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ABSTRACT

Quasipalindromes (QPs) are imperfect inverted repeats of DNA that are known to form
secondary structures (such as hairpins and cruciforms). QPs sites have also been associated with
a specific class of mutation known as template-switch mutations (TSM). It is known that TSM
can be caused by the addition of drugs such as 5-azaC, AZT, and ciprofloxacin. This study aims
to analyze the effects of two FDA approved antitumor drugs, CPT-11 and Doxorubicin
hydrochloride for their ability to promote or prevent template-switch mutagenesis and, if there is
an increase in mutation rates, we aim to clarify by what mechanism that effect is induced. To do
this, we use a previously published TSM reporter in the /acZ gene that provides both a
qualitative and quantitative measure of TSM frequencies. Using this established system, we
study mutation frequencies and rates in both the leading and lagging strand of DNA to provide
possible pathways that lead to TSM. Our data proposes mechanisms of mutations that are

correlated to each drug mode of action.
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INTRODUCTION

DNA mutations can cause genetic instability. There are multiple classes of
mutations, some more known than others. The class of mutation that I focus on in my
project involves quasipalindromes (QPs). QPs are imperfect inverted repeats of DNA
known to form secondary structures (such as hairpins and cruciforms). These structures
have been associated with template-switch mutations (TSM) and these mutations are

**3 including hereditary angioneurotic edema and

linked to multiple human diseases
osteogenesis imperfecta®. Previous research has shown that different chemicals can also
influence the rate of TSM'. It is important that this field be advanced because previously
established mutagens of template-switch mutations have been noted as being used in
humans as medication. As examples, DPC inducing compounds are noted as being a part
of chemotherapy for cancer patients'’. Additionally, AZT is a drug used for patients

suffering HIV/AIDS and there is an acknowledgment that cancer chemotherapeutics,

other antiviral chain terminators, and other therapies likely induce TSM”.

Recent works have begun to analyze template-switch mutagenesis at
quasipalindromic (QP) sites including what can stimulate them and the mechanisms
behind those mutagens, but more work is needed. Lynn Ripley was the first to propose
the two mechanisms for QPMs known as the secondary-structure model and the strand-
switching model and notes that, in some cases, the two mechanisms may produce
different mutations'. Template-switching is when a secondary structure forms due to a
QP and the nascent strand uses itself as a template for a while before returning to the

t2—7

original template, making the palindrome more perfect”’. There are acknowledged

intramolecular and intermolecular mechanisms of TSM**°. The long inverted repeats



cause a stall in replication in cells of different areas of life including bacteria and
mammals due to the secondary structures, namely hairpins, that are formed and the

severity of the stall is impacted by sequence homology® (Figure 1).
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Figure 1. Quasi-palindrome Template-Switch Mutation Mechanisms®.

The thyA4 hotspot in E. coli has been confirmed as seeing TSM® and being the first
natural hotspot for QP associated mutagenesis’. Nucleotide 131 of thy4 in E. coli is a
hotspot for a TA to AT transversion and that region of the sequence contains a QP site
detected for hairpin based mutagenesis, including a more complex QP hairpin associated
mutation in a region preceding nucleotide 131 in a strain without exonuclease I or VII,
during replication and deficiencies in either Exonucleases I, VII, and/or methyl-directed

mismatch repair increased the presence of mutation at this location’.

There is a strand bias that is noticeable regarding template-switch mutations. It
has been seen that TSM is seen on both strands during DNA replication, but the leading

strand is more likely to see template-switch mutations than the lagging strand® """,



Although both Exol and ExoVII both work to prevent TSM*’, Exol is primarily
responsible for the strand bias as it is thought to target TSM on the lagging strand more
due to the increased presence of ssDNA during replication as compared to the leading
strand*®. DnaQ also may look out for 3> ssDNA or limit DNA Polymerase dissociation

during replication to prevent TSM®.

