within the topoisomerase llo. promoter. Identifying the
transcription factors that interact with the topoisomerase Ila promoter and examining gene

regulation in response to these transcription factors will be a useful approach to study its

transcriptional regulation. This in turn should provide insights into the molecular
mechanisms involved in the down-regulation of topoisomerase Ila that is associated with

drug resistance.

-562 -535 -385 -259 -226 -175 -108 -68 -51 -21 =12 +1

Figure 1.3: Schematic representation of the 617 topoisomerase lla promoter.
Positions of the putative elements are shown and numbered with respect to the major
transcription start site +1. indicated by the arrow. There are five inverted CCAAT
boxes (blue ICBI-5). 2 GC boxes (red GC1 and 2). as well as sites for Myb (pink).
Mye/Max (green). CDE/CHR (orange). ATF (vellow) and AP2 (purple). (Adapted

from Isaacs er al. 1998).
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1.5.1 CCAAT Elements.

The CCAAT box is a conserved regulatory sequence, which tends to be located upstream of
the transcription start point and is found in many eukaryotic promoters. Among many
upstream elements, the CCAAT box is one of the most common being found in 25% of
eukaryotic promoters in the direct or inverse orientation. Many proteins recognize and bind
to CCAAT boxes, including ICBP90 (inverted CCAAT box binding protein 90), Y-box
binding protein (YB-1), p53 and transcription factor NF-Y (nuclear factor Y). Inverted
CCAAT boxes are thought to be important for basal-level transcription and mutations in the

CCAAT motif have been shown to alter transcription from a variety of promoters (Yoon et
al, 1999).

ICBP90 is a recently identified protein, isolated from Jurkat leukemia cell lines and adult
thymus, has the ability to bind to CCAAT elements. It is present predominantly in tissues
that possess highly proliferating cells, such as adult thymus, fetal thymus, fetal liver and bone
marrow. However, in tumor cells such as HeLa, ICBP90 is present even when the cells are
confluent. ICBP90 appears to have the ability to stimulate the topoisomerase Ila promoter in
COS-1 cells in vitro, where electrophoretic mobility shift assays (EMSA) enabled the
identification of ICB2 as the preferential target (Hopfner et al, 2000; Hopfner et al, 2001).

p53 is a protein that is normally expressed at very low levels, it is one of the most important
regulators of cell-cycle progression in mammals. However, p53 can be induced and activated
in response to DNA damage, where it controls the initiation of cell-cycle arrest and entry into
the apoptotic pathway (Reisman and Loging, 1998). Studies using the minimal promoter of
topoisomerase Ilo. have demonstrated that, p53 has the ability down-regulate topoisomerase
lla expression significantly (Sandri ef al, 1996). Experiments done where all five of the ICBs
were deleted within topoisomerase Ila. promoter demonstrated that any p53-mediated down-
regulation of topoisomerase Ila expression was abolished, suggesting the ICB elements were
required for p53 mediated down-regulation (Wang et al, 1997b). Interestingly, p53 protein
has also been shown to co-precipitate with topoisomerase Il proteins, where it is speculated

to occur a means of controlling p53-mediated apoptosis (Yuwen et al, 1997).

YB-1 may also play a role in topoisomerase Ila expression. YB-1 has been found to

specifically bind to ICB elements and it is thought to be responsible for the activation of the
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MDRI promoter in response to various environmental stimuli such as drugs, etoposide and

teniposide (reviewed in Kubo ef al, 1995).

Many experiments have been done to examine the importance of the ICB elements within the
topoisomerase lla. promoter. Each ICB element appears to have slightly different functional
responsibilities, however still work in a combinatorial fashion to influence topoisomerase Ilo
expression. Studies exploring the relevance of ICB1 in the topoisomerase Iloe promoter have
shown that a mutation in ICB1 can abolish the phenomenon of topoisomerase Ila down-
regulation in resistant cells (Takano er al, 1999), suggesting that the binding of negative
regulators to ICB1 could be one of the factors involved in down-regulation of topoisomerase
Ilae. Other work using a different cell line (NIH3T3) also demonstrated this by showing that
enhanced protein binding to ICB1 induced down-regulation of topoisomerase Ila in serum
starved cells (Falck et al, 1999). Similar conclusions were drawn about ICB1 when Furakawa
et al (1998) subjected T24 human urinary bladder cancer cells to heat shock. Their
experiments showed that the transcriptional activation of the topoisomerase lla gene by heat
shock requires the release of a negative regulatory factor from ICBI1; significantly, the

protein implicated to bind to ICBI in this case was shown not to be transcription factor NF-
b

Isaacs et al (1996a) have shown that topoisomerase Ila is down-regulated in confluence-
arrested cells, and this is thought to be due to a factor that binds to ICB2 (position —109 to —
105). ICB2 was shown to be essential for transcriptional repression in confluence-arrested
cells in transient transfection assays using a combination of deletion and mutational analysis,
whereas other ICB elements of topoisomerase lla were not required to induce this effect
(reviewed in Isaacs ef al, 1998). In addition, deletion of ICB2 resulted in down-regulation of

topoisomerase Ila promoter activity (Takano et al, 1999).

In comparison to the other ICB elements, less work has been done on the relevance of ICB3
ICB4 and ICBS. The first study to implicate ICB3 in the down-regulation of topoisomerase
Il in human leukemic cell lines was carried out by Morgan and Beck (2001). This particular
cell line was of interest because topoisomerase lla expression was up-regulated when drug-

resistant. ICB3 was implicated in contributing to this expression pattern and was shown to be

able to associate with NF-Y.
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Out of each of the ICB elements, ICBS is thought to have the least influence on
topoisomerase lla. expression. Experiments comparing the topoisomerase Ila expression
levels, found that there was no difference in topoisomerase Ila expression between two
constructs (one containing ICB1-4 and the other containing ICBI1-5) in HelLa S3 cells
(Hochhauser et al, 1992). In addition, EMSA studies using topoisomerase Ila ICB elements
found that four of the ICB (1-4) elements were able to compete for binding against each other
indicating these elements have the ability to bind similar proteins. ICBS did not exhibit the
same binding patterns as the other four ICB elements even though it did appear to bind
protein(s) (Herzog ef al, 1997). EMSA studies using topoisomerase Ila ICB elements found
that four of the ICB (1-4) elements were able to compete for binding against each other
indicating these elements have the ability to bind similar proteins. ICB5 did not exhibit the
same binding patterns as the other four ICB elements even though it did appear to bind
protein(s) (Herzog et al, 1997). There was no difference in topoisomerase Ila expression
between two constructs (one containing ICB1-4 and the other containing ICB1-5) in HeLa S3

cells, suggesting ICBS is not important in topoisomerase Ila regulation (Hochhauser et al,
1992).

1.5.2 Nuclear Factor Y (NF-Y).

Generally, a mutation in the CCAAT motif causes a several-fold decrease in transcriptional
activity both in vitro and in vivo (Maity and Crombrugghe, 1998). In a number of promoters
NF-Y has an absolute requirement for the CCAAT pentanucleotide sequence, which can be
recognized in the forward or reverse orientation. Furthermore, NF-Y appears to have a strong
preference for specific flanking sequences (Bi ef al, 1997), making it a bonafide CCAAT
box-identifying transcription factor. CCAAT boxes alone cannot activate transcription and it

has been suggested that NF-Y may encourage other transcription factors to associate with

their targets.

NF-Y has been identified as the CCAAT box activator in over 100 promoters, and is highly
conserved throughout evolution where human; mouse and rat share almost 99% similarity in
amino acid sequences (Sinha er al, 1996). NF-Y, also known as CBF, CP1 or YEBP, is
ubiquitously expressed in all mammalian tissues (Coustry ef al, 2001), however it has been
shown to be present in higher amounts in proliferating cells than in confluent cells (Isaacs er
al, 1996a). In order for NF-Y to bind DNA, all three of its subunits are required (Bi et al,
1997); NF-YA, B and C. NF-YB and C interact tightly with one another, and their
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association is prerequisite to association with NF-YA, which is thought to be stabilized upon
consequent DNA interaction (Laing and Maity, 1998). Significantly. all three subunits of NF-
Y have been shown to contact DNA (Sinha et al, 1996) at three different regions (Bi et al,
1997) and a mutation in one subunit inhibits all contacts on the DNA (Laing and Maity,
1998, Hu and Maity, 2000).

NF-YA domains can be divided into two regions; the N-terminal domain is required for NF-
YB/C association and the C-terminal for DNA binding (reviewed in Mantovani, 1999). NF-Y
has two separate glutamine (Q)-rich activation domains; they are located on NF-YA and NF-
YC and become redundant in the trimer (di Silvio ef al, 1999). When both of the Q-rich
domains of NF-YA and C are deleted a truncated version of NF-Y forms that can still bind
DNA, however it can no longer activate transcription of topoisomerase Ila (Coustry et al,
2001). This indicates these Q-rich domains are important for transcriptional activation. The
Q-rich domains are considered to be crucial in coordinating protein-protein interactions
between transcriptional activators and other components of the transcription machinery, for
example to direct binding of TAFs (Mantovani ef al, 1992). This may be of particular
significance in TATA-less promoters where NF-Y is closer to the transcription start site, and

so could direct the formation of the PIC.

NF-YB/NF-YC dimerize tightly by virtue of their histone fold motifs (HFM), which are 65
amino acid stretches common to all histones. It has been speculated that sequence specificity
of NF-Y stems from the HFMs within its subunits (reviewed in Mantovani, 1999). The HFM
is also shared by some of the TBP-associated TAFs that mediate activation as part of the
TFIID complex (Burley and Roeder, 1997). NF-YB can associate with TFIID in the absence
of NF-YA and it has been proposed that two pools of NF-YB and NF-YC exist, where one
set associates with each other forming NF-YB/NF-YC complexes and the other set associates
with TBP (Bellorini er al, 1997). This provides evidence to suggest that NF-Y may have a
role in transcription initiation. It has been suggested by some that NF-Y may act more as a

general promoter organizer than a powerful activator of transcription (di Silvio er al, 1999).

Histones are required for chromatin formation, where histone association with DNA occurs
in a highly ordered and condensed manner that results in the nucleosome structure. The
binding of transcription factors to promoter sequences is generally inhibitory when DNA is

organized in this manner, and therefore needs to be remodelled to enable access. Coustry et
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al (2001) have shown that NF-Y can disrupt nucleosomal organization. These authors used
cloned linearized topoisomerase Ila promoter DNA (wild type and mutated CCAAT
elements), which was induced to assemble in a regular nucleosomal array. This was then
treated with (and without) NF-Y and digested with Micrococcal nuclease (Mnase). DNA is
coiled in regular arrays of nucleosomes, and individual nucleosomes can be separated by
digestion with Mnase, as Mnase can sever DNA at the junction between nucleosomes, which
is not protected by association with histones. If DNA remained organized around histones the
Mnase digestion patterns would remain in a regular array, however if the nucleosomal array
was disrupted the regular Mnase digestion patterns would be disrupted. The patterns of
digestion indicated that specific binding of NF-Y to the CCAAT elements disrupted the
regular nucleosomal structure over the nucleosomal promoter (refer to figure 1.4) with
increased disruption at the transcription initiation site +1. Nucleosome disruption was less
when only one ICBl was present compared to when four ICBs (1-4) were present,
establishing that multiple CCAAT boxes may be functionally important. In addition, NF-Y
was able to activate transcription from topoisomerase lla completely repressed by addition
of histone H1. These results demonstrate that binding multiple NF-Y complexes generate
greater nucleosome disruption and hence activate transcription. Significantly, NF-Y has been
shown to interact with preformed histones and inhibit the formation of nucleosomes in a
reconstituted nucleosome system (Motta ef al, 1999). Therefore, NF-Y is thought to be able

to disrupt the chromatin organization of promoters by competing for histone binding.

Acetylation of histones in the topoisomerase Ila promoter has also been shown to affect
transcription. Histone acetylation has the ability to weaken histone interactions with DNA,
which results in the loosening of chromatin and consequently enable the access of
transcription factors. A recent study has suggested that NF-Y can also interact with or recruit
histone acetyl transferases (HAT) to the promoter, thereby stimulating histone acetylation
and regulating cell-cycle dependent transcription of the topoisomerase Ilo gene (Adachi et

al, 2000). Deacetylation of histones has the opposite effect of acetylation.
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Figure 1.4: Schematic representation of NF-Y mediated chromatin
disruption of the topoisomerase lla promoter.
Red arrows show the Mnase sensitive regions ol the promoter assembled into
chromatin and bluc depicts the relative ICB elements. This figure illustrates that
multiple NF-Y binding sites can increase the comparative amounts of nucleosome
disruption, A) Four ICB clements present. many Mnase sensitive sites due to NF-Y
mediated nucleosome disruption, B) Onlv ICBI present in the topoisomerase llo
promoter. onlv two cleavage sites therefore less NF-Y mediated nuclecosome

disruption (adapted from Coustry e al. 2001),

The binding of NF-Y to DNA has also been shown to induce distortion of the double helix,
for which the Q-rich domains of NF-YA and C have been implicated (Liberati ef al, 1999).
Actually, NF-Y is thought to be capable of bending DNA at CCAAT sites by 62-82° and
twisting DNA rotationally by 100° (Ronchi et al, 1995), which is reminiscent of the bending
of DNA induced by TBP. Experiments carried out using DNA with two CCAAT boxes
demonstrated the phenomenon of DNA bending, and found that the amplitude of angle
distortion induced by NF-Y is dependent on the distance between CCAAT boxes (Liberati et
al, 1999) and the CCAAT flanking sequences (Ronchi et al, 1995). DNA bending by
transcription factors is thought to contribute significantly to transcriptional regulation, as it
can bring elements closer together. It has been suggested that in the absence of TBP-TATA
interactions at promoters, NF-Y could function as a pivotal factor in connecting upstream

activators with the general transcription machinery, helping Pol Il to focus on the start site
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(Mantovani, 1998). Antibodies against NF-Y were used to demonstrate that NF-Y may not
solely serve to orchestrate transcriptional initiation but is probably required to maintain basal

transcription (Mantovani ef al, 1992).

NF-Y has a strong preference for the —80 and —100 positions in relation to the transcription
start site (Mantovani, 1998), which covers the region enclosing ICBI and 2 of the
topoisomerase Ila. promoter. EMSAs show that NF-Y can bind to three of the proximal ICB
(1-3) elements in topoisomerase lla and that the extent of the NF-Y binding is greater at all
three sites in extracts from proliferating cells than those from growth-arrested cells (Isaacs et
al, 1996a). However, others have shown that NF-Y can interact with ICB1-4 (Coustry ef al,
2001). In some cases, a decrease in NF-Y activity is observed when topoisomerase lla is
down-regulated. In doxorubicin resistant human multiple myeloma RPMI 8226 cells reduced
levels of topoisomerase Ila. mRNA has been attributed to a decrease in NF-Y interacting
with the topoisomerase Il promoter (Wang ef al, 1997a). Consequently, NF-Y can not be
the sole transcription factor involved in down-regulation of topoisomerase Ila, because
confluence-arrested cells exhibit complete repression of topoisomerase Ila expression even
though NF-Y is present (Isaacs ef al, 1996a). In addition, the topoisomerase Ilo. promoter is
not completely repressed in NF-Y depleted nuclear HeLa cell extracts in vitro (Coustry et al,
2001). Thus, other transcription factors must also be important in regulating topoisomerase

llow transcription and these may be cell-type specific.

1.5.3 GC Rich Regions.

The CCAAT box is invariably flanked by at least one functionally important promoter
element, such as the GC boxes in the case of human topoisomerase Ila. GC boxes are the
second most frequent element in promoters and tend to be present in multiple copies, where
each GC box is proposed to have different functions. One such example are the GC boxes
present in the human transcobalamin Il promoter. This promoter has a proximal and distal
GC box similar to the topoisomerase [lo. promoter, where the proximal GC box of the human

transcobalamin Il promoter appears to be negative acting and the distal GC box positive
acting (Li er al, 1998).

Human topoisomerase Ilo. promoter has two GC boxes; GC1 is contained in the defined

minimal human topoisomerase Ila. promoter whereas GC2 is not. Generally, mutations in



GCI1 do not result in a decrease in topoisomerase Ila activity, however in resistant cells a
mutation in GC1 can generate an increase in promoter activity (reviewed in Isaacs et al,
1998). GC2 is considered to have a lesser effect on topoisomerase Ila regulation and is
thought to be functional under certain growth conditions (Hochhauser et al, 1992). Yoon ef al
(1999) have shown that in the rat topoisomerase Ila. promoter Sp1 binds specifically to GC2
(equivalent to GC1 in the human topoisomerase Ila promoter) and that its binding activity
increases after growth stimulation. Therefore, binding of Spl has been proposed to up-

regulate gene expression of topoisomerase Il a in growing rat cells.

1.5.4 Sp1 (Specificity Protein 1).

Spl was originally isolated from HeLa cells as a protein that bound to multiple GGGCGGG
sequences (GC boxes) in the SV40 early promoter (Dynan and Tjian, 1983b). Since then
studies have revealed that Spl can bind to GGGGCGGGGC and other closely related
sequences (reviewed in Suske, 1999). Some promoters have multiple GC boxes, however it
has been shown that a single Sp1 binding site is sufficient to stimulate promoter activity
(Kadonaga ef al, 1987). Purified Spl has been shown to require Zn (11) for sequence specific
binding to DNA (Chen ef al, 1994) and can bind to its target sequence in assembled

nucleosomes (Li er al, 1994).

Spl is a typical Q-rich activator, commonly known as a transcriptional activator shown to be
able to up-regulate transcription in a variety of promoters (Ge ez al, 2001; Keates et al, 2001;
reviewed in Suske, 1999). Spl mediated transcriptional regulation depends on three zinc
finger structures responsible for DNA binding, and at least one of two Q-rich regions
(activation motifs) that are required for transcriptional activation (Courey and Tjian, 1988).
The Q-rich domain of Spl is thought to target one of the TFIID components (Chen et al,
1994), and consequently activate promoters that are transcribed by Pol 11 (Dynan and Tjian,
1983a; Kadonaga er al, 1986).

When two or more Spl sites are found in a promoter, synergistic activation can be observed
(Kadonaga er al, 1987), which has been attributed to multiple intra and inter-molecular
protein-protein interactions between different Q-rich domains. Su er al (1991) have shown
that Spl can self-associate, which in turn can bring together distant DNA elements. This was
demonstrated using the simian virus 40 (SV40) promoter and a modified thymidine kinase

(TK) promoter. The TK promoter was modified so that it carried up-stream and down-stream
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Spl binding sites. It was shown that the DNA directly looped in vitro and this correlated with
synergistic activation of transcription in vivo due to the presence of Spl. The looping
phenomenon has been visualized using conventional and scanning electron microscopy
(Mastrangelo et al, 1991). Sp1 initially forms a tetramer and subsequently assembles multiple
tetramers stacked in register at the DNA loop junctions, where each monomer is capable of
interacting with a single GC box. The formation of homo-multimeric structures was also
demonstrated by Sp1-Spl two hybrid assays (Su er al, 1991). The formation of higher order
complexes, in the absence of DNA-binding domains, is necessary for synergistic activation
of Spl molecules bound at proximal and distal sites in the promoter (reviewed in Liberati et
al, 1999). The fact that there are two GC boxes at either end of the topoisomerase Ila

promoter may signify that DNA looping is required to regulate transcription.

Spl phosphorylation is thought to increase binding to the GC box and facilitate promoter
activation for a number of genes. It has been demonstrated that when Sp1 is phosphorylated,

it can bind DNA more tightly than dephosphorylated Sp1 (Ge et al, 2001).

1.5.5 Interaction between Sp1 and NF-Y.

Several studies have shown that parallels between NF-Y and Spl exist. Both have Q-rich
domains and can interact with particular TAFs within TFIID (Coustry et al, 1998). In
addition, elements that exhibit an affinity for NF-Y and Spl are often found nearby in
promoters, however an interaction between NF-Y and Spl can also be detected in the
absence of DNA (Roder er al, 1999). Hence, it is no surprise that NF-Y and Sp1 have been
implicated to interact on a variety of promoters, such as the promoters of the following
genes; rat fatty acid synthase (Roder e al, 1999), human multidrug resistance gene (Sundseth
et al, 1997), human cystathionine-B-synthase (CBS) (Ge er al, 2001), major
histocompatibility complex (MHC) class Il-associated invariant chain (i) gene (Wright er al,
1995) and many others (Inoue er al, 1999). Several lines of study have been exploited to
observe an interaction between NF-Y and Spl, including the two-hybrid system, EMSA, co-

immunoprecipitation and co-transfections.

Roder ef al (1999) have demonstrated an in vivo interaction between NF-Y and Spl using the
yeast two-hybrid system, where the domains required for the interaction were located
between amino acids 55 and 139 of NF-YA and amino acids 139 and 344 of Sp1; the Q-rich

domains. In the case of the MHC 1l promoter, both NF-Y and Spl elements were required to
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obtain full activation, as NF-Y mediated transcriptional activation was only observed when
Spl was bound to DNA nearby (Wright e al, 1995). A CBS reporter gene was co-transfected
with NF-Y and/or Spl in Drosophila S12 cells. Drosophila SI2 cells were an excellent cell
line to use as they provide a null background for Sp family of transcription factors and NF-Y,
which the CBS promoter requires for activation. Their experiments demonstrated a
significant increase in CBS promoter activity when both NF-Y and Spl were present
compared with Spl alone, indicating synergism may exist between NF-Y and Spl to regulate
transcription (Ge ef al, 2001). The same synergism was observed when a similar experiment
was carried out using the rat pyruvate kinase M (PKM) promoter (Yamada et al, 2000).
Therefore, it has been suggested that NF-Y could be stabilized by the presence of adjacently
bound Spl, as the CCAAT box binds NF-Y and activates transcription only when it is
stabilized by a neighboring factor, Spl.

1.5.6 Sp3.

Spl is member of the Sp family of small proteins, consisting of; Sp1, Sp2, Sp3 and Sp4 all of
which have similar structures. Sp3 is similar to Spl in many ways: it is ubiquitously
expressed in mammalian cells, can be phosphorylated to increase DNA binding affinity (Ge
et al, 2001) and can compete with the same target sequences with similar binding affinities
due to their similar DNA binding domains. However, Sp3 is different from Spl in that it is
bifunctional. Sp3 is able to activate or repress transcription (Noti, 1997). The repressive
function of Sp3 has been attributed to a region near the N-terminus, which acts as a
transcriptional repressor of several activators (de Luca er al, 1996). Three isoforms of Sp3
exist, due to three internal translation initiation sites within the mRNA and this has made
examining its transcriptional role difficult. It is thought that promoters that contain a single
binding site tend to be activated by Sp3, but promoters with multiple binding sites respond
weakly to Sp3 or not at all (reviewed in Suske, 1999). The relative levels of Spl and Sp3
have been implicated in the response of a promoter to these transcription factors. If Sp3 is
expressed at the same level as Spl, Sp3 may not act as an activator as it can compete for
binding with Spl. This is consistent with investigations that suggest that Sp3 represses Spl-
mediated transcription (de Luca et al, 1996). Thus, Sp3 activity appears to be dependent on

the cell and promoter context (Majello er aZ, 1997).

It has been demonstrated that Sp3 is up-regulated in etoposide/teniposide-resistant human

cancer cells (KB/VP-2 and KB/VM-4 respectively), which correlates with a decrease in
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topoisomerase Ila gene expression (Kubo ef al, 1995). In a separate study, Sp3 was shown to
interact with NF-YA and synergistically alter gene expression (Yamada er al, 2000).
Therefore, Sp3 may function as a repressor by protein-protein interaction with components of
the general transcription complex or by inhibiting other transcription factors. Interestingly,
when the repressor region of Sp3 was tethered to nascent RNA it also inhibited translation of

the RNA (de Luca et al/, 1996) indicating repression does not always require an interaction

with the promoter.
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1.6 Topoisomerase IIf3.

Topoisomerase [IB has been shown to be a dispensable protein, but it is required for normal
mammalian development. Cultured rodent cell lines that lack topoisomerase I3 are viable,
but mice that carry a homozygous targeted deletion exhibit neural development defects
resulting in pups that die at birth or shortly after (Yang et al/, 2000). The gene for human
topoisomerase I1f is situated on chromosome 3 at 3p24 (Tan et al, 1992) and is comprised of

36 exons (Lang et al, 1998), to generate a protein 180 kDa in size.

Topoisomerase 1IB is ubiquitously expressed. independent of the cell-cycle unlike
topoisomerase lla, which is cell-cycle regulated and found mainly in proliferating tissues
(Isaacs et al, 1995). Fundamentally, topoisomerase I3 appears to be localized to different
compartments during cell-cycle progression. During interphase, topoisomerase IIf has been
found to be predominantly nucleoplasmic (Adachi et al, 1997;: Meyer et al, 1997), but a
proportion has also been found in the nucleoli (Cowell et al, 1998). At mitosis the level of
topoisomerase IIf3 appears to increase but the enzyme was detected less in mitotic nucleus
(Adachi er al, 1997) and shown to diffuse into the cytosol. The bulk of topoisomerase IIB is
not detected in any condensed chromatin during mitosis, even though it is capable of
interacting with the condensed metaphase chromatin (Meyer er al, 1997). Whereas,
topoisomerase Ila is observed to bind to the chromosome scaffold, where it is thought to be
required for mitotic chromosome condensation and disjunction during metaphase (Grue et al,
1998). Due to the different localization patterns of each topoisomerase Il isoform, it is
suggested that even though their catalytic mechanisms are similar, they have different
functions during the cell-cycle. Thus, these patterns suggest that topoisomerase [I3 may not
have a role in mitotic chromosomes possibly due to altered catalytic activity, however it may
be required for a minor role in chromosome condensation and disjunction as it can bind to

chromosomes and has been found in nucleoli (Kimura ef al, 1996).

The topoisomerase I3 minimal promoter was isolated from a human lung fibroblast genomic
DNA library by a single group of scientists (Ng ef al, 1997). The minimal promoter was
proposed to be within nucleotides —14 and +326. The published sequence has no TATA, nor
any CCAAT boxes (refer to figure 1.5), but it is rich in GC content with two perfect GC
boxes located at position +285 and +315. There is a putative CTF/NF1 site mapped to the

reverse of nucleotides +267 to +280, which is thought to be important for transcriptional
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regulation as CTF/NFI has been shown to interact directly with TBP (Xiao et al, 1994).
Finally, there is a putative AP2 binding site at the sequence CCGCGGGC, which is the
reverse strand of nucleotides +305 to +312. EMSAs demonstrated that protein factors can
bind to downstream elements of the topoisomerase [If3 promoter, however any investigations

of upstream factors were not reported. Therefore, the functional significance of these putative

sequence elements remains to be determined.

-70 CTCCCTGCTT TCTCCTCAGC CGCCGCGCTA GGCCCGGGCG ACGCGGACGC
-20 CGCGCCTCGA GTTTGAGGGC AGCCGGCGGC GCGGCCTCCT CAGCGGGCTC
+31 GGCTGGACGT CCGCTCCGGA TCTTCGCGAT GGGGCGCGGE GGTCGGCGCG
+81 GCTAGGAGTG CGGCGAGTGG AGCGGTGGGT GCGGAGCGGC GGGGCCCAGC
+131 GGCCCGCAGG GAGGCGGGAG CGGCGGCTGG CGCCTCAGGG CCTGTGAGCT
+181 GGAGGCACTC GCCATGCCA AGTCGGGTGG CTGCGGCGLG GGAGCCGGCG
+231 TGGGCGGCGG CAACGGGGCA CTGACCTGGG TGGTAA
+281 GGAC CTGCATTGTT CGGEGGCE GAATTC
Figure 1.5: The published 5'-flanking sequence of topoisomerase T1[3.

The ATG codon for the start of exon | (underlined) is in red. The two GC boxes are
shown in blue. The major transcription start site is indicated by the arrow (+1). The
putative AP2 site 1s complementary to the sequence shown n orange. The consensus
CTF/NF1 site maps Lo the complementany sequence of that shown in pink (Ng er al.

1997)

The B isoform differs from the a isoform in many ways, however relatively little work has
been carried out on the B isoform as it was discovered after topoisomerase Ilo. In addition to
having different functional roles, the damaged induced by drugs acting on the two isoforms
may be sensed differently within the cell inducing different signal transduction pathways and
cell-cycle checkpoints (Gao er al, 1999). Recent advances have enabled the cellular
quantification of topoisomerase Il and topoisomerase lI. Levels of topoisomerase II3
exceed those of topoisomerase Ila in plateau phase cells (Padget er al/, 2000) and the levels
of topoisomerase 11} are comparable to topoisomerase Ila even in proliferating cells, which

contradicts previous studies of these isoforms. This is significant because it indicates that the
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f isoform is present in notable levels, which may be important when investigating the action
of anti-cancer drugs. Consequently, it has been shown that the proportion of tumor cells
expressing topoisomerase IIf at a high level is greater than that of cells expressing
topoisomerase lla (Robert and Larsen, 1998). These observations demonstrate that
proliferation alone is unlikely to be the basis for the up-regulation of topoisomerase 113,

which may prove useful when developing and administering topoisomerase ll-interacting

drugs.

Some anti-cancer drugs have been found to preferentially target topoisomerase I11f3, such as
XK469 (Gao et al, 1999). This synthetic drug has an unusual selectivity for solid tumors and
activity against multidrug-resistant cancer cells. It has been suggested that the difference in
cell-cycle regulation of topoisomerase Ila and topoisomerase 113 may be the key to this
selectivity. Solid tumors, unlike leukemias, often have large populations of cells in the G,/G,
phase of the cell-cycle in which topoisomerase 113 expression is high whereas topoisomerase
[lae expression is low. However, the presumptive primary target of many leukemia selective
drugs is topoisomerase Ila. This suggests there may be an advantage to using topoisomerase
IIB as a target, as it is ubiquitously expressed at higher levels than topoisomerase lla. Even
though most cases of drug-resistance is attributed to changes in topoisomerase Ila
expression, topoisomerase IIB should not be excluded. It has been shown that a Chinese
hamster lung cell line (DC-3F/9-OH-E) made resistant to 9-OH-ellipticine and cross-resistant
to other topoisomerase Il inhibitors has no topoisomerase 11 expression and this is due to a
mutation in the topoisomerase I3 gene, at position 1710 in the cDNA (Dereuddre er al,
1997). Therefore, loss of topoisomerase IIf3 activity is also thought to be in part responsible

for the development of resistance to topoisomerase Il inhibitors.

While the two topoisomerase Il isoforms may vary in expression, relative drug sensitivities
and localization, their differences in expression patterns could be utilized to create isoform-
specific drugs. In order to do so, a detailed knowledge of how topoisomerase Ila. and
topoisomerase I expression is required. This can be achieved by examining the promoter

region in a series of DNA-binding and functional assays.
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1.7 Research Aims.

Both topoisomerase Il isoforms are important as targets for many anti-cancer drugs. A major
problem with understanding the mechanism by which topoisomerase IIB acts is that little is
known about its regulation and expression. Because a cloned promoter construct for
topoisomerase I3 was not available, the initial aim of this research was to isolate genomic
DNA upstream of exon | of the topoisomerase 113 gene and carry out a systematic analysis of
this region. This would have enabled a direct comparison of the mechanisms that regulate
topoisomerase lla and B expression. Several putative topoisomerase I3 promoter clones
were obtained but sequence analysis revealed that none of them contained the upstream
regulatory region. It may have been possible to isolate the upstream region of topoisomerase
II from a human genomic library but such a library was not readily available at the time this
was carried out. Since the publication of the human genome sequence was also imminent
when the project began, it was not considered worthwhile to pursue the topoisomerase 11

promoter at this time. Hence, a study of topoisomerase [la. promoter was carried out.

Compared to topoisomerase IIf, the regulation of topoisomerase lla is relatively well
established although there is no definite mechanism that can be proposed to account for the
drug-resistance that develops. In order to understand this phenomenon, an enhanced
understanding of the relationship between DNA consensus elements and the cognate DNA-
binding proteins of the topoisomerase Ila. promoter is required. To this end, the regulation of
topoisomerase lla expression was studied by focusing on the two most proximal promoter

elements, ICB1 and GC1 and the most distal element, GC2.

The specific objectives of this research were as follows:

8 Carry out a series of DNA-binding assays using oligonucleotides representing
elements GC1 and ICBI1 of the topoisomerase [la promoter.

B8 Generate a series of mutant promoter constructs containing single, double or triple
mutations in topoisomerase Ila. promoter elements GC2, GC1 and ICBI.

B Analyze these topoisomerase Ila promoter constructs for transcription in the presence

and absence of Sp1 or Sp3.

27



Chapter 2: Materials and methods.

2.1 Materials.

Restriction endonucleases and buffers, DNA modifying enzymes, buffers, calf alkaline
phosphatase (1 unit/puL), herring sperm DNA, nitrocellulose filter, DNA quantification
standards and agarose LE powder for electrophoresis were from a number of different
sources: New England Biolabs, MA, USA; Boehringer Mannheim, Germany and Roche, Mt.
Wellington, Auckland.

DMSO, DTT, IPTG, TEMED, PIPES, EDTA, X-gal, PEG, dNTPs, triton-X-100, ampicillin,
lysozyme, SDS, BSA, mineral oil, ficoll, oligonucleotides for gel shifts, primers RV3, GL2

and topoisomerase 113 primers were purchased from Sigma Chemical Company, St Louis,
MO, USA.

CONCERT™ gel cleaning kit and maxi preparation kit, 10x trypsin, penicillin-streptomycin
(5,000 units/mL), MEM with Earle’s salts (L-glutamine and non-essential amino acids),
bacteriological agar, 1kb plus ladder, Luria Bertani (LB) broth base, foetal calf serum were
purchased from GIBCOBRL, Invitrogen Corporation, Invitrogen NZ limited, Penrose,
Auckland, New Zealand.

PCR purification kit QlAquick was purchased from QIAGEN, New Zealand distributors:
Biolab Scientific Ltd, Albany, Auckland, New Zealand.

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

BioRad Laboratories, CA, USA.

40% (w/v) solution of acrylamide and NN’-methylenebisacrylamide in water (Acrylogel)

was from BDH Laboratory Supplies, Poole, England.

o**P-[dCTP] and y?P-[ATP] were purchased from Perkin Elmer Life Sciences Inc, Boston,
MA, USA.

All primary antibodies (NF-YA, NF-YB, Spl and Sp3) were purchased from Santa Cruz
Biotechnology, CA, USA.
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GCG Version 9.1 was purchased from Wisconsin Genetics Computer Group, USA.
FLUOstar galaxy system and software was purchased from BMG Labtechnologies Pty. Ltd,

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

Poly (dIdC), Ready to Go DNA Labelling Beads (-dCTP) and ProbeQuant™ G-50 Micro

Columns were purchased from Amersham Pharmacia Biotech AB, Uppsala, Sweden.

Plasmids pGL3Basic, pSVB-galactosidase, pGEM"-T vector system, Packagene® Lambda

DNA Packaging System and the Luciferase Assay System were purchased from Promega
Corporation, WI, USA.

The Escherichia coli XL-1 blue strain and LE392 strain were purchased from Stratagene, La
Jolla, CA, USA.

All sterile tissue culture flasks, plates, cell scrapers and tubes were purchased from Nunc Inc,
Naperville, IL, USA.

0.8 uM sterilization double layer filters were purchased from Drummond, USA.

FuGENE™ 6 transfection reagent, ONPG, Complete'™ Mini EDTA-free Protease inhibitor

cocktail tablets, T4 ligase and 7ag polymerase were purchased from Roche Molecular
Biochemicals, IN, USA.

Topoisomerase 113 in Bluescript and Topoisomerase II§ in lambda T2-E4 phage were gifts
from Sally Davies (ICRF, Oxford, UK). Original HeLa cells were a gift from Dr. Rachel
Page (Department of Biochemistry, University of Cardiff). The various —617 topoisomerase
Ilow promoters in pGL3Basic vector were generated by Samuel M°Lenachan and Agnieszka

Szremska (Institute of Molecular BioSciences, Massey University, Palmerston North, New
Zealand).

All other chemicals and reagents used were of analytical grade or better.
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2.2 Methods.
2.2.1 Agarose Gel Electrophoresis.

Agarose gel electrophoresis is a method that can rapidly resolve mixtures of nucleic acid
molecules giving information about the size and nature of DNA (deoxyribose nucleic acid),
also providing some level of purification if required. In an electrical field and near neutrality
(p!l 8.0), linear DNA is negatively charged and will migrate towards the positive electrode,
where mobility is primarily dependent on the DNA fragment size.

Generally. electrophoresis was carried out using 1% agarose in IXTAE (40 mM Tris-acetate,
2 mM ethylene diamine tetra-acetic acid (EDTA), pll 8.0) containing ethidium bromide (0.5
ug/mL agarose). Ethidium bromide forms a complex with DNA, which absorbs UV
irradiation at 260 nm and fluorescence can be detected. Thus, enabling visualization of DNA
within the gel by exposure to UV light. The agarose gel was melted in a microwave and
cooled to 55°C in a water bath, then poured into a gel-casting tray. Occasionally when

fragments were expected to be very large or very small, a different percentage of agarose was

used (refer to table 2.1).

Percentage Linear DNA (kb)
Agarose
0.3 60-5.0
0.6 20-1.0
0.7 10-08
0.9 70-05
1.2 6.0-04
15 40-02
2.0 30-0.1

Table 2.1: Percentage agarose for optimal separation of linear DNA (kb).

This table was used as a guide to estimate the percentage agarose used in scparation

of DNA fragments (Berger and Kimmel. 1987)

DNA samples were loaded into agarose wells by mixing with approximately 10% loading

dye (40% w/v sucrose, 0.25% bromophenol blue). The loading dye results in the DNA
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solution being heavier than the buffer causing it to sink to the bottom of the wells. The
bromophenol blue enables the visualization of the travel front. Electrophoresis was carried
out at 80 V for approximately 1 hour in 1XTAE buffer and DNA visualized by exposure to
UV light, using a UV transilluminator. The sizes of DNA bands were determined by

comparing them to a known DNA size standard marker (1 kb plus ladder, Invitrogen).

2.2.2 Oligonucleotides.

Oligonucleotides were synthesized by the Sigma Chemical Company and provided as a dried
stock. Each was rehydrated in TE buffer (10 mM Tris-HCI pH 8, 0.1 mM EDTA) to a
concentration of 10 pg/pL and stored at -20°C. Oligonucleotides were further diluted when
required in TE buffer to a concentration of 50 ng/uL for PCR reactions, 100 ng/uL for

electrophoretic mobility shift assays and 1 pg/pL. for competitor oligonucleotides.

2.2.3 DNA Purification by Gel Electrophoresis.

Purification of DNA fragments was achieved by using agarose gel electrophoresis. The
required DNA was excised from the gel and extracted using CONCERT™ gel purification kit
(GIBCOBRL, Invitrogen) as described by the manufacturers. This kit uses a system of spin
cartridges containing a silica membrane. The agarose gel is dissolved by sodium perchlorate
and DNA adheres to the silica support, DNA is released upon elution with TE buffer after

washes with ethanol-based buffers.

2.2.4 Phenol-Chloroform Extraction and Ethanol Precipitation.

Phenol-chloroform extraction was generally used to purify DNA from contaminants in
solution. Contaminants could be RNA or proteins. When chloroform is used in conjunction
with phenol it improves the efficiency of nucleic acid extractions, due to its ability to
denature proteins, remove lipids and enhance separation of the two phases (due to its high
density). Typically, the DNA solution was purified by sequential extractions with equal

volumes of phenol, phenol:chloroform and chloroform as described by Berger and Kimmel
(1987).

Phenol-Chloroform extraction was commonly followed by ethanol precipitation to
concentrate DNA in solution. A precipitate was formed by mixing the DNA sample with salt
(1/10 volume of 3 M sodium acetate at pH 4.8) and ethanol (2 'z volumes of 95% ice cold

ethanol) at low temperatures. DNA was pelleted by centrifugation at 12,000 rpm and the
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pellet was dried and resuspended in (usually 25 puL) TE or sterile H,O (Sambrook and
Russell, 2001). Samples that contained EDTA or phosphate were not ethanol precipitated, as

these materials will also precipitate out with the DNA and affect purification.

2.2.5 DNA Quantification.

(i) Quantification using DNA Standards and Gel Electrophoresis.

The concentration of many DNA samples was estimated using gel electrophoresis. | pL of
the query DNA (or varying dilutions in TE, 1:5, 1:10, 1:100) with 10% loading dye was
loaded on a 1% agarose gel (incorporated with 0.5 pg ethidium bromide per mL of agarose),
against 5 pL of each quantification standard (5 ng/5 pL, 10 ng/5 pL, 20 ng/S pL, 50 ng/5 puL
and 100 ng/5 pl) and electrophoresed for about 1 hour in IXTAE at 80V. DNA was
visualized by exposure to UV light and the intensity of fluorescence omitted from the query
DNA sample was compared to that of the known standards thereby indicating what

concentration the query DNA possessed. The DNA standards were generated from linearized
plasmid DNA (pBluescript SK-II).

(ii) Quantification using UV Spectrophotometry.

The plasmids used for transfections were quantified using UV spectrophotometry. At a
wavelength of 260 nm the absorbance of double-stranded DNA (50 pg/mL) generates an
absorbance of 1.0. Plasmid DNA was diluted 1:100 in TE and 1 mL was placed into quartz
cuvettes. Cuvettes were placed into the Ultraspec 300 UV/Visible Spectrophotometer
(Pharmacia Biotech, Cambridge, England) and absorbances were measured using the Nucleic
Acid Scan programme. The Nucleic Acid Scan programme records the absorbance of a
sample at intervals (200 nm-350 nm), which enabled the concentration of DNA to be
calculated, using the relationship: Axp x 50 pg/mL x dilution factor. The purity of DNA
could also be analyzed by calculating the ratio of Axg/Axg0. A ratio of 1.8 indicates pure
DNA; a ratio is less than 1.8 is due to protein contamination and a ratio greater than 1.8

indicates RNA (ribose nucleic acid) contamination.

2.2.6 Restriction Endonuclease Digests.
Restriction endonucleases were used to characterise plasmid DNA or prepare DNA for
cloning. Generally 500-1000 ng of DNA was digested with 5-10 units of restriction

endonuclease along with 1x of the appropriate buffer (as specified by the manufacturer).
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For digesting plasmid DNA prepared by the rapid boil method, 10 pL of DNA was used with
1 pL (8-10 units) of restriction enzyme along with 3 pL of appropriate (10x) buffer (as
specified by the manufacturer) in a total volume of 30 pL. When large volumes of DNA were
required, the total volume of the digestion mixture was made up to 50 puL. Each digest was
incubated at 37°C for 1-2 hours and samples were analyzed for completeness of digestion
using agarose gel electrophoresis. Human genomic DNA (50 ng/uL) digests and lambda
DNA preparations (approximately 20 ng/uL) were incubated overnight at 37°C, to facilitate
complete digestion. Rapid boil plasmid DNA samples were also treated with 2 pL of RNase
(10 mg/mL) for 2 minutes at 37°C after undergoing restriction endonuclease digestion. For
digesting plasmid DNA prepared using the Quantum® Prep Plasmid Miniprep (BioRad)
method (30-50 ng/uL), 5-10 pL. of DNA was digested depending on the concentration of
each preparation. Only | pL of plasmid DNA (~1 pg/ul) prepared by the CONCERT Rapid
Plasmid Maxiprep Kit (GIBCOBRL, Invitrogen) was used in restriction digests (in 30 uL total

volume) due to its’ high concentration and RNase treatment was not necessary.

2.2.7 Alkaline Phosphatase Treatment of Vectors.
Alkaline phosphatase treatment was necessary when setting up ligations. It is important to
remove 5’-phosphates from the vector DNA ends after restriction endonuclease digestion to

prevent the occurrence of the vector self-ligating.

lul of calf alkaline phosphatase (1 unit/pL, Roche) was added to 1-5 pg of digested vector
and incubated for exactly 15 minutes at 37°C. This mixture was never left for any longer than
20 minutes as the calf alkaline phosphatase is impure. After incubation 2 puL of proteinase K
(10 mg/mL) and 2 pL of 20% sodium dodecyl sulfate (SDS) was added, mixed and incubated
for 1 hour at 37°C to inactivate the phosphatase. The vector DNA was then phenol-
chloroform extracted, ethanol precipitated and quantified using agarose gel electrophoresis

and quantification standards.

2.2.8 Sequencing of DNA.

DNA sequencing was carried out by Lorraine Berry (MUSeq facility, Institute of Molecular
BioSciences, Massey University) using dideoxy cycle sequencing with Big Dye terminators
(Version 1.0, PE Biosystems, Foster City, CA, USA) and analyzed on an ABI 377-18/36

automated DNA sequencer according to the manufacturers’ instructions. Primers and
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templates were diluted to 0.8 picomol/uL and 200 ng/uL respectively (in TE buffer) for

sequencing.

2.2.9 Primer Walking.

Primer walking was used to sequence larger DNA fragments (500+ bp), as one sequencing
reaction usually generates only about 500 bp of sequence. This technique is only useful if a
start point for sequencing is known, such as a primer site within a vector. The initial primer is
used to sequence the first region of the DNA template, and then primers are designed
consecutively according to the sequences obtained. Each individual sequence is then
organized according to the overlapping regions of DNA between primers, thereby generating

a contiguous DNA sequence.

Each custom primer was designed to be 18-19 bases in size and approximately 50% G/C, as
primers that have too high an A/T composition tend to prime ineffectively (Berger and
Kimmel, 1987). Consequently, primers that are high in G/C content should also be avoided,
as templates that have high G/C regions may cause inaccurate sequencing reactions due to

primers adhering to multiple sites.

2.2.10 Contig Assembly using GCG.

Short overlapping DNA sequences can be organized into a longer sequence (contig) using the
fragment assemble system (FAS) within GCG (Version 9.1; Wisconsin Genetics Computer
Group, USA). Individual programs within FAS have to be activated sequentially to

successfully create a contig.

Firstly, a directory was created within the program using the command line ‘Gelstart’. This
command initializes the FAS and enables the GCG network to recognize and build individual
projects. Then each short sequence was entered individually into the directory using the
‘Gelenter’ command, enabling each sequence to be stored within the created directory. Each
of the sequences were then assembled into contigs using the ‘Gelmerge’ program. Gelmerge
automatically recognizes overlapping sequences between individual fragments and creates
aligned assemblies. Finally, the actual contig sequence was retrieved from the ‘Consensus’
directory, which is within the directory that was created earlier. In order to view a schematic
representation of the organization of the shorter sequences within the generated contig, the

‘Gelview’ program was used.
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2.2.11 Analysis of DNA Sequences.

Generally, DNA sequences were analyzed using sequence analysis software provided by
GCG (Version 9.1; Wisconsin Genetics Computer Group, USA). Various programs within
this suite of software were used to accomplish particular tasks, such as: restriction maps
(map), generate contigs of individual sequences (GelMerge), find sequence similarity
(bestfit), execute database searches (stringsearch) and find putative binding factors by

matching consensus sequences within a sequence (findpatterns).

Database searches were carried out to find any putative transcription factor consensus
sequences. The TRANSFAC database relies on a compilation of information about cis-
regulatory sequences and frans-acting factors. This database is intrinsically linked to other
databases such as the TRRD (transcription regulatory region database), which enables an
extensive database search (in silico) on transcription factors, their binding sites and DNA-
binding profiles (Quandt er al, 1995; Wingender er al, 2000). The TRANSFAC database
(Matlnspector V2.2, http://transfac.gbf.de/cgi-bin/matSearch.pl) was used and one occasion,
the software package BioNavigator™ (ENTIGEN, Sunnyvale, CA., USA,

www.BioNavigator.com) was used to analyze sequences. The outputs were analyzed

manually for any relevant sequence motifs.

2.2.12 General PCR Reactions.

Each PCR reaction contained 5 pL (50 ng/uL) of each primer, 5 pL (3 mM ) dNTPs (a
mixture of dATP, dTTP, dCTP and dGTP), 5 uL. 10 x PCR buffer (100 mM Tris-HCI. 500
mM KCI pH 8.3, Roche), 0.25 pul T7ag polymerase (5 U/ulL, Roche), 1 pL template
(approximately 1 ng/pL) and dH,O to make the total volume up to 50 pL. The Tag
polymerase was always added last, and reactions were mixed thoroughly before a drop of
mineral oil was added. PCR reactions were carried out in a thermal cycler (HYBAID Omn-E,
SciTech (NZ) Ltd) programmed as shown below. A negative control (no DNA template) was
also included with each PCR reaction to check for the possibility of contamination.

Thermocycling conditions for PCR

95°C for 5 minutes.
Denaturing 95°C for 1 minute.
Annealing 45°C for 1 minute. 30x cycles.

Extension 72°C for 1 minute.

10% of each PCR reaction was analyzed for completion by agarose gel electrophoresis.
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2.2.13 PCR Purification.

PCR products were purified before they could be used as a probe or in a ligation, i.e. the oil,
primers, salts and excess dNTPs had to be removed. This was achieved using QIAquick PCR
purification kit (QIAGEN). This system utilizes a silica-based spin cartridge to purify
double-stranded DNA. PCR products were purified following the manufacturers instructions

and then quantified using agarose gel electrophoresis.

2.2.14 Cloning PCR products into pGEM®-T.

PCR products were cloned into pPGEM™-T vectors (Promega) to enable the production of
amplified insert DNA without the need for further PCR. pGEM-T vector kits are equipped
with 2x rapid ligation buffer (60 mM Tris-HCI pH 7.8, 20 mM MgCl,, 20 mM dithiothreitol
(DTT), 2 mM adenosine triphosphate (ATP) and 10% polyethylene glycol (PEG)) and
control insert DNA. The vector is already linearized (digested with Eco RV) and contains 3’
terminal thymidines attached to each cut end (T-tailed); this is to enable efficient ligation of

PCR products into the plasmids and preventing the recircularization of the vector.

PCR products were subcloned into pGEM-T, following the manufacturers instructions.
However, ligations were carried out using half the recommended reaction, thus 25 ng control
vector was used with a 1:1 (vector:insert) molar ratio of control DNA and a 3:l
(insert:vector) molar ratio of PCR DNA in a total volume of 10 pL. Ligation mixes were
incubated overnight at 4°C and transformation of Escherichia coli (E.coli) XL-1 blue cells

performed the following day, utilizing blue/white selection (Berger and Kimmel, 1987).

2.2.15 Ligations.

In order for the ligation to be successful, the DNA fragments must have compatible ends.
Therefore, insert and vector DNA were digested with the same restriction endonuclease to
generate compatible ends. Ligation efficiency is dependent on the concentration of DNA
ends in the reaction. To ensure complementary ends of vector and insert are joined, the

concentration of insert must be higher than that of the vector (Berger and Kimmel, 1987).
The amount of vector DNA used in ligations was 50 ng, to which the insert DNA was added

at either a 1:1, 2:1 or 3:1 (insert:vector) molar ratio of vector. The amount of insert DNA that

was added to ligations was calculated using the following formula.
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Amount of insert DNA (ng) = Amount of vector DNA (ng) x size of insert (bp) y insert

molar ratio

Size of vector (bp) vector

Ligation mixes also contained 4 pl (5x) T4 ligase buffer (250 mM Tris-HCI pH 7.6, 50 mM
MgCl,, S mM ATP, 5 mM DTT, 25% w/v PEG), 1 uL. T4 ligase (1 U/uL, Roche) and dH>O
to make the final volume up to 20 pL. Ligation mixes were prepared, mixed thoroughly and

incubated overnight at 16°C. The following day, transformation of E.coli XL-1 blue

competent cells was attempted.

2.2.16 Transformation of Escherichia coli (E.coli) XL-1 cells.
E.coli ultra-competent XL-1 blue cells were prepared by Carole Flyger (Institute of

Molecular BioSciences, Massey University) as follows.

300 mL of SOB broth (20 g/L tryptone, 5 g/L yeast extract, 0.5 g/L NaCl, 2.5 mL 1 M KCl
all autoclaved, then 5 mL 2 M MgCl, added just before use) was inoculated with 5 mL of an
overnight culture of XL-1 cells and the culture was grown to Ag of 0.6 at 16°C. The culture
was chilled on ice for 10 minutes and pelleted in a refrigerated centrifuge at 4,000 rpm for 10
minutes. The pellet was resuspended in 4 mL ice cold TB buffer (10 mM piperazine-N, N’-
bis[2-ethanesulphonic acid] (PIPES), 15 mM CaCl;, 250 mM KCI pH 6.7, 55 mM
MnCl,.4H,0) and centrifuged again at 4,000 rpm for 10 minutes. The pellet was washed in 4
mL TB and centrifuged again at 4,000 rpm for 10 minutes, supernatant removed and
resuspended in 4 mL ice cold TB buffer and then 1-2 mL of cold dimethyl sulfoxide (DMSO)
was added drop-wise to the cells. The ultra-competent XL-1 cells were then aliquoted into

500 pL volumes, snap frozen using liquid nitrogen and stored at -70°C.

Typically, half of a ligation mix (10 pL) was added to 100 pL of XL-1 blue competent cells
and incubated on ice for 15 minutes. The samples were then diluted appropriately (10 and
10%) in LB broth (20 mg/mL) and 50 pl of each dilution was plated onto LB agar plates (15
g/L bacteriological agar, 20 g/LL LB broth mix; 10 g/L tryptone, 5 g/L yeast extract, 5 g/L
NaCl) containing ampicillin (100 mg/mL). Plates were incubated overnight at 37°C, where
colonies were scored the following day. Ampicillin was added to plates as a selection control,
for plasmids that confer resistance. XL-1 blue cells also have the capacity for blue/white

selection; to achieve this transformants were grown on LB plus amp plates supplemented
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with 0.5 mM isopropyl thiogalactoside (IPTG) and 80 pg/mL X- gal (5-bromo-4-chloro-3-
indoyl-f3-D-galactoside).

Blue/white selection was utilized when selecting for pPGEM-T transformants. Colonies that
appeared blue were those with empty plasmids and colonies whitish in colour carry plasmids
with an insert. This occurs because the /acZ’ gene was disrupted and a-complementation
could not occur. Blue/white selection could not be utilized for transformation using the

plasmid pGL3B, as these vectors do not contain a lacZ’ gene.

2.2.17 Isolation of Plasmid DNA from E.coli.

All bacteriological media was sterilized by autoclaving before use and aseptic techniques
utilized. 5 mL overnight cultures were prepared by inoculating 5 mL of Luria Bertani (LB)
broth plus 5 puL ampicillin (100 mg/mL) with one single colony from LB plus ampicillin agar
plates and grown overnight at 37°C with vigorous shaking to enable sufficient aeration for
growth. Different plasmid isolation techniques were used as they each give different DNA

qualities and quantities after each preparation.

(i) Rapid Boil Plasmid Preparations.

Rapid boil plasmid preparations (Holmes and Quigley, 1981) generate impure DNA
extractions, but this method is sufficient to screen XL-1 blue colonies for plasmid DNA. 1.5
mL of a 5 mL overnight culture was pelleted by centrifugation at 12,000 rpm for 1 minute.
The supernatant was removed and the pellet was resuspended in 350 puL of STET (8% (w/v)
sucrose, 50 mM EDTA, 50 mM Tris pH 8.0, 5% (v/v) Triton X-100) with 25 pL of freshly
prepared lysozyme (10 mg/mL). The tubes were then placed into a boiling water bath for
exactly 40 seconds, followed by a 10 minute centrifugation at 12,000 rpm. The gelatinous
pellet was then removed and an equal volume of isopropanol was added to the supernatant,
which was mixed and placed at -70°C for at least 30 minutes, to precipitate the DNA. The
DNA was pelleted by centrifugation for 20 minutes at 12,000 rpm at 4°C. The supernatant
was removed by aspiration and the pellet washed with 500 pL of ice cold 95% ethanol, and
centrifuged again for 10 minutes (12,000 rpm at 4°C). Finally, all the supernatant was

removed and the pellet dried and resuspended in 50 pL. TE. Samples were stored at -20°C

until required.
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(ii) Small-scale Plasmid DNA Preparations.

Small-scale plasmid DNA preparation was used when a small quantity of high quality
plasmid DNA was required for PCR or sequencing. Generally, 2 mL of a 5 mL overnight
culture was pelleted and plasmid DNA isolated using a Quantum® Prep Plasmid Miniprep
Kit (BioRad) according to the manufacturers instructions. This system uses an alkaline lysis
(containing SDS) method (Birnboim and Doly, 1979) to release plasmid DNA from the cell.
Purification of the plasmid DNA is achieved by a patented Quantum prep matrix, which

contains a diatomaceous earth that binds DNA.

(iii) Large-scale Plasmid DNA Preparations.

Large-scale plasmid DNA preparations were carried out to obtain high quality and quantity
plasmid DNA required for transfections. The required cultures were prepared by inoculating
500 mL LB plus 500 pL ampicillin (100 mg/mL) with 5 mL of a fresh overnight culture, and
grown overnight at 37°C with shaking. Plasmid DNA was isolated using CONCERT™ High
Purity Plasmid Maxiprep Kit (GIBCOBRL®, Invitrogen) according to the manufacturers
instructions. This system is based on a modified alkaline lysis method (Birnboim and Doly,

1979), where plasmid DNA is purified by anion exchange resin.

2.2.18 Glycerol stocks of transformed XL-1 blue cells.
Glycerol stocks were made of selected transformed XL-1 blue lines by mixing 500 uL of an
overnight culture (5 mL LB broth plus 5 uL (100 mg/mL) ampicillin) with 500 uL sterile

40% glycerol in 1 mL sterile cryotubes (Nunc) and storing at -70°C.

2.2.19 Lambda (A) phage manipulations.
Bacteriophage A infects E.coli cells, and is released as virions (L DNA packaged into viral

heads), which can then be used to isolate replicated DNA.

(i) Ligating the A DNA for packaging.

Firstly, the A phage DNA must be concatamerised before it can be packaged. This was done
by ligation with enzyme T4 ligase. Approximately 100 ng of each A clone was combined
with I uL T4 ligase (Roche), 2 pL (5x) T4 ligation buffer (250 mM Tris-HCI pH 7.6, 50 mM
MgCl,, 5 mM ATP, 5 mM DTT, 25% w/v PEG) and enough dH,O to make the final volume

up to 10 pL. Each mix was incubated overnight at 16°C to ensure DNA was ligated.
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(ii) Packaging ligated /. DNA.

In order for the bacteriophage A DNA to be infectious, it must be packaged into viral capsids
(virions). 5 uL of ligated 1. DNA or 5 uL (0.25 pg) of control A DNA (supplied in the kit)
was packaged using 25 pL of packaging extract (Packagene® Lambda DNA Packaging

System, Promega), following the manufacturers instructions.

After packaging, each sample was stored at 4°C with 25 pL chloroform and 445 uL phage
buffer (20 mM Tris-HCI1 pH 7.4, 100 mM NaCl, 10 mM MgSO,). For long-term storage, 200
pL packaged A DNA was added to 2 pL (1%) gelatin and 14 pL (7% v/v) DMSO then
aliquoted into separate tubes and stored at —70°C. The packaging efficiency was calculated

using the following formula:

Packaging efficiency = # ofplaques x dilution factor / volume plated (uL) x total volume (475uL)
(recombinants/pg DNA packaged)

Amount of DNA packaged (pug)

(iii) Preparing LE392 (E.coli) plating cells.

Bacteriophage A adsorbs to receptors in the outer membrane of E.coli that are encoded by the
lamB gene (maltose-binding protein). These receptors are normally used to transport maltose
into the cell, however the synthesis of these receptors is suppressed by glucose. Therefore,
plating bacteria were grown in broth containing maltose to maximize adsorption. Adsorption
of bacteriophage particles to the receptors is also influenced by the presence of magnesium
ions. Magnesium ions are necessary for adsorption and phage integrity and therefore, the

maltose-grown cultures were resuspended in 0.01 M MgSO, (Berger and Kimmel, 1987).

5 mL of overnight cultures of LE392 E.coli cells were prepared by inoculating 5 mL of LB
broth containing 50 puL (20%) maltose and 50 pL. 1 M MgSO4 with one colony and growing
with shaking at 20°C. The next day, the cultures were transferred into 10 mL centrifuge tubes
and centrifuged at 6000 rpm for 5 min at 4°C, supernatant was removed and cells
resuspended in 2.5 mL 10 mM MgSO,. These LE392 plating cells were stored at 4°C, until

required and were viable for only one week.

(iv) Plating for plaques.
The A DNA packaged into heads is released from the host cell (E.coli) by destroying the host

cell. This shows up as a cleared area of growth in a lawn of E.coli cells, known as a plaque.
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10 pL of each packaged A phage was added to 100 uL. of LE392 (enough to grow a lawn of
E.coli) plating cells. Adsorption of bacteriophage particles to the receptors is facilitated by
magnesium ions, which can occur both at room temperature and at 37°C. However,
penetration of the cell by the bacteriophage DNA and the subsequent events in the lytic cycle
do not occur efficiently at room temperature, therefore samples were incubated at 37°C for
20- 30 minutes. The LE392 and packaged phage mixture was added to 3 mL of molten top
LB agar (37°C), mixed well and poured onto pre-warmed (37°C) LB plates. Plates were
incubated overnight at 37°C, and the numbers of plaques formed were determined the

following day.

(v) Phage lysates.

Individual plaques were picked using a sterile pasture pipette. The agarose plug was then
placed into 0.5 mL of SM buffer (0.01% gelatin, 50 mM Tris-HCI (pH 7.5), 100 mM NaCl, 8
mM MgS0O,) and left overnight at 4°C to enable phage to diffuse into the SM. Samples were
then centrifuged for 5 minutes at 4°C at 12,000 rpm, and supernatant used as a source of
phage particles. The phage lysate had to be titered before use and were stored at 4°C, where

they lasted about 7-10 days before a significant drop in titer was observed.

(vi) Titering phage particles.
In order to establish how many plaque forming units (pfu) were present in A phage lysates,

LE392 plating cells were infected and the number of plaques that formed were scored.

Lambda phage suspension (lysate) was diluted (generally, a 1:100 dilution) in sterile SM
buffer. 10 pL of the diluted phage was then added to 100 puL of LE392 plating cells. samples
were incubated at 37°C for 20 minutes, then mixed with 3 mL of top LB agar and poured
onto pre-warmed (37°C) LB plates. Plates were incubated overnight at 37°C, and the

numbers of plaques formed were scored and the titer calculated as follows:

CALCULATING TITER (pfu/mL): Number of plaques scored x dilution factor
Volume of A phage suspension plated (mL)

(vii) Medium scale A preparations.
Medium scale A preparations were carried out to isolate the amplified A DNA. LB agarose

plates were used to grow phage plaques, as agarose contains fewer contaminants than LB

agar.
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Appropriate volumes of phage lysate/suspension (diluted to generate about 10° pfu/plate)
were added to 200 pl. of LE392 plating cells and incubated for 20 minutes at 37°C. The
mixture was then added to 3 mL of melted top agarose (40°C), mixed well and poured onto
pre-warmed (37°C) agarose plates. Plates were incubated overnight at 37°C to induce
confluent lysis. The following day plates were placed at 4°C for 10 minutes, then flooded
with 9 mL of ice-cold SM buffer and left at 4°C overnight. After phage elution, the SM was
removed and centrifuged for 15 minutes at 3,500 rpm. 5 mL of the supernatant was removed
and 1 pLL DNase I (10 mg/mL), 3 uL RNase (2mg/mL) added, mixed well and left at 37°C
for 30 minutes; this step enabled the nucleic acids (released from the lysed bacterial cells) to
be digested, without which adequate DNA isolation would not occur. The phage was then
precipitated by the addition of 5 mL (20%) PEG-8000, which was left on ice for 1 hour.
Phage DNA was pelleted by centrifugation for 40 minutes at 5,000 rpm (4°C) and the
supernatant discarded. The pellet was resuspended in 500 uL. SM where 5 pL. 10% SDS and
5 uL 0.5 M EDTA (pH 8.0) was added to each phage preparation and then incubated in a
waterbath at 68°C for 15 minutes. This was then followed by phenol-chloroform extraction
to purify the DNA, and ethanol precipitation to concentrate the DNA. The final phage DNA

pellet was resuspended in 50 uL. TE and stored at 4°C, until required.

2.2.20 Southern Blotting.

Southern blotting (Southern, 1975) was used to determine whether a clone contained a DNA

fragment of interest.

(i) Radiolabelling the Probe.

Probes were radioactively labelled by incorporation of [a-">P] dCTP during random primer
extension (Feinberg and Vogelstein, 1983). Double-stranded DNA was denatured by heating
(95-100°C for 2-3 minutes) and random hexanucleotide oligonucleotides served as primers
for the replication of the template DNA. The primer extension was carried out using Klenow
fragment of DNA polymerase | which catalyzed the addition of nucleotide triphosphate, from
a mixture that contained [a-’P] dCTP. Ready To Go DNA Labelling Beads (-dCTP)
(Amersham Pharmacia Biotech) were used to radioactively label 25 puL (2 ng/ pL) of PCR

product with [a-">P], following the manufacturers instructions.

The radioactive probe was purified using ProbeQuant™ G-50 Micro Columns (Amersham

Pharmacia Biotech) following manufacturers instructions. These columns contain Sephadex
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G-50 DNA (grade F), which removes any unincorporated labelled nucleotides from the DNA
labelling reaction by size exclusion. Finally, 1 pL of the probe was analyzed for
incorporation of radioactivity using Cerenkov counting (Beckman LS3801 Scintillation

Counter) in counts per minute (cpm). The specific activity of the probe was calculated using

the following method:

Specific activity of the labelled probe =  cpm of labelled probe (A) x Dilution factor

(cpm/pg) ng of DNA labelled

(ii) Transferring DNA to nitrocellulose filter (blotting stand).

DNA samples were digested and heated to 65°C for 2-3 minutes to disrupt base pairing.
DNA fragments were separated by gel electrophoresis on a 0.7% agarose gel at 30-40 V for
12-18 hours. The gel was agitated for 15 minutes in 0.25 M HCI and then with 0.5 M NaOH/
0.5 M NaCl (to neutralize) for 30 minutes. Then the gel was washed with 2 x SSC (from 20 x
stock of 3 M NaCl, 0.3 M trisodium citrate). The blotting stand was constructed as described
by Southern (1975). The blot was disassembled after 48 hours and the DNA crosslinked to

the nylon membrane by exposure to UV light for about 1 minute. Finally, the membrane was

dried and stored dry until required.

(iii) Prehybridisation.
The membrane was soaked by capillary action with 2 x SSC and placed in pre-hybridization
solution (6 x SSC, 2 x Denhardts reagent (0.02% ficoll, 0.02% polyvinylpyrolidone, 0.02%

bovine serum albumen (BSA)) at 68°C for 3 hours, with shaking.

(iv) Hybridisation.

Hybridization was carried out in glass rotary tubes, the pre-hybridization fluid removed and
25 mL hybridization solution (1 M NaCl, 50 mM phosphate, 2 mM EDTA, 0.5% SDS, 1 x
Denhardts, 10 mg herring sperm DNA) was placed in the tube, followed by the membrane.

Herring sperm DNA was boiled for 5 minutes and cooled before use. This was required as a
blocking agent to inhibit nonspecific binding of the probe. 25 uL of labelled probe was added

directly to the hybridization solution in the tube and left overnight in the rotary oven at 68°C.
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(v) Washes.

The membrane was washed to remove any excess probe and reduce nonspecific binding. This
was done by removing the hybridization solution and replacing it with 6 x SSC and 1% SDS
and placing it back in the rotary oven for | hour at 68°C. The membrane was then transferred
into 6 x SSC plus 0.5% SDS and washed twice with shaking at 68°C for 30 minutes. This
was followed by the high stringency wash, which was an exact 30 minute wash in 1 x SSC at

68°C.

The membrane was wrapped in Saran wrap to keep moist and exposed to X-ray film
overnight, using a radioactive safe cassette. The autoradiograph was developed using a

100Plus™ Automatic X-ray (Kodak) film processor in a dark room.

2.2.21 Electrophoretic Mobility Shift Assays (EMSA).
EMSA are used to examine protein-DNA interactions that occur within particular promoter
elements and protein transcription factors. The basis for EMSA is that the mobility a protein-

DNA complex is retarded during non-denaturing polyacrylamide gel electrophoresis
(PAGE).

(i)Radioactively labelling the oligonucleotide probe.
T4 polynucleotide kinase (PNK) was used to catalyse the transfer of the y-phosphate of ATP
to the 5’-hydroxyl terminus of the DNA strand. Labelling of oligonucleotides was carried out

as indicated below in 1.5 mL microcentrifuge tubes, mixed then incubated at 37°C for 45

minutes.
Oligonucleotide (100 ng/uL) 1 ul
10 x PNK buffer (0.5 M Tris-HCI pH 8.0,
0.1 M MgCl,, 50 mM DDT, 0.5 mg/mL BSA) 1 puL
yP-[ATP] (10 pCi/uL, PerkinElmer) 4 uL
T4 polynucleotide kinase (10 u/uL, Roche) 1 ul
H,O 3uL

The labelled oligonucleotide was then annealled to its unlabelled counterpart by adding the

complementary oligonucleotide in 6x excess. 6 pL complementary oligonucleotide (100



ng/uL) was added to the labelled oligonucleotide, along with 2.5 pL 1 M KCl and 31.5 pL of
water. This mixture was heated to 95°C for 5 minutes in a boiling water bath, the water bath
turned off and oligonucleotides were left to gradually cool to room temperature in the water
bath. The cooling process took approximately 1 hour and was an important step as it enables
correct annealing to occur. An equal volume of gel shift buffer (40 mM Tris pH 7.6, 16%
ficoll, 100 mM KCI, 0.4 mM EDTA, | mM DTT) was added to the cooled double-stranded

oligonucleotides, which were gel purified immediately.

(ii) Purifying the labeled Oligonucleotides.

To remove any residual single-stranded oligonucleotides, unincorporated label or other
contaminants, the labelled oligonucleotides (total volume 50 pl) were purified by
electrophoresis on a 10% polyacrylamide gel (37 cm long with 0.4 mm spacers) in 1x TBE
(0.09 M Tris, 0.09 M boric acid, 0.02 M EDTA pH 8.0) at 30 W for 1 %2 hours. The gel was
wrapped in saran wrap and exposed to X-ray film for approximately 1 minute, which enabled
the location of the double-stranded labelled oligonucleotides within the gel. The appropriate
band(s) were excised from the gel and DNA eluted by placing each gel slice into 500 puL 50
mM KCI overnight at 37°C. The following day, the gel suspension was mixed by vortexing,
centrifuged at 12,000 g for 5 minutes and the supernatant was transferred to a fresh 1.5 mL
microcentrifuge tube. | pL of each probe was analyzed for incorporation of radioactivity
using Cerenkov (Beckman 1.S3801 Scintillation Counter) counting. The samples were stored

in a radioactively safe Perspex container at 4°C until required.

(iii) Preparing Double-Stranded Competitors.

Unlabelled double-stranded competitors were generated by adding 5 plL of each
complementary single-stranded oligonucleotide (1 pg/pL) together and heating to 95°C for 5
minutes in a Hybaid Omn-E thermal cycler. Samples were cooled stepwise by 10°C every 5
minutes until they reached 25°C. No other reagents were required to enable annealing due to

the high concentration of single stranded oligonucleotides. Double-stranded competitors were

stored at -20°C until required.

(iv)Electrophoretic Mobility Shift Assays.
Poly dI.dC is a non-biological polymeric nucleic acid that acts as competitor DNA in

EMSAs. Excess poly dI.dC is added to the reactions to minimize the occurrence of

nonspecific DNA-protein interactions.
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HeLa extract (about 6 pg protein) was added to the following premix; 10 uL gel shift buffer,
1 pL poly dI.dC (1 mg/mL in MgCl,) and water to make the total volume up to 20 pL (25 pL
for antibody supershifts), then incubated on ice for 10 minutes. Competitors were added
before addition of probe. Approximately 0.5 ng of labeled oligonucleotide (1 pL) was added
to the premixes and left at room temperature for 15 minutes. As a control 2 pL of loading dye
was loaded in an exterior lane to monitor the travel front; 10 pL. of each reaction was loaded
onto a non-denaturing 4% polyacrylamide gel in 0.25 x TBE and electrophoresed at 200 V
for about 1 hour (BRL VI15.17 apparatus fitted with 0.75 mm spacers). The gels were
transferred onto DE-81 paper and dried using Bio-Rad Gel Dryer 583 for about 15 minutes at
80°C. The gels were then exposed to X-ray film for at least 20 hours at -70°C using a
radioactive safe cassette with intensifying screens. The X-ray (Kodak) films were developed

using a 100Plus™ Automatic X-ray film processor in a dark room.

2.2.22 Tissue Culture.

HeLa cells were used for transient transfections and HeLa cell extracts for electrophoretic
mobility shift assays. All tissue culture operations prior to harvesting were done aseptically
and in a laminar flow hood (Crossflow 1800 with HEPA filter, Westinghouse). Cells were

incubated at all times in a 37°C, 5% CO, incubator (Jouan IG150, France) in humid

conditions.

(i)Media for HeLa Cells.

Hela cells were grown in complete Eagle’s minimal essential medium (MEM) containing
non-essential amino acids (GIBCOBRL, Invitrogen) which was prepared as instructed by the
manufacturers and filter sterilized through a 0.2 um filter. MEM was dispensed into sterile
bottles in 180 mL volumes, which was supplemented as required with 10% (20 mL) foetal
calf serum (FCS) and 1% (2 mL) penicillin/streptomycin (Pen/Strep, 5000 U/mL penicillin G
sodium and 5 mg/mL streptomycin sulfate in 0.85% saline). Media was stored at 4°C, but

warmed to room temperature before use.

(ii)Starting HeLa Cell Cultures.

Cell cultures were started from 1 mL frozen HeLa cell stocks (prepared by Kirsty Allen,
Institute of Molecular BioSciences, Massey University, Palmerston North). A frozen aliquot
of HeLa cells (in 10% DMSO in FCS, stored under liquid nitrogen) was thawed and the cells

transferred to 5 mL of supplemented MEM, then mixed thoroughly. The cells were pelleted
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by centrifugation for 5 minutes at approximately 100x g and the supernatant removed. The
pellet was resuspended in 2 mL of supplemented MEM and 1 mL used in each monolayer
T80 flask (Nunc) containing 14 mL of supplemented MEM. HeLa cells were left to grow for
about 2-3 days in the 37°C incubator before passaging.

(iii) Maintenance of HeLa Cells.

HeLa cells were grown in T80 flasks to 80-90% confluence before passaging the cells into
new flasks with fresh media. Passaging the cells initially involves removing the old media
and then washing the cells twice with 9 mL phosphate buffered saline (PBSE) (0.14 M NacCl,
2.7 mM KCI, 4.3 mM NaHPO,.2H,0 pH 7.2 plus 0.5 mM EDTA) plus | mL 10x trypsin
(GIBCOBRL). The cells were left lying flat for a few minutes to dislodge them from the flask
surface; further detachment was done by abruptly tapping the side of the flask. The cells were
then thoroughly resuspended by aspiration in 5 mL of supplemented MEM, where 1 mL of
resuspended cells was used to seed a new T80 flask containing 14 mL of fresh supplemented
MEM and the remainder of the HeLa cells was used to seed plates for transfections. Cells

were placed back into the 37°C incubator and were passaged every 2-3 days.

(iv)Preparing HeLa Cells for Freezing.

Stocks of HeLa cells were frozen after the first passage. Cells were grown to 80%
confluence, passaged and resuspended in 5 mL of FCS containing 10% DMSO. The cells
were then dispensed into sterile 1 mL cryotube (Nunc) and frozen slowly (by wrapping
cryotubes in copious layers of tissue paper) at -70°C, to avoid disruption of the cell

membrane. Once frozen the Hel.a cells were stored under liquid nitrogen.

2.2.23 Preparing HelLa Cell Extracts for EMSA.

HelLa cells were grown to 80-90% confluence in 14 mL supplemented MEM in 150 mm
diameter plates (Nunc) in a 37°C CO, incubator. The media was removed from the HelLa
cells and washed twice with 2 mL PBS (0.14 M NacCl, 2.7 mM KCl, 4.3 mM NaHPO,2H,0
pH 7.2). Then 1 mL of TEN buffer (40 mM Tris-HCI pH 7.4, | mM EDTA, 0.15 M NaCl)
was added to each plate and cells scraped off the plate and placed into 1.5 mL
microcentrifuge tubes. The cell suspension was centrifuged at 12,000 g for 5 minutes and the
supernatant discarded. The pellet was resuspended in 300 pL of extraction buffer (containing
Complete Mini EDTA-free Protease inhibitor cocktail (Roche), 40 mM Hepes pH 7.9, 0.4 M
KCI, 1 mM DTT and 10% glycerol). To disrupt cells, they were treated with 3 freeze-thaw
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cycles using liquid nitrogen. The cell extract was centrifuged again at 12,000 g for 5 minutes
(at 4°C) and the supernatant dispensed into 30 pL volumes, then immediately snap frozen in
liquid nitrogen and stored at -70°C. The proteins present in the HeLa cell extract were

quantified using the Bradford Protein Assay.

2.2.24 Bradford Protein Assay.

The protein concentration of HeLa extracts was determined using the Bradford protein assay
dye reagent concentrate (BioRad) according to manufacturers instructions. The concentrated
reagent was diluted 1:5 in water, then 200 puL. was added to BSA (Img/uL) standards (diluted
to a range of 0-2.5 pg in water) and | or 2 uL of HelLa cell extract (undiluted, diluted 1:5 and
1:10 in water). Samples were left to develop colour at room temperature for a minimum of 10
minutes. Reactions were carried out in a 96-well microplate (Nunc) and absorbance read at
595 nm. A protein standard curve was constructed using the standard amounts of BSA and

the amount of protein present in HeLa extract was estimated.

2.2.25 Transient Transfections.

HeLa cells were transiently transfected with FuGENE™6; a multi-component lipid-based
reagent that complexes with and transports DNA into the cell during transfection.
FuGENE™6 requires that cells are 50-80% confluent on the day of transfection. Thus, the
day prior to transfection 800 pL of supplemented MEM (in 12 well plates) was seeded with
100 pL (approximately 2 drops) of HeLa cell suspension, which had been taken from freshly
resuspended (in 5 mL) 80-90% confluent HeLa cell stocks. Each transfection was performed
in triplicate using 3x as much FUGENE™6 as DNA (3 uL FuGENE™6:1 pg DNA)
according to the manufacturers instructions. HeLa cells were harvested 60-65 hours after

transfection and assayed for luciferase and 3-galactosidase activity as soon as possible.

2.2.26 Harvesting HelLa Extracts for Luciferase and p-Galactosidase Assays.

The media was removed from the cells, which were rinsed twice with 500 pL of PBS. 80 uL
of cell lysis buffer (25 mM Tris-phosphate pH 7.8, 2 mM DTT, 2 mM 1.2-
diaminocyclohexane-N,N,N’,N’-tetraacetic acid, 10% glycerol, 1% TritonX-100) was added
to each well containing cells and left at room temperature for 15 minutes. The cells were then
scraped off the surface of wells using a cell scraper and transferred to 1.5 mL

microcentrifuge tubes. Cell extracts were centrifuged at 12,000 rpm for 30 seconds to remove
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any cellular debris and the supernatant transferred into fresh microcentrifuge tubes. The cell

extracts were stored at 4°C until required.

2.2.27 p-Galactosidase Assays.

The plasmid pSVBGal was used as an internal control for transfections, which enabled the 3-
galactosidase assay to be performed to check the efficiency of transfection. Cell extract (5 ul)
was incubated with 50 uL. ONPG (e-nitrophenyl-p-D-galactopyranside, 2 mg/mL in 60 mM
NaH,PO,., 40 mM Na,HPO,) and 100 uL. B-galactosidase assay buffer (60 mM NaH,PO, 40
mM Na;HPO, 10 mM KCI, 1 mM MgCl,) in microtitre (96 well, Nunc) plates at 37°C for 3-
8 hours. After incubation, 50 pL. I M Na,CO; was added to stop the reaction and develop full
yellow colour. Absorbances were measured at 405 nm against a blank of 5 pL cell lysis

buffer using the 96 well plate reader (anthos reader HT2 type 12 500, anthos labtech

instruments, Salsburg, Austria).

2.2.28 Luciferase Assays.

The reporter gene luciferase enabled the measurement of promoter activity. 5 pL of HelLa
cell extract was mixed with 20 pL of luciferase reagent (Promega) and analyzed using a
FLUOstar galaxy microplate reader (BMG Labtechnologies Pty. Ltd, Melbourne, Australia).
Luciferase activity was measured by the amount of light that was emitted from HelLa extracts
and fibre optics within the microplate reader detected and conveyed this information as
actual photon counts. This information was accessed through Excel (Microsoft 97), which is
connected to the microplate reader. The maximum photon count obtained (within the 3

minute measuring period) was the value retained for data analysis. 5 uL cell lysis buffer was

used as a blank.

2.3 GMO approval codes.

This work was carried out with ERMA regulatory authority approval as follows:

e Topoisomerase IIf3 clones (pBluescript and A clones): GMO 99/MU 25
e Expression plasmids (Sp1 and Sp3): GMO 00/MU 40
e Topoisomerase lla promoter plasmids (pGL3B): GMO 98/MU 53
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Chapter 3: Topoisomerase lI3

3.1 Introduction.

Topoisomerase [1f has been shown to be an important target for anti-cancer drugs, with the
observation that some drugs may preferentially target topoisomerase IIf3 rather than
topoisomerase lla (Gao et al, 1999). One of the mechanisms thought to be involved in the
development of drug resistance is the down-regulation of expression of both topoisomerase
lla and B (Robert and Larsen, 1998; Dereuddre et al, 1997) and the actual ratios of

topoisomerase Il a and B have been implicated as an important factor (Padget et al, 2000).

The initial aim was to isolate and investigate the 5’-flanking sequence of the human
topoisomerase [I3 gene. This would have allowed a comparison of the regulatory
mechanisms between the a and B gene. The partial topoisomerase IIf3 promoter sequence had
been published in 1997 (Ng et al, 1997) however this sequence did not include an extensive
upstream regulatory region. The search for the topoisomerase 113 promoter started with two
clones that had been isolated from a human genomic library screened with a topoisomerase
[13 exon II probe (personal communications Sally Davies, Institute of Molecular Medicine,
University of Oxford). Both of the putative topoisomerase II3 promoter clones had been
subcloned into pBluescript SK (+) and had been named TopoB3 and TopoB3.2. The original
objective for analysis of these clones was to perform Southern blots using a short
topoisomerase I3 oligonucleotide designed from the sequence already reported by Ng et al
(1997). However, difficulties obtaining a topoisomerase IIB PCR product from human
genomic DNA meant that sequencing of the topoisomerase IIf3 clones had been completed

before the probes were even prepared.

3.2 Generating probes for topoisomerase I3

Short topoisomerase I promoter double-stranded oligonucleotides were required as probes
to analyze the topoisomerase IIB clones via Southern blots. These were generated using PCR

and this exercise was done concurrently with the sequence analysis of the topoisomerase 113

pBluescript (+) clones.
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3.2.1 Topoisomerase Il PCR.
PCR reactions were carried out using 7ag polymerase, using a human genomic DNA
template as described in table3.1. Two primer sets were designed using the 5’-flanking

sequence of topoisomerase 1P reported by Ng et al (1997, refer to figure 3.1).

The first primers, Ngl & 2 were used in PCR to amplify a 380 bp product. Several different
concentrations of MgCl, were tested in an attempt to obtain the desired fragment (topollf1,
refer to figure 3.2a). This reaction was eventually successful using 2.5 mM MgCl, but
unfortunately, the PCR product could not be reproduced. Thus, a second set of primers was
designed (Ng3 & 4). PCR with these primers was also carried out with a range of MgCl,
concentrations. After several attempts, a small amount of specific PCR product (300 bp) was
obtained using 1.25 mM MgCl, (lane 3, figure 3.2B). In order to ensure that the topoll[32
DNA fragment would be readily available, it was cloned into a pGEM-T vector (Promega,

refer to appendix 2 for vector map). PCR reactions are described in table 3.1.

Primer Ng1 >

Primer Ng3 =70 CTCCCTGCTT TCTCCTCAGC EGCCGCGCTA GGCCCGGGCG ACGCGGACGC
=20 CGCGCCTCGA GTTTGAGGGC AGCCGGCGGC GCGGCCTCCT CAGCGGGCTC
+31 GGCTGGACGT CCGCTCCGGA TCTTCGCGAT GGGGCGCGGG GGTCGGCGCG
+81 GCTAGGAGTG CGGCGAGTGG AGCGGTGGGT GCGGAGCGGC GGGGCCCAGC
+131 GGCCCGCAGG GAGGCGGGAG CGGCGGCTGG CGCCTCAGGG CCTGTGAGCT

Primer Ng4 +181 GGAGGCACTC{GCCATGGCCA AGTCGGGTGG CTGCGGLCGCG GGAGCCGGCG
+231 TGGGCGGLCGE CAACGGGGCA CTGACCTGGG TGGTAAGTGG CTGGTCCCCG
+281 CCGGGCCCGC GGLGGGGGLG GAATTC

GGACGGGCGG CTGCATTGTT
- Primer Ng2

Figure 3.1: The 5’-flanking sequence of the topoisomerase I} promoter
published by Ng ef al (1997) used to generate topoisomerase IIf probes.
The above sequence was used to design two sets of primers. Ngl/2 (red) and Ng3/4
(blue). PCR was used to amplifyv short regions of the topoisomerase [Ip promoter
The coding region for exon | within the sequence is shown in bold. The regions
where primers annecal are illustrated by the arrows. Primers Ngl/2 and Ng3/4
generate oligonucleotides approximately 380 bp mn size and 300 bp in size.

respectively. Primer sequences can be found in appendix 1.1.
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topolip1

topolip2

95°C for 5 minutes.
Denaturing 95°C for 1 minute.
Annealing  50°C for 1 minute. [ Y%
Extension 72°C for 1 minute.

95°C for 5 minutes.

Denaturing 95°C for 1 minute.

30 ;
Annealing 57°C for 1 minute. S
Extension 72°C for 1 minute.

The PCR mix contained 5 plL (50 ng/uL) of each
primer Ng1 and Ng2, 5 puL (3 mM) dNTPs, 5 uL 10x
PCR buffer (100 mM Tris-HCI, 500 mM KCI pH 8.3,
Sigma), varying amounts 2.5, 5 or 7.5 uL MgCl, (25
mM, Sigma), 1 uL Tag Polymerase (5 U/uL, Sigma), 1
uL template plasmid (1 ng/pL) and dH,0 to make up
the total volume up to 50 pl.

The PCR mix contained 5 puL (50 ng/uL) of each
primer Ng3 and Ng4, 5 uL (3 mM) dNTPs, 5 uL 10x
PCR buffer (100 mM Tris-HCI, 500 mM KCI pH 8.3,
Sigma), varying amounts 2.5, 5, 7.5 or 10 uL MgCl,
(25 mM, Sigma), 1 pL Tag Polymerase (5 U/uL,
Sigma), 1 pL template plasmid (1 ng/uL) and dH,0 to
make up the total volume up to 50 pl.

Table 3.1: PCR protocols for topoisomerase 11§ probes.

The PCR reactions involved in producing topoisomerase I probes. The PCR

reactions were carried out in thermal cvelers (HYBAID Omn-E. SciTech (NZ) Ltd or

GeneAmp PCR Syvstem 2700, Applied Biosvstems. Foster Citv. USA)

sequences can be found n appendix 1.1

Primer
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Figure 3.2: PCR reactions to generate topoisomerase Hf} oligonucleotides.

10% ol cach PCR

rcaction was clectrophoresed on a 1% agarose gel in IxTAL
buffer for about | hour at 80 V. DNA was visnalized by incorporating ethidium

bromide (0.3 pg/mL) into the gel and exposure to UV light. Molecular sizes of bands

arc indicated on the lell in base pairs (bp). 10 ul. 1Kb plus ladder 1s present in lane |

A) PCR products using primers Ngl and Ng2

| FL ; neeative control (PCR reaction with no template): No PCR prodoct
3 I mndard PX eaction th .25 mM (& n-specitic PCR d et
! 5 pl standard PCR reaction with 2.5 mM MgCls: desired PCR product (topoll[31)
3 5 pl. standard PCR reaction with 375 mM MgaCl.: No 1% R product

Lane 4 contains the desired topoisomerase 3 PCR product. 380 bp in size

B) PCR products using primers Ng3 and Ng4

Lanes 2 5 L. negative control (PCR reaction with no template): No PCR product
3 5 pL standard PCR reaction with 125 mM MgCl.: desired PCR product (1opoll32)
4 5 uL standard PCR reaction with 2.5 mM MgCl,: No PCR product
5 5 pL standard PCR reaction with 3.75 mM MgCl,: Non-specific PCR products
6 5 uL standard PCR reaction with 5.0 mM MgCl,: Non-specific PCR products

Lane 3 contains the desired topoisomerase [IB PCR product, 300 bp in size



3.2.2 Cloning PCR product Topolip.2 into pGEM-T vector.

The topoisomerase I3 PCR product topolIB32, was purified using QIAquick PCR purification

kit (QIAGEN) and the concentration determined by gel electrophoresis using quantification

standards. Ligations were carried out as described in section 2.2.15 and are illustrated in table

3.2 below. Reactions were incubated overnight at 4°C before transformations were attempted.

pGEM-T vectors (appendix 2, Promega) are supplied linearized and ready for ligation as they

have already been digested with Eco RV. They also contain a 3" terminal thymidine attached

to either cut end, to facilitate efficient ligation of PCR products. Transformations were

carried out as described in section 2.2.16, utilizing blue/white selection (refer to table 3.3 for

results).
Reaction 2x Vector PCR Control T4 H.0 Toftal
buffer (25 ng) product insert ligase volume
(~8 ng) DNA (1 U/uL)
a) Vector minus ligase 25uL 0.5 uL - - - 2l 5uL
(control) |
b) Vector plus control DNA | 2.5 uL 05 L = 1uL 0.5 uL 05 puL 5uL
(positive control) (25 ng)
c) Vector plus ligase 25uL 0.5 uL - - 0.5 uL 1.5 puL 5uL
(background control)
d) Vector plus PCR DNA 25 L 05uL | 4 uL (dry) - 0.5 uL 1.5 uL 5uL

(3:1 insert:vector molar ratio)

Table 3.2: Ligation reactions to clone into pGEM-T Vector.

Ligation reactions were carried out to clone the 300 bp PCR product topoli2 into

pGEM-T. Reactions were incubated ovemnight at 4'C. and then half of cach ligation

was used to transform XL-1 blue (E.coli) competent cells

The concentration of the pGEM-T vector was 50 ng/uL. whereas the concentration of

the PCR product was about 2 ng/uL. 4 uL of PCR product was aliquoted and dried

down using the SpeedVac (speed vacuum concentrator). then resuspended in 1.5 pl

H:O. For PCR DNA. the lgation was carried out using a 3:1 (insert:vector) molar

ratio and for the control DNA the molar ratio was 1:1
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Reaction Ligation XL-1 Dilution | Volume Number of
mixture competent plated colonies
cells White Blue
1) XL-1 competent cells - 10 uL 108 50 uL T™C -
(control) - 107 50 pL 301 -
LB plates
2) XL-1 competent cells
(negative control) - 10 uL Undiluted 50 uL 0 -
LB+amp
3.a) Vector minus ligase 3L 100 pL Undiluted | 50 uL 0 50
(control) 15 50 uL 0 6
1:10 50 L 0 7
4.b) Vector plus control 3uL 100 pL Undiluted 50 uL 341 48
DNA 15 50 L 53 4
(positive control) 110 50 ul 20 3
5.c) Vector plus ligase 3uL 100 pL Undiluted 50 uL 0 T™MC
(background control) 15 50 L 0 6
1:10 50 pL 0 6
6.d) Vector plus PCR 3uL 100 pL Undiluted 30 puL 150 136
DNA 1:5 50 ul 14* 18
1:10 50 L 2 17

Table 3.3: Results of XL-1 transformations using pGEM-T ligations.

[ransformation of XL-l competent cells. using plasmids generated from ligation

(table 3.2) of pGEM-T vector and topollp2 DNA or control DNA. Unless indicated.

all samples were plated onto LB plus ampicillin plates with 20 pl IPTG (20 mg/ml

in water) and 30 pl. X-gal (20 mg/mL). Plates were incubated overnight at 37°C and

colonies scored the followmg day. some plates had too many colonies o count

(TMC). Colonies were creamy white in colour or blue. Appropriate white colonics

*)

were selected and cultured to 1solate plasnud DNA for analysis

XL-1 competent cells cannot grow in the presence of ampicillin, however competent cells

transformed with pGEM-T plasmids are ampicillin resistant. Each transformation was spread

onto LB plates containing ampicillin, IPTG and X-gal to distinguish which plasmids had the

insert DNA. XL-1 colonies that appear blue are those with empty plasmids, whereas the

white colonies carry plasmids with an insert in the correct location. The variation in colour is

generated as the lacZ’ gene is disrupted by the presence of the insert DNA, so a-

complementation cannot occur within the bacteria.
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The control plates that contained XL-1 cells on LB only (reaction 1) grew only white
colonies, as expected. This, in conjunction with the control plate of XL-1 cells with
ampicillin (reaction 2), where no colonies grew, provided evidence that the XL-1 cells were
viable and that no contamination or spontaneous ampicillin resistance could be attributed to

any of the white colonies observed in other reactions in these experiments.

The ligation reaction with the control DNA (reaction 4.b) was set up to assess the efficiency
of the ligation. Typically, about 10-40% of colonies should be blue and no less than 60% of
colonies should be white. If no white colonies occurred it could have been due to a failed
ligation. However, if no colonies grew then it could have been due to a failed transformation.
In addition, if fewer than 50% of colonies were white then the ligations were likely to have

been carried out using suboptimal conditions (Promega pGEM-T technical manual, No. 042).

The results in table 3.3 illustrate that approximately 10% of colonies in reaction 4.b were
blue, and the majority of colonies were white, indicating that the ligation efficiency was
satisfactory, and that the transformation worked well. The blue colonies that arose were
probably due to undigested pGEM-T vectors or the absence of a 3’ terminal thymidine
attached to ends of the vector (which meant the vector could then religate). The background
blue colonies observed in control reactions 5.c and 3.a, indicate that the majority of blue

colonies were due to vector self-ligation.

The ligation of pGEM-T and the 300 bp PCR product topollf32, gave rise to about 50% each
of white and blue colonies. Fortunately, there were many white colonies to choose from and
8 white colonies were isolated to analyze for the presence of the insert DNA. Each colony
was maintained in the presence of ampicillin and DNA extracted using the Quantum® Prep
Plasmid Miniprep Kit (BioRad) as described in section 2.2.17(ii). Each pGEM-T plasmid
was checked for insert presence by enzymatic digestion, using Sph 1 and Nde 1 and shown in

figure 3.3.

The results from figure 3.3 illustrate that miniprep DNA isolated from colonies 1, 3 and 5
appeared to have the correct insert; ie. the topoisomerase I3 PCR proximal promoter region.
Interestingly the sample seen in lanes 3 and 4 appears to generate an insert approximately

600 bp in size, which is probably due to the incorporation of two PCR products ligated
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together into the pGEM-T vector. Bands that exhibit lower mobility can be seen in many of

the lanes, these are due to incomplete digestion of pGEM-T.

Lanes 1 2 3 4 5 6 & 8 9 10 11 12 13 14 15 16 17

12, 00O

5.000 .

W e - B

2.000
1,650

1.000

- 2 2C 3U 3C 44U 4C 5U 5C 6U 6C 7U

bp
Figure 3.3: Diagnostic digests of various pGEM-T plasmids.
) ul (30 ng/ul) of each mini-preparation ([-8) of pGEM-T topollf32 colonies was
I ( | N ¢ 1 ) led (C 1
C samples and uncut ( 1m re analvzed on a 1ArOSe L0 xTAI
buffer for about | hour at 80 V. DNA was visualized by incomporatine ethidium

bromide (0.5 pg/mL) into the gel and exposure to UV light Molecular sizes of bands

arc indicated on the left in base pairs (bp). 10 uL 1Kb plus ladder 1s present in lane |

o ls |

Enzymatic digestions were performed as described in section 2.2.6

Even numbered lanes Relate to 2 pl. (1) uncut minmiprep plasmid DNA (50 ng 'ul

Odd numbered lanes Relate to 15 pl. (C) cut'digested mmiprep plasmid DNA
Insert DNA can be seen at the bottom of the gel approximately 300 bp in size.
whereas the bands of lower mobility are the pGEM-T plasmid. In the uncut lanes.
three bands of high mobility can be seen, these are different states of the circular

plasmid: ie relaxed or supercoiled
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The topoisomerase I3 promoter has a unique restriction site for the enzyme Nco I, which can
be used to positively identify the PCR product. In addition, the pGEM-T vector has
restriction sites for enzymes Sph I, Nde 1 and Nco 1 within the multiple cloning site (MCS).
Thus, mini-preparation plasmid DNA from sample 1 was subjected to further analysis (via
PCR and enzymatic digestion), to confirm that the insert DNA was indeed the desired

topoisomerase [I sequence.

To amplify the insert within the pGEM-T vector, PCR was carried out using Tag polymerase
with standard pGEM-T PCR primers, T7 and SP6 (described in section 2.2.12). The size of
the insert after PCR was approximately 420 bp (lane 2, figure 3.4). The larger size was due to
extra bases attributed to the MCS of the vector. When the PCR product was digested with
Sph 1 and Nde 1 (to remove most of the sequences from the MCS), the size of the TopolIB2
was shown to be about 350 bp (lane 3, figure 3.4). The PCR product was then digested with
Nco 1, Sph 1 and Nde | resulting in the production of two major fragments of about 100 bp
and 280 bp confirming the identity of the insert, there would have been a few smaller bands
also but they were not resolved in the gel (lane 4, figure 3.4). Mini-preparation plasmid DNA
was digested with Sph | and Nde | (lane 6, figure 3.4) and the size of the fragment matched
that observed in lane 3. In addition, when the mini-preparation plasmid DNA was digested
with all three of the enzymes (lane 7, figure 3.4) it clearly showed that the insert DNA was
digested with Nco I, which also enabled positive identification. The insert DNA was indeed

the desired topoisomerase 11 oligonucleotide.

Therefore, a region of the topoisomerase I promoter had been cloned, which could be
excised and labelled for use as a probe in Southern blotting and hybridization analysis of
either cloned or genomic DNA. However, due to several technical difficulties encountered
with obtaining reproducible PCR products, sequence analysis of the two pBluescript clones
(TopoB3.2 and TopoB3) was completed by the time this cloning had been completed.

Analysis of the two pBluescript clones is described in the following section.
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3.3 pBluescript SK (+) topoisomerase lI§ clones.

pBluescript SK (+) is a plasmid that is approximately 3 kb in size and can carry up to 10 kb
of insert DNA. The insert DNA is flanked by two primer sites representing the T3 and T7
promoter elements, which can enable insert DNA amplification using PCR (refer to appendix

2 for vector map).

Two pBluescript SK (+) clones (TopoB3 and TopoB3.2) were initially sequenced from the
T3 end of the MCS by dideoxy chain termination using Big Dye chemistry (Lorraine Berry:
MUSeq facility, Institute of Molecular BioSciences, Massey University). Each sequence was
compared with the topoisomerase 113 ¢cDNA sequences (accession number AF087143) for
insert identity and orientation with sequence analysis software GCG (Version 9.1; Wisconsin
Genetics Computer Group, USA), using the bestfit programme. Bestfit takes two sequences
and makes matched sequence comparisons, so that any similarities between the two

sequences can be observed.