There are certain compounds that have been discovered as being mutagens and
their mechanisms postulated and, thus, can cause template-switch mutations. To begin, 5-
azaC is known to induce template-switch mutations in E. coli so long as it is
accompanied by DNA cytosine methylase, i.e., Decm dependent'®. Recent studies,
however, indicate that there are some functions of 5-azaC independent of DNA Dcm
cytosine methyltransferase that can be mutagenic''. Other compounds, like 5-azaC, that
create DNA protein crosslinks (DPCs), namely ciprofloxacin and formaldehyde, have
been found to lead to template-switch mutations as DPCs block replication'.
Additionally, AZT and ten fluoroquinolone antibiotics, which are topoisomerase I1
poisons, were found to induce template-switch mutagenesis in E. coli in their DPC
induction while no compounds studied prevented it”. Topoisomerase II inhibitor Novo
was studied and did not induce QPM and does not result in DPCs indicating that the
fluoroquinolones induce QPM via their formation of DPCs’. AZT, D4T, and ddI induce
template-switch mutagenesis with different levels of potency via their DNA chain
terminator functionality and replication stalling’. Zebularine and hydroxyurea (HU) both
increased QP-associated mutations in the E. coli lacZ gene*. QPMs also have an impact

outside of being induced by external mutagens. QPMs and template-switch mutagenesis



are involved in the formation of complex frameshift mutations in the human p53 tumor

suppressor gene'?.

The two drugs I studied are CPT-11 and Doxorubicin hydrochloride. CPT-11,
also known as Irinotecan, is a chemotherapeutic drug that works via SN38, the active

form of its metabolite, to kill cells that are dividing a lot and inhibits Topoisomerase I by

trapping onto the DNA and induce protein-linked DNA breaks that are cytotoxic'*'*

<
"G

opoisomerase
e 1
{3 b

Adapted from Bailly et al., 2019

"(Figure 2).

CPT-11 a

Carboxylesterase Enzyme

C

Figure 2: CPT-11 Mechanism of Action.

However, CPT-11 is a derivative of camptothecins that target Topoisomerase 1B

'1% and requires carboxylesterase enzymes'®, human carboxylesterase 2

in humans
specifically, often found in the liver among other locations, in order for it to be converted

into SN-38 at the greatest efficiency'”'**’. Human carboxylesterase 2 has a higher rate of

conversion, affinity for CPT-11, catalytic efficiency, and induced cytotoxicity of CPT-11



when with human carboxylesterase 2 than with human carboxylesterase 1", Its
conversion is important because SN-38 is more potent than CPT-11, 1000-fold'’, and in
Xu et al., 2002’s* study where the enzyme is not purified, there is a connection between
the concentration of human carboxylesterase 2 in human liver microsomes, where human
carboxylesterases function greater than compared to cytosolic, and CPT-11 conversion to
SN-38%. A bacterial homologue, pnb carboxylesterase from Bacillus subtilis, to the
efficient rabbit liver carboxylesterase in terms of structure as well as comparable CPT-11
conversion to SN-38 was found and is promoted as a model system for studying
mammalian CEs as it can be expressed in E. coli albeit with a 6-fold less catalytic

efficiency in in pnb carboxylesterase as compared with that of the rabbit liver".

The DNA Topoisomerase I activity and inhibition of said activity has been
measured in Escherichia coli, specifically via pBR322, through the relaxation of its
supercoiled DNA to determine that cisplatin was able to contribute positively to the
Topoisomerase I inhibition of SN-38 and another topoisomerase I inhibitor that also
functions as an anticancer drug'®. The methodology of measuring DNA Topoisomerase |

activity utilized by Fukuda et al., 1996'* was originally used by Liu and Miller, 1981%.

Doxorubicin hydrochloride is the hydrochloride salt of doxorubicin %,
Doxorubicin (Doxo), also known as adriamycin, can inhibit bacterial topoisomerase ITA"!
and is more than just a Topoisomerase II inhibitor as it can produce ROS, intercalate
DNA?, and induce autophagy, apoptosis, senescence and necrosis, however its clinical
cytotoxic action is primarily from the Topoisomerase II inhibition'®*. Doxorubicin’s
concentration is suggested to be the determinant of which mechanism causes the cell

death in a given instance®**. As a Topoisomerase Il inhibitor, doxorubicin causes cell



death via its stabilization of the intermediates from the complex between Topoisomerase

11,23

IT and DNA in cleavage that halt replication

Topoisomerases function to avoid replication stalling and the creation of odd
DNA structures resulting from supercoiling'®. Type I Topoisomerases cleave one DNA
strand whereas Type I Topoisomerases cleave both?**?¢ and E. coli have two of Type
IA, which are Topoisomerases I and III and two of Type IIA known as gyrase and
Topoisomerase IV'*?’. E. coli’s Topoisomerase I functions to relax negative supercoils®
while eukaryotic Type 1B relaxes both kinds of supercoiling, positive and negative® and

gyrase can remove both kinds of supercoiling'®*.

There are topoisomerase I’s in bacteria and viruses that are similar in functionality
and structure to the eukaryotic type I topoisomerases, namely the vaccinia virus DNA
topoisomerase IB*** which the Pseudomonas aeruginosa topoisomerase I shares
sequence homology with®. The P. aeruginosa topoisomerase I, abbreviated as PAT,
relaxes DNA slower than the vaccinia virus topoisomerase I and requires Mg*" to relax
DNA but it can relax both positive and negative supercoils with a decreased preference
for the pentad CCCTT that the vaccinia virus topoisomerase I prefers®. Replacement of

the active site tyrosine 292 for phenylalanine also led to loss of catalytic activity in

PAT®.

The vaccinia virus topoisomerase [ appeared in great amounts from the H7r ORF
via T7 RNA polymerase after 3-5 hours and the methods of Shuman et al., 1988 created
8 mg of topoisomerase per 400 ml of bacteria®®. The vaccinia topoisomerase I can relax

both kinds of supercoils without divalent cations or ATP although NaCl was required at



optimal values between 100 and 250 mM and a temperature of 30-55 degrees Celsius®.
The vaccinia virus topoisomerase was not sensitive to camptothecin®®. Mutation of the
Asp-221 to valine within a conserved sequence between eukaryotic type I topoisomerases
and the vaccinia virus topoisomerase I led to camptothecin inhibition of DNA relaxation

and enhancement of the cleavage complex between DNA and topoisomerase®.

It is thought that the bacterial, eukaryotic nuclear, and poxviral type IB
topoisomerases are from the same lineage as bacterial IB enzymes share the catalytic
tyrosine as well as its location and four parts of the catalytic pentad with the vaccinia
virus topoisomerase®’. D. radiodurans also encodes a type IB topoisomerase that relaxes
both supercoils without ATP or divalent cations but requiring the tyrosine and three
components of the pentad indicating a similar mechanism to the vaccinia virus
topoisomerase 1?7 Like the vaccinia virus topoisomerase®, the D. radiodurans
topoisomerase I was not affected by camptothecin®’. It is postulated that the absence of
topoisomerase III in the presence of topoisomerase IB may mean that they are

incompatible or redundant”’.

HYPOTHESES AND SPECIFIC AIMS
I hypothesize that the antitumor drugs CPT-11, a DNA topoisomerase I inhibitor,
and Doxorubicin hydrochloride, a topoisomerase II inhibitor, will induce TSM,

specifically Doxorubicin hydrochloride if it induces DPCs.

The first research aim is to determine whether CPT-11 and/or Doxorubicin
hydrochloride have any effect on TSM. This determination is important to make because

drugs relating to cancer chemotherapy'® and HIV/AIDS’ induce TSM and continuing to



investigate this possibility for other drugs in this category and others is vital.
Methodology will use lacZ gene of E. coli, QP5 and QP6 reporters, and qualitative

methodology combined with quantitative fluctuation analysis as used previously*”'°.