Of the two clones, TopoB3.2 was chosen for further analysis as the topoisomerase IIf insert
sequence appeared to continue in the required direction, away from exon 2 of the human
topoisomerase Il gene (refer to figure 3.5). The exon organization of the human
topoisomerase 113 gene in relation to the functional domains of the topoisomerase IIB protein
is illustrated in figure 3.6. Therefore, the 5’ topoisomerase IIB promoter region would be
upstream of exon 1 (Ng er al, 1997). Restriction endonuclease digests were carried out to
generate a restriction map and primer walking was used to sequence the entire topoisomerase

[1B insert, the results for these are described in the following sections.
The other clone TopoB3, was orientated in the opposite direction to the TopoB3.2 clone,

such that it appeared to sequence into exon 2 and lead into intron 2 away from the promoter

region. Further analysis of the TopoB3 clone was consequently abandoned.
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1 AAGCTTGAACCCA.CCAAATTCCTATCAAGTTCAARGACTTACCATTCTT 49
PERTEERRIEERE bttt bbbt rnntl
361 aagcttgaacccacccaaattcctatcaagttcaaagacttaccattett 312

50 GCTAAGATAATGTCTAAAAAAAACAGGTAACATTTGAGTGTGGTCAGCCA 39
FERTRRRLI R et i it r b b v bbb bt
311 gctaagataatgtctaaaaaaaacaggtaacatttgagtgtggtcagcca 262

100 GATGGCAAAACAAGAAACCCCAGGCCTTTCTTTCCCCATGAAGACAAGGA 149 |

0 020 1 0 A 0 O O O B 1 L
261 gatggcaaaacaagaaaccccaggcctttcetttocccatgaagacaagga 212

150 TTCAACAATAACARACAATCCAACTGCCTTTGTGATAAGTTCCAGCACCC 199

O A NN
211 ttcaacaataacaaacaatccaactgcctttgtgataagttccagcacce 162

200 CAGGTGAGCATAAAATAGCATCAAAGCTCATGTCCTCCCTCCTATCTGCC 249

0 0 0 1 o 1 A 1
161 caggtgagcataaaatagcatcaaagctcatgtcctceoctectatectgee 112

250 CCAGCAAGGCAAGATTGAGAAAAACAAACAAGACAACAACAACTTCCACC 299

0 L M O I A A O R |
111 ccagcaaggcaagattgagaaaaacaaacaagacaacaacaacttcca.c 63

300 TTCTCCCTGGGGAGGAGCAGAAAAGGAATATACCTCCAATGGA 342 _) |
5 O L O OO L 0 Leading into
62 ttctcectggggaggagcagaaaaggaatatacctccaatgaa 20 exon 1

Figure 3.5: GCG analysis of topoisomerase 11f clone TopoB3.2.
GCG analysis of the sequence from the T3 end of clone TopoB3.2. The TopoB3.2
sequence (top rows) was aligned to the exon 2 sequence (bottom rows) from human
topoisomerase [If ¢cDNA (accession number AF087143). using the *bestfit” program
within GCG.

Number | on the top row designates position | on the TopoB3 .2 sequence. which
corresponds to position 361 of the human topoisomerase I exon 2 sequence. The
TopoB3.2 insert DNA sequence was orientated in the vector such that exon2 should
lead into intron 1, followed by exon | and consequently the promoter region of the

human topoisomerase 11 gene.
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Figure 3.6: Schematic representation of the exon organization

of the human topoisomerase 11 gene.
The human topoisomerase 1B protein (blue) is encoded by the various regions of the
topoisomerasc I gene. Each domain of the topoisomerase 1B protein is encoded by
specific exons of the topoisomerase [ gene (numbers above the blue domains).
where cach exon has been mapped to particular regions of the topoisomerase 11
protein. Domam organization 1s crucial for correct enzyme function, The second
domain (indicated with the red arrow) is thought to plav a role in coordinating the
actions of the ATPase domain with the DNA binding and cleavage domain within the
second division of the central region. (Figure created from information drawn from
Lang er al. 1998: Austin er al. 1993: Marsh er al. 1997. Cowell er al. 1998 and Sng et
al. 1999),
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3.3.1 Restriction map of TopoB3.2.

In order to determine the size of the insert of TopoB3.2 and identify possible restriction sites
within the insert, approximately 1 pg of TopoB3.2 DNA was digested with enzymes Hind
111, Eco RI, Xho 1, Pst 1, Bam Hl and Sac 1 (as described in section 2.2.6). Each sample was
loaded onto a 1% agarose gel. electrophoresed for about 1 hour at 80 V, then stained with
ethidium bromide where bands were visualized by exposure to UV light. The size of each
band was determined using the 1 kb plus ladder (refer to appendix 3.1) and the information
gathered in conjunction with the sequencing data from the T3 primer, was used to construct

the restriction map illustrated in figure 3.7.

The Hind 111 digest revealed that the TopoB3.2 insert was about 2.5 kb rather than 3.2 kb as
originally indicated, and there were two Pst | sites, two Sac | sites and one Eco Rl restriction
site within the insert. The size of the fragment between the two Psr 1 sites within the insert
was approximately 600 bp, whereas the distance between the two Sac | sites was only about
400 bp (refer to appendix 3.1, for fragment sizes). The insert was flanked by the restriction
sites for Hind 111, Pst 1, Bam HI, Eco Rl and Xho 1 and Sac 1.

— Hind 11 l

TopoB3.2
~6.1 kb

MCS

Bam HI

Hind Il T3

Figure 3.7: Schematic representation of the restriction map of TopoB3.2.

TopoB3.2 was digested with various restriction endonucleases and the resulting
fragment sizes were used to generate a restriction map. The msert (red) had been
cloned into pBluescript SK (+/-) using the Hind IlI site within the multiple cloning
site (MCS, blue arrow), therefore the insert was flanked by two Hind III sites (blue).
The TopoB3.2 insert contains two Pst | and Sac | sites along with one Eco Rl site.
The map of the MCS of pBluescript (appendix 2) and T3 sequencing data also helped

generate the above map.
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3.3.2 Primer walking to sequence topoisomerase lI clone TopoB3.2.

As the TopoB3.2 vector contained approximately 2.5 kb of insert DNA, primer walking was
utilized to sequence the entire insert. Primer walking is a valuable tool when attempting to
sequence DNA fragments that are larger than the standard 500 bp that can be sequenced from

one template, using automated DNA sequencing.

To begin with, sequence data was obtained using a standard primer, which hybridizes to the
vector sequence situated upstream of the insert DNA. Once the initial sequence was obtained,
it could then be used to design a custom oligonucleotide. This custom oligonucleotide was
synthesized so that it can prime the second sequencing reaction by annealing and enabling
extension in the desired direction. By repeating the cycle of designing oligonucleotides based
on the previous sequence, all the acquired DNA fragments were organized and assembled
based on the overlapping regions of DNA between each primer used (as described in section
2.2.9). Thus, generating a contig of individual sequence data. Beginning with the second
standard primer that primes in the opposite direction and following the same strategy, a set of
primers were designed to enable sequencing of the complementary strand. Thus the 2.5 kb
insert was sequenced on both strands using an ABI 377-18/36 automated DNA sequencer
with Big Dye chemistry (Version 1.0, PE Biosystems), carried out at the Massey University

sequencing service (Lorraine Berry; MUSeq facility, Institute of Molecular BioSciences,

Massey University).

The initial standard primer used to sequence Topo3.2 was T3 and each sequencing reaction
generally gave rise to approximately 500-600 bases of good quality sequence (refer to
appendix 3.2 for sequences). Accordingly, for the 2.5 kb insert 2 primers were designed
consecutively used in sequencing reactions with the TopoB3.2 template (Tbetal and Tbeta2
see appendix 1.1 for primer details). The final sequence obtained from TopoB3.2 was

generated by sequencing from the opposite pBluescript primer, T7.

3.3.3 Generating a contig of topoisomerase Il sequences.

Any ambiguous sequence data from the TopoB3.2 sequencing reactions was manually
removed from either end and was then assembled into a contig using the fragment assembly
system (FAS) within GCG (Version 9.1; Wisconsin Genetics Computer Group, USA). The

fragment assembly system recognizes overlapping sequences from individual sequence data
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and can generate an aligned assembly of each sequence. Individual programs within the FAS

enable this system to function.

Each of the four TopoB3.2 fragments were entered into the FAS (as described in section
2.2.10), and a contig 2452 bases in size was generated. Any discrepancies in bases were
corrected manually, by carefully examining the sequence chromatograms, any discrepancies
in bases were corrected manually, and this contig (TopoB3.2corrected, refer to appendix 3.2
for sequence) was analyzed using other programs within GCG or alternative sequence

analysis software.

3.3.4 Analysis of TopoB3.2corrected sequence.
Once the entire TopoB3.2 insert had been sequenced, it was analyzed to confirm its identity

and locate the putative 5° region of the topoisomerase I promoter.

In order to establish the identity of the TopoB3.2corrected sequence, it was subjected to a
BLAST (Basic Local Alignment Search Tool) through the NCBI website (National Center
for Biotechnology Information, http://www.ncbi.nlm.nih.gov/BLAST/). There was only one
significant match identified, which was to the human topoisomerase [If3 gene (exon 2), and
turned out to be the match that was identified earlier to exon 2 (refer to figure 3.5). GCG
(Version 9.1; Wisconsin Genetics Computer Group, USA) was used to examine whether
exon | from the human topoisomerase I gene (accession number U65315) was contained
within the TopoB3.2corrected sequence. The bestfit program revealed that exon | did not

appear within the contig sequence.

Due to the fact that exon 2 was located within the TopoB3.2corrected sequence, but not exon
| the assumption was made that the TopoB3.2corrected sequence could not contain the 5°
region of topoisomerase IIf} promoter and the sequence was likely to be mainly intron 1.
Using GCG, a bestfit search against the published 5° topoisomerase I3 sequence (Ng et al,
1997, accession number U65315) was also carried out. and this demonstrated that the

topoisomerase [If promoter sequence was not contained within the TopoB3.2 insert (refer to
figure 3.8).
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L T — l/‘ Exon 1 _[t

Position 1 Position 2452
Insert sequenced 2.5 kb

Figure 3.8: Schematic representation of the TopoB3.2 insert DNA.
he 2452 bases sequenced from the insert of TopoB3.2. was aligned with the human
lopoisomerase I exons, The “Gelview™ program (within FAS, GCG) provided a
schematic representation of each TopoB3.2 [ragment in correlation to cach other.
thereby establishmg the wav cach sequence stacked into the contig. The insert was
sequenced from the 37 end going into the 57 direction. but the sequence fell short of
exon | and the promoter (arrow) region. Even though the sequence mapped to a
3

significant region of exon 2. most ol the insert DNA appearced to be intronmic DNA

(dotied black line) [/ Signifies a region ol intronic DNA that 1s undeflined in length

In order to confirm that the TopoB3.2corrected sequence had in fact been sequenced
correctly, GCG was used to generate a map of theoretical restriction sites (refer to appendix
3.3). This was done using the Map program and the enzymes that were chosen were those
used in the restriction digest(s) from section 3.3.1. A representation of the results can be seen
in figure 3.9. Significantly, each theoretical restriction site would generate fragments that
matched those that were observed in the actual restriction digests and consequently the
restriction map that was constructed (figure 3.7) was confirmed to be correct. This analysis
suggested that there was only one Eco RI restriction site within the insert, two Pst I sites and
two Sac | sites. Therefore, the TopoB3.2corrected sequence was representative of the original

clone.

Further work with this clone was discontinued and the search for the topoisomerase IIf3
promoter was continued with lambda clones that had been isolated from a genomic library.

This work is described in the following section.
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Figure 3.9: Schematic representation of restriction sites within TopoB3.2 insert.
Theoretical restriction  sites  (coloured  lines) within - TopoB3 2corrected were
estimated using the Map program within GCG (Version 9 1. Wisconsin Genetics

Computer Group. USA). The Hind 11 restriction site represents the T3 primer side of

the MCS within pBluesenipt SK (+). Each restniction site would generate fragments
ol identical sizes to those observed in the actual restniction digests (secuon 3.3 1
appendiy 3.1)

Well after the work with topoisomerase 113 had been abandoned, the draft human genome
sequence was published (NCBI database). Therefore. the TopoB3.2corrected sequence was
subjected to a BLAST search (http//www.ncbi.nlm.nih.gov/genome/seq/HsBlast.html). but
this time against the working draft sequence of the human genome. The entire 2452 base
sequence matched with high identity to the human genome sequence that mapped to
chromosome 3. within the region that contains the topoisomerase 13 gene. It was found that
the TopoB3.2corrected sequence spanned a region of exon 2 to intron | of the human
topoisomerase IIB sequence. which corresponded to nucleotides 767349 to 769795 (contig
ID: NT 005762.11) of the working draft human genome sequence (refer to figure 3.10). This
confirmed that the TopoB3.2corrected sequence was indeed a sequence from the

topoisomerase 13 gene, but unfortunately was not the 5° promoter region required.
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BLASTN 2.2.3 [Jan-12-2002]

RID: 1027685655-02210-24095

Database: Homo sapiens genomic contig sequences
Query=1{2452 letters)

Alignments

o i {=3 Homo sapiens chromesome 3 working draft sequence
segment Length = 1198843

Score = 4663 bits (2425), Expect = 0.0
=5

Identities = 2443/2452 (99%%), Gaps /2452 (0%)
Strand = Plus / Plus
Query: 1 aagettgaaccoacciaattectateaagtteaaagacttaceattottgotaagataat 60

{1 R T TR R A Y A T O B A 8T LA TR
Sbict; 767349 aagcttgaacccaccaaattoctatcaagttoaaagacttaceattottgctaagataat767408

Query: 61 gtotaadaaaaacagqgtaacatttgagtgtggtecagecagatggcaaaacaagaaacece 120
0 T T A A A I R T A A R R A
Shict: 767409 gtctasaaaaaacaggtascatttgagtgtggteageccagatqgcasaacaagagaccocle7468

FEEEEERETT PP e e FETERREETE R R e v

Query: 121 aggcetttetttocccatgaagaca // aaaaasagtcagaaggagcaaaate 2340
Skijcti T6T465 aggcctttotttocecatgaagaca / agasaaaagtcagaaggageaaaate 169685

Query: 2341 aggattataagatggatgoctaattatttatecatcaaancocteataaaattgetettgt 2400
TSRO0 T o W A L I T W L R 8 Y AT O O L
Sbict; 769686 aggattataagatgoetgcctaattatttatcatcaaaactctcataaaattgetettgt 769745

Query: 2401 ttgatgaaagnaatgagcaggagtacgtgtcatgatggagaaagactegtgg 2452
L O o A N A R A AN RN
Sbjct: 769746 ttgatgaaaggaatgagoaggagtac-tgtcatgatggagaaagacto-tgg 769795

Database: Homo sapiens genomic contig seguences

Figure 3.10: Summary of the BLAST alignment using the
human genome database.
The TopoB3 2corrected sequence was analvzed against the human genome using
NCBIL. human genome BLAST resources. The top rows (query) are the
TopoB3 2corrected sequence and the bottom rows (subject) are the human genome
references. This region of the human genome is mapped to chromosome 3. within the
vicinity of the topoisomerase I gene 3p24. // Represent sequences that were

identical. but were not shown for simplicity.
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3.4 Topoisomerase I3 lambda clones.

Prior to the publication of the draft human genome sequence, a second attempt was made at
isolating the topoisomerase [If promoter. Four lambda (1) clones isolated from an original
genomic library, which had been screened with a topoisomerase II} exon 2 probe were
obtained from Dr. Sally Davies (Institute of Molecular Medicine, University of Oxford). As
these clones were reputed to contain larger inserts than the pBluescript clones initially
investigated, it seemed likely that one of these four A clones might contain the topoisomerase

IIB promoter region required.

Very little information about the clones was provided; all that was known was that there were
four topoisomerase I clones, each in bacteriophage lambda (L) T2-E4 phage (personal
communication Sally Davies, Institute of Molecular Medicine, University of Oxford). It was

assumed that this particular A derivative was a standard library vector and that the Eco RI site

had been used for cloning.

Each A phage clone was quantified by gel electrophoresis, and found to have very low DNA
concentrations. In fact the DNA concentrations were so low they were difficult to accurately
gel quantify. Aclonel appeared to have a DNA concentration less than 5ng/pl, whereas
Aclone2, 3 and 4 were even lower than that (data not shown). As there was insufficient DNA
to begin analysis, each A DNA sample was packaged and then used to reinfect E.coli. This
allowed sufficient quantities of DNA to be prepared from A lysates (described in section

3.4.2), which enabled subsequent analysis of these clones.

3.4.1 Bacteriophage lambda.

Bacteriophage A is a virus that infects bacterial cells such as E.coli. They have the ability to
destroy bacterial cells which is demonstrated by a cleared area (plaque) in a colony (lawn) of
bacterial growth. Bacteriophage A consists of a head in which the viral chromosomal DNA

resides and a tail by which the virus attaches to the host bacterial cell.

Virion DNA is linear and double-stranded (approximately S0 kb), divided into 3 regions; the
left arm, the right arm and a central region. The central region within the A phage genome is
considered non-essential for phage growth and can be deleted or replaced: this is where the
DNA of interest is placed (Chauthaiwale et al, 1992). Each arm is associated with single-

stranded complimentary termini (cohesive (cos) termini) 12 nucleotides in length (refer to
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figure 3.11A). Most of the essential genes required for A phage structure and function reside
within the left and right arms of the genome. The left arm generally codes for head and tail
proteins, whereas the right arm contains genes involved in gene regulation. The head acts as
a protective coating, in which the nucleic acid resides and the tail is a hollow tube through

which the nucleic acid passes during infection (refer to figure 3.11B).

Left cohesive Right cohesive
terminus terminus

—1 Left arm (~20 kb) Right arm (~9 kb) |

Head and tail Non-essential A phage Genes concerned with gene
genes for A phage genes regulation, prophage immunity,
DNA synthesis and host cell
lysis
B)
J Nucleic
Head or capsid ——» {/f‘ acid —
Tail > g
Tail fibres ———————— 3
Phage structure Retraction of tail structure

Figure 3.11: Schematic representation of bacteriophage i cloning vector.
A) The double-stranded virion DNA: The central region is replaced with the DNA
insert i a recombinant phage using restriction sites on either side of the central
region (*). The left and night arms serve different purposcs and both are cssential for
phage function. A phage termini are flanked by short single-stranded (12 nucleotides.
blue line) projections. which are complimentary in sequence. B) Schematic
representation of 4 phage structure: 2. phages are comprised of two main structures.
the head within which the nucleic acid (red) resides and the tail structure. which feeds
the nucleic acid through to the host bacterium. The tail structure retracts once the

phage attaches to the host cell. as the nucleic acid is mserted into the host cell. Tail

fibers are involved in the binding of the phage to the bacterial host cell
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Bacteriophage A can adopt one of two replication pathways, lytic or lysogenic (refer to figure
3.12). In the lysogenic pathway, phage gene expression is repressed and the circular
chromosome inserts into the bacterial chromosome by site-specific recombination. In the
Iytic pathway, phage genes encoding replication, lysis and virion proteins are expressed, the
chromosome replicates and the replicas are cleaved and packaged into progeny phage
particles, which are then released by destroying the host cell. Exploiting the lytic pathway
was the means used to amplify each of the T2-E4 phage samples provided. Understanding

the bacteriophage replicative cycle was imperative in understanding each of the procedures

used to amplify the topoisomerase 11§ insert DNA.

Bacteriophage A -3 2

LYTIC LYSOGENIC
PATHWAY / \PATHWAY
> O / o ©

— _-_\|I

'f\ e J,_.'
NS 2,

Phage DNA lntegrahon

Release of packaged phage
particles, virions

Figure 3.12: Schematic representation of the bacteriophage A life cycle.
Bacteriophage 1 attaches to its host cell using its tail fibers. The host cell is infected
with linear viral 2 DNA_ where it circularizes and replicates inside the host cell. The
Ivtic pathway leads to death of the host cell due to the release of packaged viral

DNA. whereas in the lysogenic pathway the host cell remains intact.
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3.4.2 Packaging phage and isolating phage DNA.
In order to generate infectious A phage particles, lambda DNA must be concatamerised prior
to packaging into viral capsids in vifro. Bacterial cells are then infected by newly created

infectious particles and A phage DNA can be extracted.

Each A phage DNA sample was concatamerised using T4 ligase as described in section
2.2.19(i) and shown in table 3.4 below. Due to the inability to accurately quantify A clones

approximate amounts of DNA (about 50 ng) were used in ligations.

Sample T4 Ligase Ligation AmountA H.0 Total
Buffer DNA (dried) Volume
Aclone1 1uL 2ul 20 uL ' 7ul 10 uL
Aclone2 1uL 2 ub 40 ulL g 7 uL 10 uL
Aclone3 1L 2L 40 ul 7 uk 10 pL
Aclone4 1l 2l 80 uL 7ul 10 L

Table 3.4: Ligations of & phage topoisomerase I clones.
Approximately 50 ne ol each « clone was ligated with T4 ligase to enable packaging
ol the phage DNA, Duc to the low concentrations of cach # clone. the liquid volume
ol cach % clone was dried to a pellet in a speedvac (speed vacuum concentrator). The
exact concentration of each 2 clone was not known. therefore, cach sample was

|1:‘nlcd and ]!;!t.‘]\.l;."('\! consecutively . star ling w ith zclonel

Each sample was prepared as shown mn the table above and incubated overnight al
16°C to ensure ligation. 3 pl (about 25 ng) of cach ligation was packaged with

Packagenc” Lambda DNA Packaging Svstem (Promega).

Each ligated A clone was then subjected to packaging using Packagene® Lambda DNA
Packaging System (Promega) and plated as described in section 2.2.19(iv). The packaging
efficiency could not be calculated for the A DNA samples, as the exact amount of DNA that
was packaged was not known. However, the packaging efficiency for the control DNA was
about 1.4 x 107 recombinants/ug DNA packaged (refer to table 3.5). This packaging
efficiency was low compared to the expected packaging efficiency (5 x 10’- 5 x 10°
recombinants/ug DNA, Promega product guide). Never the less, it was obvious that the
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packaging efficiencies of the A samples were very low, as very few plaques formed.

may have been due to the low DNA concentrations of the A DNA samples.

Sample Volume plated Number of Plaques
(dilution) formed
Aclone1 100 pL 4
Aclone2 100 ub 85
g Aclone3 L 100 uL | 3
Aclone4 100 pL 4
Control DNA 100 plL (10% 748

Table 3.5: Packaging & phage topoisomerase I1f clones.
5 uL of cach ligation was packaged with half a recaction (25 uL) of the Packagene
Lambda DNA Packaging Extract (Promega). 25 ng of control (x ¢1837) DNA was
also packaged to monitor packaging efficiency. 100 pL of extract was plated with

100 uL of plating cells and incubated overnight at 37°(

The following dayv the number of plaques formed were scored and used Lo calculate
the packaging efficiency or phage Ivsates, Individual plaques were used to generate

phage lvsates. used in ~ phage preparations

This

Individual plaques were isolated and placed into 500 pl. of SM buffer to enable phage

particles to diffuse into the buffer. This phage lysate was then titered (described in section

2.2.19(vi)) to determine the number of plaque forming units (pfu)/mL. In order to isolate the

L phage DNA, medium-scale A preparations (described in section 2.2.19(vii)) were done

where confluent-lysis plates were required (refer to table 3.6).

Generally, medium-scale A preparations produced approximately 1-2 pg DNA. which

provided sufficient DNA to use in restriction endonuclease digests and Southem blots. The A

lysates provided a rich source of phage particles and were used again to generate more A

DNA if required. Accordingly, the titer of A phage lysates was determined prior to each

subsequent medium-scale A preparation.
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Volume | Number Phage Volume DNA Yield

Sample | Dilution plated of lysate plated for A | concentration of A
plaques pfu/mi preparation after A DNA
(1x 10° pfulplate) | preparation
Aclonet 107 0.01 mL 64 6.4 x 10° 156 ul 50 ng/uL 2.5ug
Aclone2 | 10 0.01 mL 185 | 1.9x10° 54 ulL 30 ng/ul 15 ug
Aclone3 10° 0.01 mL 106 1.06 x 94 uL 20 ng/ul 1.0 ug
10

Aclone4 10? 0.01 mL 270 2.7 x10° 37 uL 40 ng/uL 20ug

Table 3.6: Titering phage particles from A phage lysates.
Representation of the pfuw/mlL generated from a selection of phage Ivsates and the
corresponding amounts of » DNA extracted from concomitant medium-scale 7
preparations
Phage lvsates were diluted and 10 pLb plated with 100 pL of plating cells (LE392)
incubated overnight at 37°C and the plfwmL calculated. The phage Ivsate (with 100
ul LE392 i‘:l.ll-;]j' cells) was then used Lo i||‘ for confluent Ivsis | v 10 511:'1 E_IE.IlLII

on agarose plates and DNA extracted using mediume-scale 2 preparation

3.4.3 Topoisomerase lIj insert DNA within the A clones.

Following packaging and & DNA extraction, each clone was analyzed for the presence of
insert DNA. As nothing specific was known about the type of A vector, the insert could not
be analyzed easily by sequencing or PCR. Using the assumption that most derivatives of
bacteriophage A are generated to have all sites for Eco Rl eliminated from the essential part
of the viral genome (Sambrook and Russell, 2001) and that this enzyme is commonly used
for cloning, each A clone was digested with Eco RI. Approximately 200 ng of AL DNA was
digested and examined by gel electrophoresis (figure 3.13). The identity of each A DNA
fragment was deduced using information commonly known about A phage structure, digests

and gel electrophoresis.

In order to estimate the sizes of the larger DNA fragments, the samples were also
electrophoresed against a A ladder (. DNA digested with Hind II1). The preliminary digest
using Aclone2 shows that there are 5 bands (labelled b-£. lane 4, figure 3.13A) after digestion
with Eco RI. According to the sizes of the fragments, band ¢ (about 20 kb) was most likely to
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be the left arm of the A phage and band e (about 9 kb) was probably the right arm of the A
phage (refer to figure 3.11A). Therefore, band b (about 30 kb) was most likely to be right
arm and left arm joined through the cos sites. The smallest band, band f (about 3kb) was
probably the insert DNA, therefore band d (about 12 kb) was probably the right arm and
insert DNA joined together. Due to the sizes of each related A DNA fragment, the uncut
Aclone2 DNA (band a) was estimated to be about 40 kb, however due to the lack of larger

size markers this could not be clearly established from the gel.

The fragments identified from the digest described above were indicative of incomplete
digestion. Consequently, when each of the A DNA samples were digested with more enzyme,
digests remained the same, thereby suggesting that the A DNA must be religating after
enzymatic digestion. L. DNA ends are flanked by cos sites, which could enable A arms to re-
associate after digestion. To improve the resolution of the larger A DNA fragments, samples
were analyzed on a 0.5% agarose gel at a lower voltage over a much longer period. The
results of this are shown in figure 3.13B, with clearer separation of bands » and ¢. Each
digest clearly shows that an insert DNA fragment (approximately 3 kb in size) was released
from each A clone and that the same 5 bands are seen in each digest (lanes 3, 4, 5 and 6.
figure 3.13B). Bands in each of lanes 4-6 are identical, however there is an additional band
present in lane 3 (Aclonel) which was presumed to be uncut . DNA (band «), as it has the
same mobility as the uncut control (lane 2). The results of both A digests are summarized in

table 3.7 below.

Band Size of band Identity of band
a About 40 kb Uncut A DNA
b About 30 kb Left arm + right arm of A phage
C About 20 kb Left arm of A phage
d About 12 kb Right arm of A phage + insert DNA
e About 9 kb Right arm of A phage
f About 3 kb Insert DNA _

Table 3.7: Summary of the identity of DNA bands represented in L DNA digests.
The sizes of the DNA [ragments were determined by comparing them to standard
DNA size markers. which were electrophoresed with the . DNA samples (seen in
figure 3.13). The identity of the bands was determined bv comparing them with the

sizes of the right and left arms of & phage as described in figure 3.11A.

75



Lanes Lanes 1 2 3 4 5 6

12.000 bp

a 1 kb plus
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12, 000

| i

5.000
3.000 bp

2,000
1.650
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1,000 bp

exposure to UV light. Molecular sizes ol bands illustrated by the ladders are

dder is in red kb plus ladder is in bl

indicated on the lelt ol cach hieure. 2 la

n ! {8 [
1 idde ) hgeste ith o
. g u res i clonel 1)
} T 1 digesic me2 DNA

B) All four lambda samples were electrophoresed on a 0.5% agarose gel in IXTAE
buffer at 40V for about 9 hours

[ .anes | 10 pul. 1kb plus ladder

2 2 pl. (40 ngy undigested Aclonel DNA

10 ul. Eeo RI digested Jclonel DNA

! 10 pl. Eeo RI digested Aclone2 DNA
5 10 pl. Eeo RI digested Jelone3 DNA
) 10 ul. Eco R digested icloned DNA
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3.4.4 Southern Blots of topoisomerase Il A clones.

Due to the size of the insert DNA and the fact that sequencing the insert could not be
achieved without subcloning, it was decided to perform a Southern blot and hybridization of
each A clone (details are shown in figure 3.14). The PCR-generated topoisomerase IIf3
promoter region topolIf1 (described in section 3.2.1) was used as a probe to detect for the
presence of any putative topoisomerase IIf3 promoter sequences within the insert DNA of the
four A clones. Southern blots were performed concurrently with subcloning the A

topoisomerase I} insert into pBluescript (section 3.4.5).

Addition of P* labelled
topoisomerase ||} probe

:

— — —
DNA samples separated DNA transferred to Nitrocellulose filter probed Autoradiography
by gel electrophoresis nitrocellulose filter with labelled probe

Figure 3.14: Schematic representation of topoisomerase 11 Southern Blots.
\ short topoisomerase [ promoler region was gencrated by PCR and used as a
probe against DNA samples that were immobilized on a nitrocellulose membrane. I
the DNA sample contamed sequences sumilar to that of the probe. it will anneal and

this interaction can be visualized by exposure 1o X-ray [ilm

Each A clone was digested with Eco Rl, subjected to electrophoresis (refer to figure 3.15A)
and the DNA transferred to a nitrocellulose membrane as described in section 2.2.20(i1) and
hybridized with a radioactively labelled probe. 25 pL of topolIB1 (50 ng) was labelled with
[o**P] as described in section 2.2.20(i) and incorporation of radioactivity was measured
using Cerenkov counting. 1 pL of [o**P]-labelled topoisomerase 113 probe (diluted 1:100)
generated a Cerenkov count of about 9,534 counts per minute (cpm), which correlates to a
specific activity of 1.9 x 10”7 cpm/uL. This was sufficient labelling to carry on with the
Southern hybridization. If any sequence similarities between the probe and A insert DNA
were present then hybridization would occur, which would be detected upon exposure to X-

ray film (refer to figure 3.15B). Human genomic DNA was also digested with Eco RI and
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used in the blots, as a positive control, to confirm that the topoisomerase [If3 probe was part

of the human genome.

The bands in figure 3.15A and B were labelled a-f as in figure 3.13. These bands were
identical to those identified in figure 3.13 signifying incomplete digests as before however,
there is an additional faint band (labelled X) that can be seen between bands ¢ and d in lane 2
only. This band X is very faint and is about 15 kb in size, which suggests that it could be
composed of two 3 kb inserts and a right arm (9 kb) joined together. Band g is approximately
300 bp in size and is used as a control to detect for self-association of the topoll1 probe.

The human genomic digest (lane 6) showed that this sample digested well, giving a smear of

smaller bands.

Figure 3.15B illustrates the autoradiograph of the hybridization blot. The probe hybridized to
each of the bands that contained insert DNA (refer to table 3.7) in each of the A clones, bands
a, X, d and f. This indicated that each of the A clones might have the putative topoisomerase
[IB promoter region. Unfortunately, the probe also showed non-specific hybridization to the
human genomic digest (lane 6), producing a smear on the autoradiograph. This collectively
suggests that the 300 bp probe may have been too small to efficiently identify putative
topoisomerase [I3 promoter DNA in larger DNA fragments such as the 3 kb insert and
fragments within the human genomic digest, or that the stringency of the hybridization was
less than optimal. Thus, the topoisomerase I3 probe may not have been specifically binding

to putative topoisomerase [I promoter DNA.

From the digests shown in figure 3.13 and 3.15, it was surprising to find that the inserts were
all about 3 kb and each hybridized to the topolIB1 probe. This size is generally considered
small for an isolate from a human genomic library (usually about 9 kb), and it was odd that
each insert was identical in size. At this point concerns were raised about the identity of these
clones, therefore subsequent analysis was carried out one clone only, A clonel. This clone
was not chosen for any specific reason, it simply had a higher DNA concentration than the
rest of the clones and appeared to digest consistently in reactions. Due to the
inconclusiveness of the Southern blot, but the possibility that each of the A clones may
contain putative topoisomerase IIB promoter DNA, the insert from Aclonel was subcloned

into pBluescript SK (+) to facilitate sequencing of the insert.
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2

Insert Insert

B)

Figure 3.15: Southern Blotting A clone insert DNA,
10 L (200 ng) of cach % clone was digested with Leo RI and clectrophoresed on a
0.3% agarose gel in IXTAE buffer at 30V for about 12 hours. Each of the 2 DNA

bands arc labelled a-g.

Lanes | 10l TRD plus ladder
| S ph (2 ng'pl) topolli ] probe (contral )
2 10 ul Feo RI digested delone]l DNA
3 10 ull Eeo R digested nelone2 DINA
4 10 pl. Een R digested relone3 DNA
3 10 ul, Eco RI digested reloned DNA
[ 10 pl. Eeo RI digested human genomic DNA

A) Picture of the 0.3% agarose gel used (o separate fragments of the . DNA Lco Rl
digests and blot onto nitrocellulose membrane. Lane L. 10 pL. | kb plus ladder. DNA
was visualized by incorporating cthidium bromide (0.5 pg/mL) into the gel and
exposure to UV hight. Ruler (lefi of figure) was used to mark the distance traveled by
each band. so that the corresponding bands on the autoradiograph could be mapped.
An uncut »# DNA control was inadvertently omitted from the gel. B) Picture of the
corresponding autoradiograph of the hybridized blot. Probe was [a"P] labelled
topollB1. X-ray film was overlaid on the blot for approximately 12 hours at room

temperature and developed using an automated X-rav film processor.
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3.4.5 Insert from Aclone1 placed into pBluescript SK (+).

The insert DNA from the A clones was subcloned into a conventional vector to facilitate
DNA sequencing. Using medium-scale A preparation DNA, the insert of Aclonel was isolated
by digesting approximately 500 ng of A clonel with Eco RI, gel extracting the 3 kb insert and

quantified using gel electrophoresis. The concentration of insert DNA was found to be about

15 ng/pL.

500 ng of pBluescript SK (+) was also digested with Eco RI, phosphatased then quantified
using gel electrophoresis to prepare it for ligations. The concentration of the phosphatased
pBluescript SK (+) vector was found to be 10 ng/ulL. Ligation reactions were performed (as
illustrated in table 3.8) and E.coli XL-1 blue competent cells were transformed the following

day as described in section 2.2.16. The results of the transformations are shown in table 3.9.

Sample ng ng uL pL T4 buffer H.0 Total
vector | insert | vector | insert pL ul | volume

1) Vector + ligase 50 - 5 - 4 10 20 uLb

2) Vector — ligase 50 - 5 - 4 1" 20 uL

3) 3:1 ratio insert:vector 50 150 5 10 4 0 20 uL

l'able 3.8: Ligation reactions carried out to subclone presumptive

topoisomerase I1f} promoter DNA into pBluescript SK (+).

lhe concentration of the phosphatased pBluescript vector was 10 ng/ul and the
msert DNA was 13 ng/ul. Ligation reactions were carried out as described in section
2.2.14 and mncubated overmight at 16°C. The following dav F.coli XL-1 blue
competent cells were transformed with half of each ligation

Transformations appeared to be successful with no contamination and sufficient white
colonies were generated to analyze for the presence of plasmid DNA. Blue colonies most
likely were the result of vector self-ligation. One of the white colonies from the
transformation was used to isolate plasmid DNA using a Quantum® Prep Plasmid Miniprep
Kit (BioRad), and the identity of the plasmid (pBSTopoB1.26) was investigated, by

restriction endonuclease digest with Eco RI (figure 3.16).
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Reaction Ligation | XL-1 competent | Dilution | Volume Number of
mixture cells plated colonies
White Blue
XL-1 competent cells 3 10 uL 107 50 L 231 =
(control) LB plates
XL-1 competent cells :
(negative control) LB+amp § 10 utb Undiluted 50 uL 0 2
1) Vector mi li :
gy e oy 10 uL 100 uL Undiluted | 50 L 0 50
2) Vector plus ligase ;
(background control) LB plates | 10 ul 100 uL Undiluted | 50 uL 0 13
3) Vector plus insert DNA .
s 10 L 100 L Undiluted | 1004l | 105 | 185
1:10 100 uL 1= 3

Table 3.9: Results of XL-1 transformations using pBluescript SK (+) ligations.
[ransformation ol XL-1 blue competent cells. usmg plasmids generated Irom ligation
(table 3.8) ol pBluescript SK (+) vector and »clonc] insert DNA. or control DNA

Uinless indicated, all samples were plated onto LB plus ampicillin plates with 20 pd

PTG (20 mg/mL m water) and 30 uL X-gal (20 mg/mL). Plates were incubated
overnight at 37°C and colomies scored the followmge dav. Colonics were creamn
white m colour or blue. Onc colony was sclected and cultured to isolate plasmid

Y ¢ 1 5
IINA for analveis (*)
i v TOE AlidiN 5l

The plasmid was confirmed to contain a 3.2 kb insert (lane 2, figure 3.16). Sequencing of the
insert was accomplished using both the T3 and T7 primers of the vector (Lorraine Berry,
MUSeq facility, Institute of Molecular BioSciences, Massey University). The sequence
obtained from T7-primed sequencing reaction was of very poor quality; even when the
sequencing reaction was repeated the result did not improve. Therefore, the sequence
produced from the T3 primer was analyzed using both GCG and NCBI resources (refer to

appendix 3.4, for T3 sequence).

No significant matches were found between the Aclonel insert and either exon 2 or exon 1 of
the human topoisomerase I3 gene, nor the sequence reported by Ng e al (1997). A BLAST
search against the human genome sequence revealed that the putative topoisomerase IIf3
insert was in fact a sequence that belonged to a region of chromosome 16. It has been well
documented that the topoisomerase lIf3 gene resides on chromosome 3 (Tan et al, 1992),
therefore the A insert DNA did not even belong to any region of the topoisomerase 113 gene.

All subsequent examinations of the topoisomerase 13 A clones were abandoned.
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3.5 Acquisition and analysis of the human topoisomerase II

promoter sequence.

Due to failings in obtaining an actual DNA fragment containing the topoisomerase IIf3 5°-
flanking region, an in silico approach was taken. With the advent of the human genome
sequence being available online, approximately 2-3 kb of 5’-flanking topoisomerase IIf3

sequence was analyzed, using bioinformatics tools (described in section 2.2.11).

3.5.1 Obtaining a 5’-flanking sequence for the topoisomerase Il gene.

In order to generate the required sequence, firstly., a BLAST search of the human genome
(http://www.ncbi.nlm.nih.gov/genome/seq/HsBlast.html) was carried out using the published
topoisomerase I sequences (Ng et al, 1997). The resulting sequence match was to a region
of human chromosome 3. The links were followed and an appropriate sized sequence was

downloaded (the source of this sequence is outlined in figure 3.17).

LOCUS NT 005762 3556 bp DNA linear
DEFINITION Hor sapiens chromosome 3 reference genomic cont
VERSION NT_UG‘;'(GE_]_Z GI:22044654

CRGANISM Homo sapiens

AUTHORS NCBI Anncotation Project.

TITLE Direct Submission

JOURNAL Submitted (31-JUL-2002) Mational Center for Biotechnology
Information, NIH, Bethesda, MD 20894, USA

SOMMENT 3E AN RE Qs NCBI contigs are derivea ILrom

1ssembled genomic seguence data. They may include both draft and
finished segquence.
source /organism="Homo sapiens"”
fdb xref="taxon:9606"
/clone="RP11-659P16"

note=" sequenced by University

Washington Genome Center"

Figure 3.17: Origin of the topoisomerase 11 sequence obtained from NCBI.
he published 37-flanking sequence of topoisomerase 1B (Ng et al. 1997) was used
as “bait” to identifyv an appropnate 53° region of the topoisomerase [ gene. Above are
the relevant delails of the sequence downloaded. The accession number relating the
human genome sequence is shown i red. and the corresponding contig that the

sequence originated from 1s shown in blue

(Adapted from: http://www ncbi.nlm nih.gov/genome/seq/HsBlast html).

This human topoisomerase IIf3 sequence was truncated at about 2500 bases upstream of the

start codon (RIDtopolIB) and analyzed using a range of sequence analysis tools as follows.
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The topoisomerase I 5’-flanking sequence reported by Ng ef al (1997) was mapped to the
RIDtopolIB sequences using the ‘bestfit’ command within GCG, revealing that the
RIDtopolIB sequence was the minus strand (refer to figure 3.18A). The RIDtopollB
sequence was inverted using the FAS programs within GCG (Version 9.1; Wisconsin
Genetics Computer Group, USA). This was achieved by using the Gel assemble programme
(GCG) with both the topoisomerase I3 sequence reported by Ng et al (1997) and the
RIDtopolIB sequence and generating a contig of the two fragments, this in turn forced the
orientation of the RIDtopolIB sequence to be altered (refer to figure 3.18B). The newly

altered sequence (RIDtopolIB+) was then used for subsequent analysis (refer to figure 3.19).

CTCAGCH CGACGCGGACGE 50

A) A 3 ZTCC 5 G ]
FA RN 1) L0 VTP 0 T TR R ST O T
549 CTCCCTGCTTTCTCC TCAGCCGCCGOGCTAGGCCCGEGCGACGCGGACET 500
51 CGCGCCTCGAGTTTGAGGRCAGCCGGLGLUGLGECCTCCTCAGCGGECTC 100
{0 111 TGE N Feind A I
439 CGCECCTCGAGTTTGAGGGCAGCOGGCGLUGCOGLCTCCTCAGCCGELTE 450
101 GGCIGGACGTCCGCTCCGGATCTTCGCGATGGLGCGT!
08 W0 0 0 00 L
4145 GECTGCACGTCCOUTCCGGAT CTTLGEGAS
1651 GCTAGGAGTG COAGTGRAGCGETGE
LN
15 AGTGEAGCS
11 CCCGTRAGGEA G GRAGE GG
I LTRT
149 GECCCGCAGGEAGGIGEGAGIGETS oa
251 GGAGGCACTCGLCATGECCARGTCGOGOTGECTGCGLUGCGEAAGLCGGEG 300
A0 0 0 00 1 0 0 0 T 0 O U0 L
2898 GGAGGLACTCGUCATGGCCARGTCGLGGTGECTECGLCGEGERAGCTGGCE 250
CTEEETEGTAAGTGECTGGTCCCCG 350
(MR |
S TGOOTGGTCOCCE 200
plafel GGAATTC 396
O [ LI AR
GGCTGCATTGT TCCGEECCCGUGELGEEEELEGARATTE 154
B] Contig: RIDseqcorrected
.
%

Figure 3.18: Mapping the sequence reported Ng ef al (1997) to the RIDtopollB sequence.
A) The sequence reported by Ng eral (1997) (top rows) was mapped to the RIDtopollB sequence
(bottom rows) usmg GCG (bestfit program). The above ahgnment illustrates that the RIDtopollB3
1510 the 37 10 5 onentation. B) The orientation of RIDtopollB was corrected using GCG (FAS
programs). The GELVIEW Fragment Assembly display of the contig generated from the sequence
reported Ng er af (1997) (aceession number 1J63315) and the RIDtopollB sequence, to create the

inverted consensus sequence (R1DtopollB+)
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3.5.2 Analysis of the RIDtopollB+ sequence.

The RIDtopollB+ sequence identity and orientation was checked once again, by using the
bestfit program (GCG) to map against the topoisomerase [I} promoter sequence (accession
number U65315) and carrying out a BLAST search using NCBI resources. Both exercises
confirmed that the RIDtopolIB+ sequence was most likely topoisomerase II3 5° flanking
sequence, however there was a discrepancy with the topoisomerase I3 promoter sequence
deposited by Ng et al (1997). In that, two bases G and C were actually C and G (refer to
sequences in red in figure 3.18) in the RIDtopolIB+ sequence, this discrepancy can only be
addressed once actual sequencing of the topoisomerase I promoter region is carried out.
The above sequence analyses also enable the major transcription start site, exonl and ATG

codon to be mapped to the RIDtopolIB+ sequence (refer to figure 3.19).

Following GCG analysis, the RIDtopolIB+ sequence was entered into databases that can
search for possible transcription factor binding sites within the sequence. These databases
work by looking for sequence similarities and patterns. Three separate searches were carried
out; the first was using the findpatterns program within GCG, secondly a search using the
transcription factor sites accessed by Bionavigator (Entigen, www.BioNavigator.com) and
finally a search for putative transcription factor binding sites using TRANSFAC database
(Matlnspector V2.2 (Quandt et al, 1995), http://transfac.gbf.de/cgi-bin/matSearch.pl). Each
search came back with copious possibilities, which were sorted manually to identify any

relevant sites (refer to appendix 3.5 for TRANSFAC database results).

The RIDtopolIB+ sequence appears to be highly GC rich (about 80%) with many possible
transcription factor sites. A total of 12 putative NF-Y binding sites exist, through the
presence of five CAAT boxes sequences, 3 perfect inverted CAAT boxes and 4 more related
CAAT sequences. Most of which appear to cluster around 500-750 nucleotides away from
the major transcription start site. There are many possible Spl binding sites (GC boxes),
which appear to congregate closer to the ATG start codon and transcriptional start site
(position 1942 on sequence) than further upstream (refer to figure 3.19). These findings are
merely speculations, as without functional assays the important regulatory elements of

topoisomerase IIf3 cannot be assessed.
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851

901

951
1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2152
2201
2251
2301
2351
2401

BGAACACAAG
ARTAACAAGG
AGTTCAAGGT
AGTTACATGG
TCCATGTTTC
GTGACCTGAG
GTTCACAARA
ARARAGCTTT
CATTTTGGTG
TAAATGGTTT
GCCTGGCACA
TACACTGARA
GTGATGTTGC
TGAAATTATT
ARARTTAAGC
AGAARAGTGA
BAGAGTAGAR
TTCTCTGTGT
AACTGACCAT
TGGAGAAGGT
TTGGGGAGGC
TTGCCTGCGG
CCCCCGGCTT
CCTTAGAGGC
ARACAGCACG
TCCCTTTGCC
AAATGGARRR
TTCGGTTGCT

ATCATTTTARA
CTATGGATAC
AAAGARAGGC
CCATCAGAGA
AGAGTTCTCC

CAAGCACTAA
TTGGTCAGGT
TTCACTGTTC
GCTAATTARA
ACCTCTAGAC

ACATTTTTGT
ACACCTCTTC
CATCACAACT
ATCGTTGGCT
GAAATCAGGG
GCGTGGCAGA
AARCAGGAAGA
TGTATTGGTA
CCTTACTGTG
ATGCCCTCTT
CAGTGACATC
ATAGARCACT
GTCCCTTATC
ATGCTCTTTT
CTGAGATGAT
CGGGTCACGG
TTTACARCCG
CTTCCTGCCA
CCCAGGCAAR
CTTGGAGGAT
GCCCTCARATT
CCCACAGACA

GGGGECTTGG
GATTGGACAG
ccrcTcTCCC
AGGGAGGTGA
CGGTGTGTGT
TTGARGCAGC
GGCCTTCGLG
TCCGAGCGLC
TTCAGCCCGG
CCGCTCGGCC
AGGCCCGGGL
CGCGGLCTCC
TGGGGCGLGE
TGCGGAGLGGE
GGGCCTCAGG
GCTGCGGCGC
GTGGTAAGTG
CGGCGGGGRT
GGTCGGCGCG
GGGGCCCAGC
CCTGTGAGCT

AATTTTGGGA
CATGGCGCTG
CGETGTGCAA
CCETEECGGE
GTGTGAGGAR
GGCGGCGACC
GAGTGTGAGA
TCGGGCTCCC
CCTGCAGCGG
GCCGCCGGTC
GACGCGGACG
TCAGCGGGCT
GGGTCGGCGC
CGGGGCCCAG
GCCTGTGAGC
GGGAGCCGGC
GCTGGTCCCC
GGAATTCCGT
GCTAGGAGTG
GGCCCGCAGG
GGAGGCACTC

TTTCCCTTGA
ARARAACAGT
CTTTGGTGGC
CCCTTTTAGT
GCCTTGTTTT
GTGTGCGCCC
AGTAAAGCCA
ATTTTCATTC
CATTTGARRA
AGAGGCAGGG
TCTGCATTGET
CRACCCACCC
ATTTAAGCTT
GGGGTGAGGG
TTTTTTCGAC
GGCCTCCTTG
CTCTTTTARA
CCCCCATCCC
CGCTTCGGAT
TACAATCGAC
GACCCTTGAA
CACACACAAA
ACGTTTCCCC
TTGGCCGAGA
ACTGACAGCG
ATGTGTGTGT
GGCGGCGGLGE
ATCGGGGCTG
GGGACGACTA
AGGACAAGGT
CGGoecaeeeT
CGCCCGCGGRG
GCTCCCTGCT
CCGCGCCTCG
CGGCTGGACG
GGCTAGGAGT
CGGCCCGCAG
TGGAGGCACT
GTGGGCGGCG
GGGACGGGLG
CCGCTCCGGA
CGGCGAGTGG
GAGGCGGGAG

ACTGAGGCTC
TCAGRAAAGT
TGAAGTCCCT
AAAACTATGT
TCAGRATGCA
GAGGARATGC
AATACTGTTT
ACTTCATGCC
CTGTCTCACA
TACTTTGAAC
AATARATACT
TCTTCCATCT
TTAGAAAGCT
TTCCACTGAA
GGCACAGTTC
TCAGAGAAGA
TGCATTCTTT
TTCATATGTA
GAGGAGACGG
AGCAGCGTCC
CACCAGTGGT
ATAATTTCCC
caccceeeee
TCCCGGTTAG
CCGAGGCC a4
GCAGCCCCTG
CAARRACCCC
CCTCGGGTCE
GGCTGTGGCG
GGGGECEGECCG
GCGGTGTTAT
GCTCTGTITA
CAGCGAGGCT
CTCTGGCGAC
ACCTCTGCGT
CGCGGCTCGE
CGGGCGAGAA
TTCTCCTCAG
AGTTTGAGGG
TCCGCTCCGG
GCGGCGAGTG
GGAGGCGGGA
CGCCATGGCC
GCAACGGGGC
GCTGCATTET
TCTTCGCGAT
AGCGGTGGGT
CGGCEGCTGE

AGGGARAGTTA
TTGCACCCCA
AGTATGGCARA
TTAAATTATT
GTTTAAAGAT
ACAGTTGGAA
TCATCTTTAT
TTCAAGTACT
AGCCAGGTTA
CCATCGCAGA
TGAGTGGAAT
GCCARAGACT
TTAATGTGAR
AACAGTTTTA
TGGACAGATG
ARGGTCAACA
CCCTAGAACA
GTTTTCTTGA
AAGAAGGAGA
ACTTAGGCCC
CTACAACGTC
TTTGGGACGG
CCATCCTCAT
GTCTCAGAGT
TTCGACCCTT
CTCTCCCTTC
AAGTCTTCCT
CGCCCCTCCA
ACAARGGCCCG
CCGCGCCCTC
GCCGGACAAG
TTGETCCCTCT
ARGGCTGCCT
TCGAGTGGCT
CCTCGCCACG
ACGCCCGGGC
GGCAACGCCG
CCGCCGCGCT
CAGCCGGCGG
ATCTTCGCGA
GAGCGGTGGG
GCGGCGGCTG
AAGTCGGGTG
ACTGACCTGG
TCCGGGECCCG
GGGGCGCGGG
GCGGAGLGGC
GGCCTCAGGG

This sequence was analyzed for putative transcription factor sites and the significant
results are illustrated above. The sequence is highly GC rich within which, there are
five CAAT boxes sequences (pink), 3 perfect inverted CCAAT boxes (red) along
with 4 more related CAAT sequences (purple) and several putative Sp1 binding sites
(blue). The ATG codon is underlined. exon 1 (bold) of the topoisomerase [} gene
maps to nucleotides 2135-2203 and the major transcription start site maps to 1941

(green). The Ng er al (1997) topoisomerase [I} promoter sequence maps to

Figure 3.19: The RIDtopollB+ sequence.

nucleotides 1872-2267.
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3.6 Chapter summary.