The second research aim is to determine by what mechanism Doxorubicin
hydrochloride, and/or CPT-11 have effect(s) on TSM. No molecules studied by Klaric et
al., 2020” were found to prevent TSM and a hope to find some was expressed’.
Methodology for reaching this aim would be in line with the methodology outlined under
Aim 1 and compounds under this preventative category would see a decrease in colonies

growing on the Lactose Minimal media as compared to a control’.

EXPERIMENTAL APPROACH

To investigate whether the drugs have any effect and, if so, by what mechanism
that effect is induced, I used CPT-11 and Doxorubicin hydrochloride and the /acZ gene of
E.coli with reporters QP5 and QP6 that, upon template-switch mutation, will grow on
Lactose Minimal media, followed by fluctuation analysis to determine if the drugs induce
TSM, as previously described by many studies within the field*”'°. Dutra and Lovett,
2006° use only the fluctuation analysis aspect. Specifically, the reporters of intended use,
QP5 and QP6, were created by Seier et al., 201*. With this methodology, Klaric et al.,
2020’ recognizes the limitation of the drug(s) of study needing to have a certain potency
for method to work and this study will consider this by using the antitumor drugs at
various concentrations’. For both drugs, the SbcC nuclease, a protein then cleaves hairpin
and cruciforms, will remain active since there was no indicated difference in replication

stalling in cells compared to without it®.



For CPT-11, I utilized what Humerickhouse et al., 2000" defined as
concentrations of the drug that are relevant in administration to patients, 0.5 uM and 1.0
uM among the various concentrations for the purpose of keeping consistent with

concentrations that may be used in cancer patients'.

For Doxorubicin hydrochloride, two concentrations were chosen for the purpose
of representing two different mechanisms that Doxorubicin hydrochloride may employ.
One of the concentrations of use will be 0.025 uM as, using the sensitive accelerator
mass spectrometry method, 4.4 = 1.0 adducts per 10’ bp were found to form in breast
cancer cells at this concentration of the drug®. Overall, from 10 to 500 nM the number of
adducts increased as concentration increased™. The second concentration to be used is 0.4
uM of Doxorubicin Hydrochloride as, at this concentration, it acts as a topoisomerase 2

poison?*.

For the analysis of data to obtain mutation rates for the control and each of the
experimental conditions, I investigated the tool bz-rates that accounts for two factors: b,
the fact that a mutant may have a different growth rate than a non-mutant and z, the fact
that not all mutants will be plated, referred to as plating efficiency’'. The bz-rates tool
utilizes the estimator Generating Function (GF) over other ones, including the maximum
likelihood (ML)*. In comparing GF and ML it has been seen that the two estimators

12. However, if the mean number of mutations is smaller ML

yield similar outputs overal
is preferred as estimates are better whereas for a greater mean number of mutations ML
does not work and GF should be used*?. The preferred estimator for our purposes that

utilized ML and was widely accepted in the field, FALCOR, is no longer available and

the consensus of the field has been that there is no comparable replacement. Therefore,
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for the purpose of this study, mutation rates were not included. However, the bz-rates tool

can be accessed at this link: http://www.lcgb.upme.fr/bzrates™.
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RESULTS

After exposure to Doxorubicin Hydrochloride (Doxo), the average frequency of
template switch mutations in the E. coli on the leading strand were 2.74 x 10, 1.59 x 10"
6, 1.51 x 10°°, for the control, 0.4 uM, 0.025 uM, respectively (Figure 3, panel A). Data
suggest that exposure of the E. coli cells to both concentrations, 0.4 uM and 0.025 puM,
decreases the frequencies of template switch mutations in the leading strand by 1.7-fold
and 1.8-fold respectively (Figure 3, panel A). The data indicates that, on the lagging
strand, there is a 1.2-fold increase in template switch mutations when the E. coli cells are
exposed to 0.025 uM Doxo (Figure 3, panel B). The average frequency of template
switch mutations of the E. coli cells on the lagging strand without exposure to the drug
was 1.87 x 10 whereas when exposed to 0.025 uM of Doxo the average frequency was
2.28 x 10 (Figure 3, panel B). When exposed to 0.4 uM, the data indicates that the
lagging strand has a 1.3-fold decrease in template switch mutations as the average