Two pBluescript and 4 A clones isolated by screening a human genomic library with an exon
2 human topoisomerase IIf} probe were analyzed for the presence of topoisomerase IIf3
promoter DNA. Unfortunately, none of these clones contained the 5°-flanking sequence for
topoisomerase I1B. However, the 5’-flanking sequence was finally identified using the human

genome sequence that was available through NCBI and analyzed for putative transcription

factor binding sites.

The 5’-flanking sequence of human topoisomerase 113 revealed many putative transcription
factor binding sites, which appeared to cluster together in regions upstream and downstream
of the major transcription start site. However, the functional relevance of these putative
transcription factor binding sites can only be established by carrying out functional assays,
using deletion series of the 5’-flanking sequence of human topoisomerase IIf. The
publication and analysis of this sequence could now be a starting point for a detailed

functional analysis of the topoisomerase [I3 promoter (see discussion, section 6.1.2).
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Chapter 4: ICB1 and GC1 binding assays of the

topoisomerase llo. promoter.

4.1 Introduction.

It has been suggested that the transcription factors Spl and NF-Y bind to two proximal
elements of the topoisomerase Iloc promoter, GCI and ICBI1 respectively. In order to
characterise the binding of transcription factors to these elements, electrophoretic mobility

shift assays (EMSA) were carried out using sequence specific probes and HeLa cell extracts.

The EMSA technique is used to investigate the binding reaction(s) between proteins and
DNA or RNA in vitro. It utilizes the phenomenon that a DNA probe/fragment will be bulkier
and less mobile when bound to protein, than just DNA alone. To assess the binding of DNA
to protein, one strand of a double-stranded oligonucleotide probe was radioactively labelled
with y-"*-P-[ATP] and mixed with cell extract. After the binding reaction, the sample was
subjected to electrophoresis on a low ionic strength polyacrylamide gel and exposed to X-ray
film. In the presence of a DNA-protein interaction the oligonucleotide was retarded (refer to
figure 4.1) due to its lowered mobility. The specific protein(s) involved were identified with
antibodies and sequence specificity of the interactions was elucidated by generating

mutations in the double-stranded oligonucleotide probes, which were used in competitor

assays.

Competitor assays involved the addition of unlabelled DNA oligonucleotides in several times
molar excess, which competed for protein binding with the labelled DNA. If the competitor
preferentially bound to a protein, less protein was available to bind to the labelled probe and

a decrease in band(s) intensity was observed.

The binding reactions are sensitive to factors such as DNA concentration, salt concentration,
protein concentration, temperature and stability of the DNA-protein complex itself.
Therefore, appropriate binding conditions were required to ensure optimal and consistent

results. Each experiment was carried out in duplicate using different preparations of HeLa

extract.
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Radioactively labelled DNA -

Cellular or nuclear

. protein extract
Mix

l A A Antibody to protein

Gel Electrophoresis

DNA with protein bound
migrates more slowly

Autoradiography l Antibody Supershift

—A— <€+— DNA-protein-antibody complex

s <« ———+— DNA-protein complex

== -] msmmmm <€— DNA alone

Lanes 1 2 3

Figure 4.1: Schematic representation of Electrophoretic Mobility Shift Assays.
The radioactively labelled DNA probe (lanc 1) will have less mobility i’ a protein is
bound to it (lane 2). This can be visualized by exposure to X-rav film. To identifv the
proteins that are bound an antibody supershift can be performed (lane 3) (adapted

from Latchman, 1993),
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4.2 DNA-protein binding studies using the topoisomerase lla

promoter.

The topoisomerase lla promoter has been shown to recruit NF-Y to ICB1-4 (Herzog and
Zwelling, 1997), and previous work carried out by Agnieszka Szremska (BSc honours
project, 2000) suggested that Spl could bind ICB1. Since ICBI1 does not contain a GC
element, it is possible that Spl could be recruited to ICB1 via an interaction with NF-Y
bound at ICB1. This suggests that interplay between Sp1 and NF-Y bound at GC1 and ICBI
respectively may have a functional significance for the transcriptional regulation of
topoisomerase lla. Therefore, oligonucleotide probes were designed to encompass both the
ICBI and GCI1 elements of the topoisomerase Ilo. promoter, where each probe was 44 bp in
size (refer to figure 4.2). In order to identify sequence specific binding a number of

competitor oligonucleotides were designed containing mutations in either or both GC1 and
ICBI.

Forward 5’- CGAGTCAGGGATTGGCTGGTCTGCTTCCECEECEEECTAAAGGAAG ~ 3
Reverse 3'- GCTCAGTCCCTAACCGACCAGACGAAGCCCGCCCGATTTCCTTIC - §

Figure 4.2: Schematic representation of GC1, ICB1 and putative transcription factors.
NF-Y is shown as the blue trimeric complex on the left associating with the ICBI
element. the GC1 element is shown to associate with Spl (pink) on the right. The
sequence of the double-stranded wild type 44 bp oligonucleotide probe used m
clectrophoretic mobility shift assays. is shown at the top. The ICB1 sequence is in blue
and GC1 sequence 1s in pink. The underlined sequences are those that were mutated to
inhibit protein binding and vellow signifies which strand was labelled with y-"P[ATP]

(adapted from Isaacs. 1996b).
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Mutant sequences (see appendix 1.2 for full sequences) were analyzed using the Findpatterns
programme of GCG (Wisconsin Genetics Computer Group, USA) and the Matlnspector V2.2
programme of the TRANSFAC4.0 (http:/transfac.gbf.decreases/cgibin/matSearch
/matsearch.pl). Both of these programs were used to search the transcription factor database
for possible binding motifs. This exercise demonstrated that the mutations introduced into
GCl1 and ICB1 would be sufficient to abolish the Spl and NF-Y consensus sequences

(respectively).

4.2.1 Preparation of HelLa extracts.

HeLa cells have been shown to contain NF-Y, Spl and Sp3 (Hagen er al, 1994) therefore it
was not necessary to prepare cell extracts enriched for these proteins. HelLa extracts were
prepared as described in section 2.2.23 and quantified as described in section 2.2.24. Using
the Bradford protein assay, the protein concentrations of HelLa extracts 1 and 2 were
estimated to be 1.64 pg protein/uL and 3.1 pg protein/pL respectively (refer to appendix 4

for details). The HeLa extract was stored at -70°C until required.

4.2.2 Preparation of the *’P labelled probes.

The oligonucleotides were synthesized commercially and the forward oligonucleotides (refer
to figure 4.2) were labelled with y->"P[ATP] as described in section 2.2.21(i). Once the
labelling reaction was complete, the single-stranded oligonucleotides were annealed to their
complementary unlabelled oligonucleotides. Each double-stranded oligonucleotide was
purified using polyacrylamide gel electrophoresis (PAGE) to remove any contaminating
shorter or single-stranded sequences (refer to figure 4.3). Due to immeasurable losses during
the DNA purification procedure, the concentration of each DNA probe could only be
estimated based on the amount of oligonucleotides added in the labelling reaction and the
likely recovery. The amount of radioactivity incorporated into the purified oligonucleotides

was determined using Cerenkov counting (refer to table 4.1).

The recovery of each DNA probe was estimated to be approximately half to a quarter of the
initial amount labelled. A total of 200 ng of oligonucleotide was labelled, where 1 pL of
labelled oligonucleotide incorporated varying amounts of radioactivity, ranging from about
10,000-40,000 counts per minute (cpm). Before carrying out each EMSA, the probes were
diluted to generate about 9-10,000 cpm/pL, which correlates to a very approximate DNA
concentration of about 0.1-0.2 ng DNA/uL.
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wtlCB1MmtGC1 mtiCB1/wiGC1 wtlCB1/miGC1 mtiCB1/mtGC1

Figure 4.3: Gel purification of the *’P labelled oligonucleotide probes for EMSA.
The oligonucleotides were endlabelled with 7-"P[ATP] using T4 polynucleotide
kinase. The double-stranded oligonucleotides were purified by electrophoresis on a

10% non-denaturing polvacry lamide gel n | x TBE for about | hour at 30 W.

The probes were located within the gel by exposure to X-rav film for about 1 mmute.

then excised from the gel (as shown) and the DNA was cluted ovemnight in 500 uL. 50

mM KCl.
| Probe Counts per minute (1 uL)
I
Blank 39

WwtICB1/mwtGC1 33565
mtICB1/wtGC1 30192
wtiCB1/mtGC1 41938
mtiCB1/mtGC1 9159

Table 4.1: Incorporation of y-"P[ATP] into oligonucleotide probes.
Cerenkov counting (Beckman LS3801 Scintillation Counter) was used to determine the
radioactivity  incorporated into ecach double-stranded oligonucleotide probe.
Approximately 0.1-0.2 ng of DNA was used for EMSA.



4.2.3 HelLa extract titration.

The precision of EMSA experiments relies on an equilibrium between bound and unbound
DNA to protein, however, the amount of probe DNA recovered after purification could only
be estimated. Therefore, it was necessary to determine the amount of HelL.a extract required
for each EMSA to generate optimal binding conditions. HeLa extract titrations were carried
out using a standard 1 pL of radiolabelled probe (about 10,000 cpm) and varying amounts of
HeLa extract from 0-4 pL (0-12 pg protein depending on the extract used). Accordingly, the
binding reactions consisted of Hela extract, poly dl.dC, buffer, competitor or antibody if
included and finally the labelled probe. Poly dI.dC is a synthetic polymeric nucleic acid that

is added to hinder nonspecific DNA-protein interactions.

Figure 4.4 illustrates the mobility shifts observed when increasing amounts of HeLa extract
was added to four different oligonucleotide probes, representing either wild-type of mutated
ICB1 and GCI elements designed from the topoisomerase [la promoter sequence. In the
control lanes (lanes 1, 5, 9 and 13), no HelLa extract was added and consequently only free
probe was detected, as expected. With the addition of 1 pL of extract, distinct banding
patterns were observed that increased in intensity as more extract was added. Some of the
bands appeared smeared or distorted, which could be due to dissociation of protein from
DNA during electrophoresis. Each of the EMSA was carried out twice using two different
sets of Hela extract. Figure 4.4 is representative of the images obtained using both sets of
Hel.a extracts. The optimal amount of HelLa extract for this assay appears to be 4 pL (1.64
ug/ul) as the bands are more distinct. In each round of EMSAs, approximately 6-7 pg of
protein was shown to be sufficient to generate optimal binding conditions with 1 pL of probe
DNA (lane 4).

There are four distinctive protein/DNA complexes (labelled 1-4) present when the probe was
wtlICB1/wtGC1 (lanes 2, 3 and 4), however all four bands disappear when both ICB1 and
GC1 were mutated (lanes 14, 15 and 16) indicating that the mutant probe has lost the ability
to form those particular interactions. In conjunction, the appearance of these four bands
varies depending on the mutational status of ICB1 and GC1 (lanes 6-12), suggesting that
protein-binding specificity may exist. Other bands with higher mobility (shown below the
dotted blue line figure 4.4) appear to occur more randomly, depending on which probe was
used. Therefore, it was likely that these random bands represented non-specific interactions

between probe and protein from the HeLa extracts.
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When ICB1 was mutated (lanes 6-8), only bands 1, 3 and 4 remained and bands 1, 2 and 4
remained when GC| was mutated (lanes 10-12). However, with the mtICB1/wtGC1 probe
the intensity of bands 1 and 4 was significantly less when compared with the intensity of the
same bands with the wt probe (lanes 2-4) and wtiICB1/mtGC1 probe (lanes 6-8). This
suggests that perhaps only band 2 may be specific for the ICB1 element, while bands 1 and 4
were possibly present due to residual binding. Residual binding of proteins (bands 1 and 4,
lanes 11 and 12) was only observed when the probe was wtlCB1/mtGCI. Bands |, 3 and 4
appear to be specific for the GC1 element (lanes 6-9), where band 3 appears to be highly

specific as a mutation in GC1 completely inhibits this interaction.

These differences in banding patterns provided important preliminary evidence to suggest
that ICB1 and GCI may bind different proteins, perhaps due to sequence specificity. To
further investigate the interactions of proteins with the ICB1/GCI1 oligonucleotide, a series of

EMSASs were carried out using antibody supershifts and competitor oligonucleotides.
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Heba 0 1 2 4 0 1 2 4 01 2 4 01 2 4

Extract
Probe wtlCB1/mtGC1 mtiICB1/wtGC1 wtliCB1/mtGC1 mtiICB1/mtGC1
1 . - ‘
2
3
4 .

Probe 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Lanes

Figure 4.4: HeLa extract titration.
Increasing amounts (0. 1, 2 and 4 pl.) of Hel.a extract (1.64 pg protein/pl.) was added
to 1 pulb of each probe. Halt (10 ul) of each binding reaction was loaded onto a 4%
polyacrylamide gel in 0.25 x TBE and electrophoresis was carried out for about | hour
at 200 V. The gel was dried onto DE-81 paper and exposed to X-ray film for about 18
hours at -70°C in a radioactive safe cassette with intensifying screens. EMSAs were
carried out as described in section 2.2.2
Control lanes with no extract are lanes 1, 5, 9 and 13. The blue dotted line divides
putative specific and non-specific interactions. Free probe with no protein bound is

shown at the bottom of the gel. This figure is representative of duplicate experiments.
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4.2.4 Antibody supershifts.

The addition of antibody to the binding reactions can assist in the identification of proteins
present in a DNA-protein interaction. The antibody can interact with protein in one of two
ways; the first is by binding to the DNA-protein complex through the protein, which results
in further reduction of band mobility (refer to figure 4.1). The second is by directly binding
to the protein and masking its DNA binding site, which inhibits the protein from binding to
the DNA resulting in a reduction in band intensity. Antibodies against Spl. Sp3 and NF-Y
(using antibodies against subunits NF-YA and NF-YB) were added to a standard EMSA
containing the wtICB1 /wtGC1 probe and HeLa cell extract in an attempt to identify the
proteins involved in the four DNA-protein complexes observed in figure 4.4. The results are

shown in figure 4.5.

The control lanes (1 and 8) in figure 4.5 have the same four bands that were observed in
figure 4.4, lanes 2-4. Antibody supershifts occurred with each of the antibodies tested and
three of the four protein/DNA complexes could be identified. When antibody against Spl
was added to the assay (lanes 2 and 3) a definite shift in band 1 was observed, suggesting that
Spl was present in the DNA-protein complex represented by this band. Upon the addition of
antibody against NF-Y (lanes 4-7) the only change observed was a strong shift in band 2.
suggesting that band 2 contained NF-Y. The same band (2) shifted regardless of which NF-Y
antibody was used in the assay, which was to be expected since NF-Y is a trimer of three
subunits A, B and C. In lanes 9 and 10, antibody against Sp3 was added and a shift was
observed only in band 4, illustrating that Sp3 was present in that particular DNA-protein
complex. The mobility of band 3 did not change upon addition of any of the antibodies
tested; therefore, the third band remains an unknown protein-DNA interaction. In addition,

no changes were observed in the bands of higher mobility, suggesting that these were the

result of non-specific interactions.

Overall, the data shown in figure 4.5 suggests that four distinct DNA-protein complexes can
be formed with the wtiCB1/wtGC1 oligonucleotide from the topoisomerase Ilat promoter.
These DNA-protein complexes observed appear to contain Spl, Sp3. NF-Y and an
unidentified protein. The different amounts of antibody added to assays do not appear to
induce any deviance in band patterns. Competitor assays were carried out to characterise any

sequence-specific binding.
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Figure 4.5: Antibody Supershift.
4 ul HeLa cell extract (1.64 pg protein/pl) with 1 pl. of wtlCB 1/wtGC1 probe and
increasing amounts of antibody (lor 2 pL of antibodies, which were at a
concentration of 200 pg/mL). Half (12.5 pl) of each binding reaction was loaded
onto a 4% polyacrylamide gel in 0.25 x TBE and electrophoresis was carried out for
about | hour at 200 V. The gel was then dried and exposed to X-ray film for 24 hours

at -70°C. Lanes | and 8 are the control lanes with no added antibody.

Specific and non-specific binding is indicated relative to the blue line. The arrows
locate the bands that identify specific protein(s) in the DNA/protein complexes;
purple: Spl, green: NF-Y, orange: unknown and red: Sp3. This figure is

representative of duplicate experiments.
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4.2.5 Competitor assays.

Competitors were prepared as described in section 2.2.21(iii). Increasing amounts (0-100 ng)
of unlabelled cold competitor (double or single element) were added to standard EMSA
reactions containing wtlICB1/wtGC1 probe and HeLa extract. In these assays, a decrease in
band intensity indicated that the unlabelled competitor preferentially bound the protein that
would normally be present in the DNA-protein complex. The sequence specificity of the four
DNA-protein complexes was investigated using competitor oligonucleotides containing

specific point mutations that were known to hinder NF-Y and Spl interactions.

4.2.5 (i) Double element competitors.
The competitors used in this assay were 44 bp in size and contained both ICBI and GCl

elements with mutations in both or either element. The results are shown in figure 4.6.

The homologous competitor wtiICB1/wtGC1 was able to compete for binding with all of the
protein in the four complexes observed (lanes 1-4), as a uniform reduction in band intensity
was observed as more competitor was added. In contrast, the competitor oligonucleotide
containing mutations in both ICBI and GC1 did not show any significant competition for any
of the proteins (lanes 13-16), even though a difference in lane 16 is observed. The weaker

intensity of the bands in lane 16 is likely to be due to a loading error.

Strong competition was observed for bands 1, 3 and 4 using the competitor oligonucleotide
containing a mutation in the ICB1 sequence (lanes 5-8). This result confirms that the protein
in band 2 (identified as NF-Y in figure 4.5) preferentially binds to ICB1, even though slightly
weaker binding is observed in lanes 7 and 8. Some residual binding is apparent for band 1
(comparing lanes 3 and 4 with lanes 7 and 8) which suggests that NF-Y may be able to
recruit a small amount of Spl to ICBI1 and that binding of NF-Y to ICBI may be assisted by
Spl bound at GCI1. Using competitors that contained a mutated GC1 (lanes 9-12), the only
significant competition observed was for the protein in band 2. Therefore, the proteins
identified in band 1, 3 and 4 (Sp1, unknown and Sp3, respectively from figure 4.5) appear to
preferentially bind to GC1. However, the intensity of bands 1 and 4 also appear reduced,
when comparing the intensity of band 3 across (which appears uniform) lanes 9-12. The
reduced binding of Spl and Sp3 (bands | and 4, lanes 11 and 12) could be due to an
interaction between NF-Y bound at ICBI. Taken together these data suggest that an
interaction occurs between NF-Y bound at ICB1 and Sp1 (and/or Sp3) bound at GC1.
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4.2.5 (ii) Single element competitors.

A second set of competitor assays was carried out using oligonucleotide competitors that
consisted of a single element, either ICB1 or GCI (refer to appendix 1.2 for sequence
details). This experiment was designed to investigate the importance of the flanking
sequences in protein binding and to further investigate any possible synergism between the
two elements. Standard EMSAs were carried out using the labelled wtlICB 1/ wtGC1 probe (1
uL), HeLa extract (6 pg) and competitor oligonucleotides (0-100 ng). The results are shown

in figure 4.7.

If protein bound at ICB1 was independent of protein bound at GC1, then an ICB1 competitor
should simply compete for binding with only an ICB1 associating protein (ie NF-Y) and vice
versa. However, if synergism occurs between the ICB1 and GC1 elements, then a single site
oligonucleotide may have less effect as a competitor. If a protein preferentially binds to the
longer oligonucleotide of the probe rather than the shorter oligonucleotide of the competitor,
then it can be assumed that the flanking sequences between ICB1 and GCl1 are of

significance for protein binding.

The same four DNA/protein complexes were observed (figure 4.7) as for the other standard
EMSA reactions. Lanes 1-4 show that the ICB1 competitor has the ability to compete
strongly for the protein(s) associated with band 2 (NF-Y) and to a much lesser extent the
protein(s) present in bands | and 4, suggesting that synergism between the proteins may exist
or perhaps the longer probe preferentially binds Spl, the unknown protein and Sp3. The
mutated ICB1 competitor did not compete for binding, with any of the bands (lanes 5-8). The
GC1 competitor (lanes 9-12) exhibits the ability to compete weakly for binding with the
proteins present in bands 1 and 4 only, which were identified as Spl and Sp3 in figure 4.5,
respectively. This weak competition suggests that Spl and Sp3 may preferentially bind to
the longer wtICB1/wtGC1 probe, possible due to the presence of bound NF-Y. The mutated
GC1 element competitor does not have the ability to compete for any of the bands observed
(lanes 13-16).
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Figure 4.6: Competitor Assay (Double element competitors).
Increasing amounts (0, 5. 50. 100 ng DNA) of double-stranded competitor was added
to | pb of witlCBI/WtGC1 probe with 4 pul. Hel.a extract (1.64 pg protein/pl.). Half
(10 pL) of each binding reaction was loaded onto a 4% polyacrvlamide gel and
electrophoresis carried out for about | hour at 200 V. The gel was dried onto DE-81
paper and exposed to X-ray film for approximately 20 hours at -70°C. The differences
in intensity between lanes 13-16 are due to error whilst loading the samples in the

wells.

Specific and non-specific binding is indicated relative to the blue line. The arrows
locate the bands that identify specific protein(s) in the DNA/protein complexes; purple:
Spl, green: NF-Y. orange: unknown and red: Sp3. This figure is representative of

duplicate experiments.
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Figure 4.7: Competitor Assays (Single element competitors).
Increasing amounts (0. 5. 50. 100 ng DNA) of double-stranded competitor was added
1

to 1 pL of probe witlCB1/wtGC1 with 2 pul. HeLa extract (3.1pg protein/ul.). Half

(10 pL) of each binding reaction was loaded onto a 4% polyacrylamide gel and
electrophoresis carried out for about | hour at 200 V. The gel was dried onto DE-8|

paper and exposed to X-ray film for approximately 22 hours at -70°C.

Specific and non-specific binding is indicated relative to the blue line. The arrows
locate the bands that identify specific protein(s) in the DNA/protein complexes:
purple: Spl. green: NF-Y. orange: unknown and red: Sp3. This figure is
representative of duplicate experiments. Within the red box is a representation of a
putative ICBI/NF-Y/Spl or Sp3 complex, this multi-protein complex can also be

seen in lanes 1. 2, 5-10 and 13-16.
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The collective results of figures 4.4, 4.5, 4.6 and 4.7 suggest that four proteins can associate
with the wtICB1/wtGC1 sequence of the topoisomerase 1la. promoter. Band 1 contains Spl
and it appears that this protein binds to the GCI region of the oligonucleotide with high
sequence specificity, since this band is not observed when the probe contains a mutated GCI
sequence (figure 4.4, lanes 9-16). Using the same rationale band 4 contains Sp3 and this
protein also binds to the GCI region (figure 4.4 lanes 11 and 12). Band 2 contains the NF-Y
complex, which binds to the ICB1 region of the oligonucleotide, as this band is not observed

when the probe contains a mutated ICB1 element (figure 4.4, lanes 5-8).

Even though both ICB1 and GC1 were shown to associate with different proteins, it appears
that ICBI has the ability to recruit Spl and Sp3 (figure 4.4, lanes 11 and 12). In conjunction
with this finding, the single element competitor assays demonstrate that ICB1 can recruit NF-
Y and at the same time decrease the binding affinities of Spl and Sp3 (figure 4.7, lanes1-4).
Therefore, it is likely that Spl and Sp3 are recruited to ICBI via a putative interaction
between NF-Y and Spl/Sp3 (lanes 9-12, bands 1 and four of figure 4.6). Interestingly, the
opposite scenario of Spl or Sp3 bound to GC1 being able to recruit NF-Y to GCI1 does not
appear to be the case in figures 4.4 (lanes 7 and 8) and 4.7 (lanes 11 and 12). This suggests
that it may be possible that NF-Y first binds to ICB1 and enables the recruitment of Sp1/Sp3
to the complex. When trying to examine the sequence specificity of the proteins binding it
was found that the shorter GC1 competitor oligonucleotide had the ability to recruit a portion
of Sp1 and Sp3, although a substantial amount remains when compared with the competition
exhibited by the double element wtICB1/wtGC1 probe (compare lanes 9-12, figure 4.7 and
lanes 1-4, figure 4.6). This suggests that Spl and Sp3 preferentially bind to the longer
ICB1/GCI sequence.

Taken together these binding patterns suggest that the ICB1 sequence is not essential for Spl1,
Sp3 and the unknown protein to bind, nor is the GCI| sequence required to bind NF-Y.
However, the interaction between GC1, Spl and Sp3 is enhanced if the ICBI element is
intact. By inference, this suggests that NF-Y bound at ICB1 is essential to maintain strong
interactions between GC1 and Sp1 and Sp3. It could be speculated that NF-Y binds to ICBI1,
which in turn recruits Spl and Sp3 to ICBI possibly via a putative interaction between the
two proteins. In fact, both NF-Y and Spl have been shown to contain Q-rich domains, which
have been suggested to mediate protein-protein interactions (Roder er al, 1997). Therefore, it
is likely that Sp1 and Sp3 are recruited to ICB1 via a putative interaction between NF-Y and
Sp1/Sp3 (lanes 9-12, bands 1 and four of figure 4.6). If this were the case then there should
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be some evidence of a less mobile DNA/NF-Y/Sp1 or Sp3 complex forming, an example of
this can be seen clearly in figure 4.7 enclosed in a red box. This heavier complex also
appears to diminish when NF-Y, Sp1 or Sp3 are removed by competitors (figure 4.7 lanes 3,
4 and 11, 12). Other EMSA did have evidence of this complex but were not as clear.
Generally, HeLa extracts that had a higher protein concentration (3.1 pg protein/ul) showed

the formation of this very low mobility band.

The unknown protein also displayed properties of being a GC1 associating protein, but it did
not compete for binding with a single element competitor (figure 4.6, lanes 9-12). In
addition, binding of the unknown protein to the ICBI/GC1 element appears to be
independent of having either NF-Y or Sp1/Sp3 bound. The EMSA observations suggest that
the sequence between ICBI and GCI is important for binding of the unknown protein.
Alternatively, the unknown protein may require Sp1 or Sp3 to be bound at GC1 before strong
binding can occur (figure 4.6, compare lanes 5-8 with lanes 9-12). Further experiments will

be necessary to determine the functional significance of the unknown protein binding to
ICB1/GCI1.



4.4 Chapter summary.
A DNA fragment encompassing both the ICB1 element and GCI element of the

topoisomerase Ila promoter was shown to form four distinct DNA-protein complexes, and
antibody supershift assays enabled the positive identification of proteins Sp1, Sp3 and NF-Y

binding to these elements.

Spl and Sp3 appear to bind preferentially to GCI1. The unknown protein also displayed
properties of being a GC1 associating protein, however it may bind to sequences between
ICB1 and GC1. NF-Y was shown to bind to ICB1 exhibiting strict sequence specificity. In
addition, the presence of NF-Y may enable Sp1 to be recruited to GC1, but in order to do so
both ICB1 and GC1 must be intact to facilitate a strong interaction between these two
proteins. It is possible that a protein complex consisting of NF-Y/Sp1/Sp3 can form at DNA
elements within the topoisomerase Ilo. promoter, where NF-Y binds first and enables the

binding of the other transcription factors.
The functional significance of Spl, Sp3 and NF-Y binding to ICBl and GCl in

topoisomerase lla expression was addressed by carrying out transient transfection

experiments using reporter gene assays in chapter 5.
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Chapter 5: Transient Transfections.

5.1 Introduction.

The previous chapter illustrated that NF-Y, Spl and Sp3 are all capable of interacting with
topoisomerase Ila elements GC1 and ICB1 in vitro. In addition, previous studies have shown
that GC2 is also capable of interacting with Spl and Sp3 (Szremska, 2000). The procedure
whereby exogenous DNA is introduced into recipient cells is known as transfection.
Transient transfections and reporter gene assays were carried out to examine the functional

effects of these interactions on topoisomerase llo expression in vivo.

Reporter genes have proven to be widely applicable in animal and plant cell biology and are
commonly used to examine eukaryotic gene expression in vivo. Reporter gene assays involve
a vector (eg. pGL3B), which contains a promoter-less gene (reporter gene) that is adjacent to
a multiple cloning site (refer to figure 5.1) in which the promoter of interest is placed. The
promoter is then exploited to drive the expression of the reporter gene within transfected
cells. In many experiments, a ‘minimal’ promoter is attached to a reporter gene, such as
firefly luciferase. The minimal promoter generally consists of a short promoter sequence
containing a TATA box and a transcriptional start site, which enables a low level of
*background’ transcription. Information can be gathered about promoter strength and activity

by measuring the enzymatic activity of the reporter gene product in cell extracts.

The minimal promoter (-617 bp upstream of the 5’ transcriptional start site) for
topoisomerase lla expression has already been defined (Isaacs, 1996b) and previously cloned
into a pGL3Basic vector (M°Lenachan, 1998). The transient expression of luciferase under
the control of the topoisomerase Il promoter (pGL3B —617 topoisomerase Ila) has also
been monitored successfully in HeLa cells (M°Lenachan, 1998; Szremska, 2000), therefore
the same approach was used in this study. The significance of these elements and the
functional relevance of putative transcription factors that bind to them were investigated in

vivo by generating mutations in GC2, GC1 and ICBI1 and carrying out functional assays.
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5.2 Generating —617 (GC2mt) topoisomerase llo. promoter constructs.

Topoisomerase Il —617 promoter fragments (in pGL3B) with mutations in GC2, GC1, ICBI
and one with a mutation in both GC1 and ICB1 had been prepared previously (M‘Lenachan,
1998; Szremska, 2000). However, in this study, constructs that harboured mutations in GC2
as well as GCI and/or ICBI were also required. These new plasmids were generated by
ligating existing fragments of the —617 topoisomerase Ila promoter and pGL3B. Plasmid

identity was checked by restriction endonuclease digestion and sequencing.

5.2.1 Generating pGL3B (GC2mt) Vector and Insert DNA.

Upon analysis, the pGL3B wt —617topoisomerase [l sequence revealed that two Hind 111
sites exist, one site was close to the GC2 element and the other was within the multiple
cloning site of the pGL3B vector (refer to figure 5.1 and appendix 5.1). Therefore, a Hind 111
digest of pGL3B —617 topoisomerase lla plasmids would produce fragments of
approximately 5 kb and 400 bp in size. The larger 5 kb fragment would contain most of the
vector plus the GC2 portion of the topoisomerase Ila promoter and the remaining 400 bp
fragment would contain the rest of the topoisomerase lloe promoter from position —259.
Promoter constructs containing double and triple mutations were prepared by religating

appropriate Hind 11 fragments (refer to figure 5.2).

A pGL3B -617 topoisomerase Ila plasmid that was known to have a mutation in GC2
(prepared by Agnieszka Szremska, Department of Molecular BioSciences, Massey
University, Palmerston North; appendix 5.2) was digested with Hind 1I1 and the 5 kb
fragment gel purified and quantified, in order to generate a pGL3B vector that had GC2mt
attached (refer to figure 5.2). To generate the insert DNA, known pGL3B —617
topoisomerase Ila vectors were also digested with Hind 111 and the 400 bp fragment released
from this digest was gel purified and quantified. Figures 5.3 and 5.4 are representative of the

manipulations involved in cloning each of the required —617 topoisomerase lla pGL3B

reporter constructs.
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Figure 5.1: Schematic representation of the restriction sites within the
topoisomerase Ila -617 promoter and the pGL3Basic vector.
The pGL3B vector 15 on the lefl and the restriction sites flanking the 617
topoisomerase llee elements are shown on the nght. pGL3B vector can confer
ampicillin (Amp") resistance on transformed /2. coli cells. The synthetic poly(A) signal
is required to terminate transcription. and the SV40 late polv(A) signal is for RNA

processing in mammahian cells

The insert DNA (-617 topoisomerase [lat) is adjacent to the luciferase reporter genc
(green). Red represents the restriction sites that belong to the vectors™ multiple cloning
site (MCS). whereas blue designates the restriction sites within the topoisomerase [Ta
promoter. [f the topoisomerase Ila insert is in the correct orientation then a Sac 1 digest
will release fragments of approximately 600 bp (insert) and 5 kb (vector) however. if
the insert is in the incorrect orientation then the Sac | fragment will be smaller
(approximately 450 bp). A Hind 111 digest will generate fragments approximately 400
bp (partial insert DNA) and 5 kb (pGL3B vector with GC2 attached) in size. and will
therefore confirm the presence of the insert.

(Figure adapted from www Promega.com/vectors).
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Digest with Hind 11I

I

.- 5& Topoisomerase lla

pGL3B (GC2mt) |- insert DNA

vector DNA

|

Ligate fragments

e
i
|

%
5 .
,

Newly created —617(GC2mt) topoisomerase lla pGL3B plasmid(s)

Figure 5.2: Schematic representation of the cloning strategy to create recombinant
—617 topoisomerase lla pGL3B plasmids.

Each of the GC2mt. ICBImt and GCImt —617 topoisomerase 1o pGL3B vectors were

digested with Hind 11l to gencrate the required vectors and inserts. Each was then

religated to create new —617topoisomerase lla pGL3B plasmids that harbour mutations

in GC2 and ICB1 and/or GC1.
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Lanes 1 2 3 4 1 2 3 4 5 6 7 8

Standards
e — oa—
10ng 2ng S0ng 100ng

Figure 5.3: pGL3B -617 topoisomerase lHa (GC2mt) digest with enzyme Hind 111.
Samples were analvzed on a 1" agarose gel m INTAE buller by electrophoresis fon
about | hour at 80 V. DNA was visualized by mcorporating ethidium bronude (0.3
wg/mL) into the gel and exposure to UV lhight. Molecular sizes ol bands are imdicated
on the lefl in base pairs (bp)

A) a total of 35 pg of pGL3B —617 topoisomerase o (GC2mt) was digested with
Hind 11 for about 2 hours at 37°C. Digested vector was then pooled. phosphatased
cthanol precipitated, and the total volume clectrophoresed. The pGL3B vector with
GC2mt incorporated was excised from the gel (indicated by the red box) and DNA

purified using the CONCERT ™ DNA extraction kit

B) Quantification of pGL3B GC2mt vector

lanes | 10wl 1kb plus ladder
2 | puL, undiluted GC2mt pGL3B
3 2 ul. diluted 1:5 GC2mt pGL3B
} 2 ul diluted 1:10
5-8 quantification standards

The intensity of the samples was compared to the standards and the pGL3B GC2mt

vector DNA was estimated to be at a concentration of ~ 50 ng/pl.

109



Lanes

Standards
B ——

10ng 20ng SOng 100ng

GL3IB 617 lopomsomerase o (ICBImt/GClmt) |i:_-_n'\|_ with enzy me

Hind 111 to eenerate insert DNA.

) C run ai 1 O | I I | |
il L ¥ gl | cd | 1 T | { I 1AC 5
LLes | | a | 1 1CC | i I d
leld ba I
Y) ; Lal } i} i C Blmt/ Gl pll } DIA
digested with Hind | It | nout 1L A/ Dieested nples & pooled. ethanol
yrecipitated and the total volume electrophoresed. The insert D! 1s 1solated from
the gel (indicated by the red box) and purified using the CONCERT"" DNA extraction
ki
B) Quantification of insert ICBImt/GC 1mt DNA
Lanc 1 pi 1§ 1%
2 I wl undiluted I nt (G it DN
i (L undiluted ICBImt/ GCImt D!

[he mtensity of the samples was compared to the standards and the ICBImt/GClmt

msert DNA was estimated to be at a concentration of about 10 ng/uL
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5.2.2 Ligations of pGL3B GC2mt Vector and Insert DNA.
Once the appropriate mutated —617 topoisomerase Ila fragments and pGL3B GC2mt vector

were prepared, the DNA fragments were ligated together. Ligation efficiency is dependent

on the concentration of DNA ends in the reaction. To favour inter-molecular over intra-

molecular ligation, the concentration of insert must be higher than that of the vector. The

insert was added at either a 2:1 or 3:1 (insert:vector) molar ratio, where the amount of vector

DNA used in each ligation was 50 ng in a total volume of 20 pL. Table 5.1 describes the

ligation reactions carried out

when generating pGL3B —617topoisomerase

1153

GC2mt/ICBImt/GCImt (See appendix 6.1 for full set of ligation reactions). Ligations were

carried out as described in section 2.2.15.

Sample

ng
vector

ng
insert

pl insert

T4 buffer

H,O

Total
volume

Vector
plus
ligase
(Control)

50 ng

14l

20l

Vector
minus
ligase
(Control)

50 ng

15l

20pL

Vector
plus
insert
DNA 1:3

50 ng

12ng

12ul

12.8 L

20 L

Vector
plus
insert
DNA 1:2

50 ng

8ng

08ulL

132l

Table 5.1: A typical ligation reaction; generating —617 topoisomerase lla

pGL3B with mutations in GC2, ICB1 and GCl.

20l

Vector GC2mt pGL3B —617 topoisomerase Ilee was at concentration of 50 ng/pL

Insert DNA [CBImt/GClImt was at concentration of 10 ng/uL.

carried out using either a 2:1 or 3:1 (insert:vector) molar ratio

Ligations were

Two controls were included: the vector plus ligase control was useful in determining

the amount of vector re-ligation and the vector minus ligase control. for an indication

of the amount of uncut vector. Ligations were incubated overnight at 4°C and

transformation of XL-1 competent cells was carried out the following day.
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5.2.3 Transformation of XL-1 competent cells using ligation reactions.

Once foreign DNA is inserted into the cloning vector, the newly formed plasmid can be

amplified by introducing it into a host cell, such as bacteria. Transformation of bacteria

(E.coli XL-1 competent cells) with exogenous DNA (pGL3B —617 topoisomerase Ila

plasmids) was performed as described in section 2.2.16. A typical transformation reaction is

illustrated in table 5.2 (see appendix 6.2 for full set of transformation results).

Sample Ligation XL-1 Dilution Volume plated Number of
mixture | Competent colonies
cells
10 uL 100 ub 10: 50 uL 289
XL-1 (control) 10 uL 100 uL 10 50 uL 35
LB plates
XL-1 (control) 10 uL 100 uL Undiluted 50 uL 0
LB+Amp plates
Vector plus ligase 10 uL 100 uL Undiluted 50 uL 27
(control) 10 uL 100 pL 10 50 uL 3
LB+Amp plates
Vector minus ligase 10 uL 100 pL Undiluted 50 uL ]
(control) 10 pL 100 pL 10 50 uL 0
LB+Amp plates
Vector plus insert 10 uL 100 puL Undiluted 50 uL 412
1:3 10 pL 100 uL Undiluted 30 uL 202
(GC2mt/ICB1mt/GC1mt 10 uL 100 pL 102 50 uL K
PGL3B) 10 uL 100 L 10 50 uL 0
LB+Amp plates
Vector plus insert 10 uL 100 ul Undiluted 50 puL 472
1:2 10 uL 100 pL Undiluted 30 uL 119
(GC2mY/ICB1mt/GC1mt 10 uL 100 uL 102 50 uL 11*
PGL3B ) 04 | 100uL 19 50 L .
LB+Amp plates

Table 5.2: Results of XL-1 transformation using pGL3B ligations.

Transformation of XL-1 competent cells. invelving plasmids generated from ligation of

pGL3B 617 topoisomerase Ila GC2mt and insert DNA (ICBImt/GC 1mt). Half of the total

volume of ligations were used to transform XL-lI competent cells. Unless indicated. all

samples were plated onto LB plus ampicillin plates and incubated overnight at 37°C. Colonics

were creamy white in colour. and appropriate colonies (*) were selected and cultured to

1solate plasmid DNA for analysis
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Competent cells are able to take up DNA, which is thought to occur due to the presence of
cell-surface proteins or enzymes that enable DNA binding or uptake. XL-1 blue competent
cells alone cannot grow on LB plates with ampicillin; therefore, only successfully
transformed XL-1 colonies will grow on LB plates with ampicillin. The fact that no colonies
grew on the control plate of cells with ampicillin demonstrates that there was no

contamination and no spontaneous ampicillin resistance generated in these experiments.

The vector plus ligase control was useful in determining the amount of vector re-ligation,
whereas vector minus ligase control to give an indication of the amount of XL-1 blue cells
transformed by digested vector alone. Both these controls had comparatively low growth,
indicating a small amount of religatable vector and uncut vector (respectively) in the vector

preparation.

The controls with XL-1 blue competent cells on LB only plates, enabled the calculation of
viable XL-1 blue cells; approximately 6.4 X 10’ colonies grew for every uL of XL-1 blue
competent cells. Of that number, only 7.6 transformants arise demonstrating that these
competent cells had low transformation efficiency. The positive colonies that grew on the
vector plus insert plates were screened for the presence of pGL3B —617 topoisomerase Ila

plasmid.

5.2.4 Confirming plasmid identity.

Plasmid DNA was extracted from nine positive XL-1 colonies (indicated by * in table 5.2)
using the rapid boil technique described in section 2.2.17(i). Plasmid identity was checked by
enzymatic digestion of rapid boil DNA followed by agarose gel electrophoresis and the insert

was checked by automated DNA sequencing.

(i)Plasmid Identity by Enzyme Digestion
Rapid boil plasmid DNA was digested individually with enzymes Hind 11l and Sac 1. If the
400 bp Hind 11l fragment was in the correct orientation within pGL3B it would generate

DNA fragments; 400 bp and 600 bp in size respectively (refer to figure 5.1).

Figure 5.5 illustrates the results of digesting rapid boil plasmid preparations with Hind III
and Sac I; those plasmids with the insert in the incorrect orientation can been seen in samples

1,4, 5, and 6 due to the smaller (approximately 450 bp) Sac | fragment generated. Those
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plasmids with the insert in the correct orientation can been seen in samples 2, 3, 7, 8 and 9
(Sac 1 fragment about 600 bp) however, sample 7 has additional bands present possibly due
to pGL3B incorporating two insert —617 topoisomerase Ila. fragments which were joined
together. The positive colony that was chosen to isolate further plasmid DNA from was
sample 8: this colony was cultured and maintained for further analysis and automated DNA

sequencing.

(ii)Confirming Plasmid Identity by Sequencing.

Once the colonies were screened, one sample was isolated for sequencing. Sample 8 (figure
5.5) was isolated, cultured and DNA extracted using a plasmid Miniprep Kit (BioRad). The
insert DNA was amplified by PCR using primers (GL2 and RV3) that flanked the multiple
cloning site (as described in section 2.2.12). The PCR products were checked for size and
purity by gel electrophoresis. The correct size for the amplified topoisomerase lla -617
products from pGL3B was about 700 base pairs (refer to figure 5.6), where the increase in

insert size was due to the presence of the multiple cloning site.

PCR was used to amplify the insert for sequencing analysis, as direct sequencing of the PCR
products was found to be more efficient and reliable than direct sequencing of plasmid DNA.
PCR products were purified using QIAgen PCR clean-up kit, quantified by gel
electrophoresis against DNA standards and sent to the Massey University DNA sequencing
service for sequencing. The sequencing primers used were GL2 and RV3, both at a

concentration of 0.8 picomol/pul.

Analysis of the pGL3B —617 topoisomerase Ila insert sequences was carried out using the
bestfit program (GCG Version 9.1; Genetics Computer Group, Madison, Wisconsin) against
the human topoisomerase Ila. promoter sequence (accession number X66794). This enabled
the identification of the particular elements (ICB1-5 and GC1-2) within each insert and the
mutations that were present. Each of the pGL3B —617 topoisomerase lla plasmids were
confirmed to have the intended mutations present in the correct location(s) within the insert
DNA (refer to appendix 5). The pGL3B —617 topoisomerase Ila plasmids were prepared for
transfection using a high purity plasmid preparation CONCERT Maxiprep (GIBCOBRL. life
technologies) and quantified using UV Spectrophotometry (section 2.2.5(ii)).
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5.3 Transfections.

Transfections can be either stable or transient. Stable transfections occur as the exogenous
DNA is integrated into the host genome. DNA that is stably maintained by cells can often be
expressed inefficiently because of position effects or become methylated and rendered
transcriptionally inactive. However, transient transfection occurs without DNA integration
and is particularly useful for the synthesis of gene products that can demonstrate toxicity at
high levels. The level of transient expression of a reporter gene in the transfected cells
depends on the number of cells that take up the vector and how well the gene is expressed.
Expression of the reporter gene reaches a maximum approximately 48-72 hours post-
transfection and then expression declines due to loss of genes. Transfections can be
performed a number of different ways, such as lipofection, calcium phosphate precipitation,
electroporation and DEAE-dextran-mediated, where each method is valuable for different

conditions and cells types.

The method of transfection for this study was lipofection. This transformation system utilizes
liposomes prepared from cationic lipids. Liposomes are small unilamellar (single bilayer)
vesicles and when DNA in solution is mixed with liposomes, cationic-DNA complexes are
spontaneously formed. The positively-charged liposomes not only complex with DNA. but
also bind to cultured animal cells (negatively-charged) and are efficient in transforming

them, possibly by fusion with the plasma membrane.

There are a number of different reporter genes available such as, B-galactosidase, and
chloramphenicol acetyltransferase (CAT). The luciferase reporter gene was chosen to
monitor topoisomerase lla promoter activity in HelLa cells, as it has been used previously

with success (M‘Lenachan, 1998; Szremska, 2000).

5.3.1 Luciferase assays.

Firefly luciferase from the North American firefly Photinus pyralis is an enzyme that
consists of a single polypeptide, 550 amino acids long. Luciferase can catalyze the oxidation
of luciferin in a reaction requiring both oxygen and ATP, which in turn emits a yellow-green
light (refer to figure 5.7). This light can be detected as a direct measurement of the amount of
luciferase activity. When HelLa cells were transfected with pGL3B —617 topoisomerase 11

constructs the luciferase was synthesized within the HeLa cells. The amount of luciferase
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protein produced within the cells directly relates to topoisomerase llow promoter strength,

which can be assayed in the Hela extracts as the light emitted in luciferase assays.

2+
Luciferin + ATP + O, L) Oxyluciferin + AMP + PPi + CO, + Light
LUCIFERASE
Figure 5.7: Luciferase catalyzed reaction.
Luciferase requires ATP and O- to be active. and light 1s emitted as the substrates are
added to the assav. The amount of substrate added to a luciferase reaction directls
correlates to the amount of light emitted by the reaction

The luciferase assays were carried out using the Promega luciferase assay kit and a FLUOstar
galaxy (BMG labtechnologies. Germany) detection system. FLUOstar galaxy is a microplate
reader that uses a system of fibre optics to detect and relay photon emission. As light is
emitted from the luciferase assay (as soon as the luciferase reagent is injected into the assay)
photons are released. These photons are detected by the reading head, which is maneuvered
to sit directly above each microplate. The reading head is mobile and is automatically
positioned above each well before the assay. The reading head relays the photon to detectors
(liquid filled fibre optics) within the system and the photon count is recorded according to the
assay period stipulated. The readings are relayed through Excel ™ (Microsoft Office, 97) and
are actual photon counts over time (Stuart Tyler, personal communication; BMG

labtechnologies, Melbourne).