mutation frequency was 1.49 x 10 (Figure 3, panel B).
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Figure 3. Template Switch Mutation Frequency on leading strand (A) and lagging strand
(B) after exposure of Doxorubicin Hydrochloride. (A) Data show a 1.7-fold decrease in
mutation frequency at 0.4 pM (n=12). After exposure of 0.025 uM (n=12), we see a 1.8-
fold decrease. Error bars represent 95% confidence intervals. (B) Data show a 1.3-fold
decrease in mutation frequency at 0.4 uM (n=12). After exposure of 0.025 uM (n=11),

we see a 1.2-fold increase. Error bars represent 95% confidence intervals.

For CPT-11, the leading strand had an average frequency of template switch
mutations of 2.74 x 10, 1.08 x 10, 9.81 x 107, for the control, 0.5 uM, 1.0 uM,
respectively (Figure 4, panel A). This data suggests that exposure of the E. coli cells to
both concentrations, 0.5 uM and 1.0 uM, decreases the frequencies of template switch
mutations in the leading strand by 2.5-fold and 2.8-fold respectively (Figure 4, panel A).
The data indicates that, on the lagging strand, there is a 1.9-fold decrease in template
switch mutations when the E. coli cells are exposed to 0.05 uM CPT-11 and a 2.0-fold
decrease when exposed to 1.0 uM CPT-11 (Figure 4, panel B). The average frequency of
template switch mutations of the E. coli cells without exposure to the drug was 1.87 x 10
% whereas when exposed to 0.5 uM of CPT-11 the average frequency was 9.22 x 10”7
(Figure 4, panel B). When exposed to 1.0 uM, the data indicates that the lagging strand

has an average mutation frequency of 9.77 x 107 (Figure 4, panel B).
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Figure 4. Template Switch Mutation Frequency on leading strand (A) and lagging strand
(B) after exposure of CPT-11. (A) Data show a 2.5-fold decrease in mutation frequency

at 0.5 uM (n=9). After exposure of 1.0 uM (n=7), we see a 2.8-fold decrease. Error bars
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represent 95% confidence intervals. (B) Data show a 2.0-fold decrease in mutation
frequency at 0.5 uM (n=7). After exposure of 1.0 uM (n=7), we see a 1.9-fold decrease.

Error bars represent 95% confidence intervals.
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DISCUSSION

This study provides new information regarding the role of anti-tumor drugs in
template-switch mutation. CPT-11 has been used for 25 years and is used in the treatment
of various different cancer types, sometimes in conjunction with other anticancer
medications'’. Doxorubicin is used to treat a wide variety of cancers, however it can be
toxic even following treatment™. In this study, the data indicate that Doxorubicin
Hydrochloride and CPT-11 affect TSM. Most of the time, with the exception of exposing
the lagging strand of E. coli DNA to 0.025 uM of Doxorubicin Hydrochloride, the
frequency of TSM decreases when exposed to these concentrations of Doxo and CPT-11
(Figures 3 and 4). This decrease was not expected and it could be linked to a mechanism
of action that instead of promoting, inhibits TSM. If that is confirmed, these drugs could
have the potential to prevent TSM. However, given that the fold decrease did not reach
the 3-fold threshold, what would be considered to be a significant difference, I propose
repeating this experiment under a variety of additional conditions. These new
experiments could use higher concentrations of each drug (not compromising viability)
for the same amount of time or use the same concentrations but increase the time of
exposure. | suggest comparing the effects of CPT-11 and Doxorubicin Hydrochloride on
inducing TSM, to a negative control of distilled water and a positive control of 5-azaC as
done before’. Then, confirm the mutations by DNA sequencing®**”'°, If these results
support a decrease in mutations by CPT-11 and Doxorubicin, it could be a breakthrough

on drugs that prevent TSM.
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FUTURE RESEARCH