The FLUOstar galaxy microplate reader was programmed to take a photon count every
second over three minutes, once the luciferase reagent was added. Generally, when luciferase
is added to substrates, there is a flash of light proportional to the quantity of enzyme present
followed by a rapid decay to give an extended period of low-intensity emission. Therefore,
the maximum luciferase reading recorded was used for subsequent calculations. Promega’s
luciferase chemistry utilizes coenzyme A as a substrate in place of ATP, which results in a
slower decay of light, generating longer detection periods. This in conjunction with the

accuracy of the FLUOstar detection system enabled data to be recorded with high sensitivity.
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5.3.2 p-Galactosidase assays.

In addition to being transfected with various pGL3B —617 topoisomerase Ila constructs,
Hela cells were co-transfected with a pSV-B-galactosidase control vector (Promega, see
appendix 2). This was carried out to monitor the interior variations within cells including
variations such as DNA uptake and expression, cell density and integrity. The pSV-f3-
galactosidase control vector enables the expression of bacterial [(3-galactosidase within

transfected cells, which is examined using a spectrophotometric assay.

o-Nitrophenyl-p3-galactoside + H,O

> o-Nitrophenol + GALACTOSE

B-GALACTOSIDASE
Figure 5.8: B-galactosidase catalyses the synthetic substrate ONPG.
lhe exogenous amount of B-galactosidase produced in cells 1s determined by

measuring the amount ol o-nitrophenol (vellow) production Irom the assay above
[-galactosidase generally catalyses the hydrolysis of galactoside sugars such as lactose
however it can also cleave a synthetic substrate. o-nitrophenyl-f3-galactoside (ONPG). ONPG
catalysis produces o-nitrophenol, which is yellow in colour and can be detected at 405 nm
(refer to figure 5.8). Therefore, the exogenous amount of B-galactosidase produced in cells is
determined by measuring the amount of ONPG hydrolysis. Cell extracts were assayed for
both luciferase and [-galactosidase activity in order to normalize the luciferase values
obtained. In order to ensure only exogenous [-galactosidase activity was measured, the
assays were conducted at pH 8.0, which inhibits any mammalian [3-galactosidase activity but

has no effect on bacterial 3-galactosidase activity.

5.3.3 Analysis of data.

Due to the sensitive nature of the luciferase assays there tends to be some variation in assay
results. For this reason each transfection was performed in triplicate and repeated at least
three times to ensure accuracy (see appendix 7). Both luciferase and B-galactosidase assays

were carried out on each sample once the cell extracts were prepared.
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Luciferase and B-galactosidase activities were corrected by subtracting the average of no less
than three appropriate blank samples, to accommodate for any background signals.
Luciferase activities were normalized against [-galactosidase activities (as described in
figure 5.9) by dividing the observed luciferase value from the HeLa cell extracts with the

apposite B-galactosidase value (refer to table 5.3).

Luc/B-gal = Normalized luciferase activity.

Figure 5.9: Normalizing the luciferase activities.
Luciferase activitics were normalized to compensate for internal expression variations

within Hela cells

Constructs | Maximum Corrected B-gal Corrected Luc/B- Average | Luciferase
luciferase maximum | values B-gal gal ratio | Luc/p-gal activity
values luciferase values ratio relative to
values wt %
Blank 841 - 0.139 - % £ =
883 - 0.134 = % - ~
854 - 0.132 - - - -
Avg blank 859 - 0.135 - - - =
wt-617 23157 22298 0.553 0418 53344 = -
22584 21725 0.507 0372 58401 - -
26748 25889 0.640 0.505 51265 54337 100 %
ICB1mt 10557 9698 0.400 0.265 36585 - -
9095 8236 0.326 0.191 31079 - -
10033 9174 0.389 0.254 36118 34594 64 %

Table 5.3: Calculations involved in analysis of one set of triplicate HeLa cell extracts.
Representative results from a transient transfection experiment. Each transfection was
repeated three times. then analyzed as described above, then cach set of transfections
was repeated a further two times (see appendix 8). The luciferase maxima and p-gal

results were corrected by subtracting the relevant averaged blank value.

To normalize the luciferase values each corrected luciferase value was divided by the
correspondmg corrected fB-gal valuc. then averaged. Most samples were displayed
relative to the wt sample. therefore the normalized luciferase values were divided by

the wt value, hence wi is arbitrarily set at 100%,
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The normalized luciferase activities were expressed as a percentage of wild type —617
topoisomerase Il pGL3B luciferase activity, which was determined by dividing by the
average of no less than three normalized luciferase activities from transfections of the wt
pGL3B —671 topoisomerase llo plasmid. Therefore, the wild type topoisomerase Il
expression was arbitrarily set at 100%, and any deviation from this is illustrated as an

increase or decrease relative to wild type activity.

As in any experiments, a certain amount of error is expected. The average deviation
(AVGDEYV) is a measure of the variability within a data set and is ideal for smaller data sets.

The formula to calculate the average deviation from the mean is as follows:

"
n X=X

Where n = the number of observations

X = the individual observation

X = the averaae/mean

Figure 5.10: Formula te calculate the average deviation from the mean.

This formula was used to calculate the Muctuations within data sets. It depicts the
amount of variation between samples from the calculated mean. The caleulations for
the average deviation were performed through Excel (97. Microsoft). this function
returns the average of the absolute deviations of data points [rom their mean

So using the experiment illustrated in table 5.3, the average deviation of the wt sample would
be calculated as follows:

((53344-54337) + (58401-54337) + (51265-54337)) x (1/3) = 2709 luciferase units

and the percentage error: (AVGDEV/AVE) x 100

(2709/54337) x 100 = 4.99% error within the wt triplicates.

The statistical significance of the differences that were observed between two data sets was
verified using the statistical 7-test (refer to figure 5.11 for formula). The s-tests deals with the
problems associated with using a small sample size, therefore it employs a t-distribution as
opposed to normal-distribution which is used for larger data sets. r-tests (assuming equal

variances) were performed using Excel (97, Microsoft) and the probabilities associated with
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the r-tests (p-value) were generated. This 7-test assumes that both of the means of both data
sets are equal and calculates the probability of them being identical. If both data sets were
similar, then the p-value would be greater than 0.10, which means that there is at least a 10%
chance that both samples share the same mean. However, if the p-value was less that 0.05,
then both data sets are significantly different and they have a less than 5% chance of being

similar (refer to table 5.4).

Meang,,; — Meang,,,

1 1

S Ngrp1 Ngrp2

Where the pooled variance (s?) is estimated by:

(ngpf = 1) Szgfpf + (ngrpz'_ 1) 529?;!2

Ngmpi+ Ngpz - 2

Figure 5.11: t-test for comparing two populations.

The formula used to calculate the r-statistic within Excel (97. Microsoft). The (-
statistic was then relaved into a p-value. The letter n. stands lor number of data points
within a population. s is the variance of a population: the r-test assumes equal

variance between the two populations

p-value Description Difference
p>0.10 No evidence for a significant difference between both samples No
0.05<p=0.10 Slight evidence for a significant difference between both samples Yes

0.01 <p=005 Moderate evidence for a significant difference between both samples  Yes
0.001<p=001 Strong evidence for a significant difference between both samples Yes**
p =0.001 Very strong evidence for a difference between both samples Yes*™

Table 5.4: Strength of evidence provided by the p-value.
The p-value. the probability associated with the /-test. The p-value can provide

evidence of differences in varying degrees
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5.4 Transient transfections using HelLa cells.

Transfections were carried out as described in section 2.2.25, using the lipofection agent
FuGENE™ 6 (Roche). FuGENE™ 6 is unique because it is made from a blend of lipids and
other proprietary components that enables high efficiency transfections. In addition,
FuGENE™ 6 requires that cells are between 50-80% confluent at the time of transfection.
This is of particular significance as the expression of topoisomerase [l has been shown to

change in confluence arrested cells (Isaacs ef al, 1996a).

The detection of transient reporter gene activity 12-72 hours after transfection allows rapid
testing of putative regulatory sequences. HelLa cells were transfected with various reporter
gene constructs containing the -617 minimal promoter of topoisomerase Il as well as the

pSV-B-galactosidase control vector.

5.4.1 Expression of topoisomerase lla with mutations in ICB1, GC1 and GC2.

HelLa cells previously transfected with 0.5-2 pg of plasmid DNA (pGL3B topoisomerase lla
and pSV-B-galactosidase control vector) have shown that this is sufficient DNA for
successful reproducible transfections (Szremska, 2000). To minimize the cost but not the
efficiency of transfections HeLa cells were transfected with 1 pg of various pGL3B —617

topoisomerase Ila constructs and 1 pg of pSV-p-galactosidase control vector.

HeLa cells were transfected when they were approximately 70% confluent and harvested 60-
65 hours after transfection as described in section 2.2.26. B-galactosidase and luciferase
activities were determined promptly after harvesting the HelLa extracts (sections 2.2.27 and

2.2.28, respectively); figure 5.12 illustrates the results for these transfections.
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Normalized luciferase activities

The effects of mutations on
topoisomerase Ila promoter activity

160

140 -

T Y

60 - 2

relative to wt %
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.

a\s"@l‘-’af DG(J& “rﬂ;) q""’r GC""’# G(b”?f %%&co be’f%@c %’@(’b %;”’?feo
Tony Dy Q’b, g,
Constructs tested
Constructs Normalized luciferase Significant
tested activities relative to wt%  p-values Difference
pSV{i-galactosidase 1.2 +0.6% s 2
pGL3B 1.6 +0.7% = -
wt -617 100% - -
ICB1mt 422 +15.5% 0.001 YEe
GC1mt 81.7+8.9% 0.177 N
GC2mt 119.8 +18.6% 0.287 N
ICB1mt/GC1mt 442 +13.9% 0.002 i
ICB1mt/GC2mt 108.2 +11.8% 0632 N
GC1mt/GC2mt 108.3 +26.4% 0.683 N
ICB1TmYGC1mtGC2mt 31.8+10.1% 0.000 (i

Figure 5.12 : The effect of mutations in elements of topoisomerase Ilc.
Reporter vector expression changes depending on the mutation contained in the 617
topoisomerase [l promoter. Hel.a cells were transfected with | ng cach of pGL3B
and pSV-f-galactosidase plasmid DNA and harvesied 63 hours later. The normalized
luciferase activities are shown relative to wild type activity and are the results of a set

of four experiments each done in triplicate (see appendix 7. 1. experiments 1-4)

Each construct tested was analvzed for a significant difference to wild type
topoisomerase [la promoter activity using a /-test. the p-values are shown above.
Whether cach construct tested produced a significant difference to wild tvpe
topoisomerase llo promoter activity 1s indicated by Y (ves) or N (no). with *s

indicating the level of evidence provided by the p-value (table 3.4).
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Figure 5.13: Results to experiments 1-4 displayed relative to GC2Zmt.
Data 1s the same as presented in figure 5.11. but displaved in this way for clarity and
interpretation, to analyzc the relevance of elements ICB1. GC1 and GC2. * indicate

the level of evidence provided by the p-value (table 5.4) for a significant difference.

A) GC2mt topoisomerase lla constructs relative to GC2mt. B) Corresponding

topoisomerase lla constructs displayed relative to wild type.

125



Figure 5.12 demonstrates that expression of the reporter gene can vary depending on the
mutation in the —617 topoisomerase [la. promoter. Compared to wild type promoter activity,
a mutation in ICBI induced a significant drop in promoter strength (approximately 50%),
whereas a mutation in GC1 or GC2 appears to have no effect on promoter strength. However,
the construct with mutations in all three elements ICB1. GC1 and GC2 was observed to have
the least reporter gene activity as luciferase activity decreases to around 40% of that observed
in wild type, suggesting a combination of all three elements is required to maintain wild type
topoisomerase Ilo promoter strength. When both ICB1 and GC1 were mutated, the promoter
activity was only about 45% of wild type. Transcriptional activity from each of the constructs

ICBImt, ICBImt/GCImt and ICBImt/GC Imt/GC2mt were not significantly different.

At first glance, it may appear as though a mutation in GC2 could have the ability to increase
wild type promoter activity, which could suggest that the GC2 element may have a repressive
role. However, once a r-test was performed, this GC2 induced change was not significant.
Interestingly, each construct that displayed a significant decrease in wild type promoter
activity contained a mutation in the ICBI element, however this effect appeared to be
neutralized by the presence of a mutation in GC2 (construct GC2mt /ICB1mt). In order to
examine this phenomenon in more detail, the transfection data was displayed relative to
GC2mt (refer to figure 5.13A).

The trends observed in figure 5.13 are similar to those seen in figure 5.12, and clearly show
that there is no difference in promoter activity between constructs GC2mt, ICBImt/GC2mt
and GCImt/GC2mt. Figure 5.13B clearly shows that ICBI is important for maintaining wild
type promoter activity and there is clearly no difference between constructs ICBImt and

ICBImt/GC Imt promoter activity.

Taken together these data demonstrate that only three of the seven constructs tested produced
a significant decrease in expression of the reporter gene, relative to wild type. Each construct
that displayed a difference contained a mutation in the ICB1 element, indicating that ICB1 is
the most important element for basal transcription. In addition, GC2 may have a role in the

ICB1I induced decrease in promoter activity.
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5.4.2 Transient co-transfections.

The results described in chapter 4 demonstrated that GC1 has the ability to bind both Sp1 and
Sp3, whereas previous work had suggested that only Spl was able to associate with GCI
(Szremska, 2000). Transcription factors Spl and Sp3 have been implicated in the regulation
of topoisomerase Ila expression in vivo, however the extent of each interaction has not been
defined (Kubo ef al, 1995; Yoon et al, 1999). In order to investigate the roles of transcription
factors (Spl and Sp3) on topoisomerase Ila transcription in vivo, Spl and Sp3 expression
vectors were used in co-transfection experiments with the topoisomerase Ilo reporter

constructs (refer to figure 5.14).

3.4.2(i) Spl titration.

The effects that transcription factor Spl could have on topoisomerase Ila. expression in vivo
were investigated by co-transfecting HeLa cells with an expression vector that enabled Spl
to be over-expressed. If Spl binds to the topoisomerase lla promoter and influences
transcription, then it should be reflected as a change in relative luciferase activity. In order to
optimize the amount of Spl expression vector used in co-transfections, varying amounts of
Spl expression vector was added to transient transfection experiments. Topoisomerase Ila
constructs chosen for these experiments were the pGL3B wt —617 topoisomerase Il and
pGL3B ICBImt -617 topoisomerase Ila. The latter pGL3B construct was tested due to its

low expression levels comparative to wild type and also because of possible interactions
between NF-Y and Spl at GC1.

Figure 5.15 illustrates that the addition of Spl generally increases luciferase activity; hence,
Spl is capable of activating the topoisomerase lla promoter. A maximum of a six-fold
increase was observed upon the addition of 0.5 pug of Spl expression vector to pGL3B wt —
617 topoisomerase Ila, however further addition of Spl (I pg) appeared to have an
inhibitory effect. Comparing the p-values, Spl appears to have a lesser overall effect on the
ICB I mt construct compared to the wild type construct, suggesting that ICB| may be required
to induce strong Spl-mediated promoter activation. In general, when larger changes were
observed in topoisomerase [la activity the greater the errors became, therefore it was decided
that 0.25 pg of Spl would be optimal to use in subsequent assays. 0.25 pg Spl generally
gave rise to a 2-fold induction of topoisomerase Ila promoter activity, this phenomenon was

examined using other topoisomerase Il constructs.
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Expression plasmid (EP)
Sp1 or Sp3

Co-transfection

gﬁ\-bﬁnding protein
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Figure 5.14: Schematic representation of transient co-transfection experiments.
Hela cells (pink) were co-transfected with pGL3B (RP. green) constructs and Spl or

Sp3 expression veclor (EP. bluc)

The expression vector enables Splor Sp3 to be over-expressed in Hela cells where 1t
may interact with regions ol the topoisomerase llot promoter. thereby influencing

luciferase expression (adapted from: Carey and Smale. 2000)
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Normalized luciferase activity

Effects of increasing Sp1 amounts

Reporter vector expression changes depending on the amount of Spl expression
vector present in HeLa cells.  Hela cells were transfected with 0.3 pg of each
pGL3B and pSV-B-galactosidase in addition to varving amounts (0-1 pg) of Spl
expression plasmid and harvested about 63 hours after transfection. The normalized
luciferase activities are displaved relative to wt activity and are the results of a set of

three experiments each carried out in triplicate (see appendix 7.2, experiments 5-7)

Each construct fested was analvzed for a significant difference to wild type
topoisomerase o promoter activity using a /-test: the p-values are shown above
Whether each construct tested produced a significant difference to wild type
topoisomerase Ilo promoter activity is indicated by Y (ves) or N (no). with *s

indicating the level of evidence provided by the p-value (table 5.4).
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Constructs tested Normalized p-values p-values  Significant Significant
luciferase relative to relative to  difference difference
activities wt 617 ICB1mt to wt to ICB1mt
relative to wt %
pGL3B 17.8+52% - - - -
wt-617 100% - - - -
wt + 0.25 ug Sp1 2644 +31.8% 0.002 - b -
wt + 0.5 ug Sp1 639.1+134.9% 0.009 - = -
wt + 1.0 ug Sp1 560.8 +111.9% 0.008 - G -
ICB1mt 4361 +7.1% 0.001 - Y -
ICB1mt+ 0.25 ng Sp1  64.7 +15.42% 0.049 0.202 ;i N
ICB1mt+ 0.5 ug Sp1 236.2 +105.9% 0.182 0.085 N &
ICB1mt+ 1.0 ug Sp1 119.2 +36.9% 0530 0570 N N
Figure 5.15: Spl titrations.
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5.4.2(ii) Addition of Sp1 to topoisomerase Ila constructs.

Each topoisomerase Ila construct was tested with the addition of 0.25 pg Spl as shown in
figure 5.16. The wt topoisomerase [l construct exhibited a 2-fold increase in luciferase
activity, as did the ICBImt construct, perhaps indicating that even though ICBI is an
important element, it may not be the sole regulatory element within the topoisomerase Ila
promoter and that ICB1 is probably not the target element for Sp1-mediated up-regulation of
the topoisomerase Illa promoter. Regardless of the degree of Spl-mediated activation in the
ICBImt, it is still does not exceed the activity of the wild type topoisomerase Ila. promoter.
Mutations in both GCl and GC2 abolished any significant Spl-mediated activation,

suggesting that Spl-mediated induction of topoisomerase Ila promoter activity relies on

these two elements.

The greatest induction of luciferase activity (about a 3-fold increase) was observed using the
ICBImt/GCImt construct in the presence of 0.25 pg Spl, suggesting that GC2 may be
involved in this increase. The GCImt construct exhibited a reduced Spl-mediated increase
(compared to wild type and ICB Imt/GCImt) and the GC2mt construct did not generate any
significant change in promoter activity in the presence of Spl. In fact, none of the
topoisomerase Ila constructs that harboured a mutation in the GC2 element appeared to be
greatly influenced by the presence of Spl. Taken together, this suggests that GC2 is probably
an important element required for Sp1-mediated topoisomerase Ila promoter activation and
perhaps some sort of co-operativity between ICBl and GCI1 exists in determining the

potency of Spl-activation via GC2.

In addition, a mutation in GC2 appears to exhibit an increased topoisomerase Ila activity
compared to wild type (refer to figure 5.17A). A t-test was performed to compare wt and
GC2mt promoter activity (p-value = 0.042) and the results indicated that GC2 could be

playing a repressive role in topoisomerase Ila promoter activity.

Collectively these experiments show that ICBI still appears to be the most important
element, however GC2 is probably important in Spl-mediated promoter activity in
conjunction with GC1, although GC2 may have a role in the repression of topoisomerase lla

promoter activity.
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GCimt/GC2mt 1189 +16.7% 163.4 +40.9% 0.252 N
ICB1mt/GC1mt/GC2mt 325+12.2% 52.4 +21.9% 0.397 N

Figure 5.16: Addition of Sp1 to topoisomerase lla constructs.

Reporter vector expression changes in the presence of Spl in Hela cells. HeLa cells

were transfected with 0.5 pg cach of pGL3B and pSV-f-galactosidase plasmid DNA

in addition to .25 pg of Spl expression plasmid and harvested about 60 hours later

The normalized luciferase activities are shown relative to wild type activity and are

the results of a set of three experiments each done in triplicate (see appendix 7.3.

experiments 8-10).

Each construct tested was analvzed for a significant difference in promoter activity

upon addition of Spl. using a /-test; the p-values are shown above. Whether each

construct tested produced a significant difference upon addition of Spl is indicated

by Y (ves) or N (no). with *s indicating the level of evidence provided by the p-value

(table 5.4)
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A) GC2mt topoisomerase o constructs relative 1o GC2mt with the addition of (.23

ug Spl expression plasmid. No significant differences were observed in any of these

constructs with the addition of Spl. The GC2mt construct does appear to exhibit

clevated promoter activity compared to the wild tyvpe construct. B) Corresponding

topoisomerase Ila constructs displayed relative to wild tvpe with the addition of 0.25

ng Spl expression plasmid. The largest increase can be observed in ICB Imt/GC Imt

when Spl is added (approximately 3 fold increase). Mutations n either ICB1 or GC|

appear to inhibit Spl-mediated topoisomerase [la promoter activation.

|
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5.4.2(iii) Addition of Sp3 to topoisomerase Ila constructs.

Sp3 is another transcription factor that has been shown to bind to GC1 (chapter 4) and GC2
of the topoisomerase Ila promoter (Szremska, 2000). HeL.a cells were co-transfected with an
Sp3 expression vector to investigate the in vivo effects this transcription factor may have on
topoisomerase lloe expression. Increasing amounts of Sp3 expression vector were added to
standard transfection experiments and the luciferase activity monitored (results are in
appendix 8.4). Unfortunately, these Sp3 co-transfection experiments generated [3-
galactosidase activities that appeared to be affected by the amount of Sp3 added to each
assay (refer to table 5.5. appendix 7.4). As the pSV-B-galactosidase control vector acts as an
internal control for transient transfections, the inconsistencies in the [3-galactosidase values
meant that results for these experiments may not be valid. It was also possible that [3-
galactosidase activities were influenced by the buffers and reagents used in each assay. The
Sp3 titration experiments were repeated using fresh buffers and reagents however, [3-
galactosidase values were still affected by the amount of Sp3 added to each assay (appendix

7.4, experiments 12 and 13).

It was possible that the amount of pSV-f3-galactosidase control vector added to Hel.a cells
during transfections could have an affect on the level of Sp3-mediated B-galactosidase
activities. Therefore, HeLa cells were transfected with 0.5 pug wt —617 topoisomerase lla
pGL3B and increasing amounts of pSV-3-galactosidase control vector. The results from this
experiment (refer to appendix 7.5) generated B-galactosidase values that were consistent with
the amount of pSV-f3-galactosidase control vector added to each assay, suggesting that the
pSV-B-galactosidase control vector was not the direct problem. The pSV-f3-galactosidase
control vector contains the (-galactosidase gene, which is controlled by a SV40 promoter
(see appendix 3 for vector map). The SV40 promoter contains multiple GC elements to
which Sp3 is thought to be able to interact. Therefore, it is plausible that over-expressed Sp3
in Hela cells was not only targeting the topoisomerase lla. promoter sequence but also the

SV40 promoter, thereby affecting [-galactosidase expression in vivo.
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LUCIFERASE MAXIMA
wi

wi wi ICB1mt ICB1mt ICB1mt
pGLB w617  +02ugSp3 +05ugSp3 +11gSp3  ICBIM  +0254gSp3 +05ugSp3  +1pgSp3  BLANK
824 40267 8473 15455 6390 17201 7166 15449 2508 536
837 50203 9295 15399 7279 20876 7903 15498 2671 544
814 43904 9591 15857 7438 20311 7576 16269 2897 556
545.33
BGAL READINGS
0281 0403 0233 0212 0196 0431 0.13
0.308 0414 0232 0.218 0.194 0455 0.125
0264 0378 0234 0216 0.188 0491 0.126
0.127
CORRECTED LUCIFERASE VALUES
278.67 39722 7927.7 14910 58447 16656 6620.7 14904 1962.7
29167 49658 8749.7 14854 6733.7 20331 7357.7 14953 21257
268.67 43359 90457 15312 68927 19766 7030.7 15724 23517
CORRECTED BGAL READINGS
0.154 0276 0106 0085 0069 0304 0155 0112 0.054
0.181 0287 0105 0081 0067 0328 0167 0142 0.057
0137 0251 0107 0089 0061 0364 0167 0128 0.056
NORMALIZED LUCIFERASE VALUES (LUCIFERAS/BGAL)
1809.5 143919 74789 175408 84705 54788 42714 133068 36346
16114 173023 83330 163227 100502 61984 44058 105300 37292
1961.1 172744 84539 172041 112995 54301 42100 122841 41994
AVERAGE OF NORMALIZED LUCIFERASE VALUES
1794 163229 80886 170225 99401 57024 42957 120403 38544
NORMALIZED LUCIFERASE RELATIVE TO WT %
1.0991 100 49554 10429 60.897 34935 26.317 73.764 23614
AVG DEV FROM THE MEAN OF NORMALIZED LUCIFERASE VALUES
12172 12873 40646 46655 9797 33062 733.78 10069 2300
percentage error
6.785 7.8865 5025 27408 9.856 57978 1.7082 83624 59672
Table 5.5: Results from co-transfection experiment 11, increasing amounts of Sp3.
One set of triplicate results [rom transient co-transfections. Increasing amounts of
Sp3 expression vector was added to cach expenment. which generated a significant
decrease in P-galactosidase activities (highlighted in red)

The differences m B-galactosidase activities were lested using /-tests (data not

shown) and the differences observed were significant to produce p-values of less than

0.001

Therefore. the luciferase activitics could not be interpreted with ans

confidence
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The effect of increasing Sp3 amounts on
topoisomerase lla promoter activity
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Figure 5.18: Results from experiment 11, Sp3 titrations.

Hela cells were transfected with 0.5 pg of cach pGL3B and pSV-fi-galactosidase
DNA m addion 1o varving amounts of Sp3 (0 — 1 ug) expression plasnud, The
normalized luciferase activities arc shown relatve o wild tvpe activity and are the
results of one expeniment cach carried out in triplicate (see appendix 7 4. experiment
1), Even though this graph shows that Sp3 mayv have an inhibitory effect on
topoisomerase o expression. other results (see appendix 7.4 experiments 13 and 14)
did not exhibit this same trend. Although the trends in this graph cannot be
mterpreted with any confidence. Sp3 does appear to have some altect on lucilerasce
activity

Even though the results from any of the Sp3 expression plasmid co-transfection experiments
could not be interpreted with any confidence, it is clear that Sp3 could have some affect on
luciferase activity. It was unfortunate that Sp3 had such an effect on the B-galactosidase
activities, as this meant it could not be further investigated at this stage. Sp3 is generally
bifunctional, being able to act as both a repressor and an activator of transcription in some
cases (Noti, 1997). It has also been suggested that the relative levels of Spl and Sp3 could
dictate whether Sp3 acts as a repressor or an activator (de Luca er al, 1996). An experiment
had been designed to test the effect of different ratios of Sp1 and Sp3 on the topoisomerase
Ilo. promoter, but this could not be carried out due to the problems observed with the -

galactosidase control.
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5.5 Chapter summary.

A maximum of 6-fold increase in topoisomerase Ilo. promoter activity was observed when wt
~617 topoisomerase lla. constructs were exposed to 0.5 pug of Spl co-expression vector.
However, Spl in higher quantity (1 pg Spl co-expression vector) also appeared to have an
inhibitory effect. The —617 topoisomerase Il construct that exhibited the least amount of

promoter activity had mutations in all three elements.

The GC2mt construct seemed to generate luciferase activities that were generally higher than
what was observed in the wild type topoisomerase Ila constructs. However, when each of the
GC2mt constructs was exposed to Spl co-expression vector, there was no significant
induction of promoter activity. The transient transfection data suggest that GC2 could
normally be a repressive element, however in the presence of elevated levels of Spl, GC2

may act as an activating element.

Constructs that had a mutation in the GCI1 element (unless accompanied by a mutation in
ICB1) generally appeared to be influenced less by the presence of Spl co-expression vector,
where no significant increases in luciferase activity were observed in the presence of 0.25 pg
of Spl expression vector. This demonstrates that perhaps GCI1 is of less significance for the

observed Spl-mediated topoisomerase Ila promoter up-regulation, than GC2.

Mutations in ICB1 appeared to generate the greatest decrease in topoisomerase lla promoter
activity, compared to wild type. Therefore, of the three elements examined ICB1 appears to

be the most important regulatory element within the topoisomerase Ila. promoter for basal

level transcription.
These findings combined with the data from chapter 4 can be interpreted to suggest a model

for the regulatory mechanisms involved in topoisomerase Ilo transcription and will be

discussed in chapter 6.
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Chapter 6: Discussion and Future work.

6.1 Topoisomerase lIf.

The information that is currently available on the regulation and expression of topoisomerase
[IB is limited, therefore it was envisaged that this could be elaborated upon through the
examination of the topoisomerase I promoter sequence. Unfortunately, it was not possible
to isolate any putative topoisomerase [If} promoter DNA from clones that had been gifted.
An important lesson was learnt from this experience; when uncharacterized clones are
obtained from elsewhere they may not yield the expected results, and therefore should be
used with caution. This work was abandoned prior to the publication of the human genome
sequence. A putative topoisomerase [I3 promoter sequence was identified through a search

of the draft human genomic sequence, but no functional work was attempted.

6.1.1 Analysis of the presumptive topoisomerase lIj clones.

A total of 6 clones were analyzed for the presence of topoisomerase 113 promoter DNA. Of
the two pBluescript clones, sequencing of the TopoB3 pBluescript (+) clone showed that the
insert DNA contained part of the human topoisomerase II exon 2 and part of intron 1, which
was consistent with findings of Lang et al (1998) in that exon 2 is followed by intron 1
within the gene. Sequence analysis of the other pBluescript clone TopoB3.2 indicated that
the insert DNA was orientated in the opposite direction, sequencing towards exon 2,

therefore it could not contain topoisomerase II3 promoter DNA either.

Southern blots of the 4 A clones (figure 3.15B) isolated from a genomic library indicated the
presence of putative topoisomerase II promoter, as the PCR-generated topoisomerase 113
promoter fragment hybridized to each insert DNA. However, when one of the inserts was
sequenced (each insert was the same size), it clearly was not topoisomerase [I3 DNA
suggesting that hybridization within the Southern blots was not specific. One of the reasons
that the topoisomerase I probe could have hybridized to each insert is possibly due to the
probe being too small. Therefore, it was not specific enough when hybridizing to larger
sequences, such as the A clone(s) insert DNA (3 kb+). In addition, the oligonucleotide
sequence was GC rich (about 65%), which may have increased the chances of the
oligonucleotide annealing to multiple sites. To overcome this problem, Southern blotting

could be carried out using a larger DNA fragment as a probe. Alternatively, a higher
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stringency wash or hybridization could be used to avoid non-specific hybridization. The
availability of the human genome (draft) sequence would have allowed the PCR
amplification of the topoisomerase IIB promoter sequence, to generate another probe for
Southern blots. However, it was not possible to pursue this approach as no additional clones
were available at the time and it was not feasible to obtain a human genomic library for

screening.

6.1.2 In silico generated topoisomerase Il promoter sequence.

An in silico method was used to successfully identify 2.5 kb of the 5’-flanking topoisomerase
IIB sequence (illustrated in figure 3.19). This sequence shows that the majority of the
putative transcription factor sites are located around 600-700 bp upstream and 200-400 bp
down-stream of the major transcription start site (figure 3.19, around nucleotide 1942)
however these are mainly GC boxes, which contribute to the GC rich nature of the sequence
(about 80%). There are only three perfect inverted CCAAT boxes, two that are close together
(figure 3.19, positions 1420-1424 and 1452-1456) about 500 bp away from the transcription

start site and the other about 1 kb upstream from them.

As future work, it should be possible to generate the upstream region of topoisomerase 113
using a number of different methods. One way would be to purchase a human genomic
library and probe the library with a specific topoisomerase I3 sequence (possibly from exon
). A quicker alternative would be to use the topoisomerase [I3 promoter sequence
(illustrated in figure 3.19) and design primers that will amplify the 5’-flanking sequences,
using human genomic DNA as the template. Consequently, primers could be designed to
amplify the entire 2-3 kb 5’-flanking sequence or amplify smaller regions of the sequence,
which would then have to be ligated together to generate a larger sequence (refer to figure
6.1 for details). The unique restriction sites required for this could be obtained by using the
Map program within GCG (Version 9.1; Wisconsin Genetics Computer Group, USA). To
ensure that the PCR-generated topoisomerase 113 promoter DNA was readily accessible, it
should be cloned into a suitable cloning vector using restriction sites on either end of the
sequence. Due to the GC rich nature of the topoisomerase IIB promoter sequence, a GC-rich

PCR system (Roche) may be useful, which is specifically designed to amplify up to 5 kb of
difficult templates such as genomic DNA.
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PCR products of the topoisomerase II1E Tcﬁ‘ // Unique restriction sites

— r—

Ligated topoisomerase |1} DNA

Figure 6.1: Representation of a PCR based method to generate
2- 3 kb of the §’-flanking sequence of topoisomerase 1.
Primers (coloured arrows) could be designed based on the putative topoisomerase 13

promoter sequence. Each primer would have unique restriction sites (indicated by the

dotted lines) incorporated onto the end of their sequence. Thus. the PCR products
{coloured lines) will also have these restriction sites. which can then be used to ligate
fragments together  The most 37 and 57 primers should mclude restriction sites that

arc compatible with those within the muluple cloning site (MCS) of a reporter vector

Using the TRANSFAC database (Quandt er al, 1995), some of the putative transcription
factor binding sites within the in silico-generated topoisomerase IIf3 promoter sequence were
predicted using sequence similarities (section 3.5.2). However, the actual regulatory regions
within the topoisomerase I3 promoter cannot be established without experimentation to
measure promoter strength in relation to these elements in the promoter. This could be done
by generating deletion constructs of the PCR-generated topoisomerase IIf3 5°-flanking
sequence and placing them upstream of a promoter-less reporter gene (such as luciferase in
pGL3B). The strength of the topoisomerase IIf3 promoter would then be examined by
transfecting tissue culture cells with the various constructs and examining the relative
activities of the reporter gene product (refer to figure 6.2). This would allow the
identification of sequences important for transcriptional regulation. It would be feasible to
design the deletion series be based on the clustering of the predicted regulatory sequences
described earlier. In addition, using knowledge about the importance of ICB boxes within the
topoisomerase Ilo. promoter regulation (Motta et al, 2001), one could predict that significant
topoisomerase IIf3 promoter regulatory elements could be found about 500-600 bp away from
the start site. As a starting point, serial deletion studies should be carried out using

topoisomerase I} promoter sequences that start from about |1 kb upstream of exon 1 and
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ending about 100 bases downstream from the ATG codon. In addition to carrying out 5°
serial deletions, it would be interesting to examine the effects of 3 serial deletions on

topoisomerase I3 promoter activity.

Once the sequence of topoisomerase I required for minimal promoter activity was
determined, it would be fascinating to compare the strength of topoisomerase I3 promoter
activity in comparison to topoisomerase Ila minimal promoter activity as both are
differentially regulated in vivo. To further investigate the regulatory sequences within the

topoisomerase I promoter, internal deletion constructs should also be tested for promoter

strength.
| Luci reporter gene -‘\
700 +1 +100
I Lueift reparter gene X
Measure luciferase
>- activity as means of
| detecting promoter
Lucerase reporte gene strength
| L reporter gene _/
Figure 6.2: Deletion constructs of topoisomerase I promoter sequence.
cletion constructs could be used to examine important regulatory elements that mas
Deletion construct Id be used t 1 portant regulatory ¢l ts that ma
¢ PIesc C ALV e romotcr sequence 1IC putative lopolsomerasc )
be present in the putative promote I . The putat (0] 1 I
promoter sequence (blue hine) 1s placed upstream of a promoter-less reporter gene

(luctterase) and the resultant plasmid is used to transfect cells. The relative activitics
of the reporter gene driven by the various lopoisomerase 11§ promoter constructs
could then be used to identify regions where important regulatory clements may

reside within the promoter sequence

EMSA experiments could be conducted to examine any putative regulatory regions of the
topoisomerase I3 promoter that were identified from the deletion studies. This would enable

the identification of putative transcription factors that may have a functional significance.

DNA footprinting assays could also be useful in locating regions of the topoisomerase I

promoter that bind proteins. DNA footprinting assays are based on the phenomenon that a
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region of DNA that has protein(s) bound will no longer be susceptible to digestion by
endonuclease DNase | (refer to figure 6.3). DNase | is used to digest the DNA-protein
complex as it cuts DNA molecules randomly, this will result in a mixture of DNA fragments
of different lengths but DNA associated with proteins will be protected. Thereby, when the
samples are separated on a polyacrylamide gel, the region of the oligonucleotide that binds
protein will be identified by a region of missing bands. A sequencing ladder of the same
region used in footprinting assays can be used to identify the nucleotide sequence that is
binding proteins. The DNA sequence can often be used to identify the cognate transcription
factors by making use of such tools as the TRANSFAC database (Matlnspector V2.2,
http://transfac.gbf.de/cgi-bin/matSearch.pl).

Since the completion of this study a paper was published which identifies two inverted
CCAAT boxes and a GC box within the topoisomerase I13 promoter as being responsible for
about 70% of the topoisomerase 1If3 promoter activity, which were located between 470-560
bases upstream of the major transcription start site (Lok ef a/, 2002). The CCAAT boxes and
GC box are positioned in the opposite order to ICB2, ICB1 and GC1 of the topoisomerase
Il promoter. It may be interesting to carry out a study based in this topoisomerase 113
sequences similar to the experiments described in this thesis for topoisomerase lla. A
comparison of results from the two promoters may provide insights into the differential

regulation observed for topoisomerase Ila and topoisomerase 113.
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Figure 6.3: Schematic representation of a DNA footprinting assay.

One strand of a double-stranded oligonucleotide i1s end-labelled with P and proteins

arc allowed to bind to the oligonucleot

then treated with limiting amounts of

ide. as in EMSA. The DNA-protein complex is

DNase 1. where the result will be a mixture of

radioactive fragments of different lengths. The fragments are scparated on a

polvacrylamide gel and bands are visu

alized by exposure (o X-rav film. The smallest

increment is represented by a single nucleotide on the X-ray film. thereby illustrating

the region to which the protein binds. A sequencing ladder of the same region used in

the footprinting assay will enable the

protein to the oligonucleotide.

identification of the exact binding site of the

(Figure adapted from: Sambrook and Russell, 2001).
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6.2 Topoisomerase llo.

The regulation of expression of topoisomerase Ilo. enzyme was investigated through a series
of functional assays and EMSAs. Putative binding sites for a variety of transcription factors
have been identified in the —617 minimal topoisomerase Ila promoter. ICB1 and GC1 were
chosen as the focus of this study because a putative interaction between NF-Y bound at ICB1
and Spl bound at GCI had been implicated by previous work (Szremska, 2001). Preliminary
functional assays also suggested that there might be cross-talk by proteins bound distally at
GC2 and proximally at GC| (Szremska, 2001). Therefore, transient transfection experiments
were designed to investigate the importance of GC2 as well as GCl and ICBI on

topoisomerase Ila. promoter activity.

6.2.1 Electrophoretic mobility shift assays.

The two most proximal elements of the topoisomerase 1la promoter were studied for protein
binding using electrophoretic mobility shift assays, where four proteins were found to bind
(chapter four). Three of the four proteins were identified using antibodies against NF-Y, Spl
and Sp3 (figure 4.5). Significantly, these three transcription factors have been found to be
modulated during the development of drug resistance (Kubo er al, 1995; Yoon ez al, 1999,
Wang et al, 1997a). Previous work has shown that transcription factor NF-Y can bind to
ICB1- 4 elements (Isaacs et al, 1996a; Coustry et al, 2001; Morgan and Beck, 2001) and
transcription factors Spl and Sp3 can bind to GC2; however GCI could associate only with

Sp! of the topoisomerase Ila promoter (Szremska A, 2001).

In this study, using a composite ICB1-GC1 oligonucleotide, transcription factors Spl and
Sp3 were shown to bind to GCI1 and transcription factor NF-Y was shown to bind to ICBI.
An uncharacterized protein displayed properties of being a GC1 specific protein (figure 4.6),
although it is possible that it contacts DNA between the ICBI1 and GCI1 elements. The
finding that Sp3 can also bind to GC1 was contradictory to the results reported by Szremska
(2001). However, Szremska (2001) only used single element oligonucleotides as probes,
whereas this study used longer oligonucleotides including both ICB1 and GC1 elements.
Therefore, this study provided important evidence for co-operativity between the two
proximal elements of the topoisomerase Ila promoter in order to recruit proteins to each

element.
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It was also shown that NF-Y could be recruited to GC1 in the absence of an intact ICBI1
element and that Spl and Sp3 were bound at ICBI in the absence of a complete GC1
element. These patterns are indicative of co-operativity between ICB1 and GCI1 through a
physical interaction between NF-Y and Spl/3. Both NF-Y and Sp1/3 have Q-rich domains
through which protein-protein interactions are thought to occur. Consequently, NF-Y and
Spl have been shown to interact in vivo using the yeast two-hybrid system (Roder er al,
1999) and co-operativity between NF-Y and Spl/3 has been demonstrated in a number of
promoters (Ge et al, 2001; Yamada et al/, 2000). However, this co-operativity had not been

established previously within the topoisomerase [la promoter.

In one of the EMSA experiments, the scenario of Spl or Sp3 bound to GC1 did not appear to
be able to recruit NF-Y to GC1 (figure 4.4, lanes 7 and 8), suggesting that an intact ICBI
element is required to observe co-operativity between NF-Y and Spl. NF-Y has been
correlated with stimulating histone acetylation, which in turn enables the access of
transcription factors to DNA (Adachi ef al, 2000). Functional analysis has shown that NF-Y
could be important in transcription reinitiation as well as activation and it has been
implicated to have a role in basal transcription (Mantovani et al, 1992). Therefore, it is
possible that NF-Y initially binds to ICB1 and enables the recruitment of Sp1/Sp3 to GCI. If
this was the case then Sp1/3 should not be able to bind to GC1 in the absence of NF-Y. The
results of the EMSA experiments shown in figure 4.6 (lanes 11 and 12, figure 4.7 lanes 3 and
4) do not support this scenario. However, the oligonucleotides used in EMSAs were not
organized into nucleosome structures, so transcription factors were not denied access due to

structural organization of the DNA.

The distance between ICB1 and GC1 may also be important in maintenance of the interaction
observed between NF-Y and Spl. This could be investigated by carrying out EMSAs with
oligonucleotides that have the ICB1 and GCI elements placed at different distances away
from each other and examining the ability of NF-Y to recruit Spl to ICBI, and vice-versa.

The functional significance of this spacing could also be investigated using reporter gene

assays.

Significantly, transcription factors NF-Y, Spl and Sp3 have been shown to have a regulatory
effect on topoisomerase Il expression (chapter 5), where NF-Y and Sp1/Sp3 are thought to

be able to interact with each other (Roder et al, 1999). Down-regulation of topoisomerase Ila.
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in drug-resistant myeloma cells has also been correlated with a decrease in NF-Y activity
(Wang et al, 1997a). However, NF-Y cannot be the sole transcription factor involved in
down-regulation of topoisomerase Ila, because confluence-arrested cells exhibit complete
repression of topoisomerase lla. expression even though NF-Y is present (Isaacs et al, 1995).
In addition, the topoisomerase lla promoter is not completely repressed in NF-Y-depleted
HeLa cell nuclear extracts in vitro (1saacs et al, 1996a). Thus, other transcription factors must
also be important in regulating topoisomerase Ila transcription and these may be cell-type

specific.

(i) Uncharacterized protein.

Even though the uncharacterized protein displayed properties of being a GCI specific
protein, it required both ICB1 and GC1 elements to bind to GC1 (figure 4.7). This suggests
that both NF-Y and Sp1/3 may be required in order for the uncharacterized protein to bind to
GCI or perhaps a sequence between ICB1 and GC1 could be recruiting the uncharacterized
protein. The distance between the ICB1 and GCI elements is 12 bp, which represents a
complete turn of the DNA double helix. This is sufficient to independently accommodate a
transcription factor. The flanking sequences of CCAAT boxes have been shown to be
important for the binding of NF-Y (Mantovani, 1998). Therefore, it is possible that the
sequence flanking ICB1 is important, as it may have the ability to recruit an important co-

factor such as the uncharacterized protein suggested by the EMSAs.

In order to determine the minimal sequence required for the binding of the uncharacterized
protein to the topoisomerase Il promoter, EMSAs could be conducted using shorter
oligonucleotide sequences and sequence specificity examined by sequential mutation of a
single base pair within the oligonucleotide. This approach will also indicate whether all of
the proteins mentioned are strictly required for the binding of the uncharacterized protein to
the topoisomerase Ila promoter DNA. To compare binding of the uncharacterized protein in
relation to the presence of these transcription factors, EMSAs could also be conducted using
Spl-enriched HeLa cell extracts and NF-Y depleted cell extracts. This would allow further
study of the putative protein-protein interactions involved in the recruitment of the
uncharacterized protein. As each EMSA in this study was conducted using HeLa cell extract,
it would be of particular interest to examine the cell extracts of other cancer cell lines, for the

presence of this uncharacterized protein and to investigate the binding patterns as already
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observed for HeLa extracts. Therefore, a wide range of EMSA experiments could be

conducted to investigate the binding specificity and properties of the uncharacterized protein.

The fourth uncharacterized protein exhibits properties of being a GCI associating protein
(figure 4.4, lane 4). Due to the nature of the other transcription factors, it is likely that this
uncharacterized protein may also have an effect on topoisomerase Ila expression. The
functional significance of the uncharacterized protein can only be critically addressed

subsequent to its identification and purification.

(ii) Purification of the uncharacterized protein.

Isolation of the uncharacterized protein could be done using the minimal oligonucleotide
determined from EMSA experiments. The oligonucleotide could either be labelled with **P,
or biotinylated (refer to figure 6.4), which would aid in either identification or purification of
the protein. The oligonucleotide could be mixed with HelLa extract, whereby only the
uncharacterized protein should bind and then subjected to separation by carrying out
denaturing polyacrylamide gel electrophoresis (SDS-PAGE). The protein could then be
isolated from the gel and further analyzed or purified if required. If these protein separation
techniques are unsuccessful, then a yeast one-hybrid and/or two-hybrid system could be used
to obtain a cDNA clone that represents the uncharacterized protein. It may also be possible to

screen an expression library (eg. a Agtl1 library) with the appropriate oligonucleotide.

The molecular weight of the uncharacterized protein could be determined by covalently
crosslinking the protein to its regulatory sequence using UV light. The oligonucleotide used
will not only be **P-labelled, to enable identification but also have 5-bromo-2’-deoxyuridine
(BrdU) incorporated to enable UV-crosslinking. Hela extract would be mixed with the
oligonucleotide, and then UV illuminated at 302 nm to crosslink the protein to its regulatory
sequence. However, to ensure that the uncharacterized protein is actually part of an
appropriate complex, EMSAs could be done before crosslinking. Following EMSA the gel
will be UV illuminated and the region that corresponds to the DNA-protein complex excised
from the gel. The protein would then be eluted from the gel and then subjected to separation

and molecular weight analysis via SDS-PAGE.

If the preliminary EMSA experiments show that other proteins are required to bind the

uncharacterized protein, then those proteins (eg Spl) could be used to isolate the
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uncharacterized protein. A pull-down assay could be attempted using a glutathione-S-
transferase (GST)-Spl fusion protein (refer to figure 6.5A). Alternatively, a longer
oligonucleotide could be used to isolate the protein(s) required for binding of the
uncharacterized protein (refer to figure 6.5B). The uncharacterized protein could then be
excised from the SDS-PAGE gel according to the estimated size, thereby isolating it from the

other proteins.

In order to identify the uncharacterized protein, the amino acid sequence should be
determined by N-terminal microsequencing. The sequence can be checked against already
existing sequences (such as the NCBI, Entrez protein sequence database) to determine
protein identity and speculate protein function. The uncharacterized protein may need to be
purified before sequencing can be carried out, this can be done using conventional protein
purification techniques such as ion exchange chromatography, size exclusion, affinity

chromatography together with EMSA to monitor purification.

As future work, the uncharacterized protein should be identified and examined for the impact
it may have on topoisomerase llae expression. Once the protein has been identified and
sequenced, it should be possible to attempt the production of a recombinant protein. The
recombinant protein could then be used to explore a range of functional assays aimed at
understanding the role of the protein in the modulation of the transcription of topoisomerase
[la. It may be useful to attempt to generate antibodies against the protein so that they could
be used to detect for the presence of this protein in different cancer cell lines and to
positively identify the protein in EMSA experiments already carried out. The production of a
GST-tagged uncharacterized protein could enable the identification of any other proteins it

could interact with (see figure 6.5A).
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Figure 6.4: Schematic representation of some techniques that could be used to
separated the uncharacterized protein from HelLa extract.

Sequence-specific DNA - affinity chromaiography: The nunimal oligonucleotide

required to bind the uncharacterized protein would be used. to eliminate chances of

binding more than the desired protein [rom Hela cell extract. X s the

uncharactenized protein.