In addition to the work above, I propose investigating CPT-11 under similar
conditions as the human carboxylesterase 2. The pnb carboxylesterase from Bacillus
subtilis can be inserted into E. coli as done by Wierdl et al., 2004" via insertion of the
pnbA gene into pTriEx-3 and then into E. coli'>". This insertion of the pnbA gene will
allow for the CPT-11 we study to be converted into the SN-38 that inhibits topoisomerase
I. The mutant of the vaccinia virus topoisomerase I from Gupta et al., 1992% can be used
to analyze the effect of CPT-11 on TSM. This can be done because the mutant is
inhibited by camptothecin® and CPT-11 is a derivative that does not require divalent
cations. Therefore it allows researchers to know that the relaxation does not come from

bacterial topoisomerases®.

Furthermore, I propose assessing the anti-tumor drug temozolomide as a potential
mutagenic agent for TSM. Temozolomide (TMZ) is a chemotherapeutic methylating
agent that is converted to its active metabolite, MTIC, in aqueous solutions via hydrolysis
under specific physiologic pH***” (Figure 5). Hydrolysis of TMZ to MTIC occurs at pH
greater than 7, but MTIC is then rendered inactive if at a pH less than 7°°. Then, via its
methylation of either the N7 or O6 site guanine or O3 site adenine, induces apoptosis
through the inappropriate functioning of the DNA mismatch repair pathway**** (Figure
5). Although cytotoxic effects are primarily induced by temozolomide action at 06 and
N7 guanine sites ultimately leading to DNA replication inhibition***’. However, the
demethylating enzyme MGMT can undo its effects, via its movement to the nucleus and
taking on of the methyl to its own cysteine®, and should be regulated as the efficacy of

temozolomide depends on its frequency of methylation®® (Figure 5). Patients who
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suffered from glioblastoma whose MGMT gene was silenced via MGMT promoter
methylation saw an increased survival after treatment of temozolomide and radiotherapy
over treatment with only radiotherapy®. Temozolomide is the only medication able to
increase survival chances for those afflicted by glioblastoma, since 2018, In patients
with glioblastoma, a brain cancer considered to be the most common in adults with a low
survival time following diagnosis, temozolomide’s combination with radiotherapy during
the ailment’s early stages provides a significant survival advantage in most subgroups of
those investigated*'. It can also be used in patients with recurrent anaplastic astrocytomas
and is notable for its ability to penetrate the blood-brain barrier and central nervous
system, even if only at a low concentration®**®, Therefore, further studies on mechanisms

of actions and effects of TMZ in mutagenic pathways are important to explore.

Base excision repair (BER) also plays a role in the functionality of temozolomide
as BER can repair other methyl adducts, namely N3 at adenine, to improve the function
of cytotoxic drugs like temozolomide via BER inhibition by PARP inhibitors**** (Figure
5). TMZ combined with PARP-1 inhibitor GPI 15427, that can cross the blood-brain
barrier like TMZ, increased survival to O6-alkylguanine DNA methyltransferase (AGT)
deficient melanoma, glioblastoma multiforme, and brain lymphoma cells®. In vivo,
growth inhibition of tumor cells was increased by inclusion of the PARP-1 inhibitor®. In
vivo, antimetastatic activity was increased, tumor growth reduced and survival time
increased by the PARP-1 inhibitor in melanoma. The lymphoma survival time increased
due to inclusion of the PARP-1 inhibitor; the presence of neoplastic infiltration and tumor

size was decreased in glioblastoma multiforme®.
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Adapted from Schreck & Grossman, 2018
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Figure 5. Temozolomide (TMZ) Mechanism of Action.