A) “P-labelled oligonucleotide used to isolate the uncharacterized protein. The
oligonucleotide-protein sample would be run on a SDS-PAGE and the exact location
of the protein in the gel could be determined by exposure to X-ray film. The
appropriate region can be sliced out of the gel and the proten eluted from the gel
slice. B) Biotinylated oligonucleotide is used to capture the uncharacterized protein.
Biotin will associate with streptavidin. which i1s immobilized and the uncharacterized
protein can be isolated from HeLa extract. Elution of the specifically bound protein
can be carried out by using a high salt concentration. and the sample analvzed by
SDS-PAGE. The uncharacterized protein could be excised from the gel and the

protein could be eluted from the gel slice.
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Figure 6.5: Multiple protein complexes to isolate the uncharacterized protein.
This figure provides a schematic representation of how multiple protein complexes
could be used to isolate the unknown protein. Proteins within the multiple protein
complexes can be separated using SDS-PAGE. where sizes can be determined using
a molecular marker and proteins can be identified by carrving out western blots with
antibodies against NF-Y and Spl. X is the uncharacterized protein
A) GST-Sp! will bind to glutathionc-agarose. Scparation of the uncharacterized
protein from HeLa extract will only occur if there 1s an interaction between the
uncharacterized protein and Spl. The protein complex can be cluted by adding
glutathione, which will compete for binding with the GST-Spl. B) biotinylated
oligonucleotide could be used to isolate the proteins required to bind the

uncharacterized protein.

149




6.2.2 Transient transfections.

The —617 minimal topoisomerase Ila promoter was used to examine the functional
significance of transcription factors NF-Y and Spl on transcriptional regulation. By using
constructs that contained mutations in GCI, ICB1 and GC2, information could not only be
gained about the importance of these elements, but also the significance each associating

transcription factor (identified in EMSAs) had on binding to their respective element.

(i) ICBI and NF-Y in the transcriptional regulation of topoisomerase Ilc.

NF-Y activity is down-regulated in some drug-resistant cells (Wang et al, 1997a). It has been
suggested that decreased topoisomerase lla activity is due to a negative regulatory protein
(repressor) binding to ICB1, and when this protein can no longer bind to ICBI topoisomerase
[l activity is no longer down-regulated (Furakawa er al 1998; Takano er al, 1999).
Throughout all of the transient transfections carried out, ICBImt constructs resulted in
approximately a 60% decrease in luciferase activity compared to wild type —617
topoisomerase lla activity, suggesting that the binding of NF-Y to this element was
important in maintaining basal levels of topoisomerase Ila transcriptional activity.
Collectively this suggests that the transcriptional regulation of topoisomerase lla in normal
and drug-resistant cells may be modulated by the binding of an activator (NF-Y) and a
repressor protein to ICBI. Therefore it could be possible to regulate topoisomerase Ila
expression by decreasing the binding of this repressor protein and inducing the binding of
NF-Y to ICBI instead (refer to figure 6.6). A CCAAT box binding protein has been isolated
that appears to negatively regulate the binding of NF-Y to CCAAT boxes (Mantovani, 1998).
This protein has been aptly named CCAAT displacement protein (CDP). Perhaps future work
could involve this CDP protein to see if it can associate with any of the ICBs within the

topoisomerase lla promoter.

The GCImt/ICBImt/GC2mt constructs exhibited a 30% decrease in luciferase activity
compared to wild type topoisomerase Illa activity. This suggests that the residual activity is
probably due to other functional interactions within the —617 region of the topoisomerase Ila
promoter, namely [ICB2-5. It has been shown that NF-Y can disrupt nucleosomal
organization, thereby enabling access of transcription factors to important regulatory
elements within promoters (Motta et al, 1999). In fact, a study using topoisomerase Il

promoter DNA organized into nucleosomal arrays has shown that multiple ICB elements
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generate greater transcriptional activation (Coustry er al, 2001). This would explain why
topoisomerase lloe promoter activity was not totally inhibited when only ICB1 was mutated
in constructs, as other ICB elements can also recruit NF-Y (Isaacs er a/, 1996a). In addition
to this, a small amount of NF-Y was probably recruited to this region even though ICB1 was
mutated, through a putative interaction between Sp1/3 and NF-Y (as suggested in EMSA

experiments).

Collectively, these results suggest that the ICB1 element is the most important element
required for basal transcription, which could be because NF-Y may enable sufficient
nucleosome disruption at sites that are close to the transcription initiation site (+1) to allow

topoisomerase llo. gene transcription (refer to figure 1.4).

A) Drug-resistant cancer cells

' <+— Repressor Repression of
@ topoisomerase |lo
O ICB1mt repressor no
longer binds, thus
@ topoisomerase lla not
down regulated

B) Normal cancer cells <+— Activator

Activator bound
to ICB1

ICB1mt decrease in
transcription.

Figure 6.6: Schematic representation of transcriptional regulation of
topoisomerase llo promoter through 1CBI.
The transcriptional regulation of topoisomerase [la could be enabled by reducing the

ability of a repressor protein to ICB 1 and inducing the binding of NF-Y to ICB1

A) Drug resistant cells have been shown to exhibit decreased topoisomerase o
activity. This has been attributed to the binding of a negative regulator (repressor)
When the repressor no longer binds to ICB1, drug-resistance is no longer observed.
B) Normal cancerous cells. When ICB1 is mutated an activator can no longer bind:

accordingly. a significant decrease in transcription is observed
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(it) GC1, GC2 and Sp1 in the transcriptional regulation of topoisomerase Ila.

Spl is a commonly recognised transcriptional activator that has been shown to up-regulate
transcription in a variety of promoters (Keates et al, 2001, Ge et al, 2001). In the transient
co-transfection experiments the wild type —617 topoisomerase lla construct exhibited about a
2-fold induction in luciferase activity when co-transfected with to 0.25 pg Spl expression
vector. Both GC1 and GC2 have been shown to be able to recruit Spl and Sp3, and a
mutation in both GCI and GC2 was shown to abolish Spl-mediated topoisomerase lla

promoter activation.

The GClImt construct generated luciferase activity relative to that observed from the wild
type topoisomerase lla construct, which is consistent with findings using the rat
topoisomerase [la promoter (Yoon et al, 1999). However, when 0.25ug of Spl expression
vector was added to the transfection with the GCImt construct, luciferase activity increased
only by about half thereby implicating GC2 in this Spl-mediated increase. A mutation in
GC2 resulted in an increase in topoisomerase Ila. promoter activity (compared to wild type)
possibly because Spl and Sp3 can no longer bind (chapter 4). Accordingly, when co-
transfected with 0.25 pg of Spl expression vector, constructs that had mutations in the GC2
element no longer exhibited a Spl-mediated increase. Interestingly, the ICBImt/GClmt
construct generated the greatest increase in luciferase activity (about a 3-fold increase over
wt activity) in the presence of 0.25 pg Spl expression vector, which suggests that Spl bound

at GC2 can act as an activator.

Collectively this demonstrates that GC2 can act as a repressor of basal transcription or an
activator depending on the status of the proximal ICB1 and GCI elements, or alternatively
the presence or absence of Spl/3. This is the first study to demonstrate that synergism
between proximal and distal GC boxes could exist within the topoisomerase Ila promoter
(refer to figure 6.7). Interestingly, it has been observed that Spl binds with higher affinity to
GC2 than GC1 (Szremska A., 2001). However. this observation has not been tested in the
presence of NF-Y bound at ICBI. It has been suggested that when multiple GC boxes exist in
a promoter, one of them acts as a repressor and the other as an activator (Li er al, 1998).
Thus, it is possible that GC2 acts as the repressor element and GC1 as the activator in the

topoisomerase lla promoter.
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Figure 6.7: Schematic representation of synergism between
GCI and GC2 of the topoisomerase [la promoter.
he results from the transient transfections suggest that GC1 and GC2 may act co-
operatively to regulate the transcription of topoisomerase lla. GC2 acts as a repressor
element of basal topoisomerase lla transcription. whereas GC1 acts as an activator
clement. The uncharacterized protein may have an impact on topoisomerase llo

transcriptional activation. by acting at GC1 X is the uncharaclerized protemn

It has been observed that synergism between proximal and distal elements of a promoter
could be due to interactions between distally and proximally bound Sp1 (Su ez al, 1991). Spl
has been shown to form multiple tetramers, which in turn enables DNA to loop thereby
bringing proximal and distal elements closer together (Mastrangelo et al, 1991; Su et al,
1991). Intrinsic DNA bending or curvature is a phenomenon that has been shown to play an
important role in a variety of DNA promoters (Sun and Hurley, 1994; Vergeer et al, 2000).
Since both GC boxes of the topoisomerase Ilo promoter recruit Sp1/3, it is possible that
Sp1/3 bound at GC1 and Sp1/3 bound at GC2 interact with each other. It has not only been
speculated that DNA looping is mediated by Spl/3 protein-protein interactions but also NF-
Y-DNA interactions (Liberati er al, 1999). ICB1-4 of the topoisomerase Ila promoter have
been shown to bind NF-Y. It is possible that binding of NF-Y to any of these ICBs could
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enable DNA bending (see section 1.5.2). The ICB2 element has been shown to have an
important regulatory role on topoisomerase lla expression. Binding of NF-Y to ICB2 has
been shown to increase in highly proliferating cells, but diminish in confluence-arrested cells
when topoisomerase [la promoter activity is repressed (Isaacs et al, 1996a). Therefore, some
sort of regulatory mechanism must exist at ICB2 and it is possible that DNA bending could
occur here. DNA bending experiments could be carried out to test this theory, starting with

ICB2 then testing the other ICB elements of the topoisomerase lla. promoter.

(iii) GC1, GC2 and Sp3 in the transcriptional regulation of topoisomerase Ila.

Sp3 is different from Spl in that it can either activate or repress transcription. One particular
study demonstrated that a decrease in topoisomerase lla gene expression was correlated to
Sp3 up-regulation in drug-resistant cell lines (Kubo er al, 1995). However, these authors
failed to show the position where Sp3 could bind to the topoisomerase Ila promoter. The
research described in this thesis established that both Sp1 and Sp3 could bind to either GC1
or GC2 and each has an effect on transcriptional regulation of the topoisomerase lla gene.
Interestingly, others have shown that Sp1 and Sp3 may act in a synergistic manner to regulate
the expression of specific genes (Hagen e al, 1994), where Sp3 is thought to be able to
represse Spl-mediated transcription (de Luca et al, 1996). In any case, the relative levels of
Spl and Sp3 could be important in the regulation of topoisomerase lla. As Hela cells
contain endogenous Spl and Sp3, it would be interesting to investigate the relative amounts
of each transcription factor within these cells. This could be done by carrying out quantitative
western blots of HelLa extract (pre and post-confluence) and using antibody to Spl and Sp3
to detect the relative levels of each. An appropriate internal control would also need to be

used, such as B-tubulin.

The relevance of the binding of these two transcription factors to topoisomerase lla elements
is of particular significance; it was unfortunate that the Sp3 co-transfection experiments
could not be interpreted as they could have provided valuable information on the regulation
of topoisomerase lla expression. The problems that occurred using the pSV[-gal control
vector in transient transfections should be corrected by using a different reporter plasmid as
an internal control. Preferably, it should be a control plasmid that has a reporter gene driven

by a different promoter (not SV40) such as the human cytomegalovirus (CMV) promoter.
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One such reporter plasmid is the pPCMVSPORT-fgal (Invitrogen), which would still enable

transfection efficiency to be monitored through a -galactosidase assay.

(iv) Problems with transient transfections.

Some of the results from transient transfections generated large variations, which should be
taken into consideration. Thus, the activities were normalized and r-tests were performed.
Errors could have arisen from variables within the experiments during the growth of HelLa
cells such as oxygen and CO, levels, cell density and integrity, temperature and pH levels.
These variables were kept as consistent as possible but inevitably, in a living culture they are
difficult to maintain due to non-homogeneous cell growth. The value of the transient
transfection experiments could be improved by carrying out more replicates and maintaining
consistent cell density. Cell density is an important regulatory factor for topoisomerase Ila
expression, as topoisomerase lla levels are down-regulated in confluence-arrested cells

(Isaacs et al, 1996a).

HeLa cells contain endogenous Spl, Sp3 and NF-Y therefore the transient transfections
carried out could not distinguish between endogenous and exogenously expressed Spl. In
order to examine topoisomerase lla activity with relevance to these transcription factors it
may be useful to carry them out using drosophila S12 cells, as they provide a null background
for the Sp family of transcription factors and NF-Y. The interactions between NF-Y, Sp1/3 or
the uncharacterized protein could be examined in drosophila SI2 cells by sequentially co-
transfecting with combinations of each Sp1/3, NF-Y or uncharacterized protein expression

vectors, in addition to the —617 topoisomerase lloc pGL3B constructs.
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6.3 Examining protein-protein interactions.

It has been suggested that ICBl and GCl may act antagonistically to regulate the
topoisomerase lla gene in drug-resistant cells (Takano er al, 1999). The information
presented in this thesis, suggests that this could be due to an interaction between the
transcription factors that bind to these elements. The EMSA experiments revealed that a
multiprotein complex might exist comprising of NF-Y, Spl, Sp3 as well as an
uncharacterized protein (figure 4.7, very low mobility band enclosed in a red box). These

protein-protein interactions will need to be further investigated.

Due to the binding specificity of the uncharacterized protein, this protein should not be
excluded from this complex formation. The results from this study suggest that the
uncharacterized protein may mediate an interaction between protein/DNA complexes at the
two proximal sites of the topoisomerase Ilo. promoter and could act as a co-activator or a co-
repressor depending on the complement of transcription factors associated with the DNA.
Therefore, an important investigation would be to examine the interactions between this
uncharacterized protein and other proteins. This could be achieved by generating a GST
fusion with the uncharacterized protein, but as this is still not possible, it could be
investigated by using GST-Spl instead (see figure 6.5A). In addition, using GST-NF-Y may
enable the identification of an interaction between the uncharacterized protein and NF-Y. As
an alternative, sequence-specific DNA affinity chromatography could also be used, using a
biotinylated oligonucleotide that is composed of both ICB1 and GCI elements of the
topoisomerase lla promoter. Individual proteins within the complex can be separated by
SDS-PAGE, and could then be identified by western blotting with antibodies to NF-Y, Spl
and Sp3 (see figure 6.5B).

As described earlier, eukaryotic transcription is mediated by a series of orchestrated protein-
protein and protein-DNA interactions that enable transcription by RNA polymerase I1 (Pol
IT). Sp1 has been found to be able to indirectly interact with Pol 1I through contacts mediated
by TBP and TAFs (refer to figure 6.8). It is thought that Sp1 binds to the promoter (GC box)
through its carboxyl end but regulates transcriptional activity through its amino terminus
(Kadonaga ef al, 1988). Generally in promoters that have a TATA box. the TATA box enable
components of the core promoter to be positioned correctly. However, in TATA-less
promoters, such as that of topoisomerase lla., other sequence motifs must be employed. The

location of GC1 in relation to the transcription start site and the knowledge that Spl can
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interact with specific TAFs indicate that GCl may play an important role in the basal
regulation of the topoisomerase Ila. promoter. Thus, the functional significance of a NF-Y-
Spl interaction could also be important, as NF-Y could recruit Spl to GCI (or ICBI) as a
means of locating a position for the transcriptional initiation of topoisomerase Ila. promoter.
It has also been found that NF-Y is capable of interacting with one of the same TAFs
(TAF110) as Spl, to mediate transcriptional activation (Coustry et al, 1998). This
observation lends credence to the suggestion the NF-Y and Spl have a functional interaction

near the transcription start point of the topoisomerase lla promoter.

TATA-binding
TAFs protein

\
Spl RNA polymerase 11
and basal factors

Figure 6.8: Schematic representation of the protein-protein interactions
that could implicate Sp1 in mediating transcription .
Organization of the transcription factors that are required to mediate RNA
polymerase 1l regulated transcription in a TATA-less promoter. The Spl-binding site
(GC1 in the case of the topoisomerase |l promoter) may locate the correct region
for RNA polymerase 11 binding.

(Gilbert S.. Developmental Biology 6" edition, 1997).
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6.4 Transcriptional regulation of topoisomerase lla.

Using the information generated from this study, the following models could describe the

regulation of topoisomerase Il gene activity.

Basal promoter

A) activity

Increased
promoter

. activity

Decreased
promoter

C) e
activity

Sp1-induced
Increased in

D) s
promoter activity

Figure 6.9: Models for the transcriptional regulation of topoisomerase Ilo.
Each figure represents putative interactions between transcription factors and the
corresponding promoter ¢lements within the topoisomerase lle promoter. NF-Y is

shown to bend DNA at ICB2. X is the uncharacterized protein.

A) An interaction between NF-Y and uncharacterized protein is still undetermined.
When Sp1/3 levels are low. it is possible that Sp1/3 preferentially binds to GC1 due
to the interaction with NF-Y. B) A mutation n GC2 generated an increase in
promoter activity; functional interaction between NF-Y and Spl is observed. C)
ICBI 1s the most important regulatory element: a mutation in ICB1 causes a decrease
in promoter activity. D) Increase in Spl, generallv caused an increase in promoter

activity: Spl mediated interactions between GC1 and GC2.
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Figure 6.9 demonstrates that the interactions between these four proteins bound close to the
transcription start site and other transcription factors bound at a more distal elements are
critical for both basal and activated transcription of topoisomerase Ila.. It may even be
possible that the uncharacterized protein inhibits the binding of Sp1/3 to GC2 as it interacts
with Sp1/3 bound to GCIl. However, the consequences of the uncharacterized protein
associating with GC1 will not be known until further studies are carried out. This study
demonstrates that ICBI is the most important regulatory element (out of the three elements
examined) for topoisomerase Ila. promoter activity. The residual activity observed in the
GC2mt/ICBImt/GClImt construct (about 30%) is most likely to be due to the remaining
topoisomerase Ila promoter elements and their cognate proteins. In addition to this, Sp1 has
the ability to up-regulate topoisomerase Ilo. promoter activity in vivo and this could be

enhanced by an interaction with NF-Y bound at ICB1.

To this end, the transcriptional regulation of the human topoisomerase Il gene is a complex
series of interactions between proximal and distal elements of the promoter. Topoisomerase
[l down-regulation in drug resistant cells may well be a direct consequence of some of the
interactions described in this study, therefore further investigations into how these
transcription factors interact with the topoisomerase II o and B promoter is required to
ascertain the mechanisms involved in the development of drug-resistance. The role that
topoisomerase 11 may have in the development of drug-resistance is not fully understood.
By beginning to understand the regulation of the topoisomerase IIf3 gene, a better picture of

this could also be developed.
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Appendix 1: Primer and Oligonucleotide sequences.

1.1 Topoisomerase I primer sequences

Primers used in topoisomerase I1B primer walking: each diluted to 0.8 pmol/pL for

sequencing.
T3 ATTAACCCTCACTAAAGGGAA
Thetal TACTACAGCACGAGACGCC
Tbeta2 TAACTGCCATAAGGATGC
T7 TAATACGACTCACTATAGGG

Primers used to produce topoisomerase [If probes:

Ngl GCGCGAATTCCCCTGCTTTCTCCTCAGC (Eco RI sites added to

each end)

Ng2 GCGCGAATTCAACAATGCAGCCGCCCGT (Eco RI sites added to each end)
Ng3 GCCTCGAGTTTGAGGGCA
Ng4 CAGGTCAGTGCCCCGTTG

1.2 Oligonucleotide sequences in EMSA experiments

Sequences of the topoisomerase lla oligonucleotides used in gel shifts:

ICB1wt/GC 1wt forward
ICB1wt/GC 1wt reverse
ICBImt/GC 1wt forward
ICB1mt/GC 1wt reverse
ICBIwt/GC Imt forward
ICBIwt/GC 1 mt reverse
ICB Imt/GC Imt forward
ICBImt/GC1mt reverse

CGAGTCAGGGATTGGCTGGTCTGCTTCGGGCGGGCTAARGGAAG
CTTCCTTTAGCCCGCCCGAAGCAGACCAGCCAATCCCTGACTCG
CGAGTCAGGGATTCCCTGGTCTGCTTCGGGCGGGCTAAAGGAAG
CTTCCTTTAGCCCGCCCGAAGCAGACCAGGGAATCCCTGACTCG
CGAGTCAGGGATTGGCTGGTCTGCTTCGTGCGTGCTAARGGAAG
CTTCCTTTAGCACGCACGAARGCAGACCAGCCAATCCCTGACTCG
CGAGTCAGGGATTCCCTGGTCTGCTTCGTGCGTGCTAAAGGAAG
CTTCCTTTAGCACGCACGAAGCAGACCAGGGAATCCCTGACTCG

Sequences of the single element topoisomerase Ila. competitors used in gel shifts:

ICB Iwt forward GAGTCAGGGATTGGCTGGTCTGC
ICB 1wt reverse GCAGACCAGCCAATCCCTGACTC
ICB Imt forward GAGTCAGGGATTCCCTGGTCTGC
ICB Imt reverse GCAGACCAGGGAATCCCTGACTC
GClwt forward CTGCTTCGGGCGGGCTARAG
GClwt reverse CTTTAGCCCGCCCGAAGCAG
GCImt forward CTGCTTCGTGCGTGCTAAAG

GClmt reverse

CTTTAGCACGCACGAAGCAG
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Appendix 2: Vector maps.

2.1 pGEM-T Vector

Xmn | 1084

Scal 1875

T7
4 1 start
Apa 14
\ At 20
/o N | B
1] L
f pGEM®-T rm:?\ Nf'c 37
( Veclor T Sacl 4
| (200Ckp) T —
4 \ L [ Spel 22
\ gt | N | 62
.l. Bs!Z 62
Pt 2
\ Sal 75
\ | Nder | 82
\ Sac | 94 -~
(& {1 | BsiX | 103 2
\ | Nafl 1z 3
A 126 3
\[ T sps | ' 3
2.2 pSV-p-galactosidase Vector
Hind 111 414
Sv4g Fromeoter
and Enhancer
EcoR1€815
pSV-pi-Galactosidase )
Vector [ 11
{682000) j
EcoR 13701 _
a
BamH | 415! i
Sall 4183 b
st 14173 g

2.3 pGL3B Vector

Synthetic poly(A) signal /
Iranscriptional pavse site
{for background reduction)

pGL3-Basic
Vector
(48 1Bbp)

SVA40 late poly(A) signal
(for luc+ reporter)
Hpal

WWW.pr Lom/v
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2.4 pBluescript SK (+/-) Vector

Nae | 134

Sspl 445

Sspi2gso P22

Xmn | 2645
Scal 2526
Pvul 2416 Pvu 1l 532

pBluescript SK (+/-)
phagemid vector
2958 bp

Pvu ll 977

O Stratagens

Afflll 1153

pBluescript Il SK (+/-) Multiple Cloning Site Region
(sequence shown 598-826)

Api g L

Tl | e |
Frgli T7 Promober > ‘fn i 1m| ﬂnl r‘l
T TGTMMCGACGGGCAGTGAGC(K;GCGTAATACGQCTCAB TATAC{;GC GAAT rUGGTACCGGGCCGCCCCTCGAGGTCGAB
530 pemes birneg ,.J’ T/ pomes pernieg soe o primer tarooeg ars
Fapliis | i A .

iiH “leal Frof v frak et | f=a | ?-.nn | Ape tho | Fagl F;-;u | S o
| | I | | |
.. GGTATCGATAAGCTTGATATCGAATTCC TGCAGCCCGGGGEATCCACTABTTCTlGAGCGGCCGCCAGCGCGGTGGAGCTC sk

K prv=at Brciryg sin L€ prmur brairg wiw

o— 12 Promoler L sl oy
-+~ CAGCTTTTGTTCCCTTTAGT GAGGGTTAATTACGCGCT rmccrur;momcnm TGTTTCC

T3 prmar heaieg file AT Beoans pemar bienee G we
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Appendix 3:Topoisomerase lIf sequences and analysis.

3.1 Results of TopoB3.2 restriction digests:

Enzyme(s) used

Approximate sizes of DNA fragments

Hind 1l 2.5kb, 3kb

Pstl 470 bp, 600 bp, 4 kb
EcoRI 1.2 kb, 4 kb

Bam HI 5.5 kb

Sac| 400 bp, 600bp, 4.5 kb
Xho | 5.5kb

Hind Il & Pst|

470 bp, 600 bp, 1.4 kb, 3 kb

Hind lll & Sac |

100 bp, 400 bp, 500 bp, 1.5 kb, 3 kb

Hind Il & Eco RI

1kb, 1.5 kb, 3 kb

Pst| & EcoRI 150 bp, 550 bp, 600 bp, 4 kb
Pst| & Sac | <100 bp, 100 bp, 400 bp 500 bp, 600 bp, 3.5 kb
Uncut 6 kb

Results of Topo3.2 Restriction Digests.

Approximately 500 ng of TopoB3.2 DNA was digested with | plL of various
restriction enzymes (1 unit/uL). Each digest was electrophoresed on a 1% agarose gel

in I1x TAE at 80V for about 1 hour and the sizes of each band was determined using 1

kb plus ladder.
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3.2 Sequencing of topoisomerase Il clone TopoB3.2:

51
101
151

251
E1h Y
351
401
451
501
551

51
101
151
201
231
301
s
401
451
501
551
601
6851
701
751

$1
101
151
201
251
301
EL B
401
451
501
551
601
651
701
751
201

51
101
151
2m
251
301
351
401
451
501
551
€01
651
701

Sequence results using primer T3 from clone TopoB3.2
ThetaT3 Length: 581 bases (Thetal primer sequence shown in bold)

AAGCTTGAAC
CTAAGATAAT
ATGGCAMARC
TCAACAATAA
AGGTGAGCAT
CAGCAAGGCA
TCTCCCTGGG
GOGCAGTGCT
AACAGGGTGC
TTTAGCATCA
GTACTGTAGT
CACACCCAGA

CCACCAAATT
GTCTARAMAR
ARGARACCCC
CAAACARTCC
AARATAGCAT
AGATTGAGAR
GAGGRGCAGA
ACCCTAGARA
CAGGTTGAGG
GACCCTGCAG

CCTATCAAGT TCAAAGACTT ACCATTCTTG

AACAGGTAAC
AGGCCTTTCT
ARCTGCCTTT
CAARGCTCAT
AARCARACAR
AMAGGAATAT
CTTCTTGACT
GCCATTGAAA
TATCAGAAAC

ATTTGAGTGT
TTCCCCATGA
GTGATAAGTT
GTCCTCCCTC
GACARCAACR
ACCTCCAATG
GAATCTAAGT
ACAARRGCAR
AGACACAAGG

TTACTACAGC ACGAGACGCC ACAAGTAAAG

NGGAGCAGAC

AGATGGACAG

A

Sequence results using primer Thetal from clone TopoB3.2
Thetal Length: 758 bases (Theta2 pnmer sequence shown in bold)

GACACACCAG
AGARAATTACA
CTCAGGATTC
GAAACCAGAC
GCCCTAACAG
AATGTAAAAR
CCAGCACTTT
AAMCCAGTCT
APAAAAAATT
GGGAGGCTGA
TGAGCCATCT
CTGTCTCAAA
TGGAAATATA
TTAATGAAAT
GCATAMACAR
AGCCAACC

AGGGAGCAGA
AACCCAAAGA
TCTAGCTAGA
CGCARAGACC
ARARTAACAA
ACTAMATTGC
GGGAGGCTGA
GTGCAACATG
AGCCAGGTGT
GACGGGAGGA
GCACACAACT
ARAATAATAR
TTGTCATACA
AARTCGAGTAC
ARGGAAAARA

CAGATGGACA
GGATGCATCC
CTAACTGGAT
AGAGAGTTAG
TACARAGRAA
AGCCAGGCGC
GGCAGGCAGA
GCCARATCTT
GGTAGTGCALC
TTGCCTGAGC
GTACTCCAGC
ATARATCACC
AAGAATTCAA
AGATGAACAR
TCAACARAAG

GAGGCARACC
CCATARAAGA
GRAGAAAGTC
CTAAGCCTTC
CAGGGAAATA
AGTGGCTCAC
TCCCTTGAGC
ATCTCTAGCA
ACTTGTAGTC
CCAGAAGGTC
CTGGGTGACA
ACARATTGAG
ATTAACTGCC
ACAAMAACTC
ATAAAAACTT

results using primer Theta2 from clone TopoB3.2
Thetal Length: 820 bases

TGAGTACAGA
GGAAMARAATC
CTGGAACTGA
AACAGTAGAC
CAGGACTTTC
ATAANCATAM
AACATATACA
AAGAGCCTAT
ATAAATGCAT
TARAGAAAAC
GACARAGAGA
CARAGGAGCT
AAGATAGAAG
AAAARACACT
ARATGAAGTA
TCATCACCAC
NGCAMAGGGT

TGAACAAACN
AACAAAGATA
AGCATACAGT
TTGAGCAGGT
ARAATTGCCA
AAAGAGCTTA
TTATGTAAGC
TTGAAGAAAT
ATACAAATTA
TACACCAAGA
GAATCTTAAA
TCTGTTAGAT
GGATTGGAAG
GCCAACCAAG
GARATTAATA
TAGGGTTGCC
AAMABATNGE

APAACTCGGT
AARACTATGA
AMATGRATTG
AGAATTTTTT
AGGGAAAGGA
AAGAACTTAT
CTCARAGGAG
AATAGCTGAA
ARGAAGCTCA
CACATCATARA
AGCAGCAACA
TACTAGCCAA
AATATATCTG
AACATTGTAT
CTTTCTTAGA

GTAACAATGC
TGAAGTAGCA
AARATACACT
TAAATCAGCA
GCARAARGGT
GGGCCACTAT
AAGAAAGGGA
ARCTTTCCARA
AAGAACTCCA
TTATACTGTC
GAAAAGTGAR
TTTCTCAGCA
AAGTACTGAR
CCAGCAARAG
TAAACAAACA

CACCAGAAAT GATARAGGGA

Sequence results using primer T7 from clone TopoB3.2
ThetaT7 Length: 716 bases

CCACGAGTCT
ARACAAGAGT
TCTTATAATC
ARATCTTTAA
CATTGGCATG
AATGGCTGAT
TGTTGAGAAA
TTCCAAGAAC

TTCTCCATCA
AATTTTATGA
CTGATTTTGC
AAGGCACCTA
GTTARATTCC
ATCATCACTT
TAAAATTTAT
TTTTTGGAGT

TGACACGTAC
GGGNTTTGAT
TCCTTCTGAC
ATTTTTTCAG
CAAGACCCTT
ATARARGTGT
ATTTTTTATT
CTCCTTGGAC

TCCTGCTCAT
GATAAATAAT
TTTTTTTGIT
TTGATAATGT
GGTTCTTCAG
CTTGACCTTT
TTTATCTTTT
TTTACCAGGG

ATTITGTGULTA

CIGITOITIGUT

ATTTTTTATC

CTTTATCATT
TTTGTTTATC
TTTGCTGGAT
CAGTACTTCA
TGCTGAGARA
TGATTCACTT

TCTTGTTGGG
TAAGAAAGTA
ACAATGTTCT
AGATATATTC
TTGGCTAGTA
TTCTGG

CAMACCTAGT

TTAATTTCTA
TGGNTGGCAG
TTCCAATCCC
ATCTAACAGA

CTTTTGCTTT
GGTGATGAAC
CTTCATTTTT

GGTCAGCCAG
AGACRAGGAT
CCAGCACCCC
CTATCTGCCC
ACTTCCACCT
GAACAGCTGA
ACTGACATTG
AGTGCTTTGG
NGGAGCTCCA
CAGACAAAGA

TCTTCAATTA
TTTGTGAGGT
TTCCCAGTAT
AAATGCCARR
CAGCCGATTC
ACCTGTAATC
CCAGAGCTCA
ARACAMAACA
CCAGCTACTT
GAGGCTGCAG
GAGCAAGAGC
CCTARAGAAR
ATAAGGATGC
GGTGTACAAT
TTGATGAAGT

ATAAACAANA
AACATTATTT
AGAGGGATGT
AATTTGAAGA
AAAGGAATGA
CTATCAGAAC
GAAATGGAGA
ATCTGAGGAT
AGGATAAATC
AARRGTCATA
TCATCAATTA
GAAACCTTGC
AGAAAAMANA
TGCCCTTCAA
CTGGGACAGT
GTCCCTTAAA

TNCTTTCATC
TAGGCATCCA
TACTAATCTT
AARAAGACTG
AGTTGAGCTA
ATGGAGCTTT
GATTCCATTT
AGTTATGTAT
ARGGGACTCC
TGTCCCAGTG
GAAGGGCACT

IGTTTTTTTT
TTCTATCTTG
AGCCTCCTTT

TTTTTTCTTT
CAAGGGTTTC
TGTAATTGGA

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
B51
901
951

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2151
2201
2251
2301
2351
2401
2451

Contig of TopoB3.2 sequences ThetaT3, Thetal, Tbetal
and ThbetaT7:TopoB3.2corrected sequence: 2452 bases

AAGCTTGAAC
CTRAGATAAT
ATGGCAARAC
TCAACAATAA
AGGTGAGCAT
CAGCAAGGCA
TCTCCCTGGG
GGGCAGTGCT
AACAGGGTGC
TTTAGCATCA
GTACTGTAGT
CACACCCAGA
GAAATTACAA
TCAGGATTCT
AAACCAGACC
CCCTAACAGA
ATGTAAAARA
CAGCACTTTG
AACCAGTCTG
ARAAARATTA
GGAGGCTGAG
GAGCCATCTG
TGTCTCAAMA
GGARATATAT
TAATGAAATA
GCATAAACAA
GCAAACATTA
ACTAGAGGGA
GCAARTTTGA
GGCARAGGAA
TATCTATCAG
GGAGAAATGG
CAAATCTGAG
CCAMGGATAA
GTCAARAGTC
GAATCATCAA
AGCAGAARACC
TGAAAGAAAN
AAAGTGCCCT
AACACTGGGA
AGGGAGTCCC
ARATACATAA
AAAAATGGAA
CARAAGCTCC
TTTAGCTCAA
TGCAGTCTTT
TTAAGATTAG
GATGGATGCC
TTGATGARAG

GG

CCACCARATT
GTCTAARARA
ARGAAACCCC
CAAACARATCC

ARAATAGCAT

AGATTGAGRA
GAGGAGCAGA
ACCCTAGAAA
CAGGTTGAGG
GACCCTGCAG
TTACTACAGC
GGGAGCAGAC
ACCCAAAGAG
CTAGCTAGAC
GCAAAGACCA
AAATAACAAT
CTAAATTGCA

GGAGGCTGAG

TGCAACATGG

GCCAGGTGTG

ACGGGAGGAT

CACACAACTG

ARATAATAAA
TGTCATACAA
ARTGAGTACA
AAGGAARAMA
TTTCTGGAAC
TGTAACAGTA
AGACAGGACT

TGAATARACA

AACAACATAT

AGAMAGAGCC

GACATARATG

ATCTAAAGAA
ATAGACAAAG
TTACAARAGG
TTGCAAGATA
ARRAMANALA
TCARAAATGA
CAGTTCATCA
TTAAAGCAAA
CTCCCTGGTA
TCAAAAGATA
ATAAAGGTCA
CTCTGAAGAA
TTACATTATC
TAARCAAARA
TAATTATTTA
NAATGAGCAG

CCTATCAAGT
AACAGGTAAC
AGGCCTTTCT
AACTGCCTTT

CAAAGCTCAT

ARACAARCAR

AMAGGAATAT

CTTCTTGACT

GCCATTGARA
TATCAGARAC
ACGAGACGCC

AGATGGACAG
GATGCATCCC
TAACTGGATG
GAGAGTTAGC
ACAAAGAMAC

GCCAGGCGCA
GCAGGCAGAT

CCAAATCTTA
GTAGTGCACA
TGCCTGAGCC

TACTCCAGCC

TARATCACCA
AGAATTCAAR
GATGAACAAA
TCAACAAAAG
TGAAGCATAC
GACTTGAGCA
TTCAAMATTG

TAARRAGAGC

ACATTATGTA
TATTTGAAGA
CATATACAMR
AACTACACCA
AGAGAATCTT
AGCTTCTGTT
GAAGGGATTG
CACTGCCAAC
AGTAGAAATT
CCACTAGGTT
AGGATAAAAR
AAGTCCAAGG
AAMATAAAMA
AGACACTTTT
CCAAGGGTCT
AACTGAARAA
AAGTCAGAAG
TCATCAAANC
GAGTACGTGT

TCAAAGACTT
ATTTGAGTGT
TTCCCCATGA
GTGATAAGTT
GTCCTCCCTC
GACAACAACA
ACCTCCAATG
GAATCTAAGT
ACARARGCAR
AGACACAAGG
ACARGTAAAG
AGGCAAACCT
CATAMAAGAT
AAGAAAGTCT
TAAGCCTTCA
AGGGAAATAC
GTGGCTCACA
CCCTTGAGCC
TCTCTAGCAR
CTTGTAGTCC
CAGAAGGTCG
TGGGTGACAG
CARATTGAGC
TTAACTGCCA
CAAAAACTCG
ATAAARACTA
AGTAAATGAA
GGCAGAATTT
CCAAGGGAAA
TTARAGAACT
AGCCTCAAANG
AATAATAGCT
TTAAAGAAGC
AGACACATCA
ARARGCAGCA
AGATTACTAG
GRAGAATATA
CAAGAACATT
AATACTTTCT
TGCCCAACAA
ATAGCAACAC
AGACTCCAAA
ATATAMATTT
ATARGTGATG
TGGGAATTTA
ATTAGGTGCC
GAGCAARATC
CCTCATAARA
CATGATGGAG

ACCATTCTTG
GGTCAGCCAG
AGACAAGGAT
CCAGCACCCC
CTATCTGCCC
ACTTCCACCT
GAACAGCTGA
ACTGACATTG
AGTGCTTTGG
nGGAGCTCCA
CAGACAAAGR
CTTCAATTAA
TTGTGAGGTC
TCCCAGTATG
AATGCCAAAG
AGCCGATTCA
CCTGTAATCE
CAGAGCTCAA
AACAAAACAA
CAGCTACTTG
AGGCTGCAGT
AGCAAGAGCC
CTARAGARAT
TARGGATGCT
GTGTAACAAT
TGATGAAGTA
TTGAARATAC
TTTTAMATCA
GGAGCAAARR
TATGGGCCAC
GAGRAGAAAG
GAAAACTTTC
TCARAGAACT
TAATTATACT
ACAGAAAAGT
CCAATTTCTC
TCTGAAGTALC
GTATCCAGCA
TAGATAAACA
GAAATGATAR
AGTARCACAR
AAGTTCTTGG
TATTTCTCAA
ATATCAGCCA
ACCATGCCAA
TTTTAAAGAT
AGGATTATAR
TTGCTCTTGT
AAAGACTCGT
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3.3 Analysis of topoisomerase IlI clone TopoB3.2corrected:

Restriction endonuclease MAP (GCG, Wisconsin Package version 9.1) of TopoB3.2corrected from: 1 to:
2452 With enzymes: Hind III, Sac I and Pst |

Hind III

121

181

241

361

421

481

541

601

661

781

841

901

96l

1021

1081

1141

1201

|

AAGCTTGAACCCACCAAATTCCTATCAAGTTCARAGACT TACCATTCTTGCTAAGATAAT
e A ——— o + 60
TTCGAACTTGGGTGETT TAAGGATAGTTCMGTTTCTWTGGTAAGMCGJ\TTCT.\TTR

GTCTAAARAARAACAGGTARCATTTGAGTGT GGTCMCCAGA'I‘GGCMCMGMCCC c
——— B e T + 120
C.R.GAT'l'T".l"l"l‘T‘.l‘GTCC&TTGTMACTCAERCCAGTCGGTCTBCCG TTTTGT’TCTTTGGGG

AGGCCTTTCTTTCCCCATGAAGACAAGGATTCAACAATAACARACAATCCAACTGCCTTT
————————— e T R 1
TCCGGARARGARAGGGGETACTTCTGTTCCTAAGTTGTTATTGTTTGTTAGGTTGACGGARR

GTGATAAGTTCCAGCACCCCAGGTGAGCATARAATAGCATCAAAGCTCATGTCCTCCCTE
$mmmmm + 240
CACTATTCAAGGTCOTGEGETCCACTCOTATT TTATCGTAGTTTCGAGTACAGGAGGGAG

CTATCTGCC CC&GCMGGCMGRTWWWMCTTCMT

GATAGA\.ubum CGT u.n.uuuAACTLz TTTTGTTTGTTCTGTTGTTGT I&A.RGGTGGA

TCTCCCTGGGGRGGMCAGMMGMTATMCTCCAATGGAACAGCTGAGGGCAGTGCT
- e + 360
AGAGGGACCCCTCCTCGTCTTTTCCT 1ATATGGAGGTTACCTTGTCG&CTCCCGTC.\CGA

ACCCTAGARACTTCTTGACTGAATCTAAGTACTGACATTGAACAGGGTGCCAGGTTGAGS

— + + + 420
TGGGATCTT TGAAGAACTGACTTAGAT TCATGACTGTAACT TGTCCCACGGTCCAACTCC
Pst 1

|
GCCATTGAMAGRMAGQMGTGCTTTEGTTTAGC}\TCMA.CCCTGCAGTATCMAMC
R —— + 48O
CGGTAACTTTTGTTTTCGTTTCACGAAACCARATCGTAGTCTGGGACGTCATAGTCTTTG
m I

MACACAAGGnGGJ\GCTCCRETBCTGT.RGTTTM TACAGCACGAGACGCCACAAGTAALG
s 540
TCTGTGTTCCnCCTCGAGGTCATGACATCAAATGATGTCGTGCTCTGCGGTGTTCATTTC

CAGACARAGACACACCCAGAGGGAGCAGACAGATGGACAGAGGCAMACCTCTTCAATTAA
—_— =+ 600
GTCTGTTTCTGTGTGGGTCTCCCTCGTCTGTCTACCTGTCTCCGTTTGGAGAAGTTAATT

GAAATTACAAACCCAAAGAGGATGCATCCCCATANAAGATTTGT GAGGTCTCAGGATTCT
..... 3L S — 660
crnmmnmacrnc'rr:c-raccmc.sscT.\TTTTCTWMTCQGMTCCTMGA

CTRGCTAGACTMCTGGRTGA&GWGTCTTCCCAGTATGMACCAGACCGCAMGACCA
S + 720
GATCGATCTGATTGACCTACT TCTTTCAGAAGGGTCATACTTTGGTCTGGCGTTTCTGGT

GAGAGTTAGCTAAGCCTTCARATGCCARAGCCCTAACAGARAAT ANCAATACAAAGAAAC
--------- 4 —— —————— -—=+ T80
CTCTCMTCGJ\TTCGGAAGT'l'ThCGG‘1‘TTCGGGATTGTCTTTT}\TTGTTATGTTTCTTTG

AGGGAAATACAGCCGATTCAATGTAAARAACTAAATTGCAGCCAGGCGCAGTGGCTCACA
TCCCTTTA;;;E;GCTMGTTMA TTTTTGATTTAACGTCGGTCCGCGTCACCGAGTGT o
Sac I
CCTGTAATCCCAGCACTTTGGGAGGCTGAGGCAGGCAGATCCCTTGAGCCCAGAGC1|.'CM
GGMTT&GGGTCGTGAMCCCT(;EI(;:M-:;E;;;;E:}'}ETAGGGAMTCGGGTCTCGRGTT e

MCCAGTCTGTGCAMATGGCCMATCTTRTCTCTAGCMMAACMMAMMTTE
———— + + 8960
TTGGTCAGACACGTTGTACCGGTTTAGAATAGAGATCGTTTTGTTTTGTTTTTTTTTAAT

GCCAGGTGTGGTAGTGCACACTTGTAGTCCCAGCTACTT GGCTGAGAL! T
+: -+ 1020
CGGTCCACACCATCACGTGTGAACAT CAGGGTCGATGAACCCTCCGACTCTGCCCTCCTA
Pst I

|
TGCCTGAGCCCAGRAGGTCGAGGCTGCAGTGAGCCATCTGCACACARCTGTACTCCAGCT

. + 1080
ACGGACTCGGGTCT TCCAGCTCCGACGTCACTCGGTAGACGTGTGTTGACATGAGGTCGE

TGGGTGACAGAGCAAGAGCCTGTCTCAARARAATAATAAATARATCACCACARATTGAGE
J\CCC&CTG?CTCGTTCTCGGAEAGA.GT'.E‘TTTTTATTATTTAT';::MTGGTGTTTMCTCu e
Eco RI
CTMGAMTGGMATATATTG‘TCJ\TRCRM{IEMTTMTTMCTGCCATMGG&TGCT
GATTTCTTTACCTTTATATMCAGTATGTTTCTTWTTR;;;;E;;T;;;;;;;;;; e

TAATGARATAAATGAGTACAGATGAACAARCARARACTCGGTGTAACAATGCATARRCAR

12860
ATTACTTTATTTACTCATGTCTACTTGTTTGTITTTGAGCCACATTGTTACGTATTTGTT
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1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1821

1981

2041

2101

2161

2221

2281

2341

2401

AAGGAAAAAATCAACARAAGATAAAAACTATGATGAAGTAGCAAACATTATTTCTGGAAC

1320
TTCCTTTT T TAGT TGTTTTCTATTTTTGATACTACTTCATCGTTTGTAATAAAGACCTTG

TGAAGCATACAGTAAATGAATTGAAAATACACTAGAGGGATGTAACAGTAGACTTGAGCA

1380
ACTTCGTATGTCAT TTACT TAACT TTTATGTGATCTCCCTACATTGTCATCTGAACTCGT

GGCAGAATTTTTTTAAATCAGCAAAT TTGAAGACAGGACTTTCAAAATTGCCAAGGGARR
..... 1440
CCGTCTTARARAAATTTAGTCGTT TAAACTTCTGTCCTGAAAGT TTTAACGGTTCCCTTT

GGAGCAMAAAGGCARAGGARTGAATAMACATARMARAGAGC TTARAGARCT TATGGGCCAL

1500

CCTCGTTTTTCCGTTTCCT TACT TATTTGTATTT TTCTCGAATTTCTTGAATACCCGETS

TATCTATCAWTRTMATTATGTMGCCTMGMGMWMTGG
—————— + 1560
ATAGATAGTCTTGTTGTATATGTAATACATTCGGAGTTTCCTCTTCTTTCCCTCTITACT

AGAAAGAGCCTATTTGAAGAAATAATAGCTGAAAACTTTCCAAATCTGAGGACATAAATG
+ 1620
TCTTTCTCGGATAAACTTCTTTATTATCGACT TTTGAAAGGTTTAGACTCCTGTATTTAC

cnnrmnmmmmammcmsmrmrnmrmc&
o + 1680
GTATATGTTTMHTCTTCGIGT‘TTCTTGhGGTTCCTlTTTAGATTTC‘!‘ TTTGATGTGGT

AGACACATCATAATTATACTGTCAAAAGT CATAGACAAAGAGAGARTCT TARAAGCAGCA

1740
TCTGTGTAGTATTAATATGACAGTTTTCAGTATCTGTTTCTCTCTTAGAATTTTCGTCGT

ACAGAAAAGTGAATCATCAATTACAAAAGGAGCTTCTGTTAGATTACTAGCCAATTTCTC
+ + + 1800
TGTCTTTTCACTTAGTAGTTAATGTTTTCCTCGAAGACAATCTAATGATCGGT TAAAGAG

AGCAGARACCTTGCAAGATAGAAGGGATTGGAAGAATATATCTGAAGTACTGAAAGAARN
+ + 1860
TCGTCTTTGGAACGTTCTATCTTCCCTAACCTTCTTATATAGACTTCATGACTTTCTTTT

AAAAAAAAAACACTGCCAACCAAGAACAT TGTATCCAGCAAAAGTGCCCTTCAAAMATGA

1920
TITTTTTT T TG TGACGGT TGGTTCTTGTAACATAGGTCGTTTTCACGGGAAGTTTTTACT

AGTAGm‘lTMTACTTTCTTAGATAMCMACRCTGGGAQGTTUTMCTAGGTT
- -t= b ————————— + 1980
TCATCTTTAATTATGAAAGARTCTATTTGTTTGTGACCCTGTCAAGTAGTGGTGATCCAR

TGCCWTGMWTCC“TMWTMTM’
- ——t——— 2040
ACGGGTTGT TCTTTACTATTTCCCTCAGGGAATTTCGTTTTCCTATTTTTTATCGTTGTS

AGTAACACAAMAATACATAACTCCCTGGTAAAGTCCAAGGAGAC TCCAARAAGTTCTTGS
........ + 2100
TCATTGTGTTTTTATGTATT CATTTCAGGTTCCTCTGAGGTTTTTCAAGAACT

AARAATGGAATCAARAAGATAARAATAARAMATATAAATTTTATT TCTCAACAARAAGCTCC
- 2160
TTT T TACCT TAGTTTTCTATTT TTATTTTTTATATTTAAAATARAGAGT TGTTTTCGAGG

ATARRGGTCAAGACACTTTTATAAGTGATGATATCAGCCATTTAGCTCAACTCTGAAGAA
B T e T + 2220
TATTTCCAGTTCTGTGAAAATATTCACTACTATAGTCGGTAAATCGAGTTGAGACTTCTT

COAAGGGTCTTGGGAATTTAACCATGCCAATGCAGTCTTTT TACATTATCAACTGAAAAR
..... + + + + + 2280
GGTTCCCAGAACCCTTAAATTGGTACGGTTACGTCAGARAAATGTAATAGTTGACTTTTT

ATTmemmmmmﬂhGTMmmemT C
e ———————— e 2340
TAATCCACGGAAAATTTCTAAATTCTAATCATTTGTTTTTTTCAGTCTTCCTCGTT unG

AGGATTATMGATGGATGCCTMTTATTTATQTC&AMCCCTCM'MAATTGCTCTTGT

--------- D et S —=—==+ 2400
TCCTMTA\TTC‘PACCTACGGATTMTAMTMTRGTTT!! GGG.\G?ATTTTA\%CM

TTGATGAAAGRAATGAGCAGGAGTACGTGTCATGATGGAGAAAGACTCGTGG
————————— R T e L T e b e
AACTACTTTCRTTACTCGTCCTCATGCACAGTACTACCTCTTTCTGAGCACT

3.4 Sequence of the topoisomerase lI lambda insert in pBluescript SK (+):

Sequence of the topoisomerase 11§ Aclonel insert cloned into pBluescript SK(+): pBSTopoB1.26F

Sequenced from the T3 primer end: 500 bases

1 CTTNCTCNGT ACCCGGCGAT CCTCTAGAGT CGACCTGTAG GCATGCNAGC

51 TTTTTATTCT ATANTNTCAC CTAAATAGCT TGGCGTRATC ATGGTCATNG
101 GGTGTTTTCT GTGTGAAATT GNTATCCGCT CACAATTCCA CACRACATAC
151 GAGCCGGGAA GCATRAAGTG TAAAGCCTGG GGTGCCTAAT GAGTGAGCTA
201 ACTCACATTA ATTGCGTTGC GCTCACTGCC CGCTTTCCAG TCGGGAARCT
251 TGTCGTGCCA GCTGCATTAA TGAATCGGCC AACGCGCGGG GAGAGGCGGT
301 TTGCGTATTG GGCGCTCTTC CGCTTCCTCG CTCACTGACT CGCTGCGCTC
351 GGTCCGTTCG GCTGCGGCAA GCGGTATCAC NCTCACTCAA AGGCGGTAAT
401 ACGGTTATNC ACAGAATCAG GGGATAACNC AGGARAGRAC ATGTGAGCRA
451 AAGGCCANCA ARAGGCCAGG AACCGTNARAA AGGGNCGCGT TGCTGGCGNT

182




3.5 Search for Potential transcription factor binding sites.
Using Matlnspector V2.2

Quandt, K. Frech, K. Karas, H. Wingender, E. and Werner, T.

Matind and Matlnspector - New fast and versatile tools for detection of consensus matches in nucleotide

sequence data

Nucleic Acids Research 23, 48784884 (1995)

MatInspect

or Results

MatInspector Release public domain

Solution parameters:

sequence file:

core sim:
matrix sim:

->

RIDtopollB'.seq
0.75

0,85
Explanation for column output:

January 2000

Thu Aug 15 15:59:36 2002

Matrix positions correspend to sense strand numbering, but all
sequences are given in 5'-3' direction.

n/a in column 'core simil.'
was conducted.

indicates,

that no core search

Capital letters within the sequence indicate the core string.

Matrix | Position(str}| Core | Matrix | Sequence

Name | of Matrix | Simil. | Simil.

Inspacting sequence RIDtopollB [?] (1 - 2420):
VSEVI1 06 | (#) | 1.000 | 0.900 | acaAGATca
VEGATAS 02 | ? [+ | ©0.831 | 0.852 | caaGATCatt
V3GATA3 03 | 7 (+#) | 1.000 | 0.852 | caRGATcatt
VSGATA3 03 I 7 (=) | 0.875 | 0.861 | aaTGATcttg
V3TCFIL 01 | 11 (+) | ©.807 | 0©.880 | ATCAttttaacaa
VSSRY 02 | 16 [+) | 1.000 | 0.869 | tttahCAAgcac
VSCEBPB 01 | 36 [+) | 0.873 | 0.B%6 | ggctcagGGAAgtt
VSIKI_o01 | 38 (+) | 1.000 | 0.861 | ctcaGGGRagtta
VEIKZ 01 | 38 (+) | 1.000 | 0.917 | ctcaGGGRagtt
VSHNF3B 01 | 45 (-} | 1.000 | 0.851 | cttgtTATTtaactt
VSE4BP | 46 (=) | 0,758 | 0.876 | tgttatTTAAct
VEVBP_01 | 47 {+) | 0.785 | 0.8€9 | gTTAAataac
VSSRY 02 1 51 (+) | 1.000 | 0,874 | aataACAAggct
VSGATAL 03 | 61 (+) | 1,000 | 0.904 | ctatgGATActtgg
V3GATA | 61 (+#) | 1.000 | 0.922 | ctatgGATActtgg
VSCDECRIAD 01 | 62 (+#} | ©0.842 | 0.893 | tatgGATAct
VEGATAL 04 l 62 (+} | 1.000 | 0.862 | tatgGATActtgg
VEIMO2COM_02 | 64 (+) | 1.000 | O0.880 | tgGATActt
VEGATA C | 65 (+) | 0.B75 | 0.864 | gGATACttggt
VSRORAL 01 | 66 (+) | 1.000 | ©0.853 | gatacttGGTCag
VERPIFJ O | 69 (=) | 1.000 | 0.930 | ccTGACcaagt
VEAPL O | 69 (-) | 1.000 | 0.909 | ccTGACcaagt
VEAP1_Qd | 69 (-} | 1,000 | 0.894 | ccTGACcaagt
V3DELTAEF1 01 | 74 (=) | 1.000 | 0.8B61 | ctgaACCTgac
VSTCFI1 01 | 74 (+#) | 1,000 | 0.862 | GTCAggttcagaa
VSCEBPB_01 | 77 {+) | 0,986 | 0.938 | aggttcaGRARagt
VSFREACZ 01 | 104 {+) | 1.000 | 0.874 | tcaaggTAAAgaaagg
VIFREAC3 01 | 104 (+#) | 1,000 | 0.876 | tcaagGTARagaaagg
VSDELTAEF1 01 I 1e4 (-} | 1.000 | ©.878 | ctttACCTtga

VSXFDL 01
VSGKLF 01
VSCERPB_01
ViIKZ 01
VSSRF_06
VECEEPB 01
VENFI Q06
VS0CTL 06
VSRFK
VEVEP 01
VSNFL_Q6
V558 01
V558 01
V3NKX25 02
VEHFHI 01
v B 01
VEHFHZ 01
VSANFIB 01

VSOCT €
V50CTI 05
VENFAT Q6
VEREXL 01
VSDELTAEF1 01
VSER Qb
VSTCFIL_01
VSGATAS 03
VTR
VSDELTAEF1 01

VSCREBPICJUN_01
VEAP
VEANF3B 01
VSHFHZ 01
VSHEH3 01
VSHFHZ 01
USSRY 02
VINFAT Q6
VEIKL_ 01
VSTKZ 01

§NFRT Q6

VSHEHE 01
VEDELTAEF1 01
HFHI 01
VSHNF3B_01
VEHFHA_O01

106
106
107
132
136
140
142
148
150
152
155
167
169
173
173
173
174
183
184
184
184
184
185
185
185
187
192
195
195
195
195
196
204
217
241
243
245
247
250
250
251
252
256
259
261
261
262
263
268
268
269
279
284
289
290
291
o1
302
304
304
304
309
319
319
319

1.000
0,937
0.986
1.000
1.000
1.000
1.000
0.833
0.945
1.000
1.000
1.000
1.000
1.000
0.838
0.855
0.823
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.814
0.B846
1.000
0.882
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.769
0.841
0.855
0.823
0.838
0.823
1.000
1.000
1.000
1.000
1.000
1.000
0.804
0.872
0.820
1.000
0.838
1.000
1.000
1.000
1.000
1.000
1,000
1.000

D.676
0.889
0.899
0.923
0.854
0.883
0.861
0.504
0.896
0.885
0.852
0.971
0.981
0.874
0.852
0.856
0.853
0.853
0.901
0.880
0.850
0.873
0.874
0.877
0.856
0.942
0,885
0.911
0.897
0.873
0.909
0.940
0,852
0.945
0.855
0.875
0.934
0.920
0.872
0.884
0.895
0.859
0.856
0.897
0.867
0.915
0.856
0.948
0.961
0.893
0.930
0.945
0,928
0,889
0.905
0.895
0.866
0.851
0.853
0.894
0.892
0.930
0.877
0.879
0.854
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aaggTAAAgaaagg
aaggtaaagaAiGG
aggtaaaGARAggc
actaGGGActte
tgCCATactaggga
tagtatgGCARagt
gtaTGGCaaagttacatyg
caaagttacATGGC
tgatggccatGTAActtL
gTTACatggc
acaTGGCcatcagagage
gagagctaATTRaaaa
tttttttaATTAgote
ttTAATLA
gttTTTTtaatta
tagttTTTTtaatta
gttTTTTtaatt
aactaTGTTtaaatt
aattTARAcatagt
ataattTAAAcatagt
ataattTAAAcatagt
aattTAAAcatagt
ctaTGTTtaaatt
ctatGTTTaaat
ctaTGTTtaaatt
atgtttaaATTAtttc
taaatTATTtccatg
aaacatgghhATaat
attatttccATGTL
attATTTCcatgt
attatttCCATgtt
acatgGARAtaa
ggagaactctGAAAcat
ctccACCTcta
gtttaaagatqgTGACctga
GTCAcatctttaa
aaRGATgtga
gtctcaGGTCacatct
tatgACCTgag
tgTGACctgag
tgtctcaGGTCac
tgACCTga
aTGTCTCAg
agacaTTTTtgtttt
acaTTTTtgttt
acaTTTTtgtttt
catTTTTgtELE
gaaaACARaaat
caaggGAMAaca
tcaaGGGRaaaca
tcaaGGGRaaac
gagagGARAtge
gaaatgcacaGTTGgaag
gcaCAGTtggaa
tcCAACtgtg
techACTgL
gttcACAAaaac
gtgTTTTtgtgaa
agaggTGTTtttgtg
aggTGTTtttgtg
aggTGTTtLtgtg
aaacACCTctt
tacTGTTttttga
attacTGTTtttlga
tacTGITttttga




VSHFHZ 01
VEVHYB 01
VERNFIB 01
FAT_ Q6
VSTATA 01
VgGATiE G2
VEGATAS 03
VEGATAZ 03
VSTCFIL 01
VSFREAC 1
VEXFDZ 01
VEHFAI_01
HFHS 01
VEFREACT 01
VETATA C
VEXFD2 01
VSHFHS 01
VSTATA 01
VSBARBIE 01
VSCEBPB 01
VEGATAS 02
VSNEX [§]
VENRKZS 01

VSHNF3B 01
VSHFHI ©1
VEHFHS_O1
VSTATA Q1
VENKX25 01
V588 01
VETSTL 01
VSVMYE_01
VSCETSIPS4 01
VENRF2 01
V5YY1l 02

v Q
VETALIALPHAE47 01

V5E
VSLMOZCOM 01
VSMYOD Q6
Eikxfl o1

VSTALIBETAE4T 01

320
322
EED
336
338
339
39
339
340
340
340
341
341
344
346
346
346
347
349
355
358
380
392
399
412
413
116
421
435
436
442
148
451
455
470
472
472
472
473
473
474
503
524
524
526
527
529
529
529
529
530
537
541
H44
558
562
562
572
580
581
581
581
583
584
588

=)
I+
[+
=)
=
=
(=)
(=
{+)
=1
=)
(*)
{+)
{+)
{+)
i+
=
()
t+)
=
=1
=)
{+)
(+)
(=
{+)
=1
(=)
(+)
{+)
=1
i*)
=}

1.000
0.B20
1.000
1.000
1.000
0.805
1.000
0.794
0.782
1.000
1,000
0.838
0.778
1.000
1.000
1.000
0.778
1.000
1.000
0.986
0.805
1.000
1.000
0.799
1.000
1.000
1.000
1.000
0,664
1.000
1.000
1.000
0.856
1.000
1.000
1.000
0.855
0.937
1.000
1.000
0.828
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.955
0.816
1.000
1.000
1.000
1.000
D.620
0.926
1.000
1.000
1.000
1.000
1.000
1.000
0.822
0.915
0.763

0.861
0,870
0.869
0.861
0.910
0.893
0.924
0,871
0.863
0,909
0,902
0.853
0.855
0,881
0.926
0.8€8
0.854
0.962
0.852
0,928
0.862
0.938
0.900
0,882
0.858
0.923
0.886
0,894
0.878
0.878
0.854
0.930
0.887
0,942
0.878
0.876
0.856
0.885
0.867
0.854
0.855
0.853
0,905
0.901
0.895
0,897
0,870
0.884
0.886
0.873
0,858
0.5%00
0.938
0.987
0.868
0.933
0.886
0.872
0.921
0.856
0.857
0.860
0.895
0.978
D.856

tacTGTTtEEEg
aaaRACAgta
aatacTGTTttcatc
aagatGAARaca
ttaTAARgatgaaaa
aaaGATGaaa
aahGATgaaa
aaaGATGaaa
TTCAtctttataa
tttttaTAAAgatgaa
tttaTARAgatgaa
tcaTCTTtataaa
tcaTCTTtataaa
tctttaTAARaagott
tETATAAAAS
tttaTAARaagctt
agcTTTTtataaa
ttaTAARaagctttc
ataaAAAGctttcat
ttgtgatGRARgct
tgtGATGaaa
LgAAGTg

tcARAGTa
CTCAttttggtga
gggagCCAAcga
cgtTGGCtecocttttagt
aaaaGGGAgcca
acagactaaahGGG
ctCACAagec
tcacaagCCAG
tataACCTggc
ttaTARAtggtttga
tcaaaCCATLCa

tggtttgaAATCaggggcothgtt

aaaaACAAggcc
cctTGTTEttact
ccttgTTTTtacttt
aagtaaaaacARGG
aaagTAARaacaag
tcaaagTARAaacaag
ttgTTTTtacttt
ctggcacagCGTGgca
tgocgecCCAAtaa
tgcgoCCAAtaaatac
cgcCCAAtaaa
gcccaaTARAtacttyg
ccaaTAMAtacttg
tcaagTATTtattgg
aagTATTtattgg
aagTATTtattgg
caaTAAAtacttgag
tcAAGTa
tgagtggaATTAcact
gtggAATTacactga
aaaMAChgga
acAGGhagaa
acaGGAAgaa
gtaaagCCATcttccatctg
cttTGGCagatggaagat
tttggCAGARtggaaga
tttggCAGAtggaaga
ttgGCAGatggaaga
tggCAGAtggaa
tcCATCtgce
ELEGGCAga

vsoctt_06
VSPADS C
VSCEBPE 01
VSNFY

VSTALIALP

VSIRFL_01
VAT 1
VENRX25_01
VSTCFI1 01
VAP Q4
VEAFITS @2
SAPI Q2
5OCT1_06
SAPI_Q8
APIFJ_02
RF1_Q4
VEGATAZ 03

<

slsls

:

VSGKLF 01

595
600
604
608
611
611
615
618
618
618
618
620
620
624
628
647
647
671
676
691
695
695
696
700
702
740
740
740
742
743
744
744
744
744
749
752
752
753
7585
756
156
156
759
762
762
762
764
764
773
774
780
781
783
786
789
790
791
794
794
795
758
802
a12
817
828

(+)
(+)
=1
o
i+
ol
=1
{+)
(+}
(+}
(=)
=
(=)
[+]
[+
(=
{+)
+)
=
(=}
=l
+)
(+
Linc
(=i
(+)
i+
(=1
[+)
=)
[+]
[+]
[+1
(+]
1=
(+)
(+]
(+}
(=)
(+)
(+)
(+)

1.000
0.904
1.000
1.000
1.000
1.000
1.000
0.846
0.889
0.847
1.000
1.000
1.000
0.782
0.808
0.889
1.000
1.000
0.790
0.876
0.928
0.928
1.000
1.000
1.000
1.000
1.000
0.798
0.822
0,915
0.763
0.794
0.805
1.000
1.000
0.765
0.750
1.000
1.000
1.000
1.000
1.000
0.833
1.000
1.000
1.000
0.794
1.000
1.000
1.000
0.808
0.937
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.838
1.000
1.000
0.865
1.000
1.000

0.903
0.887
0.852
0.857
0.880
0.889
0.940
0,899
0.897
0.880
0.923
0.861
0.853
0.864
0.858
0.920
0.945
0.876
0.852
0.856
0.872
0.876
0.948
0.935
0.957
0.859
0,861
0,859
0.877
0.967
0.859
D.895
0.893
0.907
0.901
0,857
0.877
0.884
0.882
0.855
0.923
0.910
0.874
0.888
0.932
0.855
0.860
0.911
0.926
0.989
0.871
0.885
0.851
0.938
0.872
0.858
0.897
0.897
0.874
0.870
0.857
0.856
0.887
0.854
0.868

aagactgtgATGTL
EGTGATgEE
caatacaGCARcat
aattaCCAAtacagca
tgtattggTAATEEEC
ttaCCAAtaca
gaatgaaaATTAccaa
gtaatttTCATECE
gtaattttcATTCL
gtaATTTTcattc
aagaatgaAAATtac
agaatgaaAATT
agaatGAAAatt
TTCAttcttagaa
TTCTtagaa
aataatttcATTCa
tgaatgaaATTAttce
catttGARRALL
tggaatTTTC
taaAACTgtt
tETTTAAAAC
gtTTTARRRA
ttttaaaaATTAagca
ggcatgctTAATEEEE
ctTRATLE
ctggaCAGAtgagaaa
ctggaCAGAtgagaaa
CTCAtctgtccag
ggaChGAtgaga
ctCATCtgte
acaGATGaga
acaGATGaga
acaGATGaga
acAGATgaga
GTCActtttctca
gaaaagtGACAgt
gaaaagtGACAgL
aahAGTg
GTCActgtcactt
agTGACagtga
agTGACagtga
agTGACagtga
gacagtgacATCTe
agTGACatctc
agTGACatcte
agTGACatctc
agaGATGtca
agAGATgtca
ctgaACAAtgca
tgaaCAATge
TTCTctgaa
tcagagaagadhGs
agaghAGRaag
gaagaaaGGTCaa
gtTGACctttc
ctactctttgtTGACctLL
aaggtcAACAaaga
gtcaACARagag
GTCRacaaagagt
tacTCTTtgttga

acaaagagtagaAATAgaacac

gttCTATttckactct
aGTGTTcta
tgcagggtggGTTGagty
gaaagaatgcAGGG
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VSHNF3B_01
VSCERFB_0O1
VSIKL 01
VSNFAT Q6
VSIKZ 01
VEIRZ 01
VSGATA _C
VEGATAL 04
VSGATAL 03
VSGATAL 02
VSIMOZCOM 02
VEGATA3 02
VEGATA
VSGATAL 06
VEGATAZ 02
VSTCF11_01
VSBARBIE 01
OCT1_06
VSNEAT Q6
VSCEBPB_01
VENFAT 06
VSTCFIL 01
VEVMYB 01
VSAPI Q2
VSAPIFJ Q2
VS0CT1_02
VsMzr1_01
VSIKzZ 01
VEGL_01
VSSP1_Q6
VENRFZ 01
VEGKLF_01
VEGFIL1 01
VETCFI1_01
VEGATAS 02
VSNFAT_Q6
VSCEBPB_01

VETR2_01
VEMZFL_01
VSLYFL
VERFI G2
VSAPIFJ Q2
VSER Q
VERMYC 01
VSUSF_Q6
VSTCFIL 01
VEUSF €
VSCEBPB 01
VSPADS C
VECHYB_01
VEVMYB 02
VSTATA_C
TATA C
V358 _01
VSIKI_01
VENFAT Q6
VEIRz 01
VSIRF1 01
VSTRZ 01
VELYFL 01
VENFKAFFAB 01
V3CETS1P54 01

0,855
0.986
1.000
1.000
i.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.807
1.000
0.944
1.000
0.986
1.000
1.000
0,876
1.000
1.000
1,000
1.000
1.000
0.877
0.845
1.000
0,817
1.000
0.807
0.805
1.000
0,986
1.000
0.827
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.848
1.000
1.000
1.000
0.793
0.928
a.928
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.815
0.926

0.852
0.B67
0.880
0.920
0.930
0,899
0,968
0.968
0,857
0.980
0.970
0,902
0.919
0.916
0.961

0.881

0.856
0.865
0.864
0.872
0,853
0.865
0.852
0.889
0.903
0.851

0.975
0,859
0.871
0.861

D.879
D.870
0.919
D.865
D.861
0.850
0.876
0.911
D.850
0.917
0,903
0.965
0.877
0.862
0.908
0.898
0.886
0.9717
0,874
0.895
0.903
0,933
0.915
0.872
0.873
0.883
0.942
0,856
0.932
0.916
0.859
0.961
0.924
0,871
0.922

tgcatTCTTtocecta
ttctaggGAAAgaa
tctaGGGAaagaa
ctaggGAARgaa
tctaGGGAaaga
ataaGGGAcaca
tGATAAgggac
aaatGATAaggga
taaatGATAaggga
taaatGATAaggga
atGATAagg
aatGATAagg
aatGATRagg
aatGATAagg
aatGATAagg
ATCAtttaagctt
atgaARAGcttaaat
aagcttttcATATg
catatGAARagc
gtttcaaGAARacCt
ttcaaGAARact
GTCAgtttcaaga
tgaAACTgac
acTGACcatat
acTGACcatat
gaccatATGCtcttt
tgaGGGGa
tgagGGGAggag
gaggGGAGgagacy
gaggGGAGgagac
gacGGhhgaa
gaagaaggaghTGG
tcgaaaaaRATCatctcagacctt
ATCAtctcagacc
tgaGATGatt
ctgtcGAARaaa
tgctgteGAMRaaa
gaCAGCagcg
agcgtCCACELa
ctARGTg
cttaGGGAggce
cttGGGGa
ttgGGGAgY
cgTGACccgge
cgTGACccgge
aggaggccccgTGACCCgg
ggoccCGTGace
gtCACGggge
GTCAcggggccte
cCCCGTga
cactggtGCARgga
aGTGGTcta
taaaagagcgGTTGtaaa
tacRACCgc
ctTTTARAAL

at TTTARAAG
aaagggaalATTALLEL
caaaGGGARaatta
aaaggGAAAtta
caaaGGGRaatt
craaaggGRARLE
ctttGGGAcgge
LELGGGACg
GGGCegteoe
gcohGGhagaa

vSIK2 01
VSGC o1
V5SF1 Q6
VEMZFL 01
VSRREB1_01
VSGC_01
VSSPI 06
VSGKLF_01
VSTCFIL 01
VSIK
VSTK1L 01
VEIRZ 01
VSVMYB 02
VSFREACA_01
VSFREACZ 01
VEKFOI 01
VSXFD2_D1
NF3B 01
VEHEHB 01
VEKEDI 01
VSPADS C
v

VSTCF11 01
VSCREB_02
VEATF 01
USCREB_Q4
VSAPIEJ Q2

1123
1125
11286
1127
1128
1130
113
1135
1146
1176
1176
1177
1183
1194
1194
1196
1196
1196
1196
1196
1202
1202
1204
1218
1219
1225
1232
1232
1234
1246
1246
1246
1247
1247
1247
1247
1255
1261
1268
1268
1270
1280
1285
1286
1250
1301
1305
1305
1321
1323
1323
1323
1324
1326
1327
1327
1343
1245
1351
1352
1360
1365
1366
1367
1367

0.902
0.894
0.888
0.996
0.862
0.959
0,980
0.861
0,873
0,854
0.912
0.853
0.872
0,853
0.948
0.854
0.853
0.8688
0.854
0.881
0.865
D.865
0.894
0.%02
0.859
0.934
0.902
0,864
0.883
0.857
0.917
0.917
0.926
0.888
0,877
0.919
0.928
0.864
0.850
0.865
0.871
0.851
0.865
0.884
0.895
0.977
0.946
0.978
0.863
0.917
0.942
0.871
0.883
0.927
0.925
0.869
0.860
0.895
0.879
0.869
0.969
0.503
0.967
0.886
n.e82
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ggtgGGGAtgag
gegaGGTGaggaty
geggGGETGgggat
ggtGGGGa
cCCCAcceogooee
tgggGGCGgggtag
tgggGGLGIggty
ggatgaggatGGGa
CTCAtccttagag
aaccgGGAAtccyg
aaccGGGRatccg
aaccGGGAatceo
cctAACCgg
tcagagtaAACAgcac
tcagagTAAAcagcac
agagTAAACagcac
agagTAAAcagcac
cgtgcTGTTtactct
tgeTGTTtactct
agagtaAACAgcac
cGTGCTgLL
aaCAGCacgc
tcctocaagCGTGotyg
gattACAAtcga
attaCAATcg
aatTGGCctogggtogat
cgaggCCAAttcgace
cgaggCCAALEC
aggCCAAttecg
caaaGGGAaaggg
graaagggaafGies
aaaggGAAAggg
gcaaaggGAARgg
ggcaaagggahAGe
gcaaagqgGAAAGY
caaaGGGARaagg
TTTGcege
GTCAattgagggc
atTGACccttyg
atTGACccttg
tGACCcttgaagca
agCAGCcect
agggagagcaGGGG
aagggagagchAGGG
tgaaGGGAgage
aaatgGRARacc
tgggttTTCC
tgggttTTCC
cacacaChAAcaaaaa
tEtTGTTRgtgtg
tLtTGTTgtgtyg
gttttTGTTtatgtyg
LELTGTTLgtgt
acaafChhaaac
gggTTTTtgtttg
tggggTTTTtgtttg
aaaGGAAgac
cttectttogGTTGetac
agcAACCgaa
agcAACCga
GTCAttgcgggta
gcaaTGACgtLLL
caaTGACgtttocoo
aaTGACgtttce
aaTGACgttte




VSAP1 Q2
VSCREBF1 Q2
VSCREB 02
VSCREB_01
VECREBPICJUN 01
FAT Q6
IK b
VSMZF1 01
1K2 O
VSGC
VSSP1_06

VSGFIl1_01
VENFY 01
VSCETSIPS4_01
VENEY_Q6

VSCAAT 01

<
2
[

CF 01

i

SAP1FJ_Q2
AP ﬁ}
AF1 Q4
SAFL_C

2
SAPIFd_Q2
AP4 Q6
AP4 Q0

GFIC 01

VESPL Q6
V5GC_01

GC
V55P1_Q6
VSIKZ 01
VSGKLF 01

K2 01
VEMZFI_01
VECETS1FS4_D1

Ssigsisisss

:

VSDELTAEF1_01

VEAPIFJ 02

VEAPL G2

VEHNF3B_01

VEXFDZ 01

VEFREACZ_01
FREAC

VSHFHL_01

VSCEBFB 01
VSGFI1 01

1367
1367
1367
1369
1369
1371
1372
1376
1384
1385
1386
1396
1403
1407
1413
1414
1414
1417
1418
1419
1433
1439
1446
1447
1449
1450
1463
1464
1466
1467
1467
1467
1468
1471
1471
1474
1474
1476
1479
1488
1443
1485
1496
1503
1507
1541
1544
1547
1548
1549
1552
1556
1556
1580
1581
1581
1581
1582
1582
1582
1587
1588
1590
1611
1612

1.000
1.000
1,000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.976
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1,000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.B66
1.000
1.000
1.000
1.000
0.788
1.000
1.000
0,845
1.000
1.000
1,000
1.000
1.000
0.887
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.060
1.000
0.986
1.000

0.858
0.868
0.863
0.934
0.889
0.910
0,901
0.991
0.699
0.921
0.950
0.915
0.895
0.859
0.958
0.926
0.877
0.911
0,906
0,943
0.857
0,889
0,921
0.853
0.908
0.872
0.863
0.8723
0.856
0.957
0.966
0.953
0.892
0.897
0.911
0.895
0.922
0.857
0.884
0.856
0.859
0.905
0.900
0.871
0.959
0.873
0.6861
0.876
0.6880
0.870
0.933
0.912
0.888
0.872
0.926
0.698
0.91%
D.864
D.896
0.933
0.8863
0.864
0,899
0,942
0.914

aaTGACgttte
aaTGACgtttee
aaTGACgtttce
TGACQttt

tgACGTEL
g999gGARACgL
agggGGGARaacy
aggGGGGa
gggcGGGAcceg
gaggGGCGggacce
gaggGGCGggace
agCCCCctggag
caatCCCAaaattccaagece
tcteggeccAATCccaaaattccaa
tttEGGGAL LYY
ctcggCCAAtcccaaa
LEEGGGALE
cggCCAAtece
cteggCCAAtee
gatTGGCocgagagygctgt
ctgTGGCgacaaggocog
tgctgtccAATCcgggecttgteg
gctgtCCARtccggge
ccCGGAttgg
tgtCCAAtccg
gctgtCCAAtce
gtCAGCgcca
GTCAgtcagcgeco
cgCTGACtgac
gcTGACtgaca
gcTGACtgaca
geTGACtgaca
gTCAGTCAg
acTGACagegyg
acTGACagcgg
gaCAGCgggy
gaCAGCgggy
©aGCGGaggcgy
cgggGGLGgroge
ggagGGCGeggegy
agagGGAGggcge
gagaGGGAgggc
ggagagaggghGGs
accgGGGAgaga
accGGGGa
gcCGGAcaag
ggacaagaggGAGG
caagagggaggTGACegtg
aagaGGGAggtg
GTCAccteocctet
ggtcACCToce
ggTGACCgtgg
ggTGACCgtgg
gactcTGTTtattgt
acaaTAARcagagc
ggacaaTAAAcagagc
ggacaaTAAACagage
ctctGTTTattg
cteTGTTtategt
ctcTGTTtattgt
agggACAAtaaa
gggaCAATaa
gagaGGGAcaat
gtgtgagGAARtCcy
tgtgaggaAATCggggctgcagog

1613
1655
1655
1667
1669
1690
1682
1716
1727
1734
1742
1763
1767
1770
1787
1813
1821
1821
1825
1825
1831
1869
1872
1874
1886
1886
1939
1939
1960
1960
1969
1973
1586
1996
2033
2055
2055
2064
2066
2066
2072
2076
2080
2083
2093
2102
2110
2115
2118
2121
2125
2127
2143
2157
2167
2167
2167
2167
2170
2170
2170
2178
2180
2180
2182

(+]
[+
[+]
(+)
[+)
=)
(=)
{+)
i+
{=)
=)
=)
(=)
=)
=)
(+)
=)
(+)
=)
(+)
(+)
(=)
(=)
(=)
(+)
(4}
i+)
(+)
i+
1+)
=)
(+)
(+)
=
=}
(+)

(+)
(+)
(+)
(+)
+)
+)
{+)
=)
=1
=l
=)
1+)
=1
i+
1=}
1=}
(+)
{+)
{+)
(+)
1+)
)
(+)
()
=)
(+}
(+}
(+}

1.000
1.000
1.000
1.000
0,833
0.864
0.827
0,937
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.852
1.000
0.976
0.864
1.000
1.000
0.905
1.000
1.000
1.000
1.000
1,000
1.000
1.000
0.857
0.864
1.000
0.852
1.000
0,664
1.000
0,818
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.936
0.854
0.911
0.926
0.854
0.860
0.890
0.859
0.928
0.872
0.856
0.884
0,954
0.854
0,867
0,893
0.993
0.993
0.922
0.899
0.884
0.885
0.880
0.873
0,871
0.90%
0.859
0,802
0.823
0.934
0.6861
0.905
0,906
0,858
0.853
0.887
0.680
0.890
0,871
0.696
0.867
0.878
0.866
0,688
0.882
0.874
0.890
0,873
0.885
0,864
0.862
0,805
0.880
0.888
0,956
0.939
0.504
0,836
0.871
0.859
0,899
0.911
0.898
0.954
0.887

gtgagGAAAtcyg
agCAGCggeg
agCAGCggeyg
gaccGGGAcgac
ccGGGAcgac
gcCACTcgag
goccagCCACtcg
tgagaaggachhGG
aggchCCTctg
acgTGGCgaggacgcaga
gectcggaCGTGgogag
gccgGGGAgece
gecGGGGa
cgagGGLGgacygg
aagocegggCGTGoga
tgCAGCggeg
cgCCCGegggcyg
cgCCCGegggey
cgCCCGeeegeg
cgcgGGeGggega
cgggcgagaagGCARcge
agcaGGGAgcga
ggaghhAGcagggag
aggagaaagchGGG
ctCAGCcgeo
ctCAGCcgec
ggCAGCcggc
9gCAGCcggc
ctCAGCggge
CctCAGCggge
teCAGCcgag
gcTGGAcgte
tcCGGAtctt
cgCCCCatcgeyg
teCACTegec
gagcGGCGgggece
gagcGGCGgggece
ggCCCAgcggee
ccCAGCggee
ccCAGCggcc
ggCCCGeaggga
cgcaGGGAggcy
g99aGGCGggage
aggcGGGAgegy
ccCAGCcgeo
ggCCCTgaggcc
ctCACAggce
teCAGCtcac
geTGGAggca
ccaTGGCgagtgocctoca
ggCACTegeo
actTGGCoatggogagtyg
gcCACCegac
gogoGGGAgoeyg
cgGLGTgggcgg
c©gGCGTgggcgg
cggegtgGGLGg
cgGCGTgggegg
cgtgggcggcgGChicgg
cgbgGGCGgoggca
cgtgGGLGgegge
tcagtgecceGTTGoego
ggcAACGGgg
ggcARCGgq
caacggggcacTGACctgg
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matches to VSCLOX 01 (re: 0.12) were found.

VSAPLFJ Q2 | 2191 (+) | 1.000 | ©.891 | acTGACctggg In O seq. 0
VSAP1 Q2 | 2191 {+#) | 1.000 | 0.877 | acTGACctggg In 1 seq. 5 matches to VSCMYE 01 (re: 2.02) were found,
VSDELTAEF1 01 | 2191 {+) | 1.000 | 0.869 | actgACCTggg In 0 seq. 0 matches to VSCOMEL 01 (re: 0.66) were found.
VSRORAI 01 | 2192 (=) | 1.000 | 0.9168 | ccacccaGGTCag In 1 seq. 1 matches to VSCOUP 01 (re: 0.19) were found.
VSNKX 01 | 2204 (+) | 1.000 | 0,930 | gtAAGTg in 1 seq. 1 matches to VSCPF2 01 (re: 0.39) were found.
VENFY Q6 | 2204 (-) | 0,805 | 0,853 | cagCCACttac In 1 seq. 2 matches to VSCREBPLCJUN 01 (re: 0.22) were found.
VSCAAT 01 I 2205 (-} | 0.827 | 0.904 | accagCCACtta In 0 seq. 0 matches to VSCREBPL 01 (re: 0.15) were found.
VENFL @6 I 2206 (+) | 1.000 | 0,867 | aagTGGCtggtccccggg In 1 seq. 1 matches to VSCREBPl Q2 (re: 0,09) were found.
VSIRZ 01 | 2212 (-} | 1.000 | 0.874 | cccygGGGAccag In 1 seq. 1 matches to VSCREB 01 (re: 0.40) were found.
VSAPZ Q6 I 2215 (+) | 0.976 | 0.863 | gtCCCCgggacyg In 1 seq. 1 matches to V5CREB (re: 1.12) were found.
VSMZF1 01 | 2216 (=) | 1.000 | 0.948 | cccGGGGa in 1 seq. 1 matches to VSCREB Q2 (re: 0.34) were found.
VEIRZ 01 I 2217 (+#) | 1.000 | 0.894 | ccccGGGAcggyg In 1 seq. 1 matches to VSCREB Q4 (re: 0.34) were found.
VSAPA_Q5 | 2227 (=} | 1.000 | 0.873 | tgCAGCcgcc in 1 seq. 2 matches to VSCREL 01 (re: 2.74) were found.
VSERY 02 | 2233 (-} | 1.000 | 0.911 | cggaRCRAtgca In 1 seq. 9 matches to VSDELTAEFl 01 (re: 2.42) were found.
VE50X5 01 | 2234 (=) | 1.000 | 0,984 | ggaaCRATgc In 0 seq. 0 matches to F {ra: < 0.01) were found.
VSCETS1P54_01 | 2237 (=) | 1,000 | 0.884 | ccCGGRacaa In 1 seq. 1 matches to VBEZF D2 (re: 0.13) were found.
V§5F1_Q6 I 2248 (+} | 1.000 | 0,864 | ccgoGGCGggggc In 0 seq. 0 matches to VSE2F Q6 (re: 0,06) were found.
VSNGFIC 01 | 2251 (+#) | 0.788 | 0,855 | cgGCGGgggcyg In 0 seq. 0 matches to VSE 1 (re: 0.29) were found.
VSEPL Q | 2254 (+) | 1.000 | 0.900 | cgggGGCGgaatt In 0 seq. 0 matches to VBEZ Q6 (re: 0.40) were found.
VSGC 01 | 2254 (+#) | 1,000 | 0.869 | cgggGGCGgaattc In 1 seq. 1 matches to VSE47 01 (re: 0.11) were found,
VECETS1P54 01 | 2275 (+) | 1.000 | 0.906 | tcCGGAtctt In 0 seq. 0 matches to (re: 0,27) were found.
VSAPZ Q6 | 2285 (=) | 0.976 | 0.858 | cgCCCCatcgcg In 1 seq. 1 matches to VEE4BFP4 01 (re: 0.07) were found.
VSUSF SE | 2322 (=) | D.864 | 0.853 | tcCACTcgee In 1 seq. 1 matches to VSEGR1 01 (re: 0.03) were found.
VESPL_Q6 1 2344 (+) | 1,000 | 0.887 | gagcGGCGgggce In 1 seq. 1 matches to VSEGRZ 01 (re: 0,03) were found.
VSGC 01 | 2344 (+) | 1.000 | 0.880 | gagcGGCGgggooo In 1 seq. 1 matches to VSEGA3 01 (re: 0.01) were found.
V5AP2_Q6 | 2353 (+#) | 0,905 | 0.890 | ggCCCAgcggec in 0 seq. 0 matches to VSELKI 01 (re: 0.06) were found.
VSAFA QB | 2355 (+) | 1.000 | 0.871 | ceCAGCggcc In 1 seq. S matches to V3ER Q6 (re: 1.73) were found.
VSAPA_Q5 1 2355 {(+) | 1.000 | 0,896 | ccCAGCggee In 0 seq. 0 matches to VSEVILI 01 (re: € 0.01) were found,
VSAPZ 06 | 2361 (+#) | 1.000 | 0.867 | ggCCCGcaggga In 1 seq. 1 matches to VBEVIL 02 (re: 0.02) were found.
VSIK2 01 1 2365 (+) | 1.000 | 0.878 | cgcaGGGAggcy In 0 seq. 0 matches to VSEVIL 03 (re: < 0.01) were found.
VSSP1_Q6 1 2369 (+) | 1.000 | 0.866 | gggaGGCGggagc In 0 seq. 0 matches to VBEVIL 04 (re: 0.92) were found.
V5IKZ 01 I 2372 {(+#) | 1,000 | 0,888 | aggcGGGAgcgg In 0 seq. 0 matches to VBEVII 05 (re: 0.16) were found.
VEAP4 Q6 | 2382 (-) | 1l.000 | 0.85% | cgCAGCcgce In 1 seq. 1 matches to VSEVI1 06 (re: 0.02) were found.
VEAP4 Q5 | 2382 (-) | 1.000 | 0.900 | cgCAGCcgcc In 1 seq. $ matches to VSFREACZ 01 (re: 0.11) were found.
VSAPZ Q6 | 2391 (-} | 0.857 | 0.874 | ggCCCTgaggcc In 1 seq. 1 matches to VSFREAC3 01 (re: 0.02) were found.
VSUSF Q6 | 2399 (-} | 0.B64 | 0.890 | ctCACAggcc In 1 seq. 1 matches to VSFREACA 01 (re: < 0.01) were found.
VSAPA Q5 | 2404 (=) | 1.000| 0,873 | teCAGCtcac In 1 seq. & matches to 1 (re: 0.52) were found.
VECETS1P54 01 | 2408 (+} | 0,852 | 0,885 | gcTGGAggca In 1 seq. 2 matches to VSGATAl U2 (re: 2.27) were found.
In 1 seq. 3 matches to VSAHRARNT 01 (re: 0.81) were found. In 1 seq. 2 matches to VSGATAl 03 (re: 1.80] were found.
In 0 seq. O matches to VEAHRARNT 0. (re: < 0.01) were found. In 1 seq. 2 matches to VSGATAL 04 (re: 1.82) were found.
In 0 seq. O matches to VEAHR D1 (re: < 0.01] were found. In 1 seq. 1 matches to V3GATAL 05 (re: 0.42) were found.
In 1 seq. 13 matches to VSAPIFJ Q2 (re: 2.45) were found. In 1 seq. 2 matches to VSGATAL D6 (re: 0.52) were found.
in 1 seq. 2 matches to VSAFL C (re: 1.08) were found. In 1 seq. 1 matches to ire: 1.02) were found.
In 1 seq. 11 matches to VSAPI Q2 (re: 1.82) were found, in 1 seq. 3 matches to VIGATAZ 03 (re: 0.74) were found.
In 1 seq. 4 matches to VSAPL Q4 (re: 2.48) were found. In 1 seq. 6 matches to V§GATA3 02 (re: 2.85) were found.
In 1 seq. 13 matches to VEAPZ Q6 (re: 4.78) were found. In 1 seq. € matches to (re: 2.01) were found.
In 0 seq. 0 matches to VSAP4 01 (re: 0.01) were found. In 1 seq. 2 matches to VSGATA C (re: 2.62) were found,
In 1 seq. 1B matches to VSAFA Q5 (re: 0.96) were found. In 1 seq. 9 matches to VSGC_01 (re: 2.12) were found.
In 1 seq. B matches to VSAFA Q6 (re: 0.50) were found. In 1 seq. 5 matches to VEGFI1 01 (re: 1.57) were found.
tn 1 seq. 1 matches to VSARNT 01 (re: 0.69) were found. In 1 seq. 15 matches to VSGKLF 01 (re: 4.76) were found.
in 0 seq. 0O matches to VSARFI1 0L (re: 0.07) were found. In 0 seq. O matches to V3GRE C (re: 0,06} were found.
In 1 seq., 1 matches to VSATF 01 (re: 0.34) were found. In 0 segq. 0O matches to VEHEWL 01 (re: 0,12} were found.
In 1 seq. 3 matches to VSBARBIE_ 01 (re: 0.56) were found. In 0 seq. O matches to VSHENI 02 (re: 0.07) were found.
In 0 seq. O matches to VSBRACH D1 (re: < 0.01) were found. In 1 seq. 2 matches to VSHFAI 01 (re: 0.12) were found.
in 1 seq. 2 matches to VSBRNZ 01 (re: 0,99) were found. In 1 seq. 5 matches to VSHFHZ 01 (re: 2.03) were found.
In 1 seq. 9 matches to VSCAAT 0] (re: 2.21) were found. In 1 seq. 13 matches to VSHFH3 01 (re: 0.31) were found.
In 0 seq. 0 matches to VSCAAT C (re: < 0.01) were found. In 1 seq. 10 matches to VSHFHB 01 (re: 0.23) were found.
In 1 seq. 1 matches to VSCDPCRIHD 01 (re: 3.06) were found. In 0 seq. 0 matches to VSHLF 01 (re: 1.69) were found.
In 0 seq. 0 matches to VSCOPCA3 01 (re: 0.12) were found. In 0 seq. 0 matches to VSHNF1 01 (re: 0.51) were found.
In 0 seq. O matches to VSCDP 01 (re: 0.04) were found. In 0 seq. O matches to VEANFI_C (re: 0.11) were found.
In 0 seq. 0 matches to VSCDP 02 (re: 0.12) were found. In 1 seq. 15 matches to VSHNF3B 01 {re: 1.45) were found.
In 1 seq. 11 matches to VSCEBPB 01 |re: 2.07) were found. In 0 seq. 0 matches to OX (re: 0.02) were found.
In 0 seq. 0O matches to ?§€E§Ejr7re: 0.27) were found. In 1 seq. 6 matches to VBIKI 01 (re: 0.86) were found.
In 1 seq. 11 matches to VACEIS1FS4_01 (re: 1.53) were found. In 1 seq. 31 matches to V5IKZ 01 (re: 3.95) were found.
In 0 seq. O matches to VICHOP 01 (re: 1.101 were found. In 1 seq. 1 matches to ?EfﬁiﬂﬁT (re; 0,16) were found.
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VSIRFl 01 (re:
VSTRFZ 01 (re: <
VSISRE 01 (re: <
VSLMOZCOM 01 (re
VSLMO2COM 02 (re
VSLYF1 01 [re:

VSMAX_01 (re:
VEMEFZ 01 (re: <
VEMEFZ 02 (re:
VEMEFZ 03 (re:

VSMEF2 04 (re: <

VEHIFL 01 (re:

VEMYCHAX 01 (re:
VSMYCMAX 02 (re:
VEMYOD o1 {re:

VSMYOD_Q6 (re:
VSMYOGNF1 01 (re
VEMZFL 01 (re:
VENFI_Q6 (re:
VSNFAT Q6 (re:
VSNFEZ 01 (re:
VENFRAPPABS0 01
VENFRAPPABES 01
PAB 01 (r
VSNFKB C (re:
VSNFKB Q6 l(re:
VSNFY D1 (re:
VSNFY C (re: < O
VSNFY Q6 (re:
VSNGFIC 01 {re

VENR®25 01 (re:
EEEEEEE_EE jre:
VSNMYC 01 (re:
VENRFZ 01 (re:
VENRSF 01 (re: <
VSOCT1 01 (re:
V30CT1 _0Z (re:
VEOCTI_05 (re:
VSOCT1 06 (re:
VEOCTI_07 (re:

V3OCT1 (6 (re:

VSOCT C (re: 0.

EFOLii 01 (re:

2‘955 01 (re: <
VSPADS C (re:
USPARS 01 (re:
VSPARG 02 (re: <
VSPAXE 01 (re:
VEPBR1_02 [re:
VSPOLY C (re:

VSPPARA 01 (re:
VERFX1_01 (re:
v (re:
VERORAL 01 (re:
VSRORAZ 01 (re:
VERREBI 01 (re:
VERSRFCA 01 (re:
VSR 01 (re: a:
V358 01 (re: (1]
VSSEF1 C (re: <
VSSOXS 01 {re:
VESPI_ Q6 (re:
VSSREBPI 01 (re:
VSSREBP1 02 {re:
VSSRF_01 (re: <

0.03) were found.
0.01} were found.
0.01) were found.
H 1.11) were found.
H 2.02) were found.
4.29) were found.
0.11) were found.
0.01) were found.
0.08) were found.
0.02) were found.
0.01} were found.
0.01) were found.
0.05) were found.
1.67) were found.
0.21) were found.
0.96) were found.
: < 0,01} were found.
3.84) were found.
4.11) were found.
1.91} were found.
0.12} were found.

(re: 0.05) were found.
(re: 0.09} were found.
e: 0.42) were found.

0.05) were found.
0.28) were found.
0.49) were found.
.01) were found.
0.70) were found.
0.03) were found.
0.79) were found.
0.51) were found.
1.64) were found.
0.16) were found.
0.01) were found.
0.04) were found.
2.34) were found.
0.03) were found.
0.97) were found.
0.04) were found.
4.82) were found.
05) were found.
0.03) were found.
0.01) were found.
0.52) were found.
0.04) were found.
0.01) were found.
1.24) were found.
0.05) were found.
0.02) were found.
< 0.01) were found.
0.94) were found.
0.95) were found.
0.19) were found.
0.01) were found.
0.03) were found.
0.02) were found.
04) were found.
:67) were found,
0.01) were found.
1.10) were found.
1.70} were found.
0.21) were found.
< 0.01) were found.
0.01) were found.
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VSSRF C (re: 0.068) were found.

VSSRF Q6 (re: 0.16) were found.
VSSRY 02 (re:  3.94) were found,
VESTAF 01 (re: 0.02) were found,
VSSTAF 02 (re: 0.12) were found.
VS5TAT1 01 (re: < 0.01) were found.

VSSTATS 01 (re: < 0.01) were found.

VSSTAT 01 (re: 0.48) were found.
USTIR 01 (re: 0.03) were found.
VETALIALPHAE47 01 (re: 0.14) were found.
VSTALIBETAEAT 01 (re: 0.11) were found.
VSTALIBETAI 1 (re: 0.06) were found.
TETATA 01 (re: 5.33) were found.

VSTATA C (re: 0.30) were found.

VSTAXCREB 01 (re: 0,06) were found.
USTAXCREB 02 (re: < 0.01) were found.
VSTCF1IMAFG 01 (re: 0.06) were found.
CF11 01 (re: 4.63) were found.
VSTHIE4T 01 (re: 1.95) were found.
VSTST1 01 (re: 4,93) were found.

VSUSF 01 (re: 1.15) were found.

VEUSF C (re: 2.19) were found.
VSUSF Q6 (re: 2,52} were found.
Vi 01 (re: 3.78) were found.

V5VJUN 01 (re; < 0.01) were found.
VSVMAF 01 (re: 0.99) were found.
ire: 2.29) were found.
Y5VMYR 02 (re: 1.04) were found.
VEXBF1_01 |[re: 0.34) were found.
VSXFD1 01 (re: 0.07) were found.
VSKFDZ 01 (re: 0.07) were found.
VEXFD3 01 (re: 0.04) were found.
V5YY1l 02 (re: D.13) were found.
V321D D1 (re: 0.33) were found.
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Appendix 4: Protein standard curve.

Protein Standard Curve

E

8

=

o

2

4

0 0.5 1 T—s 2 2.5
A mount Protein (ug)
| 595 nm 595 nm
Absorbance | Amount Absorbance Amount
BSA Absorbance First HeLa protein ug Second HeLa | protein pg
standard | 595 nm extract First HeLa extract Second Hela
rg 1 pL neat extract Dil 1:10, 2 puL extract
0 0.360 0.651 1.64 0.464 0.60
0.5 0.450 0.655 1.67 0.471 0.63
1.0 0.535 0.649 1.62 0.470 0.63
1.5 0.620 Average Average
1.64 0.62
2.0 0.709 Concentration Concentration
164pgl | [ Slugl
25 0.798 B) C)
A) -' Results of the Protein Standard Curve.

The Bradford protein assay carried out as described in section 2.2.24. The table on
the left was used to construct the protein standard curve using the range of
absorbances generated when different amounts of BSA protein standards was mixed
with Bradford reagent (A). Hela extracts (table B or C) were also mixed with
Bradford reagent and the absorbancies from these samples were used to relate the
amount of protein from the graph shown above. The amounts of protein present in
HeLa triplicates was averaged and used to calculate the concentration of protein

present in HeLa extract.

189



Appendix 5: pGL3B -617 topoisomerase lla sequences.

The regulatory regions within the —617 topoisomerase Ilo sequence were mapped by
carrying out a bestfit (GCG, Wisconsin Package version 9.1) to topoisomerase [lo. promoter

sequences (accession number X66794).