In E. coli, the ada gene regulates an adaptive response that protects against
alkylation via, partly, a O°-methylguanine-DNA methyltransferase that repairs a O°-

4% and this can be also isolated as a 19-kDa protein through cleavage**.

methylguanine
The Ada protein also activates the transcription of the ada and alkA genes* as well as
alkB and aidB***". Each Ada protein as studied in E. coli K-12 takes a methyl group from
the methylated O° guanine in DNA and possess the following characteristics: it is 354
amino acids long and purified at 38-kDa, begins transcription at adenine bp 80, has a
Shine Dalgarno sequence from position 92 to 95, beings translation at position 102
(ATG), and has promoters of TTGCGT and TAAAGG®. The C-terminal of the Ada
protein from E. coli B is 178 amino acids long, contains a helix-turn-helix whose binding

region is far from the active site targeting O°-methylguanine lesions, and has the active

site recognized for other O%-alkylguanine-DNA alkyltransferases®. The active cysteine
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that takes on the methyl group from DNA is also buried within the Ada protein®® structure

indicating a need for a conformational change in order for the protein to function®.

For Ada mutants that are deficient in adaptation, there is a greater mutation
frequency as induced by alkylating agent MNNG*. Ada5 sees a lot of O°-methyl guanine
bases under MNNG when compared to an Ada” strain, but it is questioned whether this
means more of these methylated bases were present or they were simply repaired slower
in the Ada5 mutant*. Ada3 and Ada5 both saw reduced rates in their ability to repair O°-
methylguanine DNA lesions with Ada5 being more deficient than Ada3, with the time for
half repair taking over twice as long and a rate that is up to 4000-fold slower in the case
of Ada5*. Both mutants also do not successfully activate ada and alkA genes*. Ada3’s
mutation has been determined to be the replacement of Ala"*°C with valine leading to an

effect on conformational change ability®.

Another DNA methyltransferase that can repair O6-methylguanine lesions in
DNA by taking the methyl group onto a cysteine of its own, like ada with Cys*',
although not an induced protein, is ogt****’. Spontaneous mutations increase in the
absence of both ada and ogt in non-dividing E. coli, namely in five different base
substitutions with the exception of the G:C to T:A transversion, whereas the absence of
ada and ogt in dividing cultures saw an increase in the spontaneous mutations of the G:C
to A:T transitions G:C to C:G transversions, indicating that the methyltransferases
produced by these genes each have the capacity to repair the same lesions and work
together!’”. Mutants of just ogt, just ada, and both ada and ogt were more susceptible to
mutation by alkylating agent MNNG comparatively, with the double mutant having a

greater rate in cells not actively dividing, to when both genes are fully functional in the



21

wild-type*. The methyltransferase from ada takes approximately 20 minutes to cause an
effect and, thus, the ogt melthyltrasferase provides protection from the alkylation killing
E. coli. Once the concentration of MNNG surpasses 0.3 pg per ml, Ogt is no longer
available and, without ada, E. coli is defenseless against alkylation since ada has been
noted to provide some help even at low alkylation levels. Ogt also provides resistance to
killing via alkylation because of its constitutive nature. The double ada ogt mutant was

found to have a linearly mutation rate with dose of alkylating agent MNNG*.

For Temozolomide, it becomes clear that the ada gene must be either silenced or
mutated as is done for the MGMT gene in humans to prevent the removal of methyl
groups added by temozolomide®****. To ensure that Temozolomide successfully induces
06 guanine methylation in DNA, Lac revertant colonies will be used as in Mackay et al.,
1994*" before using the Lac revertant colonies for the sake of determining its effect, if
any, on TSM. When this is done, the SOS response should be eliminated via cleavage of
the lexA allele in one group and kept intact in the other to determine at what level of
alkylation damage the SOS response may be induced and to see the extent of the damage
without it. This will be done to accommodate for a limitation mentioned by Mackay et
al., 1994*" indicating that the induction of increase in transversion mutations may come
from SOS and not the alkylating agent. To account for the evidence that E. coli has
endogenous sources of alkylation damage*, a run will be done with mutated ada and ogt
but without temozolomide and then with ada and ogt mutants with temozolomide.
Concentrations of temozolomide to be utilized in the experiment will be within the range
of 0.1 pg to 1.0 ug to account for the threshold of 0.3 pg even ada” ogt” cells saw to the

alkylating agent MNNG™.
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