5.1 pGL3B wt-617 topoisomerase lla sequence:
Restriction endonuclease MAP (GCG, Wisconsin Package version 9.1) of wt —617topoisomerase lla pGL3B

(from 1 to 853 bp) With 2 enzymes: Hind Ill and Sac 1.

Sac I
1
ACATTTCTC JAT"‘_-\TRW m_n.mw-lulmeuluLTl\GRGCCJ\(‘CFn—.M‘RCXCCT
1 ——————-——+—--—- e e e i it e -+ 60
TErAAAGAGATAGCTAT CCAT GECT COAGAATGLGCACGAT CTCGGT GGUETSTETCGEA

HLTTTTATTT‘(‘TTNAMMTMAT'LGQ&}‘JTW ST TGRGGC AGATGCD

&1 e m e I e e bt e S Sl ey
aAARAT A ..“m._'r'mmcr CCATT TCOr OGO O CARCTCOGTC TACGE

AGAATCTETTCGCTTCAAC CAAGCAGCCAGGCTGCCT GT CCAGARAGCOGG! _ACT‘L'AGTT
121 —mmm e T S ——— . 180
TCTT'\GﬂmuCGMG]"“GG"TCG'_C"GTCCGACGEACAGG"‘C'JTTCVC GTGAGTCAA

T"C”‘CM&\AWCM;CTAAGGC‘CCO\'I‘FF(‘( TCGCTAACAACGTCAGAACAGAGEA
181 - i e i e e o i mn m fmmn mm mamn 240
AGGJ\’TCCT""TGC'FTCGAT"CCGAGGGTMGGGGA GATTGTTGCAGTCTTGTCTCCT

CAGTTTTTAGATT TCAGGGATCT TAAAT GCAGT TCCTGEAGARTARBACATCCTT

GTE'MMR‘“ CTAAAGTCCC TAGAAT TTATCTAACCGTCAAGGACC TCTTATTTGTAGGAR

TeCTT TTCT CCTGCACACT TT TGCCTCAGGECACCCCTTCCCGCT TCCARAGC CCATCTC

il e e ot LT e 111
ACGAAARGAGGACGT GTGARAACGEAGTCCGET GAAGGTTTCGGGTAGAG
Hind IIT

[} ICR4
*""'—F\Huf"TT""TR-"\:AMMMGTG&S‘CCTT"T CATTOGCCAGATTCL

361 - e [
ARGET TCGRAAAGGLG TSCTS “'l"l"l"’i‘l"l‘"h(‘“‘""-\i:M.nA FTAACTGETC TARGSGAT, n‘:‘l’
ATCTCTCCGCTATGACGCCBAGT GETECCTT TTGAAGCC TCTCTAGT CECECCTCCCTAR

1 Qe PR ottt o e e O W S R 2 S e I:11]
- GATACTGCGGLTCACCAC AMACTTO GAGAT CAGGGCGGAGEGATT

. TTTATTCARACAAACCCCOGOCRACTCAGCCGTTCATAGS TOGATATARAA
481 o i et e T e 540

IcC '_Xl
TCTTCTGEACGGAGAL GG TGAGAGD ?AI'TCF\GGCJ\T" nD"'TGJ
A R R S PO 600
A GACCTOCE O TOCCAC T O T AG TOCCTAACCOACE
Sac 1

_— |
TCTGCTTCGAGE CTMPEG;\MGG‘CWTG"N’-\.T"‘TT“"TM"!?GN.D"G"G""'TL

B0l —————— e e — + 660
BEACERAG - GRTT'I‘C\.T'I‘N(IRGTTl.hC""I‘t MTT(:GCTG.K:":CRMC

TGEEAGARGC GECT TGET CCGGGETEEECT TCGT GGGETCCT BN CT GG TTAAGT CCCTT
L130 e 4 T30
AECT‘C"’TCG—E‘CGAMC?\GG(‘CC(‘J"CCCM’LAL"C CCAGGACNGACCAATTCAGGGARAA

CmTTNT'@%NCLCTTTRCEARCEGGRRCCATTAGCTTGRMCTW GGNTTTGGG
721 e e e e e e e g THD
GTCCCARNARC CCHGGGAAAT GCTT GGCCTTGGTAAT COAACTAGTTGAACCCNARACCC

AATTAAATARACCTT GGCATTNCGENNCTGET AMGCCCCCCT CHCCCAR,
L T Y CE U USSP R T Y |
TTAATTTAT TTGGAACCET ARNGCCNNGACCACCONT TTCEGGG6GACCCTCTGNGGETT

5.2 Sequences of ICB1, GC1 and GC2 within the topoisomerase lla minimal
promoter and the corresponding mutations used in pGL3B constructs:

GClwt GGGCGGG GClmt GTGCGTG
CCCGCCe CACGCAC

ICB1wt ATTGG ICB1mt ATTCC

TAACC TAAGG
GC2wt GGGGCGGGG GC2mt GGTGCTGGGE
CcceGeeee CCACGCACC
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Appendix 6: Ligations and Transformations.

6.1 Ligation reactions to generate —617 topoisomerase lla pGL3B

constructs.

Sample

ng
vector

ng
insert

uL

vector

ulL insert

Ta
buffer

ligase

H,0

Total
volume

Vector (GC2-)
plus ligase
(Control)

50 ng

1ul

4 uL

1uL

14 uL

20 uL

Vector (GC2-)
minus ligase
(Control)

50 ng

1uL

4 uL

15 uL

20 uL

Vector (GC2-)
plus insert
(ICB1-) DNA
1:3
1:2

50 ng
50 ng

12 ng
8 ng

1uL
1uL

25uL
20uL

4 ulL
4 ulL

11.5 uL
12 uL

20 pL
20 uL

Vector (GC2-)
plus insert
(GC1-) DNA
1:3
1:2

50 ng
50 ng

12 ng
8 ng

Tpl
1uL

2.5l
2.0 uL

4 uL
4 ulL

11.5 uL
12 ul

20 ulL
20 uL

Vector (GC2-)
plus insert
(ICB1-/GC1-)
DNA
1:3
1:2

50 ng
50 ng

12 ng
8ng

Components of ligation reactions.

1uL
1uL

1.2 uL
0.8 uL

4 ul
4 ul

12.8 uL
132 uL

20 L
20 pL

Ligation reactions used to generate various —617 topoisomerase lla pGL3B with

mutations in GC2, ICBI1 and/or GC1. Ligations were incubated overnight at 4°C and

transformation of XL-1 cells were carried out the following day with half of each

ligation mix.
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6.2 Transformation Reactions using ligation reactions in appendix 6.1.

Sample Ligation mix Competent Dilution Volume Number of
cells plated colonies
XL-1 (control) no amp 10 uL 100 L 10: 50 ul 289
10 L 100 pL 10 50 uL 35
XL-1 (control) with amp 10 uL 100 uL Neat 10 uL 0
Vector GC2mt plus ligase 10 ul 100 pL Neat 50 uL 27
(control) 10 uL 100 uL 10 50 uL 3
Vector GC2mt minus ligase 10 uL 100 uL Neat 50 uL 5
(control) 10 L 100 pL 10 50 L 0
Vector plus insert 10 uL 100 pL Neat 50 uL 78
(GC2mt/ICB1mt pGL3B) 10 uL 100 uL Neat 30 uL 45*
10 uL 100 pL 10 50 ul 0
1:3 10 uL 100 L 10° 50 L 0
10 L 100 L Neat 50 uL 95
1:2 10 uL 100 uL Nf:‘ 30 uL 73§
10 uL 100 pL 10? 50 uL 0
10 ul 100 uL 50 uL
Vector plus insert 10 uL 100 uL Neat 50 uL 80
(GC2mt/GC1mt pGL3B) 10 L 100 uL Neat 30 uL 72
10 uL 100 uL 10 50 uL 17
1:3 10 L 100 L 10° 50 uL 0
! 10 uL 100 uL Neat 50 L 114
1:2 10 ul 100 L Nf;" 30 uL 73
10 uL 100 pL \0? 50 L 0
10 L 100 pL 50 pL
Vector plus insert 10 uL 100 uL Neat 50 uL 412
(GC2mYICB1mUGC1mt 10 uL 100 pL Neat 30 uL 202
pGL3B) 10 uL 100 pL 10 50 uL 3
" 10 uL 100 ulL 107 50 L 0
10 uL 100 L Neat 50 uL 472
12 10 pL 100 L “1“-;‘ 30 ul 11119
: 10 uL 100 uL 10? 50 pL .
10 uL 100 uL 50 L

Results of transformations of E.coli XL-1 competent cells with ligation reactions

from appendix 6.1.

Unless indicated, all samples were plated onto LB plus ampicillin plates and

incubated overnight at 37°C. Colonies were creamy white in colour, and appropriate

colonies (*) were selected and cultured to isolate plasmid DNA for analysis.
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Appendix 7: Transient transfection data.

7.1 Topoisomerase lla promoter activity with mutations in ICB1, GC1 and GC2.
Luciferase experiment |

Luciferase Maxima

GC2mt
ICBimY/ GC2mt/ GC2 NCBimt/
pSVB-gal pGL3B £17wt ICB1mt GC1imt GC2mt GC1imt ICB1mt GCimt GC1mt Blank

1134 1296 40902 8016 20795 37030 11696 45410 34770 12329 470
1163 1183 47499 8735 22378 47860 15221 52882 36637 11005 578
1147 1323 46301 7123 26639 42242 24621 50988 41428 13187 559

avg 535.67
B-Gal Results

0499 0586 0477 029 0301 0423 0394 0409 0391 0442 0121

0.429 0553 0.452 028 0288 0449 0.386 042 035 0389 0.125

0465 0611 0487 0271 0331 0426 0426 0367 0367 0.393 0.116
avg 0.1207

luciferase minus blank

598.33 760.33 40366 7480.3 20259 36494 11160 44874 34234 11793

617.33 647.33 46963 8199.3 21842 47324 14685 52346 36101 10469

611.33 787.33 45765 6587.3 26103 41706 24085 50452 40892 12651

B-Gal minus blank
0.3783 0.4653 0.3563 0.1753 0.1803 0.3023 0.2733 0.2883 0.2703 0.3213
0.3083 0.4323 0.3313 0.1593 0.1673 0.3283 0.2653 0.2993 0.2353 0.2683
0.3443 0.4903 0.3663 0.1503 0.2103 0.3053 0.3053 0.2463 0.2463 0.2723

Normalized: luciferase/B-gal
1581.56 1634 113283 42663 112344 120709 40830 155634 126637 36701
2002.2 1497.3 141740 51460 130532 144135 55347 174876 153405 39016
1775.4 1605.7 124928 43818 124105 136593 78882 204813 166004 46455
Average

1786.4 1579 126650 45981 122327 133812 58353 178441 148682 40724

Normalized: average relative to wt
1.4105 1.2467 100 36.305 96.586 105.65 46.074 140.89 1174 32.155
Average deviation from mean
143.87 54.458 10060 3653.1 6655.3 87355 13686 17581 14696 3820.7
% error

8.0538 34489 7.9432 7.9448 54406 6.5282 23454 9.8528 98845 9.3819
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Luciferase experiment 2

Luciferase Maxima

ICBimY GC2my GC2 mnﬂ
pSVB-gal pGL3B H17wt ICB1mt GC1imt GC2mt GC1imt ICB1mt GC1imt GCimt Blank
1295 1310 23157 10557 15699 25094 13835 25110 30437 11005 841
1278 1350 22584 9095 17021 23196 18170 27036 30546 15080 883
1324 1331 26748 10033 16165 22346 16150 25552 21265 12707 854
avg 859.333
B-Gal Resulits

0.55 0.463 0.553 04 0412 0.408 049 0474 0495 0474 0.139
0536 0448 0507 0326 0402 0402 0.51 0555 0423 0.57 0.134
0472 0.465 064 0389 0428 0462 0553 0.599 0408 066 0.132
avg 0.135

luciferase minus blank
435.667 450.667 22297.7 9697.67 14839.7 24234.7 12975.7 24250.7 29577.7 10145.7
418.667 490.667 21724.7 8235.67 16161.7 22336.7 17310.7 26176.7 29686.7 14220.7
464 667 471.667 25888.7 9173.67 15305.7 21486.7 15290.7 24692.7 20405.7 11847.7

B-Gal minus blank
0415 0328 0418 0265 0277 0273 0355 0.339 0.36 0.339
0401 0313 0372 0191 0267 0267 0375 042 0288 0435
0.337 0.33 0505 0254 0293 0327 0418 0464 0.273 0525

Normalized: luciferase/Bgal
1049.8 1373.98 53343.7 36595 53572.8 88771.7 36551.2 71535.9 82160.2 29928.2
1044.06 1567.63 58399.6 43118.7 60530.6 83657.9 46161.8 62325.4 103079 32691.2
1378.83 1429.29 51264.7 36116.8 52237.8 65708.5 36580.5 53217 74746 22567
Averages

1157.56 1456.97 54336 38610.1 55447.1 79379.4 39764.5 62359.4 86661.6 28395.5

Normalized average relative to wt
2.13038 2.6814 100 71.0581 102.045 146.09 73.1826 114.766 159.492 52.259
average deviation from the mean
147.513 73.7719 2709.09 3005.68 3389.02 9113.93 4264.85 6117.65 10944.7 3885.65
% error

12.7434 5.06339 4.98581 7.7847 6.11218 11.4815 10.7253 9.81031 12.6292 13.6841
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Luciferase experiment 3

pSVB-gal
823
837
857

0.697
0.789
0.698

145
159
179

0.564
0.656
0.565

257.09
242.38
316.81
Averages
272.09

0.3671
29.813

% error
10.957

Luciferase Maxima

pGL3B S17wt ICB1mt GC1imt

1075 42364 19192 25157
1048 44478 17735 31780
1042 42625 14085 29373

B-Gal Results
067 0.812 0.796 0.633
0.791 0.747 0.813 0.68
0.546 0.601 0.635 0.54

luciferase minus blank
397 41686 18514 24479
370 43800 17057 31102
364 41947 13407 28695

B-Gal minus blank
0.537 0679 0.663 0.5
0658 0614 0.68 0.547
0.413 0468 0502 0407

GC2mt

57503
62925
43086

0.633
0.68
0.54

56825
62247
42408

0.5
0.547
0.407

Normalized: luciferase/B-gal
739.29 61393 27925 48958 113650
562.31 71336 25084 56859 113797
881.36 89630 26707 70504 104197

72765 74120 26572 58774 110548

Normalized average relative to wt
0.9817 100 35.85 79.296 149.15
average deviation from the mean

110.23 10340 992.02 7820 4234.2

15.149 13.951 3.7334 13.305 3.8302

ICBimt/
GC1imt

17341
16385
16236

0.691
0.756
0.653

16663
15707
14558

0.558
0.623
0.52

29862
25212
27996

27690

37.359
1652.1
5.9664

GC2my
ICBimt

31722
31921
31185

0.492
0.487
0.519

31044
31243
30507

0.359
0.354
0.386

86474
88257
79034

84588

114.12
3702.9

4.3776

GC2
GC1mt

26019
28971
33814

0.564
0.65
0.604

25341
28293
33136

0.431
0.517
0.471

58796
54725
70352

61291

82.692
6040.8
9.8559

GC2mt/
ICB1mY
GC1imt

9141
9770
9570

avg

0.558
0.565
0.596
avg
8463

9092
8892

0.425
0.432
0.463

19913
21046
19205

20055

27.057
660.99

3.2959

Blank

687
617
730
678

0.134
0.131
0.134
0.133
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Luciferase experiment 4

Luciferase Maxima

ICB1mY/ GC2mvy GC2 I%Ic!??:nn:‘;
pSvB-gal pGL3B H17wt ICB1mt GC1mt GC2mt GC1imt ICB1mt GC1mt GC1imt Blank
2113 2357 52320 15212 22085 41164 14582 30919 39348 11420 1517
2100 2348 57137 16047 21962 41392 13162 36584 35548 12895 1621
2116 2360 60389 16776 24003 45350 12452 36374 39633 10256 1509
avg 1549
B-Gal Resuits
0622 0.655 06 0685 0498 0552 0637 0621 0579 0698 0.145
069 0779 0639 0627 0522 0682 0698 0.606 0.59 0751 0.147
0612 0674 0705 0.686 0.601 065 0711 0644 0624 0739 0.141
avg 0.1443
luciferase minus blank
564 808 50771 13663 20536 39615 13033 29370 37799 9871
551 799 55588 14498 20413 39843 11613 35035 33999 11346
567 811 58840 15227 22454 43801 10903 34825 38084 8707
B-Gal minus blank
0.4777 0.5107 0.4557 0.5407 0.3537 0.4077 0.4927 0.4767 0.4347 0.5537
0.5457 0.6347 0.4947 04827 03777 0.5377 0.5537 0.4617 04457 0.6067
0.4677 0.5297 05607 0.5417 0.4567 0.5057 0.5667 0.4997 04797 0.5947
Normalized: luciferase/B-gal
1180.7 1582.2 111421 25271 58066 97175 26454 61615 86961 17828
1009.8 1258.9 112375 30037 54050 74104 20975 75888 76288 18702
12124 1531.2 104946 28111 49169 86620 19241 69696 79397 14642
Averages
1134.3 1457.4 109581 27806 53762 85966 22223 69067 80882 17057
Normalized average relative to wt
1.0351 1.33 100 25.375 49.061 7845 20.28 63.028 73.81 15.566
average deviation from the mean
83.021 132.34 3089.6 1690.5 3061.7 7908.5 2820.6 4967.5 4052.7 1610.4
% error
7.3191 9.0804 28194 6.0796 5.6949 9.1995 12692 7.1923 50106 9.4413
COLLATED RESULTS OF LUCIFERASE EXPERIMENTS 1-4:
SUMMARY OF % RELATIVE TO WT
pSVBgal pGL3B wit-617 ICB1mt GC1mt GC2mt :crglmvoc zlcn?‘TmUGC GC14GC2- ICB1mYGC1mYGC2mt
1.41 1.25 100 3631 9659 10566 46.07 14089 11739 3215 Expt1
213 268 100 71.06 10204 14609 7318 11477 15949 5226 Expt2
0.367 0.98 100  35.85 79.3 14915 3736 11412 8269 27.06 Expt3
1.04 1.33 100 2538 49.06 7845 2028 6303 7381 1557 Expt4
Averages (graphed)
1.23675 1.56 100 4215 81.7475 119.8375 44,2225 108.2025 108345 31.76 Overall
% error(graphed)
0.623556 0.695556 0 15.54667 B8.895556 18.64889 13.98444 11.75333 26.42222 10.06889 Overall
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7.2 Sp1 titrations

Luciferase experiment 3

LUCIFERASE MAXIMA

pGL3B  wt-617 Wit Wit Wit ICBimt ICBimt ICBimt ICBimt BLANK
+0.25ug +0.5pg +1ugSpi +0.25ug +0.5ug +1ug Sp1
Sp1 Sp1 Sp1 Sp1

798 4354 11323 25390 12210 2319 3871 9008 2780 489
738 4500 14269 23136 11825 1929 2987 8479 3601 525
709 3703 10351 20029 13713 2245 3496 4169 4005 504

BGAL READINGS
0.308 0445 0449 05 0.338 047 056 0329 0334 0.145
0.309 047 0512 044 0326 0433 0447 0348 0397 0.145
0299 04 0.403 0351 0.318 0406 0466 0435 0427 0.184
0.158
CORRECTED LUCIFERASE VALUES

292 3848 10817 24884 11704 1813 3365 8502 2274

232 3994 13763 22630 11319 1423 2481 7973 3095

203 3197 9845 19523 13207 1739 2990 3663 3499

CORRECTED BGAL READINGS
0.15 0287 0291 0342 0.18 0312 0402 0171 0176
0.151 0312 0354 0282 0.168 0275 0289 019 0.239
0.141 0242 0245 0193 0.16 0248 0308 0.277 0.269

NORMALIZED LUCIFERASE VALUES (LUCIFERAS/BGAL)
1946.7 13408 37172 72760 65022 5810.9 8370.6 49719 12920
1536.4 12801 38879 80248 67375 5174.5 8584.8 41963 12950
1439.7 13211 40184 101155 82544 7012.1 9707.8 13224 13007

AVERAGE OF NORMALIZED LUCIFERASE VALUES
1640.9 13140 38745 84721 71647 5999.2 8887.7 34969 12959

NORMALIZED LUCIFERASE RELATIVE TO WT %
12.488 100 294.86 644.76 54526 45.656 67.639 266.13 98.625

AVERAGE DEVIATION (AVEDEV) FROM THE MEAN OF NORMALIZED LUCIFERASE VALUES
203.82 22574 10486 10956 72645 67528 546.7 14497 32.139

percentage error
12.421 1718 27064 12932 10.139 11.256 6.1512 41.456 0.248
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Luciferase experiment 6

LUCIFERASE MAXIMA

pGL3B WT WT WT WT+ Icb1- lcb1- lcb1- lcb1- BLANK
+0.25pg +0.5pg  1ug Sp1 +0.25ug +0.5ug +1ug Sp1
Sp1 Sp1 Sp1 Sp1

1588 2628 3810 16530 56571 2088 2583 3448 3654 1240

1623 2704 4389 16883 7422 2185 2842 3728 4673 1304

1666 2989 4608 11467 7682 2582 2847 4062 4211 1244
1262.7

BGAL READINGS

0238 0.274 0.249 0.295 0.231 0387 045 0392 0402 0.149

0257 0.278 0.287 0311 029 0448 0455 0457 0451 0.146

0246 0.277 0264 0255 0279 0409 0458 042 0474 0.147
0.1473

CORRECTED LUCIFERASE VALUES

325.33 1365.3 2547.3 15267 4308.3 825.33 1320.3 2185.3 2391.3

260.33 14413 3126.3 15620 6159.3 922.33 1579.3 2465.3 3410.3

303.33 1726.3 3345.3 10204 6419.3 1319.3 1584.3 2799.3 2948.3

CORRECTED BGAL READINGS
0.0907 0.1267 0.1017 0.1477 0.0837 0.2397 0.3027 0.2447 0.2547
0.1097 0.1307 0.1397 0.1637 0.1427 0.3007 0.3077 0.3097 0.3037
0.0987 0.1297 0.1167 0.1077 0.1317 0.2617 0.3107 0.2727 0.3267

NORMALIZED LUCIFERASE VALUES (LUCIFERAS/BGAL)
3588.2 10779 25056 103391 51494 3443.7 4362.3 8931.9 9390.1
23739 11031 22384 95440 43173 3067.6 5133.3 7961.2 11231
3074.3 13314 28674 94777 48754 5042 5099.8 10267 9025.5

AVERAGE OF NORMALIZED LUCIFERASE VALUES
3012.1 11708 25371 97869 47807 3851.1 4865.1 9053.2 9882

NORMALIZED LUCIFERASE RELATIVE TO WT %
25.728 100 216.71 83594 408.34 32.894 41.555 77.327 84.406

AVERAGE DEVIATION (AVEDEV) FROM THE MEAN OF NORMALIZED LUCIFERASE
VALUES
42552 1070.6 2201.9 3680.9 3089.5 793.95 335.19 808.86 898.99
percentage error
14.127 9.1444 86787 3.761 6.4624 20.616 6.8897 89345 9.0973
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Luciferase experimment 7

LUCIFERASE MAXIMA

pGL3B WT wi+ wi+ wi+ leb1- lcb1- Icb1- leb1-+ BLANK
0.25ug 0.5ug 1.0ug Sp1 +0.25ug +05pg 1pgSpi
Sp1 Sp1 Sp1 Sp1

5563 1385 4521 5134 6379 1214 1355 4591 1816 310
503 2135 4646 7408 11924 779 1662 3159 1017 302
525 2158 4684 8431 11676 1041 1871 6323 3471 311
307.67
BGAL READINGS
0527 0579 0491 0475 0471 048 0498 0464 0393 0.141
0493 054 0542 0532 0461 0517 0537 0415 039 0.134
0.474 0521 0548 0.557 0491 0456 0529 044 0.4 0.131
0.1353
CORRECTED LUCIFERASE VALUES
24533 1087.3 4213.3 4826.3 6071.3 906.33 1047.3 4283.3 1508.3
19533 1827.3 4338.3 7100.3 11616 471.33 1254.3 2851.3 709.33
217.33 1850.3 4376.3 8123.3 11368 733.33 1563.3 6015.3 3163.3

CORRECTED BGAL READINGS
0.3917 0.4437 0.3557 0.3397 0.3357 0.3447 0.3627 0.3287 0.2577
0.3577 0.4047 0.4067 0.3967 0.3257 0.3817 0.4017 0.2797 0.2607
0.3387 0.3857 0.4127 04217 0.3557 0.3207 0.3937 0.3047 0.2647

NORMALIZED LUCIFERASE VALUES (LUCIFERAS/BGAL)
626.38 2450.8 11846 14209 18087 26296 2887.9 13032 5853.8
546.13 45157 10668 17900 35669 12349 31228 10195 27212
641.73 4797.8 10605 19265 31963 2286.9 3971.2 19744 11952

AVERAGE OF NORMALIZED LUCIFERASE VALUES
604.75 39214 11040 17125 28573 2050.5 3327.3 14324 68424

NORMALIZED LUCIFERASE RELATIVE TO WT %
16.422 100 281.53 436.7 728.65 52280 84.85 36528 174.49

AVERAGE DEVIATION (AVEDEV) FROM THE MEAN OF NORMALIZED LUCIFERASE
VALUES
39.078 980.41 537.68 1943.7 6990.7 54369 42927 3613.3 3406.5
percentage error
6.4618 25.001 4.8704 11.35 24466 26.516 12902 25.226 49.785

COLLATED RESULTS OF LUCIFERASE EXPERIMENTS 5-7:
PGL3B Ww-617  wi+0.25ug wi+0.5ug wi+lugSp1  ICBimt ICBimt+0.2 ICBImt+0.5 ICBimt+1u

Sp1 Sp1 5ug Sp1 ug Sp1 g Sp1

12.49 100 294 86 644.76 545.26 45.66 67.64 266.13 98.63 Expt5
25.73 100 216.71 835.94 408.34 32.89 41.55 77.33 84 41 Expt6

15.2 100 28153 436.7 728.65 5229 84.85 365.28 17449  Expt7

Averages (graphed)
17.807 100 264 37 639.13 560.75 43.613 64.68 236.25 119.18
average deviation from the mean (error%, graphed)
5.2822 0 31.771 134.96 11193 7.1489 15.42 105.94 36.876
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7.3 Addition of 0.25 ug Sp1 expression vector to topoisomerase lla constructs.

Luciferase experiment 8

Luciferase maxima

pGL3B pGL3B WT WT
+Sp1 +Sp1
1672 1653 6384 19022
1676 1645 9153 15229
1639 1674 5841 14103
p-gal
0297 0285 0249 026
0.285 0281 0244 0245
0274 029 0223 0238

Luciferase Minus Blank

350.67 331.67 5062.7 17701
354,67 323.67 7831.7 13908
317.67 352.67 4519.7 12782

p-gal Minus Blank

0.1753 0.1633 0.1273 0.1383
0.1633 0.1593 0.1223 0.1233
0.1523 0.1683 0.1013 0.1163

Normalized: luc/B-gal

2000 2030.6 39759 127957
2171.4 2031.4 64019 112765
20853 2095 44602 109871
Averages
2085.6 2052.3 49460 116864

Relative to wt %
42167 4.1495 100 236.28
AVG DEV

57.226 28.468 9706 7395
% error (AVGDEV/avg*100)
2.7439 1.3871 19.624 6.3278

leb1-

3503
2672
3441

0.226
0.259
0.26

2181.7
1350.7
2119.7

0.1043
0.1373
0.1383

20911
9835
15323

15356

31.048

3702.9

24.114

leb1-

+Sp1
6896
6712
6502

0.286
0.319
0.308

5574.7
5390.7
5180.7

0.1643
0.1973
0.1863

33923
27318
27803

29681

60.011

2827.8

9.5272

Gei-

3919
7193
4979

0.252
0.259
0234

2597.7
5871.7
3657.7

0.1303
0.1373
0.1123

19931
42755
32561

31749

64.191

7878.6

24,815

Ge1-

+Sp1
10267
8736
9011

0.255
0.245
0.233

8945.7
7414.7
7689.7

0.1333
0.1233
0.1113

67093
60119
69069

65427

132.28

3538.6
5.4084

Ge2- Ge2-
+Sp1
11185
14785
15770

10316
9985
9463

0.228
0.231
0.249

0.236
0.248
0.235

8994.7 9863.7
8663.7 13464
8141.7 14449

0.1063
0.1093
0.1273

0.1143
0.1263
0.1133

78671 92762
68578 123143
71838 113471

73029 109792

147,65 221.98

3761.1 11354

5.1502 10.341

lcb1-
/Ge1-

3303
3691
2722

0.211
0.232
0.208

1981.7
2369.7
1400.7

0.0893
0.1103
0.0863

22183
21477
16224

19961

40.359

24916

12.482

leb1-
1Ge1-
+Sp1
16567
15973
12804

0.286
0.299
0.285

15246
14652
11483

0.1643
01773
0.1633

92773
82622
70302

81899

165.59

7731.3

9.4401

leb1-
1Ge2-
+Sp1
9856
17550
8211

leb1-
1Ge2-

8102
8543
9056

0.261
0.265
0.251

0.255
0.265
0.256

8534.7
16229
6889.7

6780.7
7221.7
7734.7

0.1393
0.1433
0.1293

0.1333
0.1433
0.1343

50855 61254
50384 113223
57578 53271

52939 75916

107.03 153.49

3092.8 24872

58422 32.762

0.25 ug Sp1 added to each

assay

Gei-
1Ge2-

9589
9455
9621

0.256
0.249
0.255

8267.7
8133.7
8299.7

0.1343
0.1273
0.1333

61546
63877
62248

62557

126.48

880.12
1.4069

Ge1-
IGc2-
+Sp1
9985
9749
9656

0.245
0.256
0.255

8663.7
8427.7
8334.7

0.1233
0.1343
0.1333

70246
62737
62510

65164

131.75

3387.8
5.1988

Triple Triple
+Sp1
2789
2569
2899

2654
2544
2532

0.265
0.254
0.274

0.254
0.256
0.258

1332.7
1222.7
1210.7

1467.7
1247.7
1577.7

0.1323 0.1433
0.1343 0.1323
0.1363 0.1523

10240
9428.2
10357

10071
9101.7
8880.2

9350.8 10008

18.906 20.235

479.81 386.62

51312 3.863

blank

1308
1335
1321
1321.3

0.122
0.121
0.122
0.1217
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Luciferase experiment 9

Luciferase Maxima

pGL3B pGL3B WT WT

+Sp1 +Sp1

2566 2658 6236 11802

2532 2745 7959 10201

2499 2363 5785 10008

B-Gal Results

0272 0265 0.244 023
0264 0274 0235 0231
0272 0221 0212 0.194

luciferase minus blank

672,33 764.33 4342.3 9908.3
638.33 851.33 6065.3 8307.3
605.33 469.33 3891.3 81143

B-Gal minus blank
0.147 014 0.119
0.139 0149 011
0.147 0.096 0.087

0.105
0.106
0.069

Normalized: luciferase/B-gal
4573.7 54585 36490 94365
45923 57136 55139 78371
4117.9 4888.9 44728 117599
Averages
4428 5354 45453 96778
Relative to WT %
9.742 11.779

AVG DEV

100 212.92

lcb1-

3124
4045
4737

0.227
0.248
0.279

1230.3
21513
2843.3

0.102
0.123
0.154

12062
17491
18463

16005

35.213

leb1-  Gel-  Gel-
+Sp1
7588
7412

7549

+Sp1
9110
7455
7569

7041
7059
6198

023 0224
0.231 0219
0194 02

0.298
0.285
0.298

5147.3 7216.3
5165.3 5561.3
4304.3 5675.3

5694.3
5518.3
5655.3

0.099
0.094
0.075

0.173
0.16
0.173

0.105
0.106
0.069

32915 49022 72892
34490 48730 59163
32690 62382 75671

33365 53378 69242

73.406 117.44 15234

206.71 310.09 64579 13880 2628.8 749.81 6002.6 6719.4

% error (AVGDEV/avg*100)
46683 57917 14.208 14.342

16.425

22473 11.245 9.7041

Ge2-

7691
7765
7254

0.238
0.235
0.198

5797.3
5871.3
5360.3

0.113
0.11
0.073

51304
53376
73429
59370

130.62

9373.1

15.788

Ge2-

+Sp1
11904
12170
10287

0234
0.245
0.224

10010
10276
8393.3

0.109
0.12
0.099

91838
85636
84781
87418

192.33

2946.4

3.3704

Icb1-
IGe1-
+Sp1
13540
12599
12565

Icb1-
1Ge1-

2916
4314
4465

0.225
0.221
0.231

0.245
0.2386
0.231

11646
10705
10671

1022.3
24203
2571.3

01 012
0.096 0.111
0.106 0.106

10223 97053
25212 96444
24258 100673
19898 98057

43.777 215.73

6449.6 1744.2

32.414 1.7787

leb1-
1Gc2-
+Sp1
16588
15204
14992

leb1-
1Gc2-

8265
8452
8295

0.241
0.256
0.234

0.254
0.235
0.244

14694
13310
13098

6371.3
6558.3
6401.3

0.129
0.1
0.119

0.116
0.131
0.108

54925 113910
50064 121003
58728 110070

54572 114994

120.06 253
3005.8 4005.9

55078 3.4836

0.25 ug Sp1 added to each

assay
Ge1-
1Gc2-

6458
7552
7701

0.241
0.255
0.254

4564.3
5658.3
5807.3

0.116
0.13
0.129

39348
43526
45018
42630

93.791

2188.5

51337

Gei-
1Gc2-
+Sp1
11022
8321
7155

0.246
0.231
0.239

9128.3
6427.3
5261.3

0.121
0.106
0.114

75441
60635
46152
60743
133.64

9798.7

16.132

Triple Triple blank

3269
3541
3412

0.253
0.243
0.241

1375.3
1647.3
1518.3

0.128
0.118
0.116

10745
13960
13089
12598

27.7117

1235.5

9.8074

+Sp1
5549
4752
5103

0.251
0.265
0.277

3656.3
2858.3
3209.3

0.126
0.14
0.152

29011
20417
21114
23514

51.733

3664.5

15.585

1913
1887
1881
1893.7

0.125
0.128
0.122
0.125
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Luciferase experiment 10)

0.25 ug Sp1 added to each
Luciferase Maxima assay
pGL3B pGL3B WT WT leb1-  leb1- Gei1- Gel- Ge2- Ge2-  Icb1-  leb1-  leb1-  Ieb1-  Ge1-  Ge1-  Triple Triple blank
/Ge1- /Ge1- [Ge2- [/Ge2- /Ge2- /Ge2- mt mt
+Sp1 +Sp1 +Sp1 +Sp1 +Sp1 +Sp1 +Sp1 +Sp1 +Sp1
2244 2562 10881 29741 6404 13798 16093 22627 22946 36469 8503 26533 19000 32437 18453 28921 6143 15662 1864
2541 2532 12663 28520 6874 13208 17460 25047 22616 35453 9211 25623 22229 37711 20565 31375 6469 12565 1887

2355 2413 12905 32833 7199 12068 19363 28948 23554 37886 B744 27658 18830 27031 20146 28037 6461 11585 1881
. 1877.3

B-Gal Results
0393 0428 0329 0372 041 045 0452 0457 0354 0433 0337 045 0331 0401 035 0351 0279 03985 0.125

0.378 0402 0334 0341 0427 0462 0432 0422 0375 0445 0367 0427 0389 0439 038 0376 029 0371 0.128
0346 0415 0301 0365 0365 0356 0441 0432 0284 0421 035 0454 0349 0355 039 0345 0309 0364 0.122
0.125

luciferase minus blank

366.67 684.67 9003.7 27864 4526.7 11921 14216 20750 21069 34592 6625.7 24656 17123 30560 16576 27044 4265.7 13785
663.67 654.67 10786 26643 4996.7 11331 15583 23170 20739 33576 7333.7 23746 20352 35834 18688 29498 4591.7 10688
47767 535.67 11028 30956 5321.7 10191 17486 27071 21677 36009 6866.7 25781 16953 25154 18269 26160 4583.7 9707.7

B-Gal minus blank

0.268 0303 0204 0247 0285 0325 0327 0332 0229 0308 0212 0331 0206 0276 0225 0226 0.154 027
0.253 0277 0209 0216 0302 0.337 0307 0297 025 032 0242 0302 0264 0314 0255 0251 0.165 0.246
0221 029 0176 024 0.24 0231 0316 0307 0159 029 0.225 0329 0224 023 0.265 022 0.184 0.239

Normalized: luciferase/B-gal

1368.2 2259.6 44136 112808 15883 36679 43473 62499 92003 112311 31253 74488 83120 110723 73670 119662 27699 51054
2623.2 2363.4 51606 123346 16545 33622 50758 78012 82955 104924 30304 78628 77090 114120 73285 117521 27828 43446
2161.4 1847.1 62657 128982 22174 44115 55334 88178 136331 121651 30519 78361 75682 109364 68938 118908 24911 40618
Averages

2050.9 2156.7 52800 121712 18201 38139 49855 76230 103763 112962 30692 77159 78630 111402 71964 118697 26813 45039

Relative to wt %
3.8843 4.0847 100 230.52 34.471 72.233 94.423 14438 196.52 213.94 58.129 146.14 14892 21099 136.3 22481 50.782 85.302

AVG DEV
45517 2064 65717 59358 2648.7 3984.4 4254.7 9153.9 21712 57927 374.08 1780.4 2993 1811.7 2017.3 784.14 1267.8 4010

% error (AVGDEV/avg*100)
22,193 957 12.447 4.8769 14.553 10.447 85342 12.008 20.925 5128 1.2188 2.3075 3.8064 16263 2.8032 0.6606 4.7282 8.9033
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COLLATED RESULTS OF LUCHERASE EXPERIMENTS 8-10:

SUMMARY of % relative to wild type
pGL3B pGL3B WT WT leb1- Icb1- Ge1- Gel- Ge2- Ge2- kb14Gc1- kb14Gei- kbi14Ge2- kbi4Gc2- Gel4Ge2- Gel-/Ge2- %:24601- leb1-/Gc1+4Ge2-

+8p1 +8p1 +Sp1 +5p1 +§p1 +Sp1 +Sp1 +Spi ) +5p1

4.22 415 100 23628 31.05 6001 6419 13228 14765 22198 4036 16559 107.03 15349 12648 13175 18.91 20.23

9.74 11.78 100 21292 35.21 73.41 11744 15234 13062 19233 4378 21574 12007 25299 93.8 13364 27.72 51.73

3.89 4.08 100 23052 3447 7223 9442 14438 19652 21395 58.13 14614 14892 21099 1363 22481 50.78 853
AVG % (graphed below)

5.95 6.67 100 226.57 33.577 6855 92.017 143 158.26 20942 47.423 17582 12534 20582 11886 1634 3247 5242
AVG DEV percentage error % (shown on graph)

2.5267 3.4067 0 91022 16844 56933 18551 7.1467 25504 11.393 7.1378 26.611 15.72 34.889 16.707 40.94 12.207 21.92



7.4 Addition of Sp3 to topoisomerase lla constructs.

Luciferase experiment 11

pGL3B

824
837
814

0.281
0.308
0.264

27867
29167
268.67

0.154
0.181
0.137

1809.5
1611.4
1961.1

1794

1.0991

wt 617

40267
50203
43904

0.403
0.414
0.378

39722
49658
43359

0.276
0.287
0.251

wt+0 25g
spa
8473
9295
9591

0.233
0.232
0.234

CORRECTED LUCIFERASE VALUES
14910 58447 16656 6620.7
14854 67337 20331 7357.7
16312 68927 19766 7030.7

7927.7
8749.7
9045.7

0.106
0.105
0.107

SERIES 1A.10 increasing Sp3 amounts

LUCIFERASE MAXIMA

ug Sp3
15456 6390 17201 7166

16399 7279 20876 7903
16857 7438 20311 7576

BGAL READINGS
0212 0196 0431 0.282
0.218 0.194 0455 0.294
0216 0.188 0491 0294

CORRECTED BGAL READINGS

0.085 0068 0.304 0.155
0.091 0067 0.328 0.167
0.089 0061 0.364 0.167

ug Sp3
15449

15498
16269

0.239
0.269
0.255

14804
14953
15724

0.112
0.142
0.128

2508
2671
2897

0.181
0.184
0.183

1962.7
2125.7
23517

0.054
0.057
0.056

NORMALIZED LUCIFERASE VALUES (LUCIFERAS/BGAL)
143919 74789 175408 84705 54788 42714 133068 36346
173023 83330 163227 100502 61984 44058 105300 37292

172744 84539 172041 112095 54301

AVERAGE OF NORMALIZED LUCIFERASE VALUES
163229 80886 170225 99401

42100 122841

NORMALIZED LUCIFERASE RELATIVE TO WT %

41994

57024 42957 120403 38544

100 49.554 10429 60.897 34935 26.317 73764 23614

AVERAGE DEVIATION (AVEDEV) FROM THE MEAN OF
NORMALIZED LUCIFERASE VALUES

121.72

6.785

12873 40646 4665.5

7.8865

percentage error

9797 3306.2 733.78

10069

2300

5025 2.7408 9856 57978 1.7082 8.3624 5.9672

Wi+0.5ug Sp3 wi+lugSp3  ICBImt  ICBImt+0.25 ICBImt+05 ICBImt+iug  BLANK
Sp3

536

544

556
545.33

0.13
0.125
0.126
0.127
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Luciferase experiment 12: new buffers and reagents used.

_ SERIES 1A.20 increasing Sp3 amounts
LUCIFERASE MAXIMA

pGL3B £17wt  WT+0.25ug WT+0.5ug WT+1ug Sp3 febi- lb1-+0.25ug Ikb1-+0.5ug  kbi-+pg  BLANK
Sp3 Sp3

Sp3 Sp3 p3
868 12235 8722 4568 3439 10220 2956 4697 1772 797
877 9176 8874 4369 3005 8322 3436 3955 1881 819

884 8451 6840 4273 3997 6735 4107 4292 2287 802
806

BGAL READINGS

0243 0228 0186 016 0.156 0371 0221 0198 0149 0.121
0.271 024 0188 0.159 0.163 0376 0224 0207 0.156 0.124

0263 0226 0191 0156 0173 031 0237 0202 015 0.123
0.1227

CORRECTED LUCIFERASE VALUES
62 11429 7916 3762 2633 9414 2150 3891 966
71 8369 8068 3563 3099 7516 2630 3149 1075
78 7645 6034 3467 3191 5929 3301 3486 1481

CORRECTED BGAL READINGS
0.1203 0.1053 0.0633 0.0373 0.0333 0.2483 0.0983 0.0753 0.0263
0.1483 0.1173 0.0853 0.0363 0.0403 0.2533 0.1013 0.0843 0.0333
0.1403 0.1033 0.0683 0.0333 0.0503 0.1873 0.1143 0.0793 0.0333

NORMALIZED LUCIFERASE VALUES (LUCIFERAS/BGAL)
515.24 108503 124989 100768 78990 37909 21864 51650 36684
478.65 71327 123490 98064 76835 29668 25954 37340 32250
555.82 73984 88302 104010 63397 31649 28872 43941 44430

AVERAGE OF NORMALIZED LUCIFERASE VALUES
516.57 84605 112261 100847 73074 33076 25563 44311 37788

NORMALIZED LUCIFERASE RELATIVE TO WT %
0.6106 100 13269 119.32 86.371 39.094 30215 52.374 44664

AVERAGE DEVIATION (AVEDEV) FROM THE MEAN OF
NORMALIZED LUCIFERASE VALUES
26.167 15932 15972 2041.8 6451.1 32221 2466 4893.3 44281
percentage error
5.0656 18832 14.228 20226 8.8282 9.7417 9.6465 11.043 11.718
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Luciferase experiment 13: new butfers and reagents used.

LUCIFERASE MAXIMA

pGL3B £17wl  WT+025ug WT+05ug WT+1ug Sp3 icb1- kb1-+025ug kb1+05ug lebl-+1ug  BLANK

Sp3 Spa Sp3 sp3 $p3
605 58238 34523 59516 64042 21057 27342 34505 14225 207
635 64355 36412 64894 65152 17935 26067 33550 15963 184
650 57051 38486 63010 63581 16294 23145 27756 14648 199
196.67
BGAL READINGS

0375 0418 0261 0256 0227 0449 0318 0258 0213 0.128
0376 0451 0282 0264 0238 0444 0327 0253 0229 0124
0342 0399 0281 0281 0.224 0398 0317 0247 0209 012
0.124

CORRECTED LUCIFERASE VALUES

408.33 58041 34326 59319 63845 20860 27145 34308 14028
438.33 64158 36215 64697 64955 17738 25870 33353 15766
453.33 56854 38289 62813 63384 16097 22948 27559 14451

CORRECTED BGAL READINGS
0251 0294 0137 0132 0103 0325 0194 0.134 0.089
0252 0327 0158 014 0114 032 0203 0129 0.105
0218 0275 0.157 0157 0.1 0274 0193 0.123 0.085

NORMALIZED LUCIFERASE VALUES (LUCIFERAS/BGAL)
1626.8 197420 250557 449389 619858 64186 139924 256032 157622
1739.4 196203 229211 462124 569784 55432 127440 258553 150156
2079.5 206743 243881 400085 633843 58749 118903 224060 170016

AVERAGE OF NORMALIZED LUCIFERASE VALUES
1815.3 200122 241216 437199 607828 59456 128756 246215 159264

NORMALIZED LUCIFERASE RELATIVE TO WT %
0.9071 100 120.53 21847 303.73 29.71 64.339 123.03 79.584

AVERAGE DEVIATION (AVEDEV) FROM THE MEAN OF
NORMALIZED LUCIFERASE VALUES
176.17 44142 80036 24743 25363 31532 74457 14770 71676
percentage error
9.7051 22057 3.318 56594 41727 5.3035 57828 59989 4.5004
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Luciferase experiment 14

LUCIFERASE MAXIMA
pGL3B B17wt  WT+025ug WT+05ug WT+1ugSp3 kbl kb1-+025ug kbi+051g Icbl-+1ug  BLANK
Sp3 Sp3 Sp3 Sp3 Sp3

347 40626 23149 12063 7151 35008 7162 4761 3074 176

326 46540 25256 16942 7483 24221 7835 4165 3488 177

330 38602 21736 13317 7902 33270 6784 4502 3849 175
176

BGAL READINGS

0497 0476 0258 018 0162 0468 0222 0185 0145 0.121
0526 0545 0266 021 0172 0379 0243 019 0146 0.12
0477 0507 0268 0.188 0169 0451 0237 0192 0151 0117
0.1193
CORRECTED LUCIFERASE VALUES
171 40450 22973 11887 6975 34832 6986 4585 2898
160 46364 25080 16766 7307 24045 7659 3989 3312
154 38426 21560 13141 7726 33094 6608 4326 3673

CORRECTED BGAL READINGS
0.3777 0.3567 0.1387 0.0607 0.0427 0.3487 0.1027 0.0657 0.0257
0.4067 0.4257 0.1467 0.0907 0.0527 0.2597 0.1237 0.0767 0.0267
0.3577 0.3877 0.1487 0.0687 0.0497 0.3317 0.1177 0.0727 0.0317

NORMALIZED LUCIFERASE VALUES (LUCIFERAS/BGAL)
45278 113411 165671 195940 163477 99901 68045 69822 112909
368.85 108921 171000 184919 138741 92599 61933 52030 124200
430.57 99121 145022 191374 155557 99781 56159 59532 115989

AVERAGE OF NORMALIZED LUCIFERASE VALUES
417.4 107151 160564 190744 152591 97427 62046 60462 117700

NORMALIZED LUCIFERASE RELATIVE TO WT %
0.3895 100 14985 178.01 14241 90.925 57905 56.426 109.84

AVERAGE DEVIATION (AVEDEV) FROM THE MEAN OF
NORMALIZED LUCIFERASE VALUES
32.365 5353.3 10361 38834 92339 3218.3 3999.9 62405 4333.7
percentage error
7.754 4996 6453 20359 6.0514 3.3033 6.4468 10.321 3.682

207




7.5 Changing pSV-p-galactosidase control vector amounts.

Luciferase experiment 15

changing amounts of pSVBgal, with 0.5 ug —617 wt topoisomerase lla

LUCIFERASE MAXIMA

0.5 ug 1.0 pg 1.5 pg
pGL3B wt-617 pSVBgal pSVBga pSVBgal BLANK
+1.5ug +wt-617 + wt-617 + wt-617
pSVBgal

1650 9466 4300 3419 3911 1321
1688 11892 3912 2715 3945 1353
1662 8515 3614 3503 4410 1344

1339.3

BGAL READINGS

0.163 0.162 0.13 0.142 0.16 0.122
0.165 0.176 0.129 0.128 0.153 0.116
0.164 0.16 0.126 0.138 0.159 0.124

0.1207

CORRECTED LUCIFERASE VALUES
31067 81267 2960.7 2079.7 25717
348.67 10553 25727 13757 26057
32267 71757 22747  2163.7  3070.7

CORRECTED BGAL READINGS
0.0423 0.0413 00093 0.0213 0.0393
0.0443 0.0553 00083 0.0073 0.0323
0.0433 0.0393 0.0053 0.0173  0.0383

NORMALIZED LUCIFERASE VALUES (LUCIFERAS/BGAL)
73386 196613 317214 97484 65381
7864.7 190711 308720 187591 80588
74462 182432 426500 124827 80104

AVERAGE OF NORMALIZED LUCIFERASE VALUES
7549.8 189919 350811 136634 75358

NORMALIZED LUCIFERASE RELATIVE TO WT %
3.9753 100 18472 71943  39.679

AVEDEV FROM THE MEAN OF NORMALIZED LUCIFERASE VALUES

209.91 4991 50459 33971 6650.9
percentage error %
27803 26279 14384 24863 8.8258
